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ABWR T=hs to wrap up PRA
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P A R 3,

DSER SSAR Titic NRC Contact I n e Next Ihte Action Comments @
item Section - Subcask CE cor. tat a a v Actor r
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n i i

b#
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a
h
N
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2

FaultTree t_W
|

0-1 RPS Rellatdlity KcIly v s CE 4/E5 Prrede RFS fault tree
Raftery to NRC

l v s CE Pro ide halaace of fault Some additionalU;wlate other fault Kelly
! n

trees Raftery trees to NRC functions to be |
| automated 1

Inhiating Events

St Defend IORV Kelly CE StafT reepires use j

fnquency Raftery 0.I cvent/ year.
GE accepts - Item i

Resolved |
l

Gt IORV success criteria EcIlv Clarify SSAR text,
Raftery pubmit to NRC

v n v n none NRC n<w agreesDefend one trip per KellySt n:3
; year Duncan I trip / year as

reaumable -
Item Resolved

7:

,

. . ,
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~
n

?
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C = Confirmatory item s = sel
m

|| 5 = StafTcorrection v = discussed vertury but not docarnented
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fDSER SSAR Title NRC Gmtact I n e Next Date Acdon Counments
item Section - Subtask CE Gmtact a a v Actor _

n I i -4

e 3
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2
O-2 Evaluate support Kel17 v s s NRC ? Review draft ruaterial GE ims provided SI

system failure ou Raftery (Jan. 27) draft 3
plant trips material

(IIVAC failure)
and ins of other
suppewt system to
be addressed.
CE agreed to
stafTrcquest to
a4Id loss of
singic AC <r
single DC bus

O-3 Analyze interfacing Kelly n GE Document piping
LOCA Visweswaren upgrade. Track

Separately

04 Outside containment Kelly s NRC ? Review SSAR GE request NRC
LOCA Frederick review SSAR

19E.2_U. Issue
is addressed

h I.I Confirm site km of KcIly s v GE Guidance to utility
:; AC, other site Raltery

specific parameters

',i

"

E

P
*C = Confirmatory item s = startedm

fj S = Staff correction v = discussed verbally but not documented
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"
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w to

2
Success Criteria 2

$
G2 ATWS Success Kelly c v v GE 3/27 Document agreement Agreed SSAR

Criteria to prevent Buchholz treatment is-

core damage adnpsate at San
Jose I/92
meeting, Inst cot
stocumented

n ATWS RIIR Success Kelly c v v GE 3/27 Document agreement Agreed SSAR
Criteria Buchholz treatmerit is

adequate at San
Jose 1/92
meeting, but not
donsmented,

Faihne Data

G3 Justify common cause Kelly
failure data Raftery

0-5 Justify train 4evel Kelly GE 3/24 Dncuss which NRC suggestedo
';' common cause Raftery components to include requantify PRA
~, approach is adaguate with NRC without
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then sequantify"

CCF aso

sensitivity studya

y as part of input
to RAP (Incm I-,

s: 15)

p,
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2 S = Staff n>rrection v = discussed verhally but not documentM
O = Outstanding item c = complete with d<camented agreement
I = Interface requirement n = not applicable 3/17/92
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pump failure Raftery
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O-21A Ilst systems not past Palla
|

|
of certified design. Duncan

! significant
j assumptions,

.I
' assumed reliability

Isvel I ??RA and Subsequem Related Stadises

GEmpparadtS.11 Fire water credit Kelly n n
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Requantify level 1 Kelly GE 4/7 Tabular resuks to NRC
f n
L. , PRA results (base Raftery
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fa GE 6/30 SSAR text draft to NRCl'

$
| v GE 5/15 Submit uncertainty Results stop at0-t MA Levet I uncertainty KelIy
L' analysis Raftery analysis CDF, will not be,,

PNPagated
N through

a nalysis,

M

.
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s = startedC = ('onfirmatory item..,

p S = Staff currection v = discussed verbally but not documented
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O-11 Initiating Event Kelly -- -- - Address as part ij
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ofitem O-1MAuncertainty

v E Define input GeneralI-15 PRA input to Ke!!y
Reliability Assurance Raftery agreement
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PRA input to ITAAC nn
Duncan

0-22 PRA as a design tool Kelly v s G 4/15 Provide 9&L compleic |

Duncan draft |
|

c e W 3/24 Further discussion0-20 Shutdown risk. Four Kelly?
subtasic Visweswaren

| 1. ABWR de ',n E 4/30

| features

U 4/M2. Review of pasta

shutdown events}
G 6/M,I' 3. Dcoy heat

removal reliability"

4. Other tasks . 6/M
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Other Anah.,

'n

.
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:

Ifuman Factors in PRA
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A) Provide Beckner v CE @
d= script?w of Frederick ]|
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] aased to determine all
. fa?ure probabilities
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B) Conduct Kelly v CE 6/1 Sensitivity study results
sensitivity study Raftery

C) "kvelop Kelly v CE
descriptions for mma Duncan
important actions for
input so control rooni
design

.

}

Containment Event Trees

5-4 StaK estimates extra Kelly GEo

7 credit for vent in Bochholz
'J Gass 11 sequences

1

0-13 Treatment of drywcIl
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n
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A) Design sensitivity Kud ric k Tracked @
studies Saxena segurately by 3

Kudrick/Saxena

B) Determine if Palla/ See O-18
CETs need to change Kudrick Backend

Buchhoh Uncertainty
Analysis

0 -1 715 Modify CFT for Palla See item O-17A
severe accident phen. Euchholz under Backend

Analysis

|

3 |
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13

1
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,
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.

'"
C = Gonfirmatory item s = started

.

j S = Staff correctiori y = discussed verbally but not documented'

O = Outstanding item c = tomplete with docunated agreement
I = Interface requirement n = not applicable 3/17/92 I

P = DSER page number - no issue number Page R I



.

.

t

ABWR Tasks to wrap up PRA
*

,

P A R -
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tow
o
E
tv
cnBackend Analyses S

C4 Flashing during Palla c s G 3/27 Docenent analysis Analysis tus
venting Buchimiz been comgdesni

but not
docurnented

0-14 - Justify aspects of Palla e s CE Provide dwomentation GE agreed to
OPPD (Rupture Disk Buchholz indicating results of raise rupture

Setpoint) sensitivity and disk serpoint
uncertainty analyses in
regard to the OPPD
md giving the lusis
for the setpoint.

O-15 Net risk of passive Palla e GE 4/30 Prvride documentatim
flooder system Buchholz 'mdicating remits of

' sensitivity and
uncertainty analyses in

i

! regard to the passive
Booder.

I,$ O-16 CCI- coolability -- ---- - - -

-
*

?>
\

o
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%

-
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s = started a
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$DSER SSAR Titic NRC Conta<a I n c & mt Dasc Action Com ments
item Section - Suhtask. GE C<mtact a a v Actor

n i i N

ofe
W N

2
N

- Containment Palla c s CE 3/27 Take credit for GE has shown 4

integrity Ikchholz assumed fa< tor of safety staff early results
in calculation of bounding

analysis - work
not unnplete but
results appear to
support no
containment 1

failure
1

- Source serms Palla c - - - - - See ancertainty 1

Buchholz analysis

O- Modify CErs for Palla v - - - - - DOI and FCI
17A DCII, FCI, etc. Buchholz ase included as

early
rontainmen t
failure snrxles in
the current
event trecs. CQ
and Pool bypass
will be added if

:3 the unrestainty
.

analysis''

' warrants it.
?$

O 18 Unrestainty analyds - - - - - - - - - -

o - Servey literature Palla e v v GE 3/27 Document results Dixused at

Buchholz 1/22 meeting in'"

il Bethesda
,

?|
6 C = Confirmatory item s = started C
:: S = Staff correction v = discussed vesbally but not docuanented

O = Outstanxling item ( = complete with documented agreement
I = Interface requirement n = not applicable 3/17/92
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ff.DSER SSAR Title NRC Contact I n e Next Date Action Com. ment s
item Section - Sutwask CE Contact a a v Actor -

n I i N

3e
w to

2..
- Screen events for Palla c y v GE 3/27 Documens sesmalts Divuswd at ,$d

applicability to Buchholz 1/22 meeting in 3
ABWR Ecthesda

- Perform Palla y s CE 3/27 Compicsc sensitivity list of sensitivity

sensitiuty studies Buchhotz studies and document. studies dncusa-d
at 1/22 meeting
in Bethesda.
About 50% of
studies complete.

|
- Detailed DCII Palla e v v GE 3/30 Incorporate NRC Essentially

| Uncertainty anafysiv Buchholz comments. Document done. Discussed
study and results. at 1/22 meeting

in Bethesda ased
in 2/26 telecon.
NRC had only
ruin or

commenu.

- Detailed Palla y s s E 4/30 Complete study - Discuned at

.

CGI/Coolability Suchholz incorporating NRC I/22 meeting in

;. .> Uncertainty analysis comments Bethesda and 'm
i 2/26 telecon
:|
0
c,

-)

M

2

.'
G = Confirmatory item s = started "o

..,

|; 5 = StanTcorrecsion v = discussed verbally but not <krcumented
O = Outstanding item c = complete with documented agreernent
I = Interface requirement u = not applicahic 3/17/92
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$DSER SSAR Title NRC Contact I n c Next Date Action Comments
item Section - Sabtask GE Contact a a v Actor y

n I i ~J

* 3
tow

2
D
2|s <

59 Rupture disk Palla
operation before24 15=chholz
hours rmt (smt failure

i

S-12 ATWS treatment by Palla
NRC lluchhc,lz

Chapter 22 Severe Acciderst Kudrick c c NRC ? Write section.n
C osure Buchholz

Inform GE if more
info needed

n Accident Palla s c NRG Provide resporw to GE
<j, managemen t Bucidiolz submittal

Seisunie Analysis Beyond Design Rane
,

S-5 Fuel assembly Kelly CE Update SSAR NRC, GE have
a

capacity 1iu agreed in I.2ga
Item resolvje

|j

5 S6 Flat-bottom tank Kelly GE GE will probably
capacity Liu reduce value y

C = Confirmatory itern s = started C
,

2, S = StafI correction v = discussed verhally but not documented
O = Outstanding item c = complete with documented agreement
I = Interface requirement n = not appricabic 3/I7/92 ;
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P A R re
DSER SSAR Title NRC Contact I n e Next Date Action Comments y
item Secdon - SufAask G Contact a a v Actor m

Nn I i
,;' c
fuy

v E GE will probably DjS7 Diesel generator Kelly
capacity lite redme value A

v & CE will prolmblyse 1-]cctncal erguipment Ecily
g xacity Liu redac value

1-14 Confirm electrical KcIly v GE Margins analysis Site specific PRA
equipment capacitics Duncan not resguired.
in site specific PRA Cagucitics ened

in ana rg'ms
analysis will be
interface
requiremen ts.

0-21B Semnic capacities for Palla GE Afta margins
i

systerre not in Duncan anessment
;

certified design
|

i

| S.10 n Staff will use ILNL Kelly - -- n n Scinnic PRA not
' hazard curve Duncan required. Itcrn

resolved

|h ? n Ihm to treat seismic Kelly - -- n n Not required.
!; hazard uncertaintics ihmcan item revAved

f
i

| ii

'" I-10 Gonfirm assumed Kelly v E Pruimbly cover
j scimdc capacitics Duncan by PRA input to
a

and incorporate in ITAAC-2

rg design specs

1..

.

C = Confirmatory item s = started E
.,,

; S = Staff correction v = divussed verbally but not docurnented
O = Outstanding itens c = complete with dwumented agreement
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P A-R -

DSER SSAR Title . NRC Contact I n e Next Date Action Comments .$
-ite m Section -- Subtask CE G maact a a v Acsor

-

g

9n I i
4e
tow

?_
Seinrnic PRA not .DI-11 Modify seismic PRA ' Kelly - --n n

to accrsunt for soit Duncan requimi. 3-
failures

lege Resofwed

I-12 . Ptard walkdown by ' Kelly - - - n n Ge agrees to

apprxant - [hmcan plant
w=Ikdow n.

leene resolved

-- n n Secunic FRA ned1-13 Site specific seisemic Kelly
. FRA ly apgdicant ihmcan . required

Iseve_ Resolves!

0-19 : Addresa potential for Falla v NRC ? Evaluate proposal Proptmed

[
penetration, Knecht appmach,

. isolation valve faiksre prended to NRC
' during scissuic' cuent Dec. 91.,Jart. 92

GE will correctS-3 - Correct the' . Kelly vo

7. treatment of - Vishu
r, firewater in Seisunic
i Class 11 mr
(9

Other Essernal Hasurelso
.s

b' I-8 Sise specific design Kelly
verificat:om: external Duncan.,,

" iloods, transportation
hazards y

r.

C = Confinsentory inern s = started .. vi
.,,

; .. S . = Staff correction v = discussed verimily but not documented -
O = Outstanding item : c = consp5cte with documented agreement
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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 Electric (GE) Advanced
Boiling 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 Technical Evaluation
Report (TER) which was used in the preparation of the draft safety evaluation report (DSER)
which was completed on Ju'y 2.1991. Many outstanding issues were identified 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 la that detailed human system interface
(HGf) design information will not be available for staff review prior to design certificatloa. To
address this issue, the NRC is considering issuing a design etrtification based partially on the
approval of a written design implementation proc >ss plan. GE I as subrnltted a Design and
implementation Process Plan (D&lPP) describine the major design ard imp!amentation piocess
activities for the ABWR human factors engineering (HFE) effort. The D&|PP is characterized in

,

GE's Figure 18E.11 and Table 18E.11 of the GSAR submitted to the staff in October 1991. The
first part of the plan presents the plant and system design definition stage which will be
completed prior to design certification, and the second part outlinas the minimum activities that
mt.st be conducted by a referencing applicant. The D&lPP will co1tain (1) descriptions of all
reaulted activities in the design, development and implementation of the ABWR human system
interfaces, (2) Identification of predetermined NRC conformance review points, and (3) design
acceptance criteria (DAC) and Inspection, Test, Analysis and Acceptance Cliteria (ITAAC) for
the conformance reviews.

To review the GE's ABWR D&lPP, l' ;s necessary to (1) assess whether all the
,

appropriate human factors engineering elements are included in the plan, (2) identify which
HFE elements require NRC review, and (3) evaluate the proposed DAC/ITAAC to be utilized by

,

| the NRC to verify each of the review elements. Where GE's D&lPP is found by the staff to be
! lacking, appropriate elements and DAC/ITAAC must be developed,
l

The objective of the effort described in this report was to develop a technical bar.ls for
the review of the D&lPP. Since a design process review has not been conducted previously by*

the NRC as part of reactor licensing and is not addressed in the presently available guidance,
i.e., NUREG.0000, a firm technical basis for such a review is lacking. Thus, it is important to
identify what elements of such a plan are required to assure that safety goals are achieved and to
identify the review criteria by which 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
reflects currently acceptable human factors engineering practices and that it is a thorough,
complete, and workable plan.- While it is likely that such guidance will bo developed under the
proposed update to the Standard Review Plan, that the guidance will not be available in a time
frame consistent with the GE review.

The specific objectives of this effort were:

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

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

Drr6ft HFE ITAAC/DAC (March 19, 1992) Page1
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2. To kjentify necessary HFE eternents in a system development, design, and evalue' ion process
that are requisites to successful integration of the human component in complex systems.

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

4. To specify the design acceptance criterla by which key HFE elements can be evaluated.

.

.

.

I

!

l
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2. METHODOLOGY

A technical review of current HFE guidance and practices was conducted to ider'ity
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 system development, design, and evaluation process was defined. Onco
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 developed based largely on applied general systems
theory and the Department of Defense (DoD) system development process which is rooted in
systems theory. Appfled general systems theory provides a broad approach to system design
and development, based on a series of clearly defined developmental steps, each with cleerly
defined and attainable goals, arid with specific management processes to attain them. Kockler et.
al. define system engineering as *, . . the management function which controls the total system
developrnent 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 param.aers to optimize the overall system offectiveness. (Kockler, F.,
Withers, T., Podiack, J., & Gierman, M.,1990),

Utilization of the DoD system development as an input to the development 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,1990s). A system approach
implies that all system components (hardware, software, personnel, support, procedures, and
training) are given adequate consideration in the developmental process. A basic assumption is
that the personnel element recolves serious consideration from the very beginning of the design
procoss, fr. addition, the military has applied HFE for the longest period of time (as opposed to
industrial, commercial or other users), thus the process is highly evolved and formalized and
represents the most highly developed model available. Finally, since military system
development and acquisition is tightly regulated by federal, DoD, and military branch laws,
regulations, requirements, and standards, the model provides the most finely grained,
specifically defined process available.

Within the DoD system, the development of a complex system bogins with the mission or
purpose of the system, and the capability requirements needed to satisfy mission objectives.
Systems engince ing is essential in 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:

balanced influence of all required design specialties;+

resolution of interface problems;.

the effective conduct of trado o: analyses;*

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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i

i

The systems engineering approach was expanded to develop a Generic HFE Program Model
to be used for advanced through the inclusion of NRC regulatory requirements and acceptance
criteria specific to the ABWR certification process.

i

I

.

W
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3.- RESULTS

3,1 HFE Program Requirements

A Generic HFE Program Model has been developed to serve as the basis for review of the
GE ABWR HFE program. The generic model contains 10 elements which include:

* Element A . Human Factors Engineering Program Management
* Element B . Predecessor System Review
e Element C . HFE issues Tracking
+ Element D . Human Reliability Analysis
* Element E System Functional Requirements Analysis
+ Element F Allocation of Function
+ Element G . Task Analysis
* Element H . Human System Interface Design
* Element I Plant and Emergency operating Procedure Development
+ Element J . Human Factors Verification and Validation.

..

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

+ HF Management Planning Review g
'

+ lt''lementation Plan Review
+ Analysis Results Review
* HSI Results Review
+ Human Factors Verification & Validation.

The materials ieviewed 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 follow,

s

.
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(Drah W1242)
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1. HF Management Plan Review

Renew of HfE Program Atanagement Plan
for:

* Element A . Human Factors Engineenrg
Program Management

i

U

2. Implementation Plans Review
ReviewImplementetlen Plane 96r:

* Element 8. Predecessor 8ystem Review Plan t
* Element C . HFE issues Tracking Plan
* Element D . Hurr.an Rehability Analysis
* Element E . System Functional Requirements
* Element F . Allocation of Functme
* Element G . Te6k Anaheis
* E4 ment H . Interface Design.

- * Element i . Procedure Development
* Element J . HF Vedcaten and Validetion

.

U

3. Analysis Results Review
Review of Analyele Resulte Reporte &
HSI Deelgn Team Evaluation Reporte for:

* Element E . System Funcleat Requirements
* Eternent F . Allocation of Functons
* Element G . Tosk Analysis .

U

4. HSI Design Review

Review of Analysie'Re'eulle Reporte eI ,

| Hsl Deelgn Team Evaluation Reporte tor:

| * Element H . Interface Design
* Element i . Procedure Duelopment

|
'

-U

5. HF Verification & Validation Review
RReview of Analyele Resulle Reporte &

I HSI Design Team Evaluation Reporta lor:

* Element J . HF Verification and Validation
|

-

* Element D . Human Refiability Analysis
* Element B . Predecessor System Revow

.

* Element C. HFE losues Tracking

Figure 2* Human Factors Review Stages.

(3/12/92)
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3.2 Draft ITAAC/DAC Structure
/

A brief description of the generic structure of the draft ITAAC/DAC are briefly.h e/
provided in this section. The draft ITAAC/DAC are contained in Appendix A. For the present -

drafts, one ITAAC/DAC has been prepared for each element and no distinction has been made
between Tiers 1 and 2. Each draft ITAAC/DAC is divided into three sections: Design
Commitment, inspection / Test / Analysis, and Design Acceptance Criteria.

QuigaSomm!tment
A concise and general statement as to the HFE objective of the Element is provided in this
section.

Inspection / Test / Analysis
A specification of the inspections, tests, analysis, or other actions (i e., come action that is
required but which is not a specific inspection, test, or analysis, such as development of a
program plan) tsken by the COL to achieve the objective. Generally these are divided into three
activities: planning, ' analysis', and review. This section also defines those minimal set of
materials to be provided to the NRC for rs o. v of the element

Deslan Acceotance Critolla
This section is typically divided into four sections: General Criteria, Implementation Plan,
Analysis Report, and HFE Design Team Review Roport. The General Criteria represent the
major stalvment of design acceptance criteria. These are the criteria the ITAAC are required to
meet and which should govern the implementation Plan, Analysis Report, and HFE Design Team
Review Report development. The general criteria are deilved from three sources:

1. Regulatory Requirements these are the HFE related requirements stated in 10CFR.
Since regulatory requirements generally apply to more than one HFE Program element, they are
contained in a table (Table Y, at the end of the document) and are referenced as the first general
criteria in each section, it must be emphastred that this represents a ' coarse screening' of
incorporation of regulatory requirements into ITAAC/DAC and further refinement is needed.

.

2. Acespred HFE Practices these are the criteria derived from the HFE model
development and HFE literature and current practices review. Important points are listed in
the acceptance criteria and applicable documents are referenced in a table (Table X). This table
is not contained in the attached package and is currently under development.

3. ABWR Specifle Criteria Up to this point, the model and criteria are generic and can
be applied to any advanced reactor in addition to the generic criteria, the certification process
provides commitmet s that are specific .a the design. In this case, these include the list of key
HSl elements and the results of the inventory development. Where appropriate, these criteria
are listed in the draft ITAAC/DAC and are put in italics for easy identification.
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Draft ITAAC/DAC
Element A . Human Factors Engineering Program Management

DESIGN COMMITMENT:
Human system interfaces (HSI) shall be provided for the operation, maintenance, test, and
inspection of the ABWR that reflect ' state of the art human factors pritsciples' (10 CFR
50.34(f)(2)(lii)) as required by 10 CFR 52A7(a)(1)(ii). All aspects of HSI shall be
developed, designed, and evaluated based upon a structured top down system analysis using
accepted human factors engineering (HFE) principles based upon current HFE practices. HSl is
used here in the very broad sense and shall include all operations, maintenance, test, and
inspection interfaces, procedures, and training materials.

INSPECTION / TEST / ANALYSIS:
To assure the integration of HFE 'nto system development, a HSI Design Team and a HFE Program
Plan shall be established to ass are the proper development, oxecution, oversight, and
documentation of the human factors engineering program. The plan shall be submitted to the

,

NRC for review and approval.

.

DESIGN ACCEPTANCE CRITERIA:
General Criterla
1. The primary goal of the HFE program shall be to developing an HSl which makes possible
safe, efficient, and tellable operator performance and whh:ti 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 * te ms which, as the HFE program develops,
shall be objectively defined and shall serve as criteria for test and evaluation activities.

.

Examples of such general ' operator centered' HFE design goals include:

* The operating team can accomp!ish all astigned tasks within system defined
time and performance criteria.

* The system and allocation of funct!ons will provide acceptable worklorid levels
* to assure vigilance and to assure no operator overload.

* The system will support a high degree of operating crew ' situation awareness,'

* Signal detection and event recognition requirements will be kept within the ,

operators' information processing Ilmits and will minimize the need for
,'

operators to mentally transform data in order to be usable.

* The system will minimize operator memory load.

* The operator interfaces 'will minimize oporator error.

* The system will be error tolerant and will provide for error detection and
recovery capability.

2. An HFE Design Team shall be established,
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3. The HFE Design Team shall be governed by an HFE team and management plan which defines
procedures to:

* Define the scope of the Team's authority within the broader scope of the organization
responsible for plant construction, included within this scope shall be the authority to suspend
from dotivery, installation, or operation any equipment which is determined by the Team to be
deficient in regard to established human factors design practices and evaluation criteria.

Define the process through which the Team will execute its responsibilities,

* Define the processes through which findings of the Team are resolved and how
equipment design changes that may be necessary for resolution are incorporated into the actual
equipment ultimately used in the plant.

* Establish the process through which the Team activities will be assigned to individual
team members, the responsibilities of each team member and the procedures that will govern
the internal management of the team.

4. The HFE team and management plan shall be developed to be fully compliant to the Design
Implementation Process as definedby the SSAR and FSER.

HFE DestgtLigam
1. An HFE Design Team shall have the responsibility, authority and placement within the
organization to ensure that the design commitment is achieved.

2. The team shall be responsible for (1) the development of all HFE plans and procedurest (2)
the oversight and review of all HFE design, development, test, and evaluation activities; (3) the
initiation, recommendation, and provision of solutions through designated channels for
problems identified in the implementation of the HFE activities; (4) verification of
implementation of team recommendations, (5) assurance that all HFE activities comply 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 instrumentation equipment
* all operations, maintenance, test, and inspection interfaces and facilities both within

and outsida the control room.
* procedures
* traininD development.

3. The Team shall have the authority and organizational froodom to ensure that all its areas of
responsibility are accomplished and to identify problems in the imptomentation of the HSl
design. The team shall have the euthority to determine where its input is required, access work
areas, design documentation. The Team shall have the authority to assure that further
processing, delivery, installation or use of HFE/HSI products is controlled until proper
disposition of a non conformance, deficiency or unsatisfactory condition has been achieved.

4. The HFE Team shall be placed at the level in the COL organization required to execute its
responsibilities and authorities. The team shall report to a level of management such that
required authority and organizational freedom are provided, including sufficient independence,
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from cost and schedule considerations.

5. The HFE Team shall work on an interactive and timely basis with the 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 il to elaborate on below)
* Technical Project Management
* Systems Engineering
* Nuclear Engineering
* Control and instrumentation Engineering
* Architect Engineering
* Human Factors
* Plar t Operations,

* Computer Systems Engineering
* Plant Procedure Development
* Personnel Training
* Safety Engineering
* Reliability / Availability / Maintainability /Inspectability (PAMI) Engineering

HFE Program and f4anagpment plan
1. The Plan shall be developed to describe how the human factors program shall be
accomplished. Th' plan shall describe the HFE Team's organization and composition and which
lays out the effort to be undertaken and provides a technical approach, schedule, and
management control structure and technical interfaces to achieve the HFE program objectives.
The plan is the sing!e document which describes the designer's entire HFE program, identifies
its elements, and explains how the elements will be managed. The plan shall be based npon
accepted HFE practices at the time of its development. The plan shall be based upon a review and
identification of current practices and literature, including those documents under Element A in
Table X.

; 2. The HFE Program Management Plan shall address the following:
| 1. Purpose and organization of the plan

2. Literature and current practices review
* Describe the technical basis for the plan.

,

| 3. Overall HFE program goals and objectives
4. The relationship between the HFE program and the overall plant design program

(organization and schedule).
; 5. HFE Team

| * Organization within the HFE program
'

Identify and describe the primary HFE organization or function w| thin the
organization of the total program, including charts to show organizational and

i functional relationships, reporthg relationships, and lines of communication
* Functions and internal structure of the HFE Organization

Describe the responsibility, authority and accountability of the HFE
organization

Identify the organizational unit responsible for each HFE task
Describe the process through which management decisions will be

made regarding HFE
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|

___ y _ , _ . ,



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

Describe the process through which design decisions will be made regarding
HFE

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

* Staffing
. Deacribe the staffing of the HFE Team
. Provide job descriptions of personnel of the HFE Team
. Indicate the assignment of key personnel and provido their
qualifications with togard to the areas of expertiso indicated above

6. HFE requirement 4
+ Identify and describe the HFE requirements imposed on the design

process
* List the standards and specifications which are sources of HFE requirements

7. HFE program
'

identify and describe uFE participation in the development of implementation plans,
analyses, and evaluas n/ verification of:
* Predecessor System Review
* V d lasues Tracking

Human Reliability Analysis
* System Functional Requirements Development
* Allocation of Function
+ Task Analysis

'
+ interface Design
+ Plant and Emergency Operating Procedure Development
* HF Verification and Validation

8. HFE program milestones
+ Identify HP'E milestones, so that evaluations of the effectiveness of the HFE effort can

be mado at critical check points and show the relationship to the plant design
schedule

* Prcvide a program schedule of HFE tasks showing:
- compliance to the process implementation plan

start and completion dates
reports

. reviews
+ Identify integrated design activities applicable to the HFF program but specified in

other areas
9. HFE Documentation

+ Identify and briefly describo each required HFE documented item
+ Identify additional HFE data and describo procedures for accessibility and

rotention.
* Identify and briefly describe all HFE reports and data to be submitted for NRC review.
* Describe the supporting documentation and its audit trail maintained for NRC audits

10. HFE in subcontractor efforts
* Provide a copy of the HFE requirernents proposed for inclusion in each subcontract
* Describe the manner in which the designer proposes to rnonitor the subcontractor's

compliance with HFE requirements
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ITAAC/DAC-

Element B Predecessor System Review

DESIGN COMMITMENT:4

Problems and lasues encountered in similar systems of previous designs shall be identified and ,

analyzed so that special attehtion may be given to those problems and issues in the development
of the current system in order to svold their repetition, or in the case of positive features to
ensure their retention.

INSPECTIONITEST/ ANALYSIS:
.

'

* A Predecessor System Review Implementation Plan shall be developed to assure that the
analysis is conducted according to accepted HFE principles. *

:

* An analysis of predecessor systems shall be cor oucted in accordance with the plan and the .
findings will be documented in an Analysis Results Report.

* The analyses shall be revie'w'ed by the HFE Design Team and shall be documented in an
Evaluation Report.

* The Predecessor Systern Review Implementation Plan, Analysis Results Report, and HFE
Design Team Evaluation Report shall be submitted to the NRC for review and approval.

,

I
- DESIGN ACCEPTANCE CRITERIA:
General Criteria
1. The analysis shall rnest all 10CFR togulatory requirements as specified under Element B in
Table Y.

4

, 2. Problems and Issues encountered in similar systems of previous designs shall be identified
! and analyzed:

Human performance issues, problems and sources of human error shall be|
*

- identified .

Design elements which support and enhance human performance shall be*.

identified.

3. The review shall include both a review of literature pertaining the human factors issues
related to similar systems and operator interviews.

4. The following sources both Industry wide and plant or subsystum relevant should be
investigated at a minimum:

Government and Industry Studies of Similar Systems*

Licensee Event Reports*

Outage Analysis Reports*

Final Safety Analysts Reports and Safety Evaluation Reports*

Human Engineering Deficiencies identified in DCHDRs*

Modifications of the Technical Specifications for Operation*

Internal Memoranda / Reports as Available*

|
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i

5. The following topics should be included in interviews as a minimum:
Screen Design Issues+

Data Presentation Formats*

Data Entry Requirements*

Situational Awareness*

Communications*

* Procedures
Staffing and Job Design+

,

Training*

Impitmetation Plan
1. The plan shall describe the designer's approach to Predecesser System Review. The plan

,

shall be based upon accepted HFE practices at the time of its development. The plan shall be
based upon e review and identification of current practices and literature, including thosa
documents under Element D in Table X.

2. At a minimum, the plan shall address the following:
* Literature and current practices revew
* Describe the technical basis for the plan
* Documentation review and analystr.
* User survey methodology (for condacting Interviews) and analysis plans
+ Method of dowNnting lessons learned
+ integration of lessons learned into the design process

ADAIV11s Results _Reggri
At a minimum, the report shall address the following:

* Objectives
* Description of the Methods *

* Identification of any deviations from the implementation plan
* Results and Discussion
* Conclusions
* Recommendations / Implications for HSI Design

life DtsigtLltAM_1YaluAtlE0_.Repstt.

At a minimum, the report shall address the following:
3* The review methodology and procedures

* Compliance with implementation Plan Procedures
* Review findings

Draft HFE ITAAC/DAC (March 19, 1992) Page 1B,
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ITAAC/DAC
Element C HFE lesues Tracking

_

;

; DESIGN COMMlWENT: .

'
A method or nrocedure shul bo develcped to document and treck HFE related problems and
concerns. To rissure that the system is conducted according to accepted HFE principles, a HFE
issues Tracking Plan shall be developed. The pian shall be based upon acceted HFE practices at '

the timo of its doelopment.
t

t

INSPECTION / TEST / ANALYSIS:
* An HFE lasuae Tracking Implementation Plan shall be developed to assure that the tracking
system is estab:ishad according to accepted HFE principles.

* An HFE lasues Tracking system shall be maintained in accordance with the plan and the
2tirrfings will be documented in an Analysis Results Report.

* The analyses shall be reviewed by the HFE Design Tearn and shall be documented in an -
*

Evaluation Report.

* The HFE issues Tracking Imptomentation Plan, Analysis Results Report, and HFE Design Team
Evaluation Report shall be sabn$ted to the NRC for review and approval. ;

DESIGN ACC9PTANCE CRITERfA:-
Agneral Crlierta

1. The analysis shall meet all 10CFR regulatory requirements as specified under Element C in .

Table Y.

2. The tracking system shall address human factors issues that are (1) generally known to the
industry (such as TMI related HF issues and other NRC, industry and generic human factors
issues), (2) identified in the Predecessor system review, and (3) those identified throughout

i the life cycle of the ABWR system design, development and evaluation.
i *

3. The method shall document and track human factors engineering issues and concerns, from
'

identification until elimination or reduction to a level acceptable to the review team.

4. Each issue / concern that meets or exceeds the threshold effects established by the review team
shall be entered on the log when first identified, and each action taken to eliminate or reduce the,-

issue /concem should be thocoughly doeurnented. The final resolution of the issue / concern, as
accepted by the review team, shall be documented in detall, along with information regarding;

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

; 5. The tracking procedures shall carefully spell out Individual responsibilities when an
Issue / concern is identified, identify who should log it, who is responsible for tracking the;.

'

resolution effortt., who is responsible for acceptance of a resolution. and who should enter
closeout data.

'ONfE ITAAC/DAC (March 19, 1992) Page 19-
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ImPitmaniannn Plan
1. The plan shall describe the designer's approach to HFE lssues Tracking. The plan shall be
based upon accepted HFE practices at the time of its development. The plan shall be based upon a
review and ident:fication of current practices and literature, including those documents under
Elanient C in Table X.

2. The HFE lesuca Trnekirg plan shall address:
* Literature and curreni pNeticN review |
* Responsibilities |

* 'Responsibilities on lasue identification
Responsibilities for issue Logging
Responsibilities for issue Resolution
Responsibilities for issue Closeout

* Procedures
. ISSUE IDENTIFICATION

Description
Effects
Criticality and Likelihood

,

- Issue resolution i'
'Proposed Solutions

Implemented Solution
Residual Effects
Resultant Criticality and Likelihood

+ Documentation
* Audit of the issue identification and tracking system

.

Analyals kesulle _ Reoort
At a minirnum, the report sha!' address the following:

* Objectives
* Description of the Methods
+ Identification of any deviations from the implementation plcn
* Results and Discussion.

* Conclusions
+ Recommendations / implications for HSI Design

HFE _De1[gn_ltAm_EYAIM811AQ J11PRri
At a minimum, the report shall address the following:

* The review methodology and procedures
* Compliance with Imptomentation Plan Proccdures
+ Review findings

|

|
,
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ITAAC/DAC
Element D. Human Rollability Analysis

DESIGN COMMITMENT:
Careful attention shall be given to the identification of those hurnan interactions v>ith the plant
systems which are important to plant risk and re!! ability. A human reliability analysis shall
be conducted in support of both HFE/HSI design activities and probabilistic risk assessment
activitics. The conduct of the analysis and the feedback of the results and findings shall be fully
integrated between HFE and PRA teams.

INS PECTl0N/ TEST /AN ALYSIS t
* An HRA Implementation Plan shall be developed to assure that the analysis is conducted
according to eccepted HFE principles.

+ An analysis of human reliability shall be conducted in accordance with the plan and the
findings will be documented in an Analysis Results Report.

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

+ The HRA Implementation Plan, Analycis Results Report, and HFE Design Team Evaluation
Repo t shall be submitted to the NRC for review and approval.

DESIGN ACCEPTANCE CRITERIA:
figgg]]td Criterin

1. The analysis shaN meet all 10CFR regulatory requirements as specified under Element D in
Table Y.

2. A thorough documentation system shall be estab%hed, including procedures to document the
HRA including a description of the analyses, an audit t'all for each analysis performed and each
human error probability (HEP) derived, supporting rationale, and source materials,

3. Specification shall be made of the mate:!als (such as procedural guidance and control room
panel design information) to be utilized by the HRA team in order to provide a reasonably
accurate understanding of human involvement in the ABWR,

4. Specification shall be made of the human system analyses utilized by the HRA team (such as
screening analyses, detailed task analyses which woulo provide an understanding of the task
requirements and demands on the operating staff, their interfaces with plant equipment, and the
time constraints within which critical tasks must be accomplished).

5. The HRA shall address a broad diversity of human interactions with the plant systems and
components.

6. Human action shall bn adequately modelled within the event and fault trees.

7. Quantification methods and the human enor data sources used to estimate human error
pmbabilities (HEP) shall be selected based upon their appropriateness to the types of actions
being quantified. Where data frorn earlier PRAs is to be used in the HRA, the rationale to justify

Draft HFE ITAAC/DAC (March 19, 1992) Page 21
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,

!
|

these generalizations, and it/why/how the values will be modified for use in the HRA shall be ,

made.

8. Performance shaping factors shall be specifically identified and used in HEP quantification,

j 9. The influences of the advanced technology aspects of the human task allocation and HSI shall be !
accounted for in the analysis. In addition, specification shall be made of how the modelling will !

tellect changes in the operator's tasks and role in the system resulting from the increases in
system automation.

10. Critical human actions shall be quantified by the HFE review team (or their designee)
Independently from the primary HFE team to serve as a verification of their values.

.

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

12. The HRA effort shall be thoroughly integrated with the development of the PRA. The insights
gained from the analyses will be factored into system / operational design.

!

.

ImplementA1]on Plan .

1. The plan shall describe the designer's approach to HRA. The plan shall 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 end literature, including those documents under Element D in
Table X.

2. The HRA Implementation Plan shall address: --

~
+ Literature and current practices review
* Documentation Procedures
* Material Available to Support the HRA Team

.

>

+ Usa of Human System Analyses (completed as part of HFE design)
* Types of Human Task Actions Analyzed 3

*

+ Adequacy of the Human Action Modelling
* Quantification Methods Used to Estimate HEPS

| * Evaluation of Performance Shaping Factors
+ Treatment of Advanced Technology
+ Utilization of Human Error Data Sources
* Basis for Generalization from Earlier PRAs
* Approach to Sensitivity Modelling
* Utilization of insights Gained from the Analyses and assurance of bidirectional feedback

,

between the PRA and HFE organizations.

Analyj]s Results _ _ Flecott

| At a minimum, the report shall address the following:

I * Objectives
* Description of the Methods'

* Identification of any deviations from the implementation plan
+ Results and Discussion
* Conclusions
* Recommendations / implications for HSI Design

.

?

"
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.

1

fiEE_.Qtilan_ItanLEntuation_fitne ri
At a minimum, the report shall address the following:

* The review inethodology and procedces
* Compliance with implementation Pian Procedures
* Review findings

,

.o

I

i

.

i
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IT A A'C/D AC
Element E System Functional Requirements Analysis.

DESIGN COMMITMENT:
System requirements shall be ana'/ zed to identify those functions which must be performed to
satisfy the objectives of each functional area. System iunction analysis shall: (1) determine the
objective, performance requirements, and constraints of the design; and (2) establish the
functions which must be ancomplished to meet the objectives and required performance.

INSPECTION / TEST / ANALYSIS:
* A System Functional Requirements Analysis implementation Plar shall be developed to assure
that the analysis is conducted according to accepted HFE principles.

* An analysis of System Functional Requirements shall ba conducted in accordance with the plan
and the findings will be documented in an Analysis Re644 Report.

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

* The System Functional Requirements Analysis impicmentation Plan, Analysis Results Report,
and HFE Design Team Evaluation Report shall be submitted to the NRC for review and approval.

DESIGN ACCEPTANCE CRITERIA:
General Criteria
1. The analysis shall meet all 10CFR regulatory requirements as specified under Element E in
Table Y. -

2. System requirements shall determine system functions, and the function itself shall
determine what performance is necessary to carry out that function.

3 The system function requirements shall utilizo the results of the procertification analyses as
contained |n the SSAR, GE design files, andin the system analyses utilized to derive the.

Inventory.

4. Critical functions shall be defined (i.e., those functions required to achieve major system
performance requirements; or those functions which, if failed, could degrade system or
equipment performance or pose a safety hazard to plant personnel or to the general public),

5. Those functions identified as safety functions shall be identified and their functional
relationship with non safety systems shall be identified.

6. Functions shall be defined as the most general, yet differentiable means whereby the system
requirements are rnet, discharged, or satisfied. Functions shall be arranged in a logical sequence
so that any specified operational usage of the system can be traced in an end to end path.

7. Functions shall be described initially in giaphic form, since graphic representation
generally is more effective is presenting loosely defined material in an easily understood
manner. Function diagramming is typically done at several levels, starting at a * top level"

,
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where a very gross picture of major functions is described, and continuing to decompose major
functions to reveral lower levels until a specific critical end item requirement will emerge,
e.g., a piece of equipment, software, or an operator.

8. Detailed narrative descriptions shall be developed for each of the identified functions and for
the overall system configuration design itself. Each function shall be identified and described in
terms of inputs (observable parameters which will indicate system status), functional

'

processing (control process and performance measures required to achlove the function),
outputs, feedback (how to determine correct dischart,e of function), and interface requirements
from the top down so that subfunctions are recognized as part of larger functional areas, in
addition, the alternatives available if correct functioning is lost shall be specified along with
and hvw alternatives can be chosen.

9. Functional operations or activities shall minimally include:
* detecting signals
+ measuring information

*

* comparing one measurement with another
+ processing information
+ acting upon decisions to produce a desired condition or result on the system or

environment (e.g., systeri, and component operation, actuation, and trips)

10. The function analysis shall continue over the life cycle of design development.

11. Verification
+ All the functions necesary for the achievement of operational and safety goals are

identified.
*

* All requirements of each function are identified.

IMP 191f11DiatIon Plan
,

1. The plan shall describe the designer's approach to System Functional Requirements Analysis.
The pl +n shall be based upon accepted HFE practices at the time of its development. The plan
shall b6 based upon a review and identification of current practices and literature, including
those doccments under Element D in Table X.*

2. The System Functional Requirements Analysis Implementation Plan shall address:
* Literature and current practices leview

Describe the technical basis for the plan.
* List required system level functions

Based on System Performance Roquirements
* Graphic function descriptions

e.g., Functional Flow Block Diagrams and Time Line Diagrams
* Detailed function narrative descriptions
Describe:

Observable Parameters Which Will Indicate System Status
- Control Process and Performance Measures Required to Achieve the
Function

How to Determine Correct Discharge of Function
What Alternatives are Available if Correct Functhning is Lost and How

Altematives Con Be Chosen
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+ Analysis
Define an integration of subfunctions that are closely related so that they can be

treated as a unit
Divide identified subfunctions into two groups

Common achievement is an essential condition for the
accomplishment of a higher level function

Alternative supporting functions to a higher level function or
whose accomplishment is not necessarily a requisite for
higher level function

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

is required)
Control actions necessary for accornplishment
Parameters necessary for control action
Criteria %r evaluating the result of control actions
Parameters necessary for the evaluation
Evaluation criteria
Criteria for choosing alternatives

Identify characteristic measurement and define for each measurement
'

important f actors such as Load, Accuracy, Time f actors, Complexity
of action logic, Types ar.d complexitles of decision making, impacts resulting
from the loss of function and associated time factors

Verification+

Describe the approach to system function verification

.

Analvals Results Report

At a minimum, the report shall address the following:
* Objectives
* Description of the Methods
+ Identification of any deviations from the implementation plan
* Results and Discussion.

* Conclusions
+ Recornmendations/ Implications for HSl Design

liEE_Dr.tigtLleam_EY8dgatIon Rep _Qrt
At a minimum, the report shall address the following:

* The review methodology and procedures
* Compliance with implementation Plan Procedures
* Review findings
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ITAAC/DAC
Element F . Allocation of Function

_

DESIGN COMMITMENT:
The HFE organization shallinsure that allocation takes advantage of human strengths and avoids
allocating functions which would be impacted by human limitations. To assure that the allocation
of fanction is conducted according to accepted HFE principles, a structured and well documented
methodology of allocating fo.ictions to personnel, system elements, and personnel system
combinations shall be developed and detailed in a HFE lasues Tracking Plan. The plan shall be
based upon accepted HFE practices at the time of its develpment.

INSPECTION / TEST / ANALYSIS:
+ An Allocation of Function implementation Plan shall be developed to assure that the analysis is
conducted according to accepted HFE principles.

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

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

a
* The Allocation of Function Implementation Plan. Analysis Results Report, and HFE Design
Team Evaluation Report shah be submitted to the NRC for review and approval.

DESIGN ACCEPTANCE CRITERIA:
peneral Cdtedp
1. The analysis shall meet all 10CFR regulatory requirements as specified under Element F in
Table Y.

2. All aspects of system and functions definition must be analyzed in terms of resulting huma.,
performance requirements based on the expected user population.

3. The allocation of functions to personnel, system elements, and personnel system
combinations shall be made reflect (1) sensitivity, precision, time, and safety requirements,
(2) required reliability of system performance, and (3) the number and level of skills of
personnel requi,ed to operste and maintain the system,

4. The alloceton criteria, rational, analyses, and procedures shall be thorougnly documented.

5. As alternative allocet'on concepts are developed, analyses and trade studies shall be conducted
to detumine optimum configurations of personnel and system. performed functions. Analyses
shoulti confirm that the personnel elements can properly perform tasks allocated to them and
assure appropriate operator situation awareness, workload, and vigilance. Proposed function
assignnent shall take the maximum advantage of the capabilities of human and machine without
imposing unfavorable requirements on either,

6. Functions shall be re-allocated in an iterative manner, in response to developing design
specifics and the outcomes of on going analyses and trade studies.
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7. Function assignment shall be evaluated.

IMR ementat[on Plani
1. The plan shall describe the designer's approach to Allocation of Function. The plan shall be
based upon accepted HFE practices at the time of its development. The plan shall bo based upon a
review and identification of current practices and literature, including those documents under
Element F in Table X.

2. The Allocation of Function implementation Plan shall address:
* Literature and current practices review

* Establishment of a structured basis for function allocation

* Alternative systems analyses
Specification of criteria for se!ection

* Trade studies
- Define objectives and requirements
- Identify alternatives -

Formulate selection criteria -
- Weight critoria
- Prepare utility functions
- Evaluate alternatives

Perform Sensitivity Check
Select Preferred Alternatives

lterative allocation=

The basis of iterative allocation shall bo defined.

*- Evaluation of function assignment
-- The plan shall describe the tests and analyses that will be performed to

,

evaluate }he function allocation

Analysis Results Report
At a minimum, the repor'. shall address the following:

* Objectives
* Description of the Methods
* Identification of any deviations from the impicmentation plan.-
* Results and Discussion
* Conclusions-
* Recommendations / implications for HSI Design

HFE Deslan Team Evaluation (tenort '
At a minimum, the report shall address the following:

* The review methodology and procedures
* Compliance with implementation Pit.n Procedures*

* Review findings
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ITAAC/DAC
Element G Task Analysis

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

'

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

* provide one of the bases for making design decisions; e.g., determining before hardware
fabrication, to the extent practicable, _whether system performance
requirements can be met by combinations of anticipated equipment, software, and
personnel,

* assure that human performance requirements do not exceed human capabilities,
* be used as basic information_for developing procedures,
* be used as basic information for developing manning, skill, training, and

communication requirements of the system, and
a form the basis for specifying the requirements for the displays, data processing and

controls needed to carry out tasks. )
t

.

'"iPECTION/TE ST/AN ALYSIS:
- A Task Analysis implementation Plan shall bo developed to assure that the analysis is
conducted according to accepted HFE principles.-

,

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

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

.

.

* The Task Analysis implementation Plan, Anclysis Results Report, and HFE Design Team -
.

Evaluation Report shall be submittad to the NRC for review and approval,

,
DESIGN ACCEPTANCE. CRITERIA:
General Criteria
1. The analysis shall meet all 10CFR regulatory requirements as specified under Element G in
Table Y.

2. The scope of the task analysis shall include all operations, maintenance, test and inspection
tasks. The analyses shall be 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 rooni.

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

4. . The analysis shall link the identified and described tasks in operational sequence diagrams.
A review of the descriptions and operational sequence diagrams shall reveal which tasks can be

7- considered " critical" in terms of importance for function achievement, potential for human
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error, impact of task failure, etc. Where critical functions are automated, the analyses shall
consider all human tasks including monitoring of an automated safety system and back up
actions if it f ails.

5. Task analysis shall begin on a gross level and involve the development of detailed narrative
descriptions of what personnel must do. Task analyses shall be defined the nature of the input,
process, and output required by and of personnel. Detailed task descriptions shall address (as
appropriate):

'

+ information Requirements
Information required, incloding cues for task initiation
Information available

* Decision Making Requirements
Description of the deelslons to be made (relative, absolute, probabilistic)
Evaluations to be performed

Decisions that are probable based on the evaluation (opportunities for cognitive
errors, such as capture error, will be identified and carefully analyzed)'

+ Response Requirements
Action to be taken
Overlap of task requirements (serial vs. parallel task elements)

Frequency'

Speed / Time line requirements
Tolerance / accuracy
Operational limits of personnel performanco
Operational limits of machine and software
Body movements required by action taken

* Feedback Requirements
F6)dback required to indicate adequacy of actions taken

* Workload .

- Cognitive
- Physical

Estimation c,f difficulty level
; * Task Support Requirements
I- - Special/ protective clothing

Job aids or reference materials required
,

Tools and equipment required
- Computer processing support aids

* Workplace Factors-
Workspace envelope required by action taken
Workspace conditions

-Location and condition of the work
Environment / habitability

* Staffing and Communication Requirements
number of personnel, their technical specialty, and specific skills

,

| - Communications required, including type
-Personnel interaction when more than one person is involved

* Hazard Identification
loentification of Hazards involved

G. The task analysis shall be iterative and become progressively more detailed over the design
cycle. The task analysis shall be detailed enough to identify information and control-
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requirements to enable specification of detalled requirements for alarms, displays, data"
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 provide 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, and in the system analyses utilized to derive the Inventory.

Implefttentation 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 development. The plan shall be based upon a
review and identification of current practices and literature, including those documents under
Element G in Table X.

,

2. The Task Analysis Implementation Plan shall address:
* 1.iterature 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
.

Develop 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 proceduro development -
* Application of task analysis results to training development

* * Evaluation of task analysis
- The plan shall describe the methods that will be used to evaluate the results of

the task analysis.

Analysis Results Report

At a minimum, the report shall address the following:
* Objectives
* Description of the Methods
* Identification of any deviations from the implementation plan
* Results and Discussion
* Conclusions -
a Recommendations / Implications for HSI Design--

,
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HFE Deslan Team Evalygtlon Report
At a minimum, the report shall address the following:

The review methodology and procedures*

Compliance with irrplementation Plan Procedures*

Review findings*

.

t

9

.

|

l

|
|

Draft HFE ITAAC/DAC (March 19, 1992) Page 32

T'- t<r



-. _ _ _ _ - _ - _ _

-

-

.

ITAAC/DAC
Element H Human System Interface Design

DESIGN COMMITMENT:
Human engineering principles and 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 Interface Design shall be conducted in accordance with the plan
and the findings will be documented in an Analysis Results Report.

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

* The Human-System Interface Design implementation Plan, Analysis Results Report, and HFE
Design Team Evaluation Report shall be submitted to the NRC for review and approval.

DESIGN ACCEPTANCE CRITkRIA:
fdtnRLal C ritsrla __
1. The analysis shall meet 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 HSI 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).

4cHSI design shall utilize the results of the task analysis and the l&C inventory to assure the
adequacy of the HSI, -!

5. The HSl and working environment shall be adequate for the human performance requirements
it supports. The HS! shall be capable of supporting critical operations under the worst

. plausible environmental conditions.

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

7. The selection and design of HSI hardware and software approaches shall 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.

,

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

_
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shall be derived from sources such as expert judgement, design guidelines and standards, and
quantitative (e.g., anthropometric) and qualitative (e.g., relative effectiveness of differing
types of displays for different conditions) data. Procedures shall be employed to ensure HS!
adherence with standards.

9. HFE/HSI problems shall be resolved using studies, 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
+ Dynamic simulation and HSI prototypes shall be evaluated for use to evaluate design

detalls 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. HS! design elements shall be evaluated to assure their acceptability for task performance
and HFE, criterla, standards, and guidelines.

12. The HSI design shallincorporate the key HSI elemer.;s as defined in the SSAR and FSER.
* include list and description of key features
* include velve position indication position

13. The HSI design shallincorporate the I&C inventory as defined in the SSAR.
* include summary table of inventory items

lmolementation * 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 its 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:
I + literature and current practices review

= l&C requiraments analysis and design
- Compare Task Requirements to l&C Availability
- Modifications to 18 C Inventory

+ Generai HSl 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 evaluations

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

Analysis Results Report
,

| At a minimum, the report shall address the following:
* Objectives
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,

|

* Description of the Methods-
,

e identification of any deviations from the implementation plan
* Results and Discussion
+ Conclusions
* Recommendations / implications for HSI Design

_

:

HFE Deslon Team Evaluation Rooort
At a minimum, the report shall ado;ess the following:

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

a Review findings

.>

.

4

..

.

1

i

.

.

.

_

$
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ITAAC/DAC
Element I Plant and Emergency Operating Procedure Development

" Under construction Ignore this DAC for now - Proceed to Element J ''

DESIGN COMMITMENT:

To assure that procedures reflect accepted HFE principles, a Plant and Emergency Operating
Procedure Development Plan shall be developed. The plan shall be based upon accepted HFE
practices at the time of its development.

,

INS PECTION/ TEST /AN ALYSIS:
* A ?? Implementation Plan shall be developed to assure that the analysis is conducted
according to accepted HFE principles.

* An analysis of ?? shall be conducted in accordance with the plan and the f.ndings will be
documented in an Analysis Results Report. ,

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

* The 77 Implementation Plan, Analysis Results Report, and HFE Design Team Evaluation Report
shall be submitted to the NRC for review and approval.

DESIGN ACCEPTANCE CRITERIA:
Gen er_al Criteria
1. The task analysis shall be used to specify the procedures for operations (nc,rmal, abnormal,

'

and emergency), test, maintenance and inspection.

ImoltmDAlation Plan
1. The analysis shall meet all 10CFR regulatory requirements as specified under Element I ini

Table Y.
.

1. The plan shall descdbe the designer's approach to . The plan shall 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 literature, including those documents under Element I in
Table X.

2. The ?? Implementation Plan shall address:

Analyslit Results Report
At a mintnum, the report shall address the following:

Objectives*

Description of the Methodsv

Identification of any deviations from the implementation plan*

* Results and Discussion
* Conclusienc
* Recommendations / Implications far HSI Design
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HFE Design Team Evaluation Reggrt
At a minimum, the report shall address the following:

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

.

.

.

9

|

f
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ITAAC/DAC
Element J - Human Factors Verification and Valldation

DESIGN COMMITMENT:
The tuccessful incorporation of human factors engineering into the final HSI design process and
the acceptability of the resulting HSl chall be thoroughly evaluated as an integrated system
using HFE evaluation procedures, guidelines, standards. and principles.

INS PECTioN/ TEST /AN ALYSIS:
* A Human Factors Verification and Validation Implementation Plan shall be developed to assure
that the analysis is conducted according to accepted HFE principles.

* An analysis of Human Factora Verification and Validation shall be conducted in accordance with
the plan and the findings will be documented in an Analysis Results Report.

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

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

DESIGN ACCEPTANCE CRITERIA:
fanneral Criteria -
1. The analysis shall meet all 10CFR regulatory requirements as specified under Element J in
Table Y.

2, The evaluation shall verify that the performance of the HSI, when all elements are fully
integrated into a system, meets (1) all HFE design goals as ectablished in the program plan; and
(2) all system functional requirements and properly supoort human operations, maintenance,
test, and inspection task accomplishment.*

3. The evaluation shall address at a minimum:
* Human Hardware interfaces
* Human-software interfaces
* Procedures

3 * Workstation and console configurations
* Control room design
* Local control station design
* Design of the overall work environment

4. Individual HSl elements shall be evaluated in a static and/or "part-task * mode to assure that
all appropriate controls, displays, and data processing that are required are available and that
they are designed according to generally accepted HFE guidelines, standards, and principles.

5. The Integration of HSI elements with each o;her and with personnel shall be evaluated and
validated through dyr:amic task performance evaluation using evaluation tools which are
appropriate to the accomplishment of this objective. It is expected that a fully functional HSI
prototype and plant simulator 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 and approved by the
staff in advance of testing. The evaluations shall have as their minimum objectives:

* Adequacy of entire HSI configuration for achievement of safety goals
* Confirm allocation of function and the structure of tasks assigned to personnel
* Adequacy of staffing and the HSI to support staff to accomplish their tasks.
* Adequacy of Procedures
* Confirm the adequacy of the dynamic aspr-'s of all interfaces for task accomplishrrant
* Evaluation and demonstration of error tolerance to human and system failurss

6. Dynamic evaluations shall evaluate HSI under a broad range of operational conditions and
upsets, including at a minimum:

* Normal plant evolutions (e.g., start up, full power, and shutdown operations)
* Instrument Failures (e.g., Safety System Logic & Control (SSLC) Unit, Fault Tolerant

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

* HSI equipment and processing failure (e.g., loss of VDUs, loss of data processing, loss
of iargo overview display)

* Transients (e.g., Turbine Trip, Loss of Offsite Power, Station Blackout, Loss of all FW,
Loss of Service Water, Loss of power to selected buses /CR power supplies , and
SRV transients)

. Accidents (e.g., Main steam line break, Positive Reactivity Addition, Control Rod
Insertion at power, Control Rod Ejection, ATWS, and various sized OCAs)

7. Performance measures for dynamic evaluations shall be adequate to test the achievement off
all objectives, design goals, and performance requirements and shall include at a minimum:

* System performance measures relevant to safety
* Crew PriTnary Task Performance (e.g., task times, pacedure violations)
* Crew Errors
* Situation Awareness
+ Workload
* Crew communications and coordination
* Anthropometry evaluations
* Physical positioning and interactions >

8. A verification shall be made that allissues documented in the Human Factors issue Tracking
System have be adequately addressed.

9. A verification shall be made that all critical human actions as defined by the HRA have be
adequately supported in the design. The design of tests and evaluations to be performed as part of
HFE V&V activities shall specifically examine these actions.

Imolementation Plan
1. The plan shall describe the designer's approach to Human Factors Verification and Validation.
The plan shall 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 literature, including
those documents under Element I in Table X.

2. The Human Factors Verification and Validation implementation Plan shall address:
* HSl element evaluation
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- Control, Data Processing Display audit
Comparison of HSI element design to HFE guidelines, standards, and

principles
* Dynamic performance evaluation of fully integrated HSI

General Objectives
Test methodology and procedures

- Test participants (operators to participate in the test program)
- 1est Conditions
- HSI description

Performance measures
Data analysis

- Criteria for evaluation of results
- Utilization of evaluations

* Documentation requirernents
Test & Evaluation Plans and Procedures
Test Reports

.

Analysis Results Recart

At a minimum, the report shall address the fo| lowing:
* Objectives
* Description of the Methods
* identificction of any deviations from the implementation plan
* Resuits and Discussion
* Conclusions
* Recommendations / implications for HSI Design

~

HFE Deslan Team Evaluation Reoort
At a minimum, the report shall address the following:

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

,
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Table Y*

Human Factors Requirements in 10 CFR
(2 pages)

10 CFR REFERENCES HFE
.

ELEMENTS

part 20: Standards for Protection Aaalnst Radiation

20.203 Caution signs, labels, signals, and con . 3. H I.B
20.207 Storage and control of licensed materials in unrestricted areas. B,E

~

Part 50: Domestic Licens!na of Production and Utilization Faenities
50.34 (f) Additional TMl related Requirements Consider all sections but
particularly:

(1)(i) Site specific PRA O
(1)(v) HPCl/RCIC initiation levels B,E,F,G,1
(1)(vi) Reduction of challenges to reliet valves B.E,G,H,1

(1)(vii) Elimination of msoual activation el ADS B,E,F,G,H,1

(1)(viii) Automation issues of ECCS restart B,E,F,G H,1

(1)(xi) Depressurization methods B,E,F.G ,H,1
(1)(xil) - Hydrogen control systems B,E,F,G ,H,1

(2)(i) Control room simulator B E,J
(2)(ii) - Improved plant procedures I

(2)(lii) Control room design tnat reflects state of the art human factors A '

g
principles 4 i

(2)(iv) - SPDS B,E,F,G,H,1
(2)(v) Indication of bypassed & inoperable systems B,E,F,G,H,1
(2)(vi) Vent systems in the control room B,E F G,H.I
(2)(x1) Indication of relief valves in control room B,G,H
(2)(xvi) ECCS & RPS actuation cycles B,E,F,G,H,1
(2)(xvii) to (xix) post accident instrumentation in control B,E,G,H,1

room (2)(xxi) Heat removal system controls B,E,F,G ,H,1

(2)(xxiv) - Reactor vessel level instrumentation B,G,H,1
(2)(xxv) - TSC, OSC, and EOF A,8,E G,H,1
(2)(xxvii) Radiation monitoring B,E,F,G,H,1
(2)(xxvill) Control room radiation protection B,E,
(3)(i) - Incorporation of operating, design and construction experience A,8

,

(3)(vii) - Management controls during design and construction A,C,J
50.34a Design objectives for equipment to control releases of radioactive B,E,F
material in effluents
50.44(lii) - High point vents in RCS, operablo frcm control room 8,E,F,G,H,1
50.47 Emergency planning, including procedures, facilities, etc. B,E,G,H,1
50.48 Fire Protection, references Appendix R and includes safe reactor B,E.F,G,H,1
shutdown requirements outside the main control room
50.54 - Conditions of licenses, contains control room staffing requirements B,E,F,G
50.55a Codes and standards - establishes inservice inspection and testing B,E,G,H,1
requirements, which should be considered when designing outside control room
equipment and interfaces
50.62 - ATWS requirements, includes system specifications such as B,E,F G H,1
independence, reliability and automation
50.63 Loss of all attemating current power, requires analyses, equipment and B,E,F,G,H,1
procedures

.
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ADoendir A General Deslan Criteria for Nuclear Power Plants A
Throughout the GDC there ato inspection and testing requirements specified for
the various systems. These must be considered when designing the HSt
throughout the plant. Some added specific criteria, as follows are also important.
12 Suppression of reactor power oscillations They must be readily detected B, E,F.G ,H,1 -|

and suppressed
'

13. Instrumentation and control Specifies I&C for variables and systems B,E,0,H,1
19. Control Room Specifies both a normal and remote control room AE
26. and 27. Reactivity control Requires reliable control of reactivity changes B,E F,0,H,1
64. Monitoring radioactivity releases Establishes monitoring requirements B,E G,H,1

Appendix B - Quality Assurance Criteria Establishes design control and other All
pertinent OA requirements

Appendix E Emergency Planning Establishes many pertinent EP requirements A,B,E
lor facilities,- procedures, etc.

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

Appendix J Primary containment leakage rate testing Tnis section is also B.E,G,H,1
pertinent to the design stage outside the control room. Existing previsions for
LRT in NPPs consider human factors only marginally.

Part 52 - Early site permits; standard design certifications; and combined.
Scenses for nuclear power plants,
This part establishes the requirements for advanced reactors and is particularly A l

relevant.

Part 55 Operators' licenses Subpart E - Written examinations and tests -
Discusses source of information for required operator knowledge, skills and I

abilities.

Part 73 - Physical protection of plants and materials - Details protection and A,B,E,G,H,1
security requirements, which in existing plants have caused significant

' operational conflicts. These must be carefully considered at the design stage
from a human engineering standpoint to avoid repetition of these problems.

._
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