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APPENDIXM 

HUMAN ENGINEERING CRITERIA BEFORE 1973 





HUMAN ENGINEERING AND RELATED STANPARDS 
AND RECOMMENDED PRACTICES 

Reference: 

Number 

IEE-601-0-1 

IEE-603-1-1 

IEE-603-1-4 

IEE-603-1-' 

IEE-603-1-6 

Industry Stllll_dards with Direct Human Factors Application 

Type of Standards or 
Recommended Pracllcea 

Operator/System Inte­
gration Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

language of Standards or Recommended Pracllcea 

If. Safety System Ftinctional and Design Requirements, page 13. 

4.2.1 Means shall be provided in the control room to implement 
manual initiation at the system level of the automatically initiated 
protective actions. The means provided shall minimize the number of 
discrete operator manipulations and shall depend on the operation of a 
minimum of equipment. 

4. Safety System Functional and Design Requirements, page 11. 

4.11 Information Displays 

4.11.1 Displays for Protective Actions Initiated Solely by Manual 
Means. The display anstrumentat10n provided lor the manually initiated 
actions required for the safety system to accomplish its protective 
function shall be part of the safety system. The design shall minimize 
the possibility of anomalous Indications which could be confusing to the 
operator. 

4. Safety System Functional and Design Requirements, page 13. 

4.11.2 System Status Indication. The display instrumentation provided 
lor safety system status indication need not be part of the safety 
system. The display instrumentation shall provide accurate, complete, 
and timely information pertinent to safety system status. This infor­
mation shall include indication and Identification of protective actions 
at the channel level and the system level. The design shall minimize 
the possibility of anomalous indications which could be confusing to the 
operator. 

4. Safety System Functional and Design Requirements, page I J. 

4.11.3 Indication of Bypasses. If the protective actions of some part 
of the safety system have been bypassed or deliberately rendered 
inoperative for any purpose, continuing indication of this fact at the 
system level shall be provided in the·control room. 

NOTES: (I) 1967 or more recent. 
(2) II checked, see list ol references allached. 
(3)11 checked, see list ot notes attached. 

Earliest Known I Other 
~ubllcallon Data (1JI Reference (2) 

1968 '6 

1968 '6 

1968 '6 

1968 '6 

Noles 
(3) 

Yes 

Yes 

Yes 

Yes 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Relerence: Industry Standards with Direct Jiuman Factors Application 

Number 

ANS51.1-J-l 

1\NS 51.1-1-5 

ANS51.1-0-I 

ANS51.1-0-2 

ANS1.2-P-5 

Trpe of Standards or 
Recommended Pracllces · 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Operator /System Inte­
gration Standard 

Operator/System Jnte­
grati<lll Standard 

Operator Procedure 
Standard 

Language or Standards or Recommended Practices 

5. Design Criteria, page 9. 

5.2.11.6 Continuous indication of each control assembly position shall 
be provided in the control room. · 

5. J)esign Criteria, page 9. 

5.l.lf.l Alarms shall be provided to alert the operator that process 
variables are approaching or have reached levels that initiate safety 
action. The alarm signals shall be obtained as close as practical to 
their source. nata presentation of these alarms shall be readily 
distinguished from other alarms. Acknowledgement of the alarm from 
one channel shall not inhibit the alarm of redundant channels. 

5. Design Criteria, page 9. 

5.3.1f.l! The data displayed and controls located in the control 
room shall be adequate: 

(I) to regulate the process variables within their normal limits 

(2) to cope with malhn:tions or accidents 

(l) to assess accidents and perform necessary actions for recovery. 

5. Program, Policies and r>rocedures, page 8. 

5.1.2 Procedure Content. The format of procedures may vary from 
plant to plant, dCpending on the policies of the owner organization. 
Uowever, procedures shall include, as appropriate, the following ele­
ments• 

(I) Tille 
(2) Statement of Applicability 
()) References 
(II) J>rereqoJisites 
(5) r>recautinns 
(6) limitations and 1\c:tions 
(7) Main 8ody 
(8) 1\cc:eptance Criteria 
(9) Checkoll Lists 

NOTES: (I) 1967 or more recant. 
(2) II checked, sea list ol relerences allached. 
(3) II checked, see llsl ol notes allached. 

Earliest Known I Other 
Publlcallon Dale (I~ Relerence (2) 

197) 

197) 

197) 

1976 

Noles 
(3) 

Yes 

Yes 

Yes 

Yes 



HUMAN ENGINEERING AND RELATED CRITERIA AND GUIDES 

Reference: _lJ..S...Ik&!·!I.~Q!T~..YWes With Djr~.IY!!I~llJ:~l9r!_J\I!RJjcation 

·--~---------,----

Number 
Type of Crllerlon 

or Guide 

RGI.70-MG-6 I Polley, Planning and 
Management Guide 

Instrumentation and 
Control Guide 

1~(;1.70-MG-7 I Policy, Planning and 
Management Guide 

Instrumentation and 
Control Guide 

Operator/System Inte­
gration Guide 

Controi_Room Environ­
ment Guide 

RGI.70-MG-10 I Policy, Planning and 
Management Guide 

Control Room Environ­
ment Guide 

Language of Criterion or Guida 

RG 1.70 Standard Format and Content of Safety Analysis Reports for 
Nuclear Power Plants, LWR Edition, Revision 3, November 1978, 
page 9-9. · 

9.),,,, Instrumentation Requirements. The system instrumentation 
and controls should be described. The adequacy of safety-related 
instrumentation and controls to fulfill their functions should be demon­
~trated. 

RG 1.70 Standard Format and Content of Safety Analysis Reports 
for Nuclear Power Plants, LWR Edition, Revision ), November 1978, 
page 9-9. 

9./f.l.l Design Oases. The design bases for the air treatment system 
for the control room and other auxiliary rooms (e.g., relay rooms and 
emergency switchgear rooms) gJOSidered to be part of the control areas 
should be provided. Include the design criteria (e.g., single failure), 
requirements for the manual or automatic actuation of system com­
ponents or Isolation dampers, ambient temperature and humidity 
requirements, criteria for plant operator comfort and safety, require­
ments for radiation protection and monitoring of abnormal radiation 
levels and other airborne contaminants, and environmental design 
requirements. 

I~G 1.70 Standard format and Content of Safety Analysis Reports for 
Nuclear Power Plants, LWR Edition, Revision 3, November 1978, 
page 9-19. 

9.,.1 LightiRJI. Systems 
A description of the normal lighting system for the plant should be 
provided. A description of the emergency lighting system, 
including design criteria and a failure analysis, should also be 
provided. 

L--- ------L ·---------- -··------------
NOlES: (1)1967 or mooo rocont. 

(2)11 checked, see list ol releroncus altached. 
(3) II chockod, seo list ol nolos altachod. 

Earliest KnoVIn J Olhar 
Publication Dale It Reference (2) 

1972 61> 

1972 66 

1972 66 

Noles 
(3) 

Yes 

Yes 

Yes 



HUMAN ENGINEERING AND RELATED CRITERIA AND GUIDES 

Reference: _!:!:.~_!!egulat~y-~':!!_des With Direct Human factors J\eplication 

·-- y- -----. 

Number 

RG 1.62-IG-1 

RG 1.62-fG- l 

RGI.47-IG-I 

RGI.47-IG-5 

Type ol Crllerlon 
or Guide 

Instrumentation and 
Control Guide 

Operator /System Inte­
gration Guide 

Instrumentation and 
Control Guide 

Instrumentation and 
Control Guide 

Operator/System Inte­
gration Guide 

Instrumentation and 
Control Guide 

language of Crllerlon or Guide 

RG 1.62 Manual Initiation of Protective Actions, October 1973, page 
I. 

I. Means should be provided for manual initiation of each protective 
action (e.g., reactor trip, containment isolation) at the system level, 
regardless of whether means are also provided to initiate the pro tee live 
action at the component or channel level (e.g., individual control rod, 
individual isolation valve). 

RG 1.62 Manual Initiation of Protective Actions, October 1971, 
page 1. 

l. The switches for manual initiation of protective actions at the 
system level should be located in the control room and be easily 
accessible to the operator so that action can be taken in an expeditious 
manner. 

RG 1.47 F\ypassed and Inoperable Status Indication for Nuclear Power 
Plant Safety Systems, May 1973, page 2. 

Bypass indication should aid the operator in recognizing the effects on 
plant safety of seemingly unrelated or insignificant events. Therefore, 
the indication of bypass conditions should be at the system level, 
whether or not it is also at the component or channel level. 

RG 1.47 Bypassed and Inoperable Status Indications for Nuclear Power 
Plant Safety Systems, May 1973, page ). 

4. Manual capability should exist in the control room to activate each 
system-level indicator provided in accordance with C.l. above. 

Earliest Known J Other 
IPubllcallon Dale (1 Reference (2) 

1973 

1973 

1973 

197) 

Noles 
(3) 

Yes 

Yes 

Yes 

Yes 

L..- _!____________ L____ -' 

NOI ES: 11) 1967 or rnmo rocent. 
(2) II chocked. sea list ol roloroncus allached. 
(3) II chucked. sco list ol notos attached. 



HUMAN ENGINEERING AND RELATED CRITERIA AND GUIDES 

Relerence: ~~Re~ator1_Guides With Direc~lluman Factors Application 

-- ·-· --y-- --

Number 

RG I. 70-PG-1 

SG 11-IC-1 

Type ol Criterion 
or Guide 

Opera tor Procedure 
Guide 

liuman Factors Test 
and Evaluation Guide 

Policy, Planning and 
Management Guide 

Instrumentation and 
Control Criterion 

Language ol Crllerlon or Guide 

RG 1.70 Standard Format and Content of Safety Analysis Reports for 
Nuclear Power Plants, LWR Edition, Revision J, November 1978, 
page 9-19. 

9.5.2.) Inspection and Testing Requirements. The inspection and 
testing requirements for the communication systems should be pro­
vided. 

SG II Instrument Lines Penetrating Primary Reactor Containment, 
J/10/71, page 2. 

The status (opened or closed) of all such isolation valves should be 
indicated in the control room. If a remotely operable valve is provided, 
sufficient information should be available in the control room or other 
appropriate location to assure timely and proper actions by the 
operator. 

L ------------. ....1·-------
NOTES: (II 1967 or n•oro roconl. 

(2)11 checked. suo list ol roloroncns all ached. 
(3) II chockod. sco lis I ol nolos allachcd. 

Earliest Known J Other 
~ublicallon Dale (I Relerence (2) 

1972 66 

1971 

Noles 
(31 

Yes 

Yes 





APPENDIXN 

INDUSTRY STANDARDS CRITERIA 





HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Qesjgn Basis Criteria for Safety Systems jp Noclear 

PPwer Geoe[lltiru! 5tations. Al'iSliANS-11.1. 12ZL 

Type ol Standards or Language PI Standards or Recommended Practices Number Recommended Pracllcea · 

ANS/f.l-0-1 Operator/System lnte- J. Oesign and Basic .Requirements, page 7. 
gralloo Standard Tile inadvertent initiation and exer.utioo pf a prptective actioo shall oot 

result In damage to any fissioo prcxluct barrier or safety system which 
is incoosistent with the limiting safety consequences of the category of 
events tP which soch Inadvertent action beloogs. 

ANS/f.l-0-2 OperatPr/System lnte- ). Oeslgn and Basic Requirements, page 7. 
gratiPn Standard ).6.6 rrneratPr Particimtloo. The safety systems shall be capable pf ANS/f.I-P-1 OperatPr Procedure 
Standard perfPrm ng the protect ve functions without requiring the reactor 

Pperator to take any actloo prior tP a defined time limit IPIIPwlng each 
Design Basis Event. Alter the lime limit, Pperator participatloo may 
be used .tP maintain sale coodltioos. This time limit shall be approprl-
ate fpr the actions requiredf the number and location PI operators, the 
Information available tP the Pperator, and the number and locatJgn pf 
contrPis, and any design features prPvlded to prPtect ttie operator. 

ANS/f.l-0- 3 Operator/System lnte- ). Design and Basic Requirements, page I. 
gratioo Standard TIIC designers shall determine, by means of a systematic analysis, that 

ANSlt.I-P-2 Opera tor Procedure (a) the monitored process variable can provide the required inlor-
Standard matioo during t!~e llesign l\asls Events. 

ANS/f.!-1-1 lnstrumenta tioo and (b) the equipment can periPrm in the configuration specified for Its 
CootrPI Standard installatloo. 

(c) tllC interactions of protective actions, Cllfltrol actioos, and the 
envlroomental changes that caused, or are caused by, the Oesign 
1\asls Events dP oot prevent the mitigatioo of the coosequences Pf 
tllC event; and 

NOTES: (1) t987 or more recent 
(2) II checked, see lis! PI references allachsd. 
(3) II checked, sea list PI notes allached. 

Earliest KnPwn Other Notes 
rubllcsllon Dale (1 Reference (2) (3) 

1971 

1971 

1971 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: 

Number 

ANSU-0-If 

ANSif.l-P-3 

ANSII.I-1-2 

Design Basis Criteria for Safety Systems in Nuclear 

Power Generating Stations, ANSf/ANS-If.l, 1978. 

Type of Standards or 
Recommended Practices 

Operator/System Inte­
gration Standard 

Operator Procedure 
Standard 

Instrumentation and 
Control Standard 

language of Standards or Recommended Practices 

l. Design and Basic Requirements, page a (contlnllf!d) 

(d) the equipment in the configuration specified for Its installation 
cannot easily be made inoperational by the inadvertent actions of 
operating or maintenance personnel. 

3. Design and Basic Requirements, page a. 

3.a ~ration and Maintenance. The design of the safety systems and 
the saety supporting sy,tems shall permit Implementation of operating 
and maintenance procedures fOI" the surveillance, calibration, adjust­
ment, and repair of the protection and actuator systems without 
inducing a Design Basis Event or an unprotected condition. The 
designer shall give special consideration to preventing inadvertent 
modification of the systems that may negate the intent of the system 
design. 

3. Oesign and Basic Requirements, page 9. 

1.9 Surveillance. Means lor surveillance of the safety systems and the 
safety supporting systems shall be established. They shall be adequate 
to: 

(a) determine that the performance of the safety systems and their 
safety supporting systems is within prescribed limits; 

(b) assure that maintenance operations have been performed correctly; 

(c) detect trends toward unacceptable conditions; and 

(d) determine that the independence of redundant or diverse systems 
has been maintained. 

(e) permit the operational capability of an instrument channel, logic 
channel, and an actuator channel to be demonstrated. 

NOTES: (It 1967 or more recent. 
(2) II checked, see list of references attached. 
(3) II checked, see list of notes attached. 

Earliest Known J Other 
Publication Data (1 Reference (2) 

1978 

1978 

Noles 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Relerenca: Gaseous Radioactive Waste Processing Systems 

for Li2ht Water Reactor Plants, ANSl/ANS n.IJ, 1979. 

Number 

ANS5M-1-l 

ANS55.4-I-2 

ANS55.'1-IR-I 

TJPe ol Standards or 
Recommended Practices 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Recommended 
Practice 

NOTES: (1t 1967 or mora racenl. 

Language ol Standards or Recommended Practices 

7. Instrumentation and Controls, page 12. 

7.2 PWR Instrumentation and Controls. The PWR Gaseous Radio­
active Waste Processing System Siiilihave sufficient Instrumentation 
and controls such that it can be started, operated, monitored and 
shutdown from a remote control area, located in radiation Zone I or II 
(see Table 7). Positive operator action shall be required to eflect any 
controlled discharge to the environment. 

7. Instrumentation and Controls, page 12. 

7.3. Process and Effluent Radiation Monitoring. TI1e effluent radiation 
monitoring devices shall be designed to continuously monitor and record 
all gaseous radioactivity released from the BWR Main Condenser Offgas 
System and PWR Gaseous Radioactive Waste Processing System to the 
atmosphere through normal release pathways. Effluent radiation moni­
tors in the systems shall automatically terminate release upon high 
radiation (above a predetermined set point) in the disCharge. Monitor 
readout shall be in the main control room. Additional monitor readout 
may be provided in a central control area to facilitate system control. 

7. Instrumentation and Controls, page 12. 

Table 6 gives the minimum requirements lor instrumentation and 
controls. In addition it gives specific recommendations which will 
provide information and control features for the following purposes 
during startup, operation and shutdown of the system: 

(I) Provide information on hydrogen concentration or oxygen concen­
tration, or both. 

(2) Provide information on system or component pressurt>s to protect 
against over-pressurization and to enable proper flow. 

(3) Provide information on liquid accumulation in tanks so that drain­
age can be accomplished when required. 

(If) Provide information on cooling water, oil, air and other service 
systems to insure that components are operating properly and to 
enable identification of malfunctions. 

(5) Providt> information such as inlet and outlet temperatures of 
process gas in heat exchangers, liquid level in gas condensers, 
moisture content from gas conditioning equipment and adsorber 
vault temperature to facilitate equipment performance evaluation 
and allow corrective measures to be taken when required. 

(2111 checked, sea list of relerancas allachad. 
(3)11 checked, sea list ol notes allachad. 

Earliest Known I Other 
Publlcallon Dahi (I~ Relerenca (2t 

1977 49 

1977 ·~ 

1977 49 

Noles 
(3t 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Gaseous Radioactive Waste Processing Systems 

for Light W~ter Reactor Plants, 1\~Sil f\J~S 55. If, 1979. 

Type of Standards or 
Language of Standards or Recommended Practices Number Recommended Practices 

7. Instrumentation and Controls, page 12 (continued). 

(6) Provide information on recombiner performance. 
(7) Provide discharge flow rate information to enable adequate disper-

sion and determination of radioactivity release rates. 
(8) Provide informaton on radioactivity concentrations to determine 

atmospheric release rates, holdup times and equipment perform-
ance. Also to provide for the automatic termination of releases to 
the atmosphere when necessary. Valve(s) used for automatic 
termination of release shall be designed to fail-closed in the event 
that power is lost to the valve(s). 

--

NOTES: (1) 1961 or more recent. 
(2) If checked, sea Us I ol references attached. 
(3) II chechd, see list ol notes attached. 

Earliest Known Other Notes 
Publication Dale (I Reference (2) (3) 



Reference: 

Number 

AIN320-I-I 

AIN320-1-2 

AINJ20-E-I 

AINJ20-E-2 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Performance Specifications for Reactor Emergenq- Radiological 

Monitoring Instrumentation, ANSI Nl20, 1979. 

Type of Standards or 
Recommended Pracllces 

lnstrumE'ntation and 
Control Standard 

Instrumentation and 
Control Standard 

Operator Support 
Equipment Standard 

Operator Support Equip­
ment Standard 

language ol Standards or Recommended Practices 

4. General Consideration for Emergency Instrumentation, page 8. 

Primary emphasis is placed on the selection of instruments and instru­
ment systems and on their ability to provide data rapidly as basis for 
making appropriate emergE'ncy action decisions. The instrumentation 
should include both installed systems, herein referred to as systems, 
with appropriate readouts and portable instrwnents, since either port­
able or installed instrumentation alone may provide incomplete infor­
mation. 

4. General Consideration for Emergency Instrumentation, page 8. 

(I) Installed instrumentation systems with remote readout to a safe 
location capable of characterizing releases to containment and 
auxiliary buildings and the radiological problems associated with evacu­
ation and reentry. These systems should be provided with a remote 
readout at a location which will be habitable under accident conditions. 

4. General Consideration for Emergency Instrumentation, page 8. 

(2) Portable survey instruments to supplement installed instrument 
systems to permit estimation of exposurE' to persons, to locate radiation 
sources and determine their distribution, and to make radiological 
measurements that may become of ad hoc interest at locations not 
covered by installed instrumentation. 

In dt-termining the type of instrumentation rf'quired, the following 
apply: 

11.1.1 Continuous measurement of airborne radidactivity in the contain­
ment is nE'cessary. 
4.1.2 Where appropriate, air sampling systems shall be consistent with 
the requirements statf'd in ANSI Nll.l-1969, American National 
Standard Guide to Sampling Airborne Radioactive Materials in Nuclear 
racilities. 
4.1. 3 Remote area monitoring systems are necessary for measuring the 
arnbient radiation field at points within the reactor facility. The 
system should be capable of measurement over a wide spectnmr of 
energies and range of exposurE' rates. 
4.1.4 High range monitoring systems ar<• ne<:essary lor assessment of 
effluent radioactive material. 

NOTES: (1) 1967 or more recent. 
(2)11 checked, see list of relerences allached. 
(3)11 checked, see list of notes allachad. 

Earliest Known I Other 
Publication Dale (1JI Reference (2) 

1979 

1979 

"79 

Notes 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Performance Specilicatioos for Reactor Emergency Radiological 

Monitorin~bJstrumentation. ANSI Nl20. 1979. 

Number 

1\ IN 120-1-3 

AIN120-1-4 

AI:H20-I-~ 

A1Nl20-l-6 

TJPe or Standard• or 
Recommended Pracllcea 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

NOTES: 111 1967 or more recent. 

language of Slendarda or Recommended Pracllcea 

IJ. General Consideration for Emergency Instrumentation, page ll 
Ccontinued). 

IJ.I., tligh range portable sw-vey instruments and persoru1el dosimeters 
are necessary to pel'mil rapid assessment of high exposure rates and 
time-integrated dose. 
IJ.I.6 Instrumentation sl-.ld be capable of performing as intended, 
coosidering the total environment to whidt the instrumentation will be 
exposed during emergencies. Physical protection is usually necessary. 

S. Criteria for Radiological lnstrwnentation Systems, page 9. 

5.1 A normaUy active internal audit circuit which tests both the 
detector and electronics shaH be provided and shall present an appropri­
ate signal at a centrally manned location in the event of a malfunction 
or failute. 

~. Criteria for Radiologicallnstrwnentation Systems, paRe 9. 

5.5 Switches and other controls shall be protected to a~oid inadvertent 
deactivation or inadvertent maloperation of system. 

5. Criteria for Radiologicallnstrwnentation Systems, page 9. 

5.6 The ranges of emergency Instrumentation systems should overlap 
the ranges of instrumentation systems for routine or nonemergency 
monitoring. (The minimum ranges specified herein generally assume a 
one decade overlap.) 

~. Criteria lor Radiological Instrumentation Systems, page 9. 

5.7 Overa~ syste•n accuracy (does not include sample accuracy) shall 
be within - lfO percent at the 95 percent confidence level over the 
entire operating range, with precision within ! IS percent for any single 
measurement level. 

C2J Jr checked, see llsl ol references allached. 
(3) Jr checked, see list ol notes allached. 

Earlleal Known I Other 
Publlcallon Data (1~ Relerence (2t 

1979 

1979 

1979 

1979 

Noles 
(31 



Reference: 

Number 

AIN320-f-7 

AIN320-I-8 

AIN320-I-9 

A IN 120-1-10 

AIN320-J-II 

AIN320-0-I 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Performance Specifications for Rea<:tor 1:111ergency Radiological 

Monitoring lnslrtJ_mentati<ln, I\N~JH20, l'J7'J. 

Type of Standards or 
Recommended Practices 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

lnstrurnenta lion and 
Control Stanrlard 

Opera tor /Syste111 Jnte­
~ration Standard 

language ol Standards or Recommended Pracllces 

5. Criteria lor Radiological Instrumentation Systems, page 'J. 

5.15 Logarithmic, quasilogarithmk, or digital readout scales should be 
considered. If multiple scales are used, automatic range changing shall 
be provided and the range that is in operation shall be dearly displayed. 

5. Criteria for Radiological lnstnimentation Systems, page 'J. 

5.16 Readout capability and alarms shall be provided in the control 
room. Readout and alarms should also be provided at or near the 
detector. 

5. Criteria for Radiological Instrumentation Systems, page 'J. 

5.17 All units of similar function, including detectors, electronic 
modules, readout and display devices and power supplies, should be 
interchangeable. Operable spare units shall be available. 

5. Criteria for Radiological Instrumentation Systems, page 'J. 

5.18 The units of the system should be capahle of being functionally 
tested without removal from the instrument system. 

5. Criteria for Radiological Instrumentation Systems, page 9. 

5.19 Instrument systems shall he equipped with alarms capable of 
being externally set to alarm at any selected point within the stated 
range and shall continue to operate above the selected alarm points. 
Audible alarms shall be incapable of reset without active acknowledge­
ments. Such acknowledgements shall retain the visual alarm until the 
signal is below the alarrn setlin~. If the audible is not acknowledged, 
decrease of the siJ!:nal below the trip settinJ!: shall not reset the visual 
alarm. 

NOTES: (1)1967 or more reconl. 
(2)11 cheded, see list ol roferoncos allached. 
(3) II checked, see list of notes all ached. 

Eerllesl Known I Other 
Publication Date 1111 Reference (2) 

1979 

1979 

1979 

1~79 

1979 

Notes 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: 

Number 

I\NS3.2-M-1 

I\NS3.2-M-2 

ANS3.2-M-l 

Ad1ninistratjye Controls and Quality Assura~-Uv t~ 

Operational Phase of Nuclear Power Plants, ANSI NI8.7/ANS3.2, 1976. 

Type of Standards or 
Recommended Practices 

Policy, Planning and 
Management Standard 

Policy, Planning and 
Management Standard 

Policy, Planning and 
Management Standard 

Language of Standards or Recommended Practices 

4. Reviews and Audits, page '· 

4.1 General. Programs for reviews and for audits of activities 
affecting plant safety during the operational phase shall be established 
by the owner organization to: 

4. Revif'ws and Audits, page 5. 

(3) Verify that reportable events, which require reporting to NRC in 
writing within 24 hours, are promptly investigated and corrected in 
manner which reduces the probability of recurr~nce of ~uch events. 

(I) The reactor operator's authority and responsibility for shutting the 
reactor down when he determines that the safety of the reactor is 
in jeopardy or when operating parameters exceed any. of the 
reactor protection system set-points and automatic shutdown does 
not occur. 

(2) The responsibility to determine the circumstances, analyze the 
cause, and determine that operations can proceed safely before the 
reactor is returned to power after a trip or an unscheduled or 
unexplained power reduction. 

(3) The senior reactor operator's responsibility to be present at the 
plant and to provide direction for returning the reactor to power 
following a trip or an unscheduled or unexplained power reduction. 

(4) The responsibility to believe and respond conservatively to instru­
ment indications unlf'ss they are proved to be incorrect. 

(5) The responsibility to adhere to the plant's Technjqi·Spedfications. 
(6) The responsibility 'to review routine operating data to assure sale 

opE>ration. 

NOTES: (1) 1967 or mora recent. 
(2)11 checked, see list of references allachad. 
(3) II checked, sea lis I of notes attached. 

Earliest Known I Other 
IPubllcallon Data (1JI Reference (2) 

1976 

1976 

1976 

Notes 
(3) 



Reference: 

Number 

I\NS3.2-M--

ANS3.2-P-1 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Administrative Controls and Quality Assurance for the 

Qperatjonal Phase of Nuclear Power Plants. ANSJN18.7/I\NSl.2. 1?76. 

Type of Standards or 
Recommended Pracllcn 

Language of Standards or Recommended Practices 
Earliest Known J Other 

IPubllcellon Data (1 Reference C2t 

Policy, Planning and 
Management Standard 

Operator Procedure 
Standard 

~. Programs, Policies and Procedures, page 8. 

5.2.2 Procedure Adherence. Procedures shall be followed, and the 
requirements for use nf procedures shall be prescribed in writing. Rules 
shall be established which provide methods by which temporary changes 
to approved procedures can be made, Including the designation of a 
person or persons authorized to approve such changes. Temporary 
changes which clearly do not change the Intent of the approved 
procedure, shall as a minimum be approved by two members of the 
plant staff knowledgeable in the areas affected by the procedures. At 
least one of these individuals shall be the supervisor in charge of the 
shift and hold a senior operators license on the unit affected. Sueh 
changes shall be documented and, if appropriate, incorporated in the 
next revision of the affected procedure. In the eve11t ~~.an emergency 
not covered by an apptoved procedure, operat1ons j~ersonnel shall be 
instructed to take action so as to minimize personnel injury and damage 
to the facility and to protect health and safety. 

Guidance should be provided to identify the manner In which procedures 
are to be Implemented. Examples of such guidance include identifi­
cation of those tasks that require: 

(I) The written procedure to he present and followed step by step 
while the task is being performed 

(2) The operator to have committed the procedural steps to memory 
()) Verification of completion of significant steps, by initials or 

signatures of checkolf lists. 

The types of procedures that shall he present and referred to directly 
are those developed for extensive or complex jobs where reliance on 
memory cannot be trusted, e.g., reactor start-up, tasks which are 
infrequently performed, and tasks in which operations must be per­
formed in a specified sequence. Procedural steps for which actions 
should be committed to memory include, for example, immediate 
actions in emergency procedures. Routine procedural actions that are 
frequently repeated may not require the procedure to he ·present. 
Copies of all procedures shall he available to appropriate members of 
thE' plant stall. If documentation of an action is required, the 
necessary data shall be recorded as the task is pPrformed. Examples of 
procedures requiring verification are furnished in 5.1.4.1 and 5. ).-.2 

1976 

Noles 
(3) 

L_ ________ _L ________________ L_ __________________________________________ -L----------~-------L------~ 

NOTES: (1)1967 or more recent. 
(2) II checked, see Jist ol references allached. 
(3)11 checked, sea Jist ol noles allached. 



Reference: 

HUMAN ENGINEERING AND RElATED STANDARDS 
AND RECOMMENDED PRACTICES 

Administrative Controls and Q.ualjty Assurance lor the 

Operational Phase of Nuclear Power Plants, ANSINI8.7/ANSJ.2, 1976. 

r---------~----------------r-------------------------------

Null)ber 

ANS3.2-M-~ 

ANS3.2-M-6 

ANS3.2-P-2 

ANS3.2-M-7 

ANSJ.2-P-J 

Type of Standards or 
Recommended Practices 

Policy, Planning and 
Management Standard 

Policy, Planning and 
Management Standard 

Opera tor Procedure 
Standard 

Policy, Planning and 
Management Standard 

Operator Procedure 
Standard 

language of Standards or Recommended Practices 

5. Program, Policies and Procedures, page 8. 

S.2.3 Operating Orders. A mechanism shall be provided for dissemi­
nation to the plant staff of instructions of general and continuing 
applicability to the conduct of business. Such instructions, sometimes 
also referred to as standing orders or standard operating procedures, 
should deal with job turnover and relief, designation of confines of 
control room, definition of duties of operators and others, transmittal 
of operating data to management, filing of charts, limitations on access 
to certain areas and equipment, shipping and receiving instructions, or 
other such matters. Provisions should be made lor periodic review and 
updating of standing orders. 

S. Program, Policies and Procedures, page 8. 

S.2.4 Special Orders. A mechanism shall be provided for issuing 
mangement instructions which have short-term applicability and which 
require dissemination. Such instructions, sometimes referred to as a 
special orders, should encompass special operations, housekeeping, data 
taking, publications and their distribution, plotting process parameters, 
personnel actions, or other similar matters. Provisions should be made 
for periodic review, updating and cancellation of special orders. 

S. Program, Policies and Procedures, page 8. 

5.2.5 Temporary Procedures. Temporary procedures may be issued 
during the operational phase: to direct operations during testing, 
refueling, maintenance and modifications; to provide guidance in 
unusual situations not within the scope of the normal procedures; and to 
insure orderly and uniform operations for short periods when the plant, 
a system, or a component of a system is performing in a manner not 
covered by existing detailed procedures or has been modified or 
extended in such a manner that portions of existing procf'duu•s do not 
apply. Temporary procedures shall include designation of the period of 
time during which they may be used and shall be subject to the review 
process prescribed in 4.3 anrl 5.2.15 as applicable. 

Temporary procedures shall be approved by the management represen­
tative assigned approval aoJthority. 

Earliest Known J Other 
ubllcatlon Date (1 Reference (2) 

1976 

1976 

1976 

Noles 
(3) 

L----------L----------------L---------------------------------------------L---------~~------~------~ 
NOTES: (1) 1967 or mora recant. 

(2) II chocked, sua list of references allachad. 
(3) If checkad. soe list of notes allachad. 



Relorence: 

Number 

ANS3.2-M-8 

ANS3.2-P-4 

ANS3.2-H-I 

ANSl.2-H-2 

ANS3.2-P-.5 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Administrative Controls and Quality Assurance for the 

Operation-'!IJ>!:Ii!se !!L ~~Jear J'Qwer Plants, ANSIN !1,7/ J\NS}.l, I 976. 

Type ol Standards or 
Recommended Pracllces 

Policy, Planning and 
Management Standard 

Operator Procedure 
Standard 

Human Factors Test and 
Evaluation Standard 

Human Factors Test and 
Evaluation Standard 

Operator Procedure 
Standard 

language ol Standards or Recommended Practices 

5. Pn1gram, Policies and Procedures, page 8. 

5.2.6 Equipment Control. Permission to release equipment or systems 
for maintenance shall be granted by designated operating personnel. 
Prior to granting permission, such operating personnel shall verify that 
the equipment or system can be released, and determine how long it 
may be out of service. Granting of such permission shall be docu­
mented. Attention shall be given to the potentially degraded degree of 
protection when one subsystem of a redundant safety system has been 
removed for maintenance. 

.5. Program, Policies and Procedures, page 8. 

(I) Tests during the preoperational period to demonstrate that per­
formance of plant systems is in accordance with design intent and 
that the coordinated operation of the plant as a whole is satis­
factory, to the extent feasible. 

5. Program, Policies and Procedures, page 8. 

(2) Tests during the initial operational phase to demonstrate the 
performance of systems that could not be tested prior to operation 
and to confirm those physical parameters, hydraulic or mechanical 
characteristics that need to be known, but which could not be 
predicted with the required accuracy, and to confirm that plant 
behavior conforms to design criteria. 

5. Program, Policies and Procedures, page 8. 

5.3.2 Procedure Content. The format of procedures may vary from 
plant to plant, depending on the policies of the owner organization. 
However, procedures shall include, as appropriate, the following ele­
ments: 

(I) Title 
(2) Statement of Applicability 
0) References 
( 4) Prerequisites 
(5) Precautions 
(6) limitations a1111 Actions 
(7) Main 1\ody 
(8) Acceptance Criteria 
(9) Checkoff lists 

NOTES: (1) 1967 or more recant. 
(2)11 checked, sea llsl ol ralarances allached. 
(3) II checked, sao llsl ol notes allachod. 

Earliest Known J Other 
l>ubllcallon Data (1 Ralaranca (2) 

1976 

1976 

1976 

1976 

Noles 
(3) 



Reference: 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Administrative Controls and ~ity Assur00ar:.:.:K:.;:·ec.:fc:::or:_:.:tl.:::le _____ _ 

Operational Phase ol Nuclear Power Plants, AN SIN 18.7/I\NS3.21 1976. 

Earliest Known Type of Standards or 
Number Recommended Practices language of Standards or Recommended Pracllces Publication Dale {1 

ANS3.2-P-5 Opera lor Procedure 5. Program, Policies and Procedures, page 8. konllnored) 
{continued) Standard 

5.3.3 Sy~lem Procedures 

5.3.4 General Plant Procedures 

5.3.'1.1 Startup Procedures 
(I) Prerequisites 
(2) Main Body 

5.3.4.2 Shutdown Procedures 

5.3.4.3 Power Operation and load Changing Procedures 

5.3.4.4 Process Monitoring Procedures 

5.3.4.5 Fuel-Handling Procedures 
(I) Prerequisi les 
(2) Main Body 

5.3.5 Maintenance Procedures 
(I) Pre para lion for Maintenance 
(2) Performance of Maintenance 
(3) Post Maintenance Check Out and Return to Service 
(4) Supporting Maintenance Oocuments 

U.6 Radiation Control Procedures 

5. 3.7 Calibration and Test Procedures 

5.3.8 Chemical-Radiochemical Control Procedures 

5.3.9 Ernergency Procedures 

5.3.9.1 Emergency Procedure Format and Content 
(I) Title 
(2) Symptoms 
(3) Automatic Actions 
(4) lmmt'diatP Operator Actions 
(5) Subsequent Operator Actions 

5.3.9.2 Eveuts of Potential Emergency 

5.3.9.3 Procedures for Implementing Emergency Plans 

5.3.10 Test and Inspection Procedures 

-- ---- ---- --- - L.__ 

NOTES: (1) t967 or more recant. 
(2) II checked, soa list of relorances altached. 
(3) II checked, sne llsl ol notes attached. 

1976 

Olhar --::l Ralaranca {2) ) 

I 

I 

I 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Containment lsolatino Proyjsjoos lor E!ujd System 

ANS ,6.2. 1976. 

Number 

ANS56.2-I-I 

ANS56.2-I-2 

ANS56.2-0-I 

ANS56.2-I-l 

ANS56.2-0-2 

ANS56.2-I-4 

Type ol Slaodards or 
Recommended Practices 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Opera tor /System Inte­
gration Slaodard 

Instrumentation and 
Control Standard 

Operator/System Inte­
gration Standard 

Instrumentation and 
Control Standard 

NOTES: (111967 or more recant 

language of Standards or Recommended Practices 

4. Design Requirement, page 9. 

4.2.2 All power-operated isolation valves shall be capable of remote 
manual actuation from the maio control room. 

4. Design Requirement, page 9. 

4.2.1 All power-operated Isolation valves shall have provisions In the 
control room lor indication of the status of the valve showing open and 
closed positions. A failure of an indication circuit should not cause a 
failure of the actuation circuit. All electric power-operated isolation 
valves shall have provisions in the control room for indication of the 
availability of power at the line side of the motor starter, e.g., position 
indicating lights· energized from control power transformer. Sealed 
closed isolation valves arc under administrative controls and do not 
require position indication in the control room for valve status. 

4. Oesigo Requirement, page 9. 

For power-operated isolation valves which automatically operate upon 
receipt of a containment Isolation signal, the automatic initiating signal 
shall be the primary mode and the secondary mode shall be a remote 
manual initiation from the maio control room. It should not be possible 
for remote manual operation to override the automatic Isolation signal 
until the sequence of automatic events following an isolation signal is 
completed. The design of the override shall necessitate a deliberate, 
premeditated action on the part of the operator (e.g., key interlocked 
switch or manual "hold-open" with return to automatic closure.! 

4. Design Requirement, page 9. 

For power-operated isolation valves which do not receive a containment 
isolation signal, the primary mode shall be a remote manual initiation 
signal from the maio control room. Those valves outside the contain­
ment should have a local secondary mode of operation, e.g., hao_dwheel. 
Those valves inside containment need not have a secondary mode of 
operation. 

(2) II checked, see lis I olrelerences all ached. 
(3) II chacked, see list ol notes all ached. 

Earliest Known I Other 
Publlcallon Dale (1JI Reference (2) 

1974 .50 

1974 50 

1974 50 

1974 50 

Noles 
(31 



HUMAN ENGINEERING AND RElATED STANDARDS 
AND RECOMMENDED PRACTICES 

Containment Isolation Provisions for Fluid System Relorence: 

Number 

ANS56.2-0-3 

ANS56.2-0-4 

ANS56.2-I- 5 

ANS 56.2, 1976. 

Type ol Standards or 
Recommended Pracllces 

Operator/System Inte­
gration Standard 

Operator/System Inte­
gration Standard 

Instrumentation and 
Control Standard 

NOTES: (1}1967 or more recenl. 

language of Standards or Recommended Practices 

4. Oesign Requirement, page 9. 

4.2.4 Isolation valve closure shall be completed when a isolation signal 
is received artd the valve shall not be opened unlit the signal is removed 
and deliberate operator action is taken (reset switch). This is to 
prevent the valve from returning to the pre-accident condition auto­
matically when the isolation signal is removed. 

4. Design Requirement, page 9. 

4.12 Determination of Isolation Requirements lor Remote Manual 
Controlled Srtems. Remote. manual valves may be provided on 
engineered sa ety features or engineered safety feature related systems 
in order to rnaiJ.1tain containment or preserve system function in the 
event of a leak or .line break in such systems. Provisions shall be made 
to allow the main control room operator to know when to isolate the 
affected line. 

An analysis of the consequences ol a leak or line break in these systems 
shall be made in order to determine how fast the operator shall isolate 
the line. The results of this analysis shall be used to determine the 
provisions needed to alert the operator that the line requires isolation. 
The provisions which indicate the requirement for isolation may include 
devices which measure parameters such as flow, temperature, pressure, 
noise, radiation, and sump water level outside containment. 

5. Testing, page 13. 

Control switches, limit switches, visual accessibility, indicating lights, 
fluid system characteristics, indicators, etc., as necessary, shall be 
provided to permit valve exercising testing. 

(2) II checked, see list ol references altached. 
(3} II checked, see llsl ol nolos altached. 

Earliest Known I Other 
L>ubllcatlon Dale (1~ Reference (2} 

1974 50 

1974 50 

1974 50 

Notes 
(3} 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Nuclear Safety Criteria lor the Design of Stationary 

Pressurized Water Reactor Plants, ANS ll.l. 127). 

Number 

ANS51.1-I-I 

ANS51.1-I-2 

ANS51.1-I-3 

ANS51.1-t-• 

ANS "-1-1-5 

ANS,..I-0-1 

ANS,..I-1-6 . 

I\NS51.1-C-1 

Type ol Standards or 
Recommended Practices 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Operator/System Inte­
gration Standard 

Instrumentation and 
Control Standard 

Control Room Environ­
ment Standard 

Language ol Standards or Recommended Practices 

5. Design Criteria, page 9. 

5.2.4.2 Sources of reactor spatial instability shall be examined and the 
design shall be such that one of the following conditions is applicable: 

5. Design Criteria, page 9. 

01 a control system with appropriate means for detection is providPd 
that is capable of limiting the instability to within core structural 
design limits. 

5. Design Criteria, page 9. 

5.2.11.6 Continuous indication of each control assembly position shall 
be provided in the control room. 

5. Design Criteria, page 9. 

5.1.4.2 In addition to information readouts required by N42.7-1972 (llf) 
(st"e 5, J.ll.l ), information pertinent to the monitoring of each safety 
process variable shall be available to the reactor operator. 

5. Design Criteria, page 9. 

5.3.4.3 Alarms shall be provided to alert the operator that proces.~ 
variables are approaching or have r~ached levels that initiate safety 
action. The alarm signals shall be obtained as close as practical to 
their source. nata presentation of these alarms shall be readily 
distinguished from other alarms. Acknowledgement of the alarm from 
one channel shall not inhibit the alarm of redundant channels. 

5, Design Criteria, page 9. 

5.3.4.5 Adequate data displays and controls shall be provided outside 
the control room to shut down and maintain the reactor in a safe •Hot 
Standby" condi lion in the event the control room becomes uninhabi­
table. 

Earliest Known I Other 
Publication Dale (t~ Reference (21 

1971 

1971 

1971 

1973 

1973 

1973 

Notes 
(31 

L-----~--------~------------------------~-----~----~--~ 
NOTES: (1) 1967 or more recent. 

(2) II checked, see list of references all ached. 
(3) II checked, see list ol notes attached. 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Nuclear Safety Criteria for the Design of Stationary 

Pressurized Water Reactor Plants, 1\NS 51.1, 1973. 

Number 

ANS51.1-0-2 

ANS51.1-I-7 

ANS51.1-I-8 

ANS51.1-I-9 

Type ol Standards or 
Recommended Practices 

Operator/System Inte­
gration Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

lnstrurnenta t ion and 
Control Standard 

NOTES: {1)1967 or mora raconl. 

language ol Standards or Recommended Practices 

5. Design Criteria, page 9. 

5.3.4.4 The data displayed and controls located in the control 
room ·shall be adequate: 

(I) to regulate the process variables within their normal limits 

(2) to cope with malhmctions or accidents 

0) to assess accidents and perform necessary actions for recovery. 

5. l)esign Criteria, page 9. 

5.4.3.3.10 Instrumentation shall be provided in the reactor coolant 
pressure boundary to demonstrate that core power and system temper­
atures, pressures, flows, and coolant volumes are maintained within 
safety limits prescribed for the design. 

5. 11esign Criteria, page 9. 

5.4.1.1.16 Means shall be provided for detecting and measuring leak­
age from the reactor coolant pressure boundary. 

5. Design Criteria, page 9. 

5.4.3.3.17 For the reactor coolant pressure bounrlary, the following 
shall be displayed or alarmed in the control room, or both: 

(I) pressurizer or reactor coolant pressure boundary pressure 
(2) pressurizer liquid level 
(3) system temperatures 
(4) coolant flow rates 
(5) principal parameters affecting the reactor coolant pump motor 

assembly operation 
(6) status indication of power-operated valves. 

(21 II checked, sea Its I ol references allached. 
(3) II checked, see llsl ot notes allachod. 

Earllesl Known I Olher 
!Publication Dale (1d Reference (2) 

l97J 

1973 

197) 

1973 

No los 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Relerence: Nuclear Safety Criteria for the Design of Stationary 

Press~ized Water Reactor Plants, ANS~I.I, 1971. 

Number 

ANS51.1-I-llf 

ANS51.1-I-15 

ANS51.1-l-16 

Type of Slandards or 
Recommended Pracllces 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

nstrumcntation and 
Control Standard 

NOTES: (I) 1967 or more reconl. 

language of Slandards or Recommended Practices 

5. Design Criteria, page 9. 

5.4.5.1.9 Instrumentation provided lor safety system functions ol the 
reactor coolant auxiliary systems shall be in accordance with applicable 
criteria ol 5.3. 

5. Oesign Criteria, page 9. 

5.4.5.3.12 For the reactor coolant auxiliary systems, the following 
shall be displayed or alarmed in the control room, or both: 

(I) coolant letdown flow 
(2) coolant makeup flow 
(3) flow of demineralized makeup 
(If) flow ol boc-ic acid makeup 
(5) letdown stream pressuc-e 
(6) suc-ge tank gas pressure 
(7) ternj>eratuc-e ol letdown streain (heat exchanger outlet) 
(8) tempera lure ol surge tank discharge stream 
(9) temperature of discharge from c-egenerative heat exchanger 

entering reactor coolant system 
(IO) liquid level ol surge tank 
(II) liquid level ol boric acid tank(s) 
(12) status indication ol principal pumps 
(I]) status indication ol power-operated valves. 

5. Oesign Criteria, page 9. 

5.4.6.3.5 Instrumentation shall be provided as required to demonstrate 
that component and process cooling systems performance objectives are 
met and systems temperatures and pressures are controlled within 
safety limits prescribed lor the designs. 

(2) II checked, soe lis I ol relorencos allachod. 
(3) II checked, soe list of notes attached. 

Earliest Known I Other 
Publication Date (1~ Reference (2) 

1973 

1973 

1973 

Notes 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Nuclear Safety Criteria lor the Design of S~ati.Jilary 

Pressurized Water Reactor Plants, 1\NS )1.1, 1973. 

Type of Standards or 
Number Recommended Practices Language of Slandards or Recommended Practices 

.'\NS51.1-l-IO Instrumentation and 5. l)esign Crileria, page 9. 
Control Standard 

5.11.4.3.9 Instrumentation shall be provided as required to demonstrate 
that residual heat removal system performance objectives are met and 
system temperatures and pressures are controlled within safety limits 
prescribed for the design. 

ANS5J.J-1-Il Instrumentation and 5. Design Criteria, page 9. 
Control Standard 

}./1.4.).11 Instrumentation provided for the safety system functions of 
the residual heat removal system shall be in accordance with applicable 
criteria of 5.J. 

ANS51.1-I-l2 Instrumentation and 5. l.lesign Criteria, page 9. 
Control Standard 5.11.4.).1) For the residual heal removal system, the following shall be 

displayed or alarmed in the control room, or both: 

(I) system pressure 
(2) reactor coolant flow rate through the system 
()) system temperatures 
(4) status indication of pumps 
(5) status indicatioo of power-operated valves. 

ANS51.1-I-IJ Instrumentation and 5. Design Criteria, page 9. 
Control 'itandard 

5.4.U.8 Instrumentation shall be provided as required to demonstrate 
that reactor coolant auxiliary systems performance objectives are met 
and systems temperatures and pressures are controlled within safety 
limits prescribed for the designs. 

NOTES: (1) 1967 or more recent. 
C2t If checked, see list ol references elleched. 
(3) If checked. see list of notes attached. 

Earllesl known Olher Noles 
Publication Dale (t Reference (2) (3) 

l97l 

19]) 

1973 

·-

1973 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Relerence: Nuclear Safety Criteria for the Design of Stationary 

Pressurized Water Reactor Plants, ANS }1.1, 1973. 

Number 

ANS51.1-I-17 

ANS51.1-I-18 

ANS51.1-1-19 

ANS51.1-I-20 

Type of Standards or 
Recommended Pracllces 

Instrumentation and 
Control Standard 

Jnstr umen tat ion and 
Control Standard 

lnstrumenta lion and 
Control Standard 

Instrumentation and 
Control Standard 

NOTES: 11)1967 or more recent. 

language of Standards or Recommended Practices 

}. Oesign Criteria, page 9. 

5.4.6.3.8 For those portions of the service water system performing 
safety functions the following shall be displayed or alarmed in the 
control room, or both: 

(I) flow rates for cooling coil supplies of the air cooling subsystem, If 
used as an engineered safety feature 

(2) radioactivity of service water from potentially high level sources 
(3) status indication of pump 
(4) status indication of power-operated valves. 

5. Design Criteria, page 9. 

5.4.6.3.9 For the intermediate cooling water system, the following 
shall be displayed or alarmed in the control room, or both: 

(I) temperature of water supply to principal system heat exchangers 
(2) surge tank liquid level 
01 radioactivity level in system 
(4) status indication of pumps 
Ul status indication of power-operated valves. 

5. J)esign Criteria, page 9. 

5.4.7.3.9 Instrumentation shall be provided as required to demonstrate 
that secondary system performance objectives are met and system 
temperatures and pressures are controlled within safety limits pre­
scribed for the design. 

}. Design Criteria, page 9. 

5.4.7.3.11 Design shall provide means to detect potential radioactivity 
in secondary system coolant. 

(2) II checked, see llsl ol relerences allached. 
(3)11 checked, see llsl ol notes allached. 

Earliest Known I Other 
~ubllcallon Dale (1~ Reference (2) 

1973 

1973 

1973 

1973 

Noles 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Ralarance: Nuclear Safety Criteria lor the Design of Stationary 

Pressurized Water Reactor Plants, AN!! 51.1, 1973. 

Number 

ANS,I.I-1-21 

/\NS51.1-I-22 

ANS,I.I-1-21 

ANS' 1.1-1-24 

Type of Standards or 
Recommended Pracllcas 

Instrumentation and 
Control Standard 

lnstrurnenta lion and 
Control Standard 

lnstrumenta tion and 
Control Standard 

Instrumentation and 
Control Standard 

NOTES: (1)1967 or mora recant. 

language of Standards or Recommended Pracllces 

'· Design Criteria, page 9. 

5.4.7.3.12 For the se<:ondary system, the following shall be displayed 
or alarmed in the control room, or both: 

(I) leedwater llow rate (normal and emergency) 
(2) steam pressure 
(3) feed header pressure (each steam generator) 
(If) emergency feed pump discharge pressure 
(5) each steam generator liquid level 
(6) condensate storage tank liquid level 
(7) radioactivity (at air ejector discharge and steam generator blow­

down points) 
(8) status indication of emergency feed ptnnps 
(9) status indication of power-operated valves. 

5. Design Criteria .. j>age 9. 

5.5.3.3.10 All power-operated valves required lor reactor containment 
isolation shall be capable of remote actuation on signal· from the main 
control room. 

'· Design Criteria, page 9. 

5. 5.3.3.12 /\II power-operated isolation valves of the reactor contain­
ment system shall be provided with remote position indication in the 
control room and such indica lion shall be independent of the closing 
signal or closing power device, or both. 

5. Oesign Criteria, page 9. 

5.5.3.3.1 1 Instrumentation and controls for that portion of the reactor 
e~mtainrnent isolation systf'rn relied on to function under accident 
conditions shall be in accordance with the applicable criteria in 5.1. 

(2)11 checked, sao llsl olrelerencas alloched. ~ 

(3) II checked. sea list of notes allachod. 

Earliest Known I Other 
Publica lion Data (1~ Reference (2) 

197) 

197) 

1973 

1973 

Notes 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Nuclear Safety Criteria for the Design of Stationary 

Pressurized Water Reactor Plants, ANS ~1.1, 197J. 

Number 

ANS51.1-I-25 

ANS51.1-I-26 

ANS51.1-I-27 

ANS51.1-I-28 

ANS51.1-I-29 

Type ol Standards or 
Recommended Practices 

Instrumentation and 
Control Standard 

lnstrumenta tion and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

NOTES: (1)1967 or more recent. 

lenguage ol Standards or Recommended Practices 

5. Design Criteria, page 9. 

5.5.3 .. 1.15 Instrumentation shall be provided for monitoring the reactor 
containment atmosphere for gaseous and particulate radioactivity. 
Readout of the same shall be provided in the control room. 

5. Design Criteria, page 9. 

5.5.3.3.16 Visual indication shall be provided in the control room to 
indicate the open and clost>d status of the personnel air-lock doors. 

5. Design Criteria, page 9. 

5.5.3.3.19 For the reactor containment system, the following shall be 
displayed or alarmed in the control room, or both: 

(I) internal pressure 
(2) internal temperature 
(3) internal humidity 
(~) reactor containment structure sump liquid level 
(5) radiation and radioactivity levels 
(6) status indication of power-operated valves, ventilation dampers 

and access openings relied upon for reactor containment isolation. 

5. Design Criteria, page 9. 

5.5.~.3.10 All power-operated components required lor the emergency 
core cooling system shall be capable of remote manual operation on 
signal from the control room. 

5. J)esign Criteria, page 9. 

5.5.~.3.14 For the emer~ency core cooling system, the following shall 
be displayed or alarmpd in the control room, or both: 

(I) emergency core cooling system flow 
(2) accumulator tank pressures 
Ol recirculated water temperature 
(4) accumulator tank liquid levels 
(5) refueling water storage tank (systems head tank) liquid level 
(6) status indir:ation o( pumps 
(7) status indication of power-operated isolation or transfer valves 

(independent of operating signal or operating power device, or 
both). 

12) II chocked, sao list ol releroncos allached. 
(3) II checked, see list ol nolos allached. 

Earliest Known I Other 
~ubllcallon Data (1) Reference (2) 

1973 

1973 

1973 

1973 

1973 

Noles 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Nuclear Safety Criteria for the Design of Stationary 

Press~ized Water Reactor Plants, AN~_.51.1, 197J. 

NumiMr 

ANS51.1-1-l0 

ANS51.1-1-JI 

ANS51.1-1-J2 

ANS51.1-I-2J 

ANS51.1-I-l4 

TJPe of Standards or 
Recommended Practices 

lnstr~entation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

lnstrurnentatioo and 
Control Standard 

Instrumentation and 
Control Standard 

NOTES: (1) t967 or more recent. 

Language of Standards or Recammended Practices 

S. Design Criteria, page 9. 

S.5.S.J.ll All power-operated components required for the rractor 
containment cooling system shall he capable of remote manual oper­
ation on signal from the control room. 

5. Design Criteria, page 9. 

S.,.S.J.IJ Instrumentation and controls for that portion of the reactor 
containment cooling system relied on to functiCHl under accident 
conditioos shall be In accordance with the applicable criteria of S.J. 

5. Design Criteria, page 9. 

5.S.5.J.I S For the reactor containment cooling system, the following 
shall be displayed or alarmed In the control room, or both: 

(I) spray system flow 
(2l status indication of spray pumps and air cooling blowers 
(J) status indication of power-operated dampers and control valves 

(independent of operating signal or operating power device, or 
both). 

5. Design Criteria, page 9. 

S.5.6.J.IO All powt"r-operated components required for the air cleanup 
system shall be capable of remote manual operation on signal from the 
control room. 

5. Design Criteria, page 9. 

5.5.6.1.14 For the air cleanup system, the following shall be displayed 
or alarmed In the control room, or both: 

(I) flow from the additive tank (if used for spray system) 
(2) liquid level of additive tank (if used for spray system) 
(l) temperatures of filter beds (if charcoal filter used) 
(4) status indication of power-operated dampers and valves (indepen­

dent of operating signal or operating power device, or both). 

(2) If checked, see list of references attached. 
(3) If checked, see list of notes attached. 

Earliest Known I Other 
~lcatlon Dale11ll Ralerance f2t 

1973 

I97J 

197) 

1973 

1973 

Notes 
13l 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Nuclear Safety Criteria for the Oesig_npf Stationary 

Pressuri:z:edYr'aler Reactor Plants. ANS 5J,I.._l2ll. 

Number 

t\NS51.1-I-l5 

ANS51.1-J-)6 

ANS51.1-I-J7 

ANS51.1-0-J 

Type ol Standards or 
Recommended Practlcea 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Operator/System Inte­
gration Standard 

NOTES: (t) 1967 or mora recenl. 

language ol Standards or Recommended Practices 

5. Design Criteria, page 9. 

5.6.4.20 Instrumentation necessary to monitor performance of the 
radioactive waste disposal system and provide for system control to 
maintain this performance shall be provided. The ~ollowing parameters 
shall be measured: 

(I) activity level in waste gas discharge line 
(2) activity level in liquid waste discharge line 
()) flow rate in waste gas discharg~ line 
(4) flow rate in liquid waste discharge line 
Ul pressure in headers and pressure vessels designed to contain radio­

active waste gas above atmospheric pressure 
(6) • liquid level in liquid waste storaKe tanks. 

5. Design Criteria, page 9. 

5.6.4.21 Instrumentation and radiation monitoring equipment and its 
means for periodic calibration shall be provided to mon!tor liquid and 
gaseous effluent discharged to the environs from the radioactive waste 
disposal system. This instrumentation shall be of a sensitivity suf­
ficient to establish that the requirements of appropriate federal regula­
tions for off-site radiation doses are not exceeded. Means shall be 
provided such that integrated quantity discharges of radioactivity can 
be determined. 

5. Design Criteria, page 9. 

5.6.4.211 Gaseous and liquid radioactive waste discharge lines of the 
radioactive waste disposal system shall be equipped with a shutoff valve 
that is automatically closed if a radiation monitor on that discharge 
line indicates the release of excessive amounts of radioactivity. The 
high monitor indication shall be alarmed at the radioactive waste 
control station and main control room. 

5. Ocsign Criteria, page 9. 

5.6.4.22 Positive operator action shall be required to eifect any 
controlled discharge to environment. !l.s a normal method, controlled 
discharges from storage tanks shall not be accomplished by gravity or 
siphoning flow. 

(2) II checked, sea list olrelerances attached. 
(3) II checked, sea list ol noles allached. 

Earliest Known J Other 
Publication Date (1 Reference (2) 

1971 

1971 

1971 

1971 

Noles 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENbED PRACTICES 

Reference: IEEE Standard Criteria for the Periodic Testing of Nuclear 

PIDYer Genera line Station_Saiety SystemL_ANSiliEEf. Std. l38. 1977. 

Number 

IEE-l38-0-I 

IEE-338-1-1 

lEE- J38-P-I 

lEE- J38-P-2 

IEE-138-1-2 

Type of Standards or 
Recommended Pracllces 

Operator/System Inte­
gration Standard 

lnstrwnentalion and 
Control Standard 

Operator Procedure 
Standard 

Operator Procedure 
Standard 

Instrumentation and 
Control Standard 

NOTES: (1) 1967 or more recent. 

Language of Standards or Recommended Pracllcea 

r,, 1\asis, page 8. 

Interrelationship arnOilK the systems, components, and human factors in 
each phase of the test activity shall be considered and reflected in the 
system design and layout. 

r,, Basis, page 8. 

Provision shall be made for locating test equipment and access to test 
points to minimize the effort and time required to perform checks, 
inspections, functi011al tests, and calibration verification tests. 

r,. Basis, page 8. 

Testing programs shall be conducted in a logical sequence such that the 
overall condition of the systems under test can immediately be assessed 
and the need for progressing further into the testing of individual 
components be determined. 

5. Design, page 8. 

The safety systems shall be designed to be testable during operation of 
the nuclear power generating station as well as during those intervals 
when the station is shut down. This testability shall permit the 
independent testing of redundant channels and load groups while 
(I) maintaining the capability of these systems to respond to bona fide 
signals during operation, (2) tripping the output of the channel being 
tested, or 0) bypass the equipment consistent with availability require­
ments. 

5. Design, page 8. 

(7) Each test bypass condition utilized at a frequency ol more than 
once a year shall be individually and automatically indicated to the 
operator in the main control room in such a manner that the 
bypassing of a protective function is immediately evident and 
continuously indicated. 

(2) If chocked, see list of references all ached. 
(3) If checbd, see fist of notes allachod. 

Earliest Known J Other 
Publication Dale (I Reference (2) 

1975 5I 

1975 51 

1975 51 

1975 5I 

1975 5I 

Noles 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Relerence: 

Number 

IEE-338-E-1 

IE.E-338-P-3 

lEE- 338-P-4 

IEEE Standard Criteria for the Periodic TestinR of Nuclear 

Power GeneratinR Station Safety Systern~. ANSILIEEE Std. :Ull, 1977. 

Type ol Standards or 
Recommended Practices 

• 
lOper a tor Support Equip­

ment Standard 

;Operator Procedure 
Standard 

Opera tor Procedure 
Standard 

language ol Standards or Recommended Practices 

5. Design, page 8. 

(8) A means of communication shall be provided between remote 
testing stations and the main control room to ensure that station 
operators are cognizant of the status of those systems under test. 

6. Testing Program, page 9. 

(5) Wherever possible, tests shall be accomplished under actual or 
simulated operating conditions, Including sequence of operations, 
lor example, diesel load sequencing. 

6. Testing Prograrn, pa11e 9. 

6.) Types of Tests 

6.3.1 Instrument Checks. The operability of instnment channels 
which have indication available shall be verified by one or more of the 
following: 

(I) Comparin11 readings on channels which monitor the same variable 
recognizing any differences in the actual process variable between 
sensor locations (for example, compare power chaMel with 
redundant power channels 2 and l). 

(2) Comparing readings between channels which monitor the same 
variable and bear a known relationship to one another (for example, 
comparing intermediate range and source range neutron monitoring 
channels during a startup or shutdown when both channels indicate 
on scale). 

(3) Comparing readings between channels which monitor different 
variables and bear a known relationship to one another (lor 
example, at a given power level the primary coolant outlet 
temperature is a certain value, or steam pressure is in a certain 
range). 

NOTES: (1) 1967 or more recent. 
(2) If checked, see llsl of references allached. 
(3)1f checked, see llsl ol notes allached. 

Earliest Known J Olhar 
!Publication Data (1 Relarance (2) 

197.5 51 

1975 51 

1975 51 

Noles 
(3) 



Reference: 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

IEEE Standard Criteria for the Periodic Testing of Nuclear 

Power Generating Station Safety Systems, ANSI/IEEE Std. 338, 1977. 

Number 
Type of Standards or 

Recommended Practices Language of Standards or Recommended Practices 
Earliest Known J Other 

!Publication Dale (1 Reference (2) 

lEE- HS-P-4 ppera tor Procedure 
Standard 

• 

NOTES: (1)1967 or more recent. 

6. Testing Program, page 9. 
6.6.2 Procedure. The written procedure should contain the following: 

(I) The purpose of the test 
(2) A reference section which includes applicable mechanical or 

electrical drawings or both and Instruction manuals with revision 
numbers or dates 

0) A prerequisite section, including required test equipment and 
special communications, If required 

(4) A note: Once begun, a system test shall be carried through to 
completion and the tested system returned to service or committed 
to repair 

(5) Administrative controls ( .lf example, obtaining permission to per­
form the test or informing others that the test is about to begin 
and its effects on the system) 

(6) Identification of the test input signal (for example, the nature, 
magnitude, and means of applying the test input signal) 

(7) Warnings and precautions in the procedure Immediately preceding 
the applicable test steps 

(8) The anticipated response given immediately before the step which 
will provide the response when required as a precautionary mea­
sure. The means by which the response is to be observed shall be 
included in the acc;eptance criteria for each applicable test re­
sponse 

(9) Clearly defined acceptance criteria 
(10) A requirement for notification to the responsible operator of the 

expected response if the test is to be performed by a person other 
than the opera tor 

(II) A requirement to check off or sign off procedure steps as they are 
performed 

(12) The test instrumentation to be used Uor example, record the serial 
number and calibration due date) 

(13) The type of information to be given to the senior licensed opera tor 
to advise him of such things as a test termination, the results of 
the test, and evaluation of the results 

( 14) netailed instruction for removing the channel or system from 
service, pNiorming the tl'st, and restoring the channel or system to 
normal 

(2)11 checked, see list of references allached. 
(3) II checked, soe lis I of notes attached. 

1975 .51 

Notes 
(3) 



Reference: 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

IEEE Standard Criteria foc the Periodic Testing of Nuclear 

Power Generating Station Safety Sys!em~,I\N__S!LIEEE Std. H&, 1977. 

Type of Standards or 
Number Recommended Practices Language ol Standards or Recommended Practices 

-
6. Testing Program, page CJ (continuf"d). 

(15) The requirement to verify the state in which the channel or system 
has been left (lor eKample, returned to service, committed for 
repair) 

(16) An explanation of test steps in complex portions of the test 
(17) The requirements for documentation and analysis of the test 

results. 

----------

NOJES: (111967 or mora recent. 
(2)11 checked. see list of references allached. 
(3) II checked." see list ol notes all ached. 

Earliest Known Other Noles 
Publlcallon Dale (1 Relerence (2t (3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Relerence: IEEE Trail Use Standard Criteria for Post Accident Monitoring 

Instrumentation for Nuclear Power GeneratiniL~!Jili()ns, ANSI N41.26, 

Number 

IEE497 -1-1 

IEE497-M-I 

IEEE Std. 497 1977. 

Type ol Standards or 
Recommended Practices 

Instrumentation and 
Control Standard 

Planning, Policy and 
Management Standard 

NOTES: 1111961 or mora recent. 

Language ol Standards or Recommended Practices 

I. Scope, page 7. 

This standard applies to the design of instrumentation to monitor and 
display required post accident conditions within the nuclear power 
generating sta lion. 

Instrumentation addressed by the document includes that which enables 
the operator to: Ill identify the accident to the degrlc'e necessary for 
him to perform his role; 121 assess whether or not safety systems are 
accomplishing the required safety functions Clor example, cooling the 
core, controlling containment pressure, etc.); (J) determine when con­
ditions exist that require specified manual actions and monitor the 
results of those ·actions; and (4) follow the course of the accident to 
determine whether or not conditions are evolving within prescribed 
limits. 

4. Oesign Basis, page 8. 

A specific design basis for the post accident monitoring instrumentation 
shall be established for each nuclear power generation station. The 
design basis information thus provided shall be available, as needed, for 
making judgments on the adequacy of design of the post accident 
monitoring instrumentation. The metho<;ls for development of the 
specific design basis information are not within the scope of this 
document. 

The design basis shall document, as a minimum: 

4.1 The generating station postulated accidents for which post accid 
ent monitoring instrumentation is required. 

4.2 The safety systems that are required to mitigate the consequences 
of the postulated accidents referred to in 4.1. 

4.3 The required operator actim\s and the conditions under which these 
actions are required during the post accident period. 

4.4 The generating station variables to be used by the operator to: 
(a) identify the accidents mentioned in Section 4.1 above to the degree 
necessary lor the operator to perform his role; (b) assess the accom­
plishment of the safely functions performed by the systems mentioned 
in Section 4.2 above; (c) guide the operator in accomplishing the 
required actions referred to in Section 4.3 above; and 0) follow the 
course of the acridlc'nl to determine whether or not conditions are 
evolving within safe limits. 

12111 checked, see list of relerences attached. 
(3) II checked, see lis I ol noles allached. 

Earliest Known I Olhar 
!Publication Data 11~ Reference 121 

1977 

1977 

Noles 
131 



Reference: 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

IEEE Trail Use Standard Criteria f9f Pgst Accident Monitor in!!. 

lnstrwnentation for Nuclear_Power GeneratiruLSlations. ANSI Nlfl.26, 
IEEE Std. 497. 1977 

Number 
Type of Standards or 

Recommended Practices Language of Standards or Recommended Practices 

NOTES: (1) 1967 or mora recent. 

"· r>esign Basis, page 3 (continued). 

NOTEa Where practical, the same variable should be used for more 
than one of the above functions. 

4.5 The portion of the post accident monitoring instrumentation that 
is Class IE. 

4.6 The events or conditions or both which determine the time period 
during which the monitoring of each variable referred to in lj,4 is 
required. 

11.7 The time after the postulated accidents when each variable 
referred to 'in Section lf.lf. is first required to be monitored and the time 
interval during which it is required to be monitored. 

lf.B The f!linimum number and location of the sensor(s) required for any 
variable referred to in Section 4.4 that have a spatial dependence. 

4.9 The locations at which the information must be available to the 
operator a~ the types of information (for example: discrete state, 
current value of a continuous variable, long term trend) which must· be 
presented. 

4.10 The range of transient and steady-state conditions of both the 
energy supply and the enviroomrnt (for example: voltage, frequency, 
electromagnetic interference, temperature, humidity, pressure, vibra­
tion, and radiation) for which provision must be incorporated to ensure 
adequate performance when required. 

4.11 The mallunctioos, accidents, or other unusual events (for 
example: fire, explosion, missiles, lightning, flood, earthquake, wind) 
which could physically damage components or could cause environ­
mental changes leading to degradation of the performance of this 
instrumentation and which the design must withstand. 

lj,i2 The maximum and minimum values and the maximum tate of 
change of each variable which must be accommodated by the 1x1st 
accident monitoring instrumentation and the maximum error within the 
information must be conveyed to the operator lor a'! of the applicable 
conditions listed in 4.10 and 4.11 alxlVe. 

(2111 checked, see llsl ol rele!Bnc:as allac:hed. 
(3)11 cl.ecked, see llsl ol notes allachod. 

Earliest Known J Other 
Publication Data (I Ralaranca (2) 

Nota a 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: IEEE Trail Use Standard Criteria lor Post Accident Monitoring 

lnstrwnentation for Nuclear Power Generating Stations, ANSI N41.26, 
IEElt~a. 497. 1977 

Type ol Standards or 
Number Recommended Practices language ol Standards or Racommandad Practices 

IEElf97-l-2 Instrumentation and 5. General Requirements, page 8. 
Control Standard u Display Requirements. 

5.3.1 Minimizing Disf.lays. To the extent feasible and practical, the 
same information dispay channel shall be used for normal operation and 
post accident monitoring. 

IEE497-I-3 Instrumentation and 5. General Requirements, page 8. 
Control Standard 

5.3.2 location and Identification. Post accident monitoring displays IEE497-0-I Operator/System lnte-
gration Standard shall be located accessible to the operator during the post accident 

period and shall be distinguishable from other displays. Post accident 
monitoring displays which enable the operator to determine when con-
ditions exist that require specified manual actions, or monitoring the 
results of those actions, shall be located in the vicinity of the control 
stations used to effect the actions. 

NOTES: (1) 1967 or mora recenl. 
(2)11 checked, see list ol releroncos allachod. 
(3)11 chocked, sea llsl of notes allached. 

Earliest Known Other Noles 
Publication Data (1 Ralaranca (2) (3) 

1977 

1977 

-~ 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: IEEE Rec:ommended Practice for the Design of Display and Control 

Facilities for Central Cit's of Nuclear PQwer ~enerating Station~. 
Std. 566, 1977. 

Number 

IEE556-0R-1 

IEE556-0R-2 

IEE556-0R-3 

IEE556-IR-1 

IEE556-0R-4 

IEE556-0R-5 

lEE 556-IR-2 

Type ol Standards or 
Recommended Pracllces 

Operator/System Inte­
gration Recommended 
Practice 

Operator/System Inte­
gration Recommended 
Practice 

Operator/System Inte­
gration Rec:ommended 
Practice 

Instrumentation and 
Control Recommended 
Practice 

Operator/System Inte­
gration Recommended 
Practice 

Operator/System Inte­
gration Recommended 
Practice 

Instrumentation and 
Control Recommended 
Practice 

NOTES: (1) 1967 or more recent. 

Language ol Standards or Recommended Pracllces 

7. functional "Considerations", page 7. 

7.1 General. The operator should be considered as one part of an 
integrated system that is necessary for the proper and efficient 
operation of a nuclear power plant. 

7. Functional "Considerations", page 7. 

7.2 Display Facilities. In support of the operator needs, the control 
room designer shOuld arrange the display facilities so that the operator 
can readily observe the displays and analyze the status of any system. 

7. Functional "Considerations", page 7. 

7 .2.2 Readabilit and Com rehension. The display equipment should 
provide means to ac1 Jtate operator comprehension. These include 
consistent use of the following: (U Physical differentiation of data 
which are presented, using such techniques as color cbding, size, and 
shape. (2) formats keyed to and consistent with the physical represen­
tation should be used, for example, a vertical bar indicator for level. 
())Graphic displays for: flow diagrams, one-line electric diagrams, bar 
charts, etc.) 

'7. Functionai"Considerations", page 7. 

7. 3.1 Control devices and their functionally associated displays should 
be located to facilitate operator action. 

7. Functional "Considerations", page 7. 

7 .3.2 In determining whether control devices should be made available 
to the operator in the control room, the following factors should be 
considered: (I) the safety functions of the controlled equipment, 
(2) consequenct.>s of the opera tor oot being able to take necessary 
action, (1) the degree of automation to be used for control, (4) the 
frequency of usage of the controls, and (5) the number of controls 
rt.>quired to accomplish a given function. 

(2) II checked. see list ol roleronces attached. 
(3) II checked, see lis I of notes attached. 

Earliest Known I Other 
IPubllcallon Date (til Reference (2) 

1977 

1977 

1977 

1977 

1977 

Notes 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Relerence: IEEE Recommended Practice for the Design of Display and Control 

Facilities for Central CR's of Nuclear Power Generating Stations, 

Number 

Std • .566. 1977. 

Type ol Standards or 
Recommended Practices 

IEE556-0R-6 I Operator/System Inte-
gration Recommended 
Practice 

IEE556-0R-7 I Operator/System Inte-
gration Recommended 
Practice 

IEE556-0R-8 I Operator/System Inte­
gration Recommended 
Practice 

IEE5.56-0R-9 !Operator/System Inte-
gration Recommended 
Practice 

IEE5.56-CR-l !Control Room Environ-
ment Recommended 
Practice 

IEE55l.-OR-IO !Operator/System Inte­
gration ltecommended 
Practice 

NOTES: (t) 1967 or mora recent. 

language of Standards or Recommended Practices 

7. Functional "Considerations", page 7. 

7 .II Device and Display Identification. Identification of control and 
display functions should be easily associated with the physical devices 
being monitored or controlled. Where alphanumeric identification 
systems are used, they should be supplementary to a functional identifi­
cation. 

7. Functional "Considerations", page 7. 

7.5 Convention for Control Devices. A convention should be estab­
lished to provide consistency in the operation of controls that perform 
similar functions, for example, control switches are to be turned 
clockwise to "close" (for circuit breakers). 

7. Funttionai"Considerations", page 7. 

7 .6.2 ltedundant and Diverse Information. Where a number of critical 
parameters require redundant or diverse displays as a means of check­
ing the reasonability of information, the alternative inf!)rmation sourc­
es should be located to allow the opera tor to use both sources in 
arriving at a conclusion. 

7. Functional "Considerations", page 7. 

7.7 Area Arrangement. The normal operations area should be cen­
trallyarranged within the control room to provide the operator with 
surveillance and access capability to other operating areas within the 
control room. The emergency operations area should be readily 
accessible and visible from the normal operations area. This area 
should not be in a separate room or enclosure from the normal 
operatioos an•a. 

7. Functional "Considerations", page 7. 

7.8 Device 1\rrangemen!. Individual devices or groups of individual 
device~ should be arranged to minimize operator motion including 
changes in direction of vision. 

(2)11 checked, see lis I of references allached. 
(3)11 checked, see list of notes all ached. 

Earllasl Known I Olhar 
Publication Dale (1~ Reference (2) 

1977 

1977 

1977 

1977 

1977 

Noles 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: IEEE Recommended Practice for the Design of Display and Control 

Facilities for Central CR's of Nuclear Power Generating Stations 
Std. 566, 1977. 

Number 

IEE556-0R-II 

IEE556-IR-J 

IEE556-IR-4 

lEE 556-IR-5 

Type ol Standards or 
Recommended Practices 

Operator/System Inte­
gration Recommended 
Practice 

lnstri1mentation and 
Control Recommended 
Practice 

Instrumentation and 
Control Recommended 
Practice 

Instrumentation and 
Control Recommended 
Practice 

NOTES: (1) 1967 or mora recent. 

Language of Standards or Recommended Practices 

7. Functional "Considerations", page 7. 

7.11 Internal Security. Where display and alarm devices are provided 
within the central control room to alert the operator to unauthorized 
entry into vital arf'as, the devices should be dearly differentiated from 
any devices provided for plant functions by color, arrangement, or 
location. 

7. Functional "Considerations", page 7. 

7 .2.1 Accessibill!l. As appropriate, the operator should have Infor­
mation available on a "dedicated," "intermittent - periodic," or "inter­
mittent - as called for" basis. The need for information to be 
displayed and its accessibility to the operator depends on: (I) the 
consequence of the operator not taking corrective action, 121 the 
importance of the data to the operator in determining the plant status, 
(J) the degree of automation to be used in control system design, and 
(4) the use of such display techniques as "display by exception." 

7. Functional "Considerations", page 7. 

7 .2.J Abnormal Conditions. The operator should be alerted to ab­
normal or unsafe conditions or significant changes in the plant and its 
process systems or safety systems or both. 

7. Functional "Considerations", page 7. 

7 .2. 1.2 System Modes. Alarms should also be terminated or suppressed 
during modes of operation when they would be meaningless, due to 
changes in the operating mode (such as startup, power operation, 
shutdown, etc.), so that information priority for the current mode of 
operation can be readily assessed. 

(2) II checked, sea list ol rolerences all ached. 
(3) II checked, sea list of nolas attached. 
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HUMAN ENGINEERING AND RElATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: IEEE Recommended Practice for the Desig_n of Display and Control 

Facilities for Central CR's of Nuclear Power GeneratinR Station~. e ::::1 c 2 • a.,., ----

Number 

IEE556-IR-6 

IEEn6-IR-7 

IEE556-IR-8 

IEE556-PR-l 

lEE 556-MR-1 

IEE556-ER-1 

Std. 56u 0 o,. •. 

Type ol Standards or 
Racommandad Practices 

Instrumentation and 
Control Recommended 
Practice 

Instrumentation and 
Control Recommended 
Practice 

Instrumentation and 
Control Recommended 
Practice 

Operator Procedure 
Recommended Practice 

Policy, Planning and 
Management Recom­
mended Practice 

Operator Support Equip­
ment Recommended 
Practice 

NOTES: (111967 or more recent. 

Language ol Standards or Recommended Practices 

7. Functional "Considerations", page 7. 

7 .l.J Where the controls of equipment or devices which are part of 
safety systems can be transferred to points of control outside the 
control room, the mode of the active control should be indicated in the 
control room. 

7. Functional "Considerations", page 7. 

7.6 Dis Ia and Control Facilities - S cial. Special requirements 
such as safety surveillance, post accr ent monitoring, and remote 
shutdown should be considered in usage analysis described in Section 6. 

7. Functional "Considerations", page 7. 

7.6.1 Safety System Status. The operator should be clearly informed 
of the status of the safety system by means of a display. This display 
should be used to enhance the normal plant administrative procedures. 

7. Functional "Considerations", page 7. 

7.2.1.3 Limit MonitorinR. In addition to normal equipment protective 
limits, plant operational limits established by technical specifications 
and by plant administrative procedures shall be monitored by the 
operator. 

7. Functional "Considerations", page 7. 

7.9 ~ui~ent or S~tem Status. Consideration should be given to 
provi~ iliication w n non-safety-related equipment is taken out of 
service for maint(!nance, calibration, or inspection, and when it is 
returned to service. 

7. Functional "Considera lions", page 7. 

7.10 Communications. The methods provided for communication be­
tween the operator and various other personnel should not divert the 
operator from his principal duties. 

(2) II checked, see llsl of referenceS" allached. 
(3)11 checked, sea list of notes attached. 
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Reference: 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Overpressurl! Proteclillfl~f Low Pressure ~stems Connected 

to the Reactor Coolant Pressure Boundary._!.NSI/ANS 56.1, 1977. 

Number 
Type of Standards or 

Recommended Practices · language of Standards or Recommended Practices 
Earliest Known I Olher 

.. ubllcatlon Data (IJI Reference (2) 

ANS%.3-1-1 Instrumentation and 
Control Standard 

NOTES: (1)1967 or mora recant. 

4. Instrumentation and Controls, page 3. 

4.2 Oesign Criteria 

4.2.1 Standards Documents. The Instrumentation and controls for any 
particular overpressure protection system under consideration shall be 
designed in accordance with the applicable IEEE Standards consistent 
with safety classification (1-IO)If 

4.2.2 Additional Criteria. The following criteria supplement those 
standards referenced in lf.2.1. 
(I) 

(2) 

()) 

(4) 

Power opera-ted valves shall be capable of either remote operation 
from the Control Room or local operation, both subject to inter­
vention by appropriate interlocks. Power operated valves with 
local control only shall be treated as manual valves and locked 
closed. 
Power operated valves shall be provided with automatic remote 
position (open/closed) indication in the Control Room. Information 
regarding the position (open/closed) of manual valves shall also be 
displayed in the Control Room. 
Control Room indication shall be provided to indicate when isola­
tion is necessary. 
The process variables to be sensed may include, but not be limited 
to the following: 
(a) High pressure system pressure with the associated set point to 

prevent opening of the isolation valves 
(b) tligh pressure system pressure with associated set point to 

initiate automatic isolation, alarm or both 
(c) Low pressure system pressure with associated set point to 

initiate automatic isolation, alarm or both. 

(2) II checked, sea list of references all ached. 
(3)11 checked, see llsl of nolas allachad. 

1974 52 

Noles 
(3) 



"--

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Releronce: Pressurized Water Reactor Containment Ventilation 

Number 

ANS56.6-1-I 

t\NS56.6-I-2 

ANS56.6-I-3 

ANS56.6-I-4 

Sy~tems_i\liS!L~!>IS ~~ 1978. 

Type ol Slandards or 
Recommended Practices 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

NOTES: (1) 1967 or mora recenl. 

Language of Standards or Recommended Practices 

). Containment Air Cooling System (CACS), page 4. 

3.4.3.5 Instrumentation and Control. The CACS fans and applicable 
control devices shall be operable from the control room. Fan operating 
slatus indication shall be provided in the control room and an alarm 
shall sound in the conlrol room if a running fan stops. 

4. Purge Supply and Exhaust Systems, page 7. 

4.4.3.5 Instrumentation 'and Control. Containment isolation valves and 
system fans shall be capable of remote manual operation from the 
control room. Their operational stalus shall be displayed in the control 
room. Conlainment isolation signals or high radiation levels shall close 
the PSES containment isolation valves and should stop the fans auto­
matically. Differential pressure instruments shall be provided to 
indicate changes in air pressure drop across each filter bank unit in the 
main assembly. 

4. Purge Supply and Exhaust Systems, page 7. 

Instrumentation required to isolate the PSES upon a high radiation 
signal due to a refueling fuel handling accident shall be redundant, 
satisfy the single failure criteria, and 1M: SSE qualified. The monitor to 
detect this isolation function should be fast acting relative to the 
monitor location, exhaust duct velocity and PSES isolation valve closure 
time. 

6. Reactor Cavity Cooling System, page 12. 

6.4.3.5 Instrumentation and Control. The RCCS fans shall be operable 
from the control room. Fan runmng lights shall be provided in the 
control room and an alarm shall sound in the control room if the 
rurming fan should stop. Temperature sensing devices, should be 
provided at appropriate locations to provide an alarm in the control 
room if temperatures approach the design maximum value. 

(2) II checked, see lis I ol references attached. 
(3) II checl<ad, see lis I ol noles attached. 

Earliest Known I Other 
k>ubllcallon Dale (1~ Reference (2) 

1977 51 

1977 51 

1978 

1977 n 
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Reference: 

Number 

ANS~6.6-I-5 

ANS56.6-J-6 

ANS56.6-I-7 

Type of Standards or 
Recommended Practices 

lnstrum""ntation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

NOTES: Cl) 1967 or more roconl. 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

languago of Standards or Recommended Practices 

7. Containment lieating System, page I l. 

7 .~.J.5 Instrumentation and Control. The CliS fans should be con­
trolled by thermostats located in their respective areas. Switches 
should be provided to enable the fan to be controlled locally. 

8. Containment Cleanup System, page 1~. 

8.4. 3.5 Jns<rumentation and Control. Instrumentation shall be fur­
nished to indicate changes in air pressure drop across each filter bank. 

9. Containment Compartment Cooling Systems, page 15. 

9.4.).5 Instrumentation and Control. The CCCS fans should be con­
trolled !rom the control room. fan running lights should be provided in 
the control room and an alarm should sound in the control room if any 
running fan should stop. Switches should be provided to enable the fan 
to be started and stopped at a local station. 

Earliest Known I Olhar 
~ubllcallon Dale (1~ Reference (2) 

1978 

1978 

1978 

(2) II chocked, see Jist ol roleroncos attached. 
(3) II chodod, see list of notes allacllod. 

Notes 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Proposed Amerjcan National Stan<lard Crjterja for · 

Safetv-Re.la..tl:.d...Qoeratm: Actions. AN.SLN660/ AN.S- 51.4. 1977. 

Number 
Type of Standards or 

Recommended Practices 

ANS5!.4-0-! !Operator/System Inte-
gra lion Standard 

ANS5!.4-0-2 !Operator/System Inte-
gration Standard 

ANS51.4-0-) !Operator/System Inte-
gration Standard 

ANS5!.4-0-4 ~Operator/System Inte-
gra lion Standard 

ANS5!.4-!-I Instrumentation and 
Control Standard 

ANS51.4-4-0- 5 · I Opera tor /System lnte­
gration Standard 

NOTES: (1)1967 or more recent. 

Language of Standards or Recommended Practices 

).0 General Requirements for Operator Actions, page 6. 

J.! Safety system response to design basis events shall be initiated by 
automatic protection systems if the protective action must be initiated 
earlier than allowed by the Time Test I intervals given in Section 5. 

3.0 General Requirements for Operator Actions, page 7. 

).2 Safety system response to design basis events may be initiated by 
required operator action(s) if all of the requirements of this document 
are met, particularly the time test requirements of section 5 herein. 

J.O General Requirements for Operator Actions, page 7. 

). ) Alter automatic or operator initiation of the safety systems, 
required opera tor actions may be used lor initiation of subsequent 
protective actions required in the sequence of the design basis events if 
all the requirements of this document are met. 

).0 General Requirements for Operator Actions, page 7. 

3.4 Required operator actions or sequences of actions shall only be 
used where there is time and information available for the operator to 
recognize an error and where equipment and process design permits 
corrective action. 

3.0 General Requirements for Operator Actions, page 7. 

3.5 The number of required operator actions or sequences of actions 
shall be minimized to the extent that the operators have sufficient time 
to monitor the plant status, and perform optional operator actions. 

(2)11 chocked, see list ol references allachod. 
(3) II checked, see llsl ol nolos ell ached. 

Earliest Known I Olhar 
ubllcatlon Dale 1111 Reference (2) 

1977 

1977 

1977 

1977 

1977 

Noles 
(3) 



Reference: 

Number 

ANS.51.4-P-I 

I\NS.51.4-0-6 

ANS.51.4-0-7 

ANA51.4-I-2 

ANS.51.4-P-2 

ANS.51.4-I- J 

ANS51.4-P-J 

ANS51.4-M-I 

Type of Standards or 
Recommended Practices 

Opera tor Procedure 
Standard 

Operator/System Inte­
gration Standard 

Operator/System Inte­
gration Standard 

Instrumentation and 
Control Standard 

Opera tor Procedure 
Standard 

Instrumentation and 
Control Standard 

Opera tor Procedure 
Standard 

Planning, Policy and 
Management Standard 

NOTES: (111967 br more recent. 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Language of Standards or Recommended Practices 

).0 General Requirements for Operator Actions, page 7. 

) • .5 The number of required operator actions or sequences of actions 
shall be minimized to the extent that the operators have sufficient time 
to monitor the plant status, and perform optional operator actions. 

).0 General Requirements for Operator Actions, page 7. 

).6 Protective actions that require frequent or continuous monitoring 
or adjustment shall be automated where practical. 

).0 General Requirements for Operator Actions, page 7. 

).7 The number of the required operator actions specified at any point 
in time shall be limited to a value that can be conducted by the number 
of operators available. 

4.0 Locations for Operator Actions and Operator Environmental 
Protection, page 7. 

4.1 All operator actions required in less than )0 minutes following 
design basis events shall be capable of being performed from the 
control room. 

4.0 Locations for Operator Actions and Operator Environmental 
Pro tee lion, page 7. 

4.1 All operator actions required in less than 30 minutes following 
design basis events shall be capable of being performed from the 
control room. 

4.0 Locations for Operator Actions and Operator Environmental 
Protection, page 8. 

4.5 It shall be a design objective to (a) rn11umtze the number of 
required operator actions that must be performed from locations 
outside of the control room, and (b) minimize the number of locations 
outside the control room at which required operator actions ar" 
per formed. 

Earliest Known I Other 
!Publication Dale (I~ Reference (21 

1977 

1977 

1977 

1977 

1977 

1977 

(2111 checked, see list of references attached. 
(3) II checked, see list of nolos all ached. 
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Reference: 

Type ol Standards or 
Number Recommended Practices 

ANS51.4-1-4 Instrumentation and 
Control Standard 

ANS51.4-I-.5 Instrumentation and 
Control Standard 

ANS.51.4-I-6 Instrumentation and 
Control Standard 

ANS.51.4-I-7 Instrumentation and 
Control Standard 

ANS.51.4-P-4 Operator Procedure 
Standard 

NOTES: (1) 1967 or more recant. 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Language of Standards or Recommended Practices 

7.0 Information Availability, page 14. 

7.1 The operator shall be provided with clearly presented readout 
information, at the required lime for him to assess the need for a 
particular protective action without significant diagnoses. 

7.0 Information Availability, page 14. 

7.2 Each channel of readout information that indicates the initiation 
(at t ) of a design basis event shall include both an Indicator and an 
audib1e alarm, such as an annunciator. More than one variable may be 
required to Identify the Initiation of a design basis event. 

7.0 Information Availability, page 1.5. 

7.3 Each channel of readout information that Indicates the need (at t ) 
for a required operator action that must be initiated within JO minutBs 
after the operator action alarm U.e., (t. - t ) F 30 minutes) shall 
include both an Indicator and an audible ala~m, s~Jch as .an annunciator. 

7.0 Information Availability, page 1.5. 

7.4 Each channel of readout information that indicates the need for a 
required operator action that need not he initiated until 30 minutes or 
more after the operator action alarm (i.e., (t. - t ) f 30 minutes) shall 
include either an indicator and an audible 1 alafrn, or an indicator 
supplemented by an emergency procedure. This procedure shall include 
an estimate of the time at which each required operator action must be 
initiated. 

---··-- ·--

(2) II checked, see list ol references allachad. 
(3) II checked, sea list ol notes all ached. 
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Reference: 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Number 
Type ol Standards or 

Recommended Pracllcas language ol Standards or Recommended Pracllces 
Earliest Known J Other 

~ubllcallon Dale (1 Relaranca (2) 

ANS51.4-I-8 

ANS51.4-I-9 

ANS51.4-J-IO 

ANS51.4-M-2 

ANS51.4-P-5 

nstrumentation and 
Control Standard 

nstrumentation and 
Control Standard 

nstrumentation and 
Control Standard 

'Ianning, Policy and 
Management Standard 

ppera tor Procedure 
Standard 

NOTES: (1) 1967 or mora recent. 

7.0 Information Availability, page 15. 

7.5 Readout information shall be provided which indicates that each 
action controlled by an operator manipulation has been correctly 
initiated. 

8.0 Reliability of Instrumentation and Controls, page 15. 

8.2 A minimum of three channels of readout information shall be 
provided to indicate the need for required operat~1 actions that affect 
more than one train of safety system equipment. This requirement 
can be reduced to two channels if the operator can always take a safe 
action when faced with a disagreement in display information or if 
appropriately qualified indications of diverse related variables are 
available to give similar information. 

8.0 Reliability of Instrumentation and Controls, page 16. 

8.1 Where at least two trains of safety system equipment are pro­
vided, a minimum of one channel of readout in forma lion per train shall 
be provided to indicate the need for required operator actions that 
would only affect one train of the safety system equipment. 

9.0 Safety Analyses and Emergency Procedures, page 16. 

9.1 The time delays, time margins, required operator actions, and 
their associated instrumentation, controls, and locations (if outside the 
main control room) shall be documented in the safety analysis for each 
design basis event. 

9.2 No credit shall be taken in the safety analysis of design basis 
events for optional or unplanned operator actions. 

9.0 Safety Analyses and Emergency Procedures, page 16. 

9.1 Required operator, 1~5tions shall be included in the formal plant 
emergency procedures.< The discrete manipulations (from Time Test 
2) shall be identified in the procedures. 

(2) II checked, seo list ol references allnchad. 
(3) II c_heckad, sea list 01 notes allached. 
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HUMAN ENGINEERING AND RELATE"l STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Single failure Criteria for PWR fluid Systems 

ANS 51.7, 1976. 

Number 

ANS51. 7-1-1 

ANS51.7-M-I 

Type of Standards or 
Recommended Practices 

Instrumentation and 
Control Standard 

Policy, Planning and 
Management Standard 

NOTES: (1) 1967 or more recent 

Language of Slandards 01' Recommended Practices 

), Rules for Application of the Single failure Criteria 

).9 The mit design shall be such that active components of safety 
systems and their related service systems can be proved operational by 
scheduled periodic operational tests and by automatic or manual 
operational status Indications. 

l. Rules for Application of the Single failure Criteria 

l.IO The designer shall consider in his design operator error as a 
potential single failure In addition to the initiating event. 

If suitable time and means for detection and diagnosis of operator error 
are provided, correction of the error may be assumed/ 

(2) II checked, sea list of relaronces allachad. 
(3) II checked, soa list of nolas all ached. 

Earllasl Known I Other 
rubllcatlon Data (I~ Rafa'ranca (2) 

1976 

1976 

Nol .. 
13i 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Sin&le Failure Crjterja for Light Water Reactor ILW!U Safety 

Related fluid_S~ANSILANS--,&.9. Draft If. 1272. 

Type of Standards or 
Number Recommended Practices language of Standards or Recommended Practices 

ANS58.9-M-I Planning, Policy and 3. Rules for Application of the Single Failure Criteria, page 6. 
Management Standard 

3.10 The designer shall consider in his design an operator error as a I\NS58.9-0-I Operators/System lnte-
gration Standard potential single active failure in addition to the initiating event. 

ANS58. 9-1-1 Instrumentation and ), Rules for Application of the Single Failure Criteria,. page .6. 
Control Standard l.ll If suitable time' and means for detection, diagnosis, and cor-

ANS5~.9-0-2 Operator/System lnte-
gration Standard rection of single failures are provided, operator act'f"s for mitigation 

ANS58.9-M-2 Planning, Policy and of consequences of the single failure shall be allowed. 

Management Standard 
ANS58.9-P-I Operator Procedure 

Standard 

~ 

NOTES: (1) t967 or mora recant. 
(2) II checked, see list ol references attached. 
(3)11 checked, see list of notes allachod. 

Earliest Known Other Notes I Publlcallon Dale (1 Reference (2) (3) 

1979 

1979 



Reference: 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Emergenc::y Control Centers for Nuclear Power Plants 

ANSI/ANS_l.L1.12li. 

Number 
Type ol Standards or 

Recommended Pracllcea Language ol Standards or Recommended Practices 
Earliest Known I Other 

.. ubllcallon Dale (1~ Reference (2) 

ANS3.7.2-I-I 

ANS3. 7 .2-E-1 

ANSJ.7.2-I-2 

ANS3.7.2-P-I 

Instrumentation and 
Control Standard 

Operator Support Equip­
ment Standard 

Instrumentation and 
Control Standard 

Operator Procedure 
Standard 

NOTES: (I) 1967 or more recent. 

3. Types of Emergency Control Centers, page 1. 

3.1.2 Communications. The nuclear plant control room shall have 
redundant two-way communications with the emergency control center, 
company headquarters, and with appropriate off-site support agencies 
responsible for initial actions. At a minimum, the communications with 
the various emergency control centers shall include normal telephone 
communications and an alternate means. The alternate method may 
include, depending on the distances involved, sound-powered telephones, 
two-way radios, microwave, or the national warning system (NI\WAS). 

3. Types of Emergency Control Centers, page 1. 

3.1.3 Instrumentation and Equipment.) The instrumentation and 
equiprn~t requirements for the control room shall include but not be 
limited to (I) instrumentation to evaluate the principal plant variables 
indicative of the plant status and future conditions, (2) instrumentation 
to evaluate the release rate of radionuclides and the meteorological 
conditions (i.e., wind speed, wind directions, and stability) at the site, 
()) access to Instrumentation for radiological surveillance, and (IJ) 
equipment necessary to ensure the habitability of the nuclear plant 
control room during the course of an accident. 

3. Types of Emergency Control Centers, page 1. 

1.1.4 Decisional Aids. The emergency persotmel shall have access to 
prepared isopleth dose curves (or their equivalent) for a broad range of 
representative release rates or source terms and meteorological con­
ditions. Given a monitored or calculated source term and the meteoro­
logical conditions, the information from these curves can assist in 
providing an early estimate of the projected on- and off-site radio­
logical impact and the time available to implement protective actions. 

(2111 checked, see llsl ol relerences attached. 
(3) II checked, see llsl ol notes attached. 
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HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: Earthquake Instrumentation Criteria for 

Nuclear Power Plants. l\!'lSillili.U.2. 1978. 

Number 

ANS2.2-I-I 

ANS2.2-I-2 

ANS2.2-I-3 

Type ol Standards or 
Recommended Pracllcea 

nstrumentation and 
Control Standard 

nstrurnentation and 
Control Standard 

nstr umen Ia t ion and 
Control Standard 

L---------~-----------
NOTES: (1) 1967 or more recent. 

Language of Standards or Recommended Pracllces 

5. Instrument Characteristics, page ~. 

5.5.6 Miscellaneous. The time-history accelerograph on the contain­
ment foundation and the containment structure shall be interconnected 
for common starting and common timing, and shall contain pr.ovision for 
external alarm to indicate actuation. 

6. Instrumentation Station Installation, page 5. 

6.5 Remote Indication. Upon actuation of any time-history accelero­
graph, seismic switch or response spectrum switch, a remote indication, 
preferably in the control room, shall be activated. The remote 
indication for the seismic switch required in 4.1.~ and the response 
spectrum switch required in 4.1.5, however, shall be annundator(s) in 
the control room. 

6. Instrumentation Station lnst.allation, page 5. 

6.6 Instrumentation Station Accuracy. Instruments and their intercon­
nections shall be installed so that the instrumentation station shall be 
capable of providing data with an overall error of not more than ~5% at 
full scale, changing linearly to ! 1.5% of full scale at O.Oig, over the 
appropriate range of environmental conditions, such as temperature, 
humidity, pressure, vibration and radiation. 

(2)11 chocked, see llsl ol reloronces allachad. 
(3) II chocked, see list of notes allached. 

Earliest Known I Other 
Publication Date (I~ Reference (2) 

1977 55 

1977 55 

1977 55 
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HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: IEEE Standard lor Qualil yin& Class lE Equipment lor Nuclear 

Power GeneratinJl~li!lLon~.lf.EE Std. 123, 197'1. 

Type of Standards or 
Language of Standards or Recommended Practices Number Recommended PracUcas 

IEE-121-1-1 nstrumentation and 6. Qualification Procedures and Methods, page 10. 
Control Standard 

6.2 Equipment Performance Specifications. Electric equipment sped-
licatlons shall define the equipment's Class IE requirements and shall 
include as applicable: 

(6) Control, indicating, and other auxiliary devices contained in the 
equipment or external to the equipment and required for proper 
operation. 

-

NOTES: (1) 1967 or mora recent. 
(2) If checked, sea list of references attached. 
(3) II checked, sea llsl of notes allachad. 

Earliest Known Other Noles 
Publication Dale (1 Reference (2) (3) 

19711 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Reference: 

Number 

IEE-603-0-1 

IEE-603-1-1 

IEE-603-0-2 

IEE-603-P-1 

IEE-603-1-2 

IEE-603-P-2 

IEEE Trial-Use Standi!rd..CrlteriaJQ!: Safety Systems for 
Nudear Power Generating Stations, Std. 603, 1977. 

Type of Standards or 
Recommended Practices 

Operator/System Inte­
gration Standard 

Instrumentation and 
Control Standard 

Operator/System Inte­
gration Standard 

Operator Procedure 
Standard 

Instrumentation and 
Control Standard 

Operator Procedure 
Standard 

Language of Standards or Recommended Practices 

If. Safety System Func'tional and Design Requirements, page I 3. 

4.2.1 Means shall be provided in the control room "to implement 
manual initiation at the system level of the automatically initiated 
protective actions. The means provided shall minimize the number of 
discrete operator manipulations and shall depend on the operation of a 
minimum of equipment. 

-· Safety System Functional.and Design Requirements, page 1). 

lf.JI.If Location. Information displays shall be located accessible to 
the ope~lnformation displays provided for manually initiated 
protective actions shall be visible from the location of the controls used 
to effect the actions. 

If. Safely System Functional and Design Requirements, page I 3. 

4.2.3 Means shall be provided to implement the manual actions neces­
sary to maintain safe conditions after the proective actions are 
completed as specified in 3.10. The number of available qualified 
opera tors, the Information provided to these opera tors, the actions 
required of these operators, and the quantity and location of associated 
displays and controls shall be appropriate for the time period within 
which the action, must be accomplished. Such displays and controls 
shall be located in areas that are accessible and in an environment 
suitable lor the operator. 

If. Safety System Functional and Design Requirements, page I 3. 

4.4 Completion of Protective Action. The safety system shall be 
designed so tl\at, once initiated automatically or manually, the intended 
sequence of protective actions at the system level shall continue until 
completion. Deliberate operator action shall be required to return the 
safety system to normal. This requirement shall not preclude the use of 
equipment protective devices or the provision for those <leliberate 
operator interventions which are idrntilied in 1.10 of the design basis. 

NOTES: (1) 1967 or mole recent. 
(2111 c;hockod, sao llsl ot reloronc;es allachod. 
(3111 checked, sao llsl olnoles allached. 

Earliest Known J Other 
Publication Dale (1 Reference (2) 

1968 56 

1977 

1977 

1968 56 

Noles 
(3) 



Reference: 

Number 

IE.E-603-1- 3 

)EE-603-1-If 

IEE-603-1-5 

IEE-603-1-6 

IEE-603-0- 3 

TJPe ol Slandards or 
Recommended Practices 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Instrumentation and 
Control Standard 

Operator/System Inte­
gration Standard 

NOTES: (1) 1967 or more recanl. 

HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

language ol Slandards or Recommended Practices 

If. Safety System Functional and Oesign Requirements, page 13. 

4.2.2 Means shall be provided in the control room to implement 
manual initiation. of the protective actions identified in 1.5 that have 
not been selected for automatic initiation under If. I. 

If. Safety System Functional and Oesign Requirements, page 13. 

4.11 Information Displays 

4.11.1 Displays for Protective Actions Initiated Solely by Manual 
Means. The display instrumentation provided for the manually initiated 
actions required for the safety system to accomplish its protective 
function shall be part of the safety system. The design shall minimize 
the possibility of anomalous indications which could be confusing to the 
operator. 

If. Safety System Functional and Design Requirements, page ll. 

4.11.2 System Status Indication. The display instrumentation provided 
for safety system status indication need not be part of the safety 
system. The display instrumentation shall provide accurate, complete, 
and timely information pertinent to safety system status. This infor­
mation shall include indication and identification of protective actions 
at the channel level and the system level. The design shall minimize 
the possibility of anomalous Indications which could be confusing to the 
operator. 

If. Safety System Functional and nesign Requirements, page 11. 

4.11.3 Indication of By~asses. If the protective actions of some part 
of the safety system ave been bypassl"d or deliberately rendered 
inoperative for any purpose, continuing indication of this fact at the 
system level shall be provided in the control room. 

6. Protective Action System F•mctional and Design Requirements, 
page 17. 

6.1 Manual Initiation. If manual initiation of any actuated component 
in the protective action system is required to fulfill a design basis 
objective, the additional design features In the protective action sy~tem 
necessary to accomplish such manual initiation shall not defeat the 
requirements of 4.2 or 4.). 

(2)11 checked, sea llsl of references allachad. 
(Jt II check ad, sea list of noles all ached. 

Earliest Known J Olher 
Publication Dale (1 Reference (2t 

1968 56 

1968 56 

1968 56 

1968 56 

1977 

Noles 
(3) 



HUMAN ENGINEERING AND RELATED STANDARDS 
AND RECOMMENDED PRACTICES 

Relerence: Proposed IEEE Criteria for Noclear Power Plant 
Protection System, Std. 2?~ 1968. 

Number 

IEE279-I-I 

IEE279-0-1 

IEE279-0-2 

Type ol Standards or 
Recommended Pracllces 

Instrumentation and 
Control Standard 

Operator/System Inte­
gration Standard 

Operator/System Inte­
gra tlon Standard 

NOTES: (1) 1967 or more recant. 

Language ol Standards or Recommended Pracllces 

4. Requirements, page 4. 

lf.9 Capability for Sensor Checks. Means shall be provided for check­
Ing, with a high degree of confidence, the operational availability of 
each system input sensor during reactor operation. 

(a) by perturbing the monitored variable; or 
(b) within the contraints of paragraph lf.ll, by lntrodocing and 

varying, as appropriate, a substitute Input to the sensor of the 
same nature as the measured variable; or 

(c) by cross checking between channels that bear a known rela­
tionship to eac.h other and that have read-outs available. 

If. Requirements, page If. 

4.1~ Operating Bypasses. Where operating requirements neces­
sitate automatic or manual bypass of a protective fuiiction, the design 
shall be soch that the bypass will be removed automatically whenever 
permission conditions are not met. Devices used to achieve automatic 
removal of the bypass of a protective function are part of the 
protection system and must be designed in accordance with these 
Criteria. 

(2) II checked, sea list of ralarances allached. 
(3111 checked, see list ol notes attached. 

Earliest Known I Other 
Publlcallon Dale (tJI Reference (2) 

1968 

1968 

Noles 
(3) 





APPENDIXO 

HUMAN ENGINEERING ASPECTS OF CONTROL ROOM DESIGN 





INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: ~ 

HFEissues Descriptions/Definitions 
Reference Applicable Asaoclalad Nuclear 

Name• To TMI-2 CR? Regulallons & Slandards 

Selection of Controls Control selection and design is MIL-ST0-1472U 
dependent on: Van Colt and Kinkade 

0 Distribution of load, such McCormick 
Yes 

that operators limbs are Chapanis 

not overburdened 1\I'SCDIII-l 

0 Control capabilities are Yes 
paired to functional 
requirements: 
- continuous variables 
- discrete variables 
- precision requirements 
- system activation 
- data entry 
- quantitative setting 

Directi<~l of Control Move- Following are considerations MIL-ST0-14728 
IHf'lll relevant to control direction VanCott and Kinkade 

and movement: Chapanis I 
I 

AFSC Otl 1-J I 
0 Consistency with direction 

MSFC-STD- 512 Yes 
! of movement of associated 

displays 

0 Direction of movement Yes 
consistent with orieutation 
ol the operator 

I 

------ _,___ 
'llsl of References 11 alloched. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: ~ 

HFEissuas Dascrlpllons/Dellnlllons Ralarance Applicable Associated Nuclear 
Name• To TMI-2 CR7 Regulations & Standards 

Arrangement and Grouping Considerations related to Mll-ST0-1~7211 
arrangement and grouping are Van Colt and Kinkade 
as follows: McCormick 

0 Controls grouped according Chapani~ 
Yes 

to sequential relations in 
operation 

0 Primary controls located in Yes 
most favorable position 
with respect to ease of 
reaching and operating 

0 Recmring control groups Yes 
similar in la)•out from 
panel to panel 

0 Minimum/maximum r.on- Yes 
trol spacing addressed as 
part ol design 

Coding 0 Selection of coding MIL-STD-14728 Yes 
methods (shape, size, Van Colt and Kinkade 
color) consistent with cod- Bioastronautics Oata Book 
ing requirements and otl,ler Chapanis 
factors (ambient light, 
etr..) 

0 Coding modes (size, shape, Yes 
color) consistent with sys-
tern 
- functionally similar 

controls have same 
coding 

- ---

•usl ol Relerancas Is allai:hed. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Controls 

Relerence Applicable Assoclalad Nuclear I 

HFEissues DascrlpllonsiDellnlllons Nama• To TMI-2 CR? Regulations & Standards ! 

Color Coding Color coding of controls is MIL-STD-14721\ Yes 
used only when required. Van Colt and Kinkade 

I 
Otherwise, controls arc black Chapanis I 
on gray. MSFC-STD-512 I 

I 
I 

Control Compatibility with Controls should he compatible MIL-STD-1 11721\ 
Hardware with any hardware used Malone 

MSFC-STD-51? 

Prevention of Accidental Considerations are as follows: MIL-ST0-14728 Yes 
1\ctivation - location of controls Van Cott and Kinkade Yes 

- design of controls Malone Yes 
(guards, spring loading, Chapanis 
etc.) 

- controls designed to Yes 
prevent accidental 
activation should 
still be operable 

General Control Design Con- Following are control design MIL-STD-14728 
si<lerations features which should be con- Van r.ott and Kinkade 

sidered during control design/ Chapanis 
selection: McCormick 

- n1ini•-nunt/1na xi• nu1n Malone Yes 
numbtt of switch 
positions 

- presence ol detents Yes 
- switch resistance Yes 
- switch labels Yes 
- switch legends Yes 
- label/legend contrast Yes 
- label parallax Yes 
- control dimensions Yes 
- control resistance Yes 
- control displacement Yes 
- control separation Yes 
- guards/barriers Yes 
- control size/shape Yes 
- control location Yes 

"Lisl of References Ia allached. 



INDEX OF CONTROL ROOM t-IFE DESIGN CONSIDERATIONS 

Area: ~ 

Oeacrlpllons/Dellnlllons Relerence Applicable Asaoclaled Nuclear HFEissuea 
Name• ToTMI-2CR? Regulations & Standards 

General Control Oesign Con- - control illumination Yes 
sirlcrations (continued) - control luminance Yes 

- visibility Yes - associated displays Yes 
- direction o( control Yes 

movement 
- feedback Yes 
- orientation to the oper- Yes 

a tor 
- coding, size/shape/ Yes 

color/position 
- sensitivity Yes 
- speed o( respons,. Ye~ 
- reliability Yes 
- stability Yes 
- accuracy Yes 

-- --

"List ol Rolerences Ia allached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Visual Displays 

HFEisauea DescrlptlonsiDallnltlons 
Reference Applicable A .. oclated Nuclear 

Name• To TMI-2 CR? Regulations & Standards 

Information Displayed 0 Provides the opcratt>r with Mll-STD-1472B Yes 
clear indications of system VanCott and Kink<ulc 
conditions which prompts AFSC 011 1-3 
operator actions, decisions Chapanis 

(} Specific areas to be McCormick Yes 
addressed inciLKic: 
- content, in terms of 

what is to be displayed 
- precision required in 

the information dis-
I played 
I - information format I 

0 Displayed information Yes 
should not be redundantly 
displayed unless required 
at different operating 
statior1s 

0 f)isplay failure should: Yes 
- be immediately 

apparent to the oper-
a tor 

- not cause a r ailure in 
the operability of the 
equipment associated 
with the display 

0 L)oes nut e xceNI uper a tor Yes 
capacity 

•ust ol Ralarancas Is attached. 



INDEX OF CONTROl ROOM: HFE DESIGN CONSIDERATIONS 

Area: Visual Displays 

-
Roloranca Applicable Associated Nuclear HFEissuas Descrlpllons/Dellnlllons 

Nama• To TMI-2 CR? Ragulallons I Standards 

Location and Arrangement Displays should be loc.lted MIL-STD-14721\ 
such that: Van Cott and Kinkade 

They may be read in the Malone 
Yes 0 

McCormick normal operating position 

0 They require no tools to Yes 
read (such as ladders, 
flashlights, etc.) 

0 They are or icnted to the Yes 
line of sight ol the oper-
a tor in the normal operator 
position 

0 Display surfaces do not Yes 
rclle<:t amhicnt light 

0 They are grouped accord- Yes 
ing to: 
- usage rates 
- operational sequence 
- iruportance 

0 Viewing distance is Yes 
accounted for in the design 

Coding Coding should be used to [acil- MIL STD-1472B 
it ate: Van \.ott and Kinl<ade 

- display di~c:rimination Chapanis Yes 
-- id<'ntilication of lunc- Ar'SC Oil 1-) Y.-s 

tionally similar displays Malone 
- identili<:ation ul display MSI'C-STD- 512 Yes 

relationships 
- identification o[ criti- Yes 

cal inlormation within 
a display 

- information processing Yes 

-·--

•LJsl of Relarences Is attached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Visual Displays 

HFEI .. uas Dascrlpllons/Dellnlllons Ralaranca Applicable Assoclaled Nuclear 
Nama• ToTMI-2CR? Ragulallons • Slandards • 

llisplay Use 0 Display type selcctiQO (use) MIL-STn-14728 Yes 
depends on the character- Van Colt and Kinkade 
istics of the inlormation to Chap.."lnis 
be displayed: 
- continues control 
- status monitoring 
- briefing/alerting 
- search/ident if icat ion 
- decision maki11g 
- trend analysis 

General Display Character- 0 Indicator lights should not MIL-STD-14728 Yes 
istics to be Considered as be used (in the extin- Van Colt and Kinkade 
part of CR design guished mode) to indicate a Bioastraunautics Data Book 

system "go" condition 

0 These considerations ·Yes 
include: 
- information displayed Yes 
- functional grouping Yes 
- luminance Yes 
- luminance control Yes 
- display operability Yes 

testing 
- contrast between Yes 

legends and bacl<grou11d 
- color coding Yes 
- parallax Yes 
- multiple legends VI's 
- visbility Yes 
- visual cnvinmmcnt Yes 
- signal rate Yes 
- resolution Yes 
- discriminability Yes 
- legends Yes 
- character sizes Yes 
- symbolugy Yes 

"List ol Ralorencas Is allachad. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Visual Displays 

Descrlpllons/Dellnlllons Reference Applicable Associated Nuclear tiFE Issues 
Nama• To TMI-2 CR? Ragulallons & Standards 

Color Coding Conveying inlonnation by MIL-STD-14721l Yes 
associating color with system Van,Colt and Kinkade 
information: AfSCDIII-3 

- red - not within toler- Chapanis 
ance coudi tious McCormick 

- flashing red - erncr- Malone 
gcncy condition MSfC-STD- 512 

- yellow - marginal con-
dilinn 

- green - positive indi-
cation of system oper-
abili I y 

- white - alternate 
(unctions anive 

Display Characteristics to be 0 Transilhuninated displays MIL-ST0-14721l Yes 
Addressed as Part of Design - legr•nds Chap;utis 

- backlighting 
- intensil y controls 
- lamp redundancy 
- lettering 

font 
character sizes 

- color coding 
- flash rates (as appli-

cable) 
- visibility 
- legibility 
- symbology 
- size/shape 

0 legend lights Yes 
- color 
- labels/loot/sizes 
- spacing 
- si7.e shape 

•ust ol References Is •llachad. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Visual Displays 

DescrlptlonslDallnlttons 
Reference Applicable Alloclaled Nuclear 

HFEissues Name• To TMI-2 CR7 Regulallons I Standards 

Display Characteristics 0 Scale Indica tors Yes 
(continued) - moving pointer 

- moving scale 
- accuracy 
- parallax 
- . labels, legends 
- tolerance markin~s 
- graduatinn 
- numerical si?.e 
- start/end points 
- si ze/shapP /loca t i1111 
- numeric progression 
- scale brE"ak (guages) 
- nominal (when ec1uip-

ment functioning pro-
perly) pointer position 

- viewing distance 

0 CI~Ts Yes 
- viewing distance 
- screen luminance 
- ambient illumi11ation 
- rellec ted glare 
- syrnboloJ;Y 
- edit/input devic<'S 

0 LEns Yes 
- applications 
- readability 
- colors/color coding 
- intensity controls 
- test provisions 

0 Counters, plotters, flags Yes 
- snap action vs. conlin-

liOUS IIIOVCIII Clll 

- rate ofHIOVCIIICnt 
- direction ol move'ment 
- resets 
- parallax 
- color 
- illumination 
- contrast 
- visibility 

·ust of References Is attached. 



I"DEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Visual l>iselars 

DeacrlpdonslDtillnltlana ...... .._ Appllcabl. Associated Nuclur HFEis-a 
Heme" ToTMI-2CR7 Regulations • Standards 

llisrlar Charactulstics - motatting 
kcw•linued) - test provisions 

- size/shal>e 

0 Prbtters Yes 
- fm-m of inf..-mati••• 

presentaticwt 
- take-tip provisions 
- ar.mtatioos 
- visibility 
- illumination 
- contrast 

nisplay Errors nisplar design should address McCormick 
the following errm- t wcs: Malone 

- temporal Chapanis Yes - selection (wrong dis1,lay Yes 
read) 

- interprctati••• Yes 
- reading Yes 

-

'list ol Relerences 11 attached. 



INDEX OF CONTROl ROOM HFE DESIGN CONSIDERATIONS 

Area: Audio Displays 

HFEissues Descrlpllons/Oellnlllons Relerence Applicable Assoclaled Nuclear 
Name• To TMI-2 CR? Regulallons & Standards 

Applications of Audio Audio di~plays r:onsidcred lor MIL-STil-14721\ Yes 
11isplays use under the following con- Van Colt and Kinkade 

ditions: Chapanis 
- information presented 

is transitory requiring 
immediate or time 
based opera tor response 

- visual channels are 
overburdened or other-
wise unavailable for 
required opera tor 
attention 

- required redundnacy to 
visual indi<:ations 

Warning Signal Character- Design consider a lions are as MIL-ST0-1472U 
is tics follows: Van Colt and Kinkade 

- tonal r requeru:y Yes 
- intensity Yes 
- alerting capability Yes 
- ambient noi•e Yes 
- discrirninahility Yes 
- volume control Yes 
- provision to shut off Yes 

alarms 
- test provisions Yes 
- duration of signal• Yes 

-
•ust ol Rclerences Is allached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: General III'E in Systems 

DescrlpllonsiDellnlllons 
Rolarence Applicable Associated Nuclear 

HFE Issues Nama• To TMI-2 CR? Regulallons & Standards 

St;mdanlizatinn Uniformity within systems ;md MIL-STD-1472n Yes 
suhsysle•ns with simil;u Van Colt and Kinkade 
functions Chapanis 

l'tmction Allocation Allocation of system luncti<x1s MIL-STil-14720 
to men and/or machines based Van Colt and Kinkade 
on relative: Chapanis 

0 l'rec ision/sensi I ivi I y McCormick 
Yes 

0 Time Yes 

0 Safety Yes 

0 Skill requirNnents/ Yes 
capabilitif's 

0 Cost Yes 

0 Per lorrnance /ellec tivrne.s Yes 

0 lluman/machine reliabili I y Yes 

I hunan Engineering Design Designing to enhance human MIL-STD-14720 

,"'!. 
performance through (whe•·e Van Colt and Kinkade 
possible): 

0 Controlling atmospherics Yes 
0 Controlling noise, shock, Yes 

etc. 

0 Environmental protection Yes 

0 Providing adequ .. 11e Yes 
operator space 

0 Design of corrununication Yes 
networks 

0 Workspace layout YPS 
() Workspace illuminatrd Yes 

0 Design of life support Yes 
equiplllt"nl 

0 Design of emergency Yes 
systerns 

0 Design of infnnnatinn Yes 
processing and rlt·dsion 
S)'Sierns ·-

•ust ol References Is attached. 



INDEX OF CONTROl ROOM HFE DESIGN CONSIDERATIONS 

Area: General HFE in Systems 

HFE Issues Descrlptlons/Dellnlllons 
Reference Applicable Associated Nuclear 

Name• To TMI-2 CR? Regulations & Standards 
,__ 

Fail Safe Design Providing a fail safe design for Mll-STil-1472B Yes 
those areas where htunan error 
and/<X equipment mal-
functions may hav<' cata-
strophic elf ec Is on system 
operability 

Simplicity of Design Providing a$ simple an opcr- Mll-STD-1472n Yes 
ational design as possibl.-, con-
sis tent with system fun<: tional 
requirements 

Safety Design Minimi1.ing potential of human Mll-STD-14721\ Yes 
error during system operation Chap<lllis 
and m<lintenance Van Cott and Kinkade 

User Acceptance Enhancing user confidence and AFSC DH 1-3 Yes 
accepta!1ce 

Training Requirement Trainiug requirements reduced AFSC Dtl 1-3 Yes 
Reduction through simplicity of design 

Operator Performance Minimizing human error along Malone 
the dimensions of: Van Colt and Kinkade 

0 Time Yes 

0 Motor responses Yes 

0 Decisions Yes 

·ust of Roleronces is attached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Control/Display (C/D) lnteljration 

HFEissues Descrlpt\ons/Delinl)lons Relerence Applicable Assoclalad Nuclear 
Name• To TMI-2 CR? Ragulallons & Slandards 

~-

C/1) Compatibility Controls and displays lunc- VanCott and Kinkacle Yes 
tionally" compatible, and rruni- MIL-STD-14721\ 
mize mental involvement on Chapanis 
the part ol the operator AI'SC mt 1-1 

MSI'C-ST0-512 
McCormick 

C/D Helationship Physical proximity ol lunc- MIL-STn-14721:\ Yes 
tionally related controls and McCormick 
displays (:hapitnis 

C/D Design C/D integraticHI through lunc- Mll-ST0-147211 Yes 
tional grouping, similarity of AI'SC llll 1- J 
grouping lor recurrent p.mels, Chapanis 
C/0 coding, C/D labeling, McConnick 
framing, etc. Van Colt and Kinkade 

C/D Precision Control precis.ion consistent 1\IIL-STn-14721\ Yes 
with system requirements, dis- McCormick 
play precision consi~tent with Van Colt and Kinkade 
associated control precisic~l Chapanis 

Feeclback l'ostive indication ol ~yslem MIL-STil-1'1721\ Yes 
response to control activation Van Colt and Kinkade 

McCoonick 
Chapanis 

C/D Functional Group 0 Controls and displ<~ys MIL-STn-14721\ Yes 
Arrangements pnsi tioned according to: Chapanis 

- Se<JUPnce OJ USe (lelt IO Van Colt and Kinkade 
right or lop to hotlorn McCormick 
positi<Hling) AFSC Dll 1- J 

- lre<1uency ol use Maloue 
- importance 

0 Recurring groups ol C/Ds Yes 
arc conslstr-nt in .:uranKe-
1ncnt 

() r:ontrols posi tinned uucler Yes 
associaiPd displays 

'-- ---'----
"list ol llelerences Is allached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Control/Display (C/l)) Integra tim 

-
HFE Issues Descrlptlons/Dellnltlons Rolerence Applicable Associated Nuclear 

Nama• To TMI-2 CR? Regulatloqs & Slan<lar~s --
C/D Movement Relationships Control and display movement . M,IL-STil-1~728 Yes 

relatimsly~s arc consistent: in · Van Colt and Kinkade 
terms of: McCormick 

- direction of movement Chapanis 
- direc tim to i•~:rease/ 

decrease, cycle, on/off 
etc. 

C/1) l~atios Ratios ol C/0 t"xcursio,,s con- Mll-STO-llj721l Yes 
sistent with functional Van Coli and Kinkade 
requirements while minimizing McCormick 
time required to make a1KI Chapanis 
verify desired control move-
ment ' 

i 

i 

----

•ust of Rolerences Is allached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Data Entry Devices 

---, 
UFE Issues Descrlptlons/Dellnltlons Ralarance Applicable Associated Nuclear I Nama' To TMI-2 CR? Regulations & Standards 

ll<tta Entry Devices 0 Use of keyboards, etc., VanCott and Kinkade Yes 
used to make data entrie~ MSFC-STD-) 12 
to system control systems 
and processors, analyzers, 
and so on 

0 Sp<"dlic areas to be 
addressed include: 
- clarity (output) Yes 
- readability (output) Yes 
- format 

(input) 
requirements Yes 

- data type requirements Yes 
numeric 
alphanumeric 

- input/output redun- Yes 
dancy 

- feedh;tck Yes 
- data uses (output) Yes 
- data manipulation Yes 

requirements 
- encoding Yes 
- data entry devices Yes 

keyboards, etc.) Yes 
- data output devic<'s Yes 

---- ---
'llsl ol Relarences Is attached. 





INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Labeling 

-
HFE Issues Descrlpllons/Dellnillons Relerence Applicable Associated Nuctaar 

Name' To TMI-2 CR? Regulallons & Standards 
-

Qualities Following arc characteristics MIL-STD-1472B 
relevant to lahel qualitie~: Van Colt and Kinkade 

- brevity Malone Yes 
- familiarity MSFC-STD-.H2 Yes 
- visibility Yes 
- legibility Yes 

contrast 
character sl yl<' 
applicatinn(dpcal, 
etc.) 
reil£"clion 

- visual access (co xtent. Yes 
ob<;cured) 

- label backr,ronnd Yes 

Design of Label Characters [)esign of label characters MIL-STD-1472U 
entails addressing: Malone 

- character color MSFC-Sl[)-512 Yes 
- reqnirements lor Yes 

dark adapt<~lion 
- st yle/lont Yes 
- letter width Yes 
- letter height Yes 
- stroke width Yes 
- character sp<1cing Yes 
- word spaciug Yes 
- line spacing Yes 
- label size vs. hmoinance Yes 
- label size vs. viewing Yes 

distance 

'---· .. -• Us I of Rolerences Is all ached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Labeling 

---------
HFEissues DescrlptlonsiDelinillons Relerence Applicable Associated Nuclear 

Nanaa• To TMI-2 CR? Regulations & Standards 

E')uipment Labeling 0 1\s.~embling~, components MIL-ST0-14728 Yes 
and part~ labeled, r.leal"ly, MSFC-ST0-512 
by name or sy•nhol Malone 

0 Additional I actor~ include: VanCott and Kinkade 
Yes McCOJ"mick - location of labels 

C:hapanis - terms used 

Labeling of Controls and Ois- Oisplay labeling character- MIL-ST0-14728 
plays sitics to be addressed indude: MSFC-ST0-512 

- simplid 1 y Malone Yes 
- similarity both in tenns Van Cott and Kinkade Yes 

of: McC:OJ"mick 
redundant controls Chapanis 
similar controlling 
functions (on/off) 

- control/display rela- Yes 
tionships 

- location of labrls Yes 
- label size graduations Yes 

--•ust ol References Is allached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Workspace 

;-· -
HFE Issues Descrlpllons/Dellnlllons Relerence Applicable Assoclalad Nuclear 

Name' To TMI-2 CR? Regulallons & Slandards 
•. 

Workspace Includes a spec Is of I he physi- MIL-STil-1'1721\ Yes 
cal environuoenl I rom which NASA 
control (partial or whole) of Van Colt and Kinkade 
lhe system is .oil<:'<: led. En- MSr'C-STil-}12 
compasses: Chapanis 

- control/display pl.lCc- McCormick Yes 
men Is Malone 

- panel loca I inns Yes 
- console di1nensions and Yes 

<.:on lir;ura 1io11s 
- stairs, rrllnps, etc. Yes 
- ingress, egress Yes 
- visual envelopes Yes 
- procedural eflidency Yes 
- shared operations Yes 
- workspace traffic Yes 
- environmental factors Yes 

such as temperature, 
humidity 

- workspace safely Yes 

Standing Operations Considerations lor standing MIL-STD-14721\ 
operations include: Van Cott and Kinkade 

- work surface McCormick Y<'S 
- control and display Malone Yes 

placement 
- mobility requirements Yes 

and: 
depth of work area Yes 
lateral work sp.we Yes 
workspace laymJI Yes 

--··· -------------------- . 
-----~----------

'Lisl ol Rclerencas Is allached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Workspace 

tiFE Issues Descrlpllons/Dellnlllons 
Relerence Applicable Associated Nuclear 

Nam11• To TMI-2 CR? Regulations lo Standards 

S<'ating Considerations includr: MIL-STI)-14728 Yes 
- seating capability with Van Colt and Kir;~kade 

human anthropometry Malone 
- seat arljustrnents 
- backrests, armn•sts 
- cushioning 
- knee room 
- control/display place-

ment 

Console Oesign Console design as related to MIL-ST0-14728 
workspace involves the con- NASA 
sideration o(: Van Cott and Kinkade 

- visibility requirements MSFC-ST0-512 Yes 
- mobility requirements Chapanis Yes 
- panel space require- McCormick Yes 

ments Malone 
- console volume Yes 
- pauel/c.onsnle: Yes 

width 
angles 
height 
viewing angles 
shell heights 
writing surfaces 

- task networks/ Yes 
proce<hlfe~ 

- population stereot;·pes Yes 

Stairs, Ladders, and Ramps Design areas requiring con- MIL-STD-14728 No 
sideration include: Malone 

- handrails MrCormick 
- guardrails 
- provisions I or hand 

carrying of equipment 
- ramp cleating 
- traffic (personnel and 

vehidel 
- platforms 

-
•usl ol Rolorences Is attached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Workspace 

------
Reference Applicable Associated Nuclear tiFE Issues DescriplionsiDellnlllons 

Name' To TMI-2 CR? Regulations & Standards 

lnt;ress/Egress Considerations ir~clude: M11--STI)-1472B 
- sliding door desi~;n NASA No 
- hatches MSrC-STD-512 No 
- Ioree to OJX'n Malone No 
- configrrra lions No 
- dirnensiorrs No 

EnviroiHnent Environmental lactnrs In he MIL-STD-1472n 
addresst•d: MSrC-ST0-512 

- temperature Malone Yes 
nainilnum/rna xim111n 1\ioastronau tics 

- terrrverature unilorrnity Yes 
- ventilatic.)n, placc1ncnt Yes 

ol due Is 
- lrunridit y Yes 
- illurninance Yes 
- emergency illrrrninalion Yes 
- noise Yes 

levels Yes 
lrequencies Yes 
vibration No 
noise altPnttation Yes 
c.ornlllllnications Yes 

I 

I 

-- ------------ -------~ 

'llsl ol llclcrences Is allached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Pro<:edural Documentation 

Oescrlpllons/Oellnlllons 
Relerence Applicable Associated Nuclear 

tHt:lssues Na1ne• To TMI-2 CR? Regulallons & Standards 

Documentation fidelity 0 Corresp. ol Doc. with opns. Yes 
to be per f<~·med 

0 Corresp. ol Doc. nooncncl. Yes 
with nomcncl. nn pan.-1 

0 Corresp. of syst<:"m re- Yes 
sponse to Doc. (I eedbacl< 
of operator action comple-
lion) 

0 Task sequence based on Yes 
task analysis 

Information Accessibility 0 Physical location of f)oc. Yes 

0 Volume Organization Yes 

0 Volume Labeling Yes 

0 Tables ol Contents Organi- Yes 
zation 

0 Contents Organization Yes 

0 S<'ctional ldentifkati•N> Yes 
~larking 

0 l'roccchual fdc-ntilicatinn Yes 
Marl<ing 

' • --
0 Step ldcntifir:ation Mao kin~ Yes 

0 1\inding Yes 

nocounent Legibility 0 Print Font v.-m Colt and Kinkade Yes 

0 Print Si;-e McCoronick Yes 
Payne 

0 Contrast Kinney and Showman Yes 

(l Column Sc·parillion En.hnann Yes 
1\PII 

0 Strokewidth Yes 

0 Width-llc-ight ll<ttio Yes 

0 Letter Spadn1~ Yes 

0 IV or d Spacing Yes 

0 Case Yes 

0 Lighting Yes 
"---------- ---------- -- - -· 
"list ol References Is allached. 



INDEX OF CONTROL ROOM UFE DESIGN CONSIDERATIONS 

Au•tl: Procedural Documentation 

·--
Descrlpllons/Oellnillons Relerence Applicable AssociAted Nuclear HFE Issues Name• To TMI-2 CR? Regulations & Standards 

llt >e111nentalion Readability 0 Brevity Van Cott and Kinkade Yes 
0 Mernor y nernand Siegel 

Yes W illiarns and Siegel 
0 Morpheme Understanding Ta Lin Liau Yes 
0 No. ol Translorrns Re- Coke 

Yes 
qui red Brown 

McCormick 
0 Position ol dau!'Cs in sro- Yes 

tence 

0 Vocahulary llivcrsity Yes 
0 Word linkage Yes 
0 Memory required lor Yes 

Seman I i<": 111ils 

0 Use ol abbrevial ions Yes 
0 Reasoning demands on Yes 

reader 

0 Use ol examples No 
0 Use ol mnemonic rlevin•s Yes 

and memor y a ids 

0 RediJndancy Yes 
0 Lt>vcl ol detail in fi11ures No 

and (lia1:rams 

0 Word length Yes 
0 Sentence lrngth Yes 
0 Density ol 1-syllable words Yes 
0 lfl..-nsi I y ol Coordinatr e<m- Yes 

junctives 

() Pictnral lnslno.:li<H\S Yes 
0 Task-induc<'d p.-nces.ing Yes 
0 Emphasis Yes 
ll Leading Yes 
0 Column si7.e Yes 

0 T.1hle/Figure l)esign Yes 

- .. L. ---· 
"List ol llelcrencos Is allached. 



INDEX OF CONTROl ROOM HFE DESIGN CONSIDERATIONS 

Area: Procedural Documentation 

HFE Issues 

Document Usability 

DescrlpllonsiDellr 

o Demand on short-t 
111e111or y 

o Demand on long-t<· 
memory 

o Time from rea<linr, 
forming 

o Intervening activit 
between reading ar 
forrnance 

o Availability of llcr 
ance I eedback 

llions 

o "Reward" for inrpl<> 
multiple procedure 
out reading (from r 

o Proceduralized des 
Job Aid 

o Dual Track Prcsr.n 

o Tasks between per 
and returning to pr 

o Time between per I 
and returning to pr 

L. L___ 

'list of Relerences Is attached. 

Reference Applicable 
Name' To TMI-2 CR? 

Elliott and Joyce Yes 
folley 
Chenzoff Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

----·-------

Associated Nuclear I 
Regulallons & Standards 

I 
I 

I 

_______ j 



INDEX OF CONTROl ROOM HFE DESIGN CONSIDERATIONS 

Area: /\nthropometr y 

r-- --
HFEissues Descripllons/Dellnlllons Relerence Applicable Assocla 

Name• To TMI-2 CR? Regula lion 
led Nuch•;u 
s & StandArds 

\.eneral 0 Eqnipon<'nl i~ designer! lo I\III.-Slll-1~72B Yes 
acconnnodale a spedfied Van Colt and Kinkade 
percentage of the potential 
user populali<Hl 

0 1\nthropometrit- ronsirk•r- MIL-STD-1472n Yes 
a lions entered lo ta~k N/\S/\ 
character is lies, s·~-h as MSFC-STO- "2 
task lrequency, dillicnlly, 
equipment interac lions, 
task mobility require-
mcnts, and safety is""'' 
such as emergency egress 

Anthropometric Data 0 1\asic body dimensi<HIS con- MIL-ST0-1~7213 Yes 
sidered as part ol design Van Colt and Kinkade 
include, lor studies body N/\S/\ 
posi I i<.lllS: MSfC- STO- 512 
- stature Yes 
- weight No 
- eye height Yes 
- shoulder h<' igh 1 No 
- chest height No 
- elbow height No 
- fingertip heit\ht No 
- waist height No 
- crotch height No 
- gluteal furrow height No 
- kneecap height No 
- call height No 
- lunclinnill reach Yes 

-- -- -------"Lisl ol References Is altached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Anthropometry 

--
HFEissues Descrlpllons/DellnltlottS Relerence Applicable Associated Nuclear 

Name• To TMI-2 CR? Regulallons & Standards 

Anthropometric Data (con- 0 For seated body position: Yes 
tinued) - vertical arm readt No 

~ sitting height Yes 
- eye height No 
- mid-stM>ulder hr.it~h I No 
- shoulder-elbow length Yes 
- elbow-grip length Yes 
- elbow-linger h•ngth Yes 
- elbow rest height Yes 
- thigh clearance ht>ight Yes 
- knee height, sitting No 
- popliteal height No 
- buttock-knee length No 
- buttock-popliteal No 

length 
No - buttock-heel length 

0 Other anthropometric 
considerations of <lesign 
impact, <lepcnding on sys-
tem cunsi<k'ratinns, in-
elude: 
- <lepth dimensions No 
- breadth ditn<'nsinns No 
- circuml...-ential <limen- No 

sions 
- sur face dimensions No 
- hand dimensions No 
- loot dimensions No 
- head dhnensinns No 
- lace dimensions No 
- moments of inertia No 
- range of joint motion No 
- strength No 
- age No 
- sex No 
- voice No 
- fatigue No 

------------ -- -----~--~- ---------- -----~----

•ust ol llelerences Is allached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: 1\nthropometr y 

- . 

HFEissues Dcscrlpllons/Oellnlllons Reference Applicable Associated Nuclear 
Name• To TMI-2 CR? Regulallons & Slandar 

f---
ds 

I lse of Anthropometric Data Anthropometric data are orsecl MIL-STO-IIf72U 
as part of design of the lui- N/\SA 
lowing: VanCott and Kinkade 

- ac<:ess dimensions, pas- AFSC Oli 1-J Yes 
sageways, escape MSFC-STn-.512 
routes, etc. 

- limiting dimensions, Yes 
suc:h as maximum 
reaching distances, 
control acn•ss, etc:. 

- adjustable dimensions, No 
such as controls, scats, 
belts, etc. 

- personnel protec:tion Yes 
equipment design/ 
selection 

- workspace design, s.,:h Yes 
as console dimensions, 
reach height, and so on 

-

.___ _____ 
-----~--- .. ------

'll">l ol nciP.rences Is attached. 
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INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

AreA: Procedural l)rn:ument.llinn 

DescrlpllonsiDellnlllons 
Relerence Applicable Aaaocleled Nuclear 

HFEissues Name• To TMI-2 CR? Regulallons & Standards 

l)nnun<'nl I Jsabili I y 0 neonamJ IMI short -l<'r Ill Ell ioll and Joyce Ye-. IEF.fOIJ1.0-I 
Ull~lllOry folley 

Demand 011 long- tPr 111 
Chcn7.ull 

Yes IEf:-f.O l-0-1 (J 

lllC1110ry 

0 Time from l~'•lding to p<'r- Yes 
forming 

() Intervening ac livi lit_.;; y,.~ 

between reading and per-
fonnancc 

() Availability of perform.- Yes 
ance feedback 

0 "Reward" lor implr.mcnting Yes 
multiple pror.r.dures with-

i 
out reading (from memory) • 

0 l'rocedurali zed design of Yes 
Job Aid 

0 Dual Track Presentation Yes 

0 Tasks between p<'r forming Yes 
anrl retuoning to proc<'durc 

0 Time betwf'en perlonning Yes 
and returning to procPdoore 

--------------- ----- L--~----

'list ol Relerences Is attached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Ar11a: (~eneral lifE in Systems 

HFE Issues Descrlpllons/Dellnlllons 

Fail Sell<' Design Providing il fail ~afc dc~it~n for 
those areas when• huonan Nror 
and/or e<IUipment mal-
functions may have cata-
strophic ellccts 011 system 
operability 

Sinoplicity of Design Providing as sirnple an opcr-
ational design as possible, con-
sistent with system funr:tional 
requirements 

S<~lety Design Minimizing potential ol human 
error during system operatim 
and mriintcnanc:e 

llsPr Acceptance [nhandug us ... r r:onlidencc and 
ar:o•pt;~nce 

Training Requirement Training requireont>nts reduct>d 
Heduction through simplidty ol design 

Operator Performance Minimizing hun1an <>rrnr along 
the dimensions of: 

0 Time 

0 Motor rcspt111scs 

0 llecisi<~ls 

"List of Ralarancas Ia attached. 
• •tEEE 103 Ia 1 lrlel use Standerd and contains ntenr ol the Items apeclla.d lfl 

IEEE 211, Crlletla Fat Nuclear Power Plant P1olacUva Sy•t•ms t1HIJ. 

Reference Applicable 
Nama• To TMI-2 CR? 

Mll-STil-1~721\ Yes 

Mil-STil-l ~7 21\ Yes 

Mll-STD-1~721\ Yes 
Chapanis 
VanCott and Kinkaclc 

AfSC Dll 1- J Yes 

AFSC Dli 1- 1 • Yes 

Malone 
Van Colt and Kinkade 

Yes 

Yes 

Yes 

--
Assoclalad Nuclear 

Regulations & Sland1uds 

IEHOl-1-4'' 

i 

([[I>OJ-0-1 
·IEE-603-0-6 
RG 1.62-0<I-2 
R<; 1.~7-IG-' 

IEE60J-O-I 
IEE60l-0-6 
RG (.(>2-0G- 2 

ANS~I.l-0-2 

SGII-IC-1 

- --- ----



INDEX OF CONTROl ROOM HFE DESIGN CONSIDERATIONS 

Aroa: Visual Displays 

HFEissues DescrlpllonslDellnlllons 
<,·' 

Information Displayed 0 Provides the operator with 
clear indi<:atinn~ ol system 
conditions whi<:h prompts 
operator actions, rlccisions 

0 Specil ic area~ to be 
addressed include: 
- content, in terms of 

what i~ to be di~played 

- precision rcquirrd in 
the information dis-
played 

- information format 

0 Displayed information 
should not he redundantly 
displayed unless required 
at diflerent operating 
stations 

0 l)isplay failure should: 
- be immediately 

apparent In the o1wr-
a tor 

- not cause a failure in 
thl' operability of the 
equipment associated 
with the display 

0 Does not excrrd oprr a tor 
c.:apadty 

'----------· 

"Lisl ol References Is allached. 
••IEEE 803 11 1 lrlal use Slandard and con1alns many or the lten•s specified In 

IEEE 271, Criteria For Nuclear Powef Plant Protective Systems C1961lt. 

Reference Applicable 
Nama• ToTMI-2 CR? 

MIL-STU-IIf72B Yes 
VanCott and Kinkade 
1\fSC Dli 1-l 
Chapanis 
McConnicl< 

Yes 

Yes 

Yes 

YP.s 

Assoclelad Nuclear 
Ragulallons l Standards 

IEE60l-1-/;'* 
/\NS51.1-1-l 

IEE-601-1- 5 

ANS ~ 1.1-1-7 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Aroa: Visual llispl<~ys 

Descrlpllons/Dellnlllons Reference Applicable Associated Nuclear HFEissues 
Name• To TMI-2 CR? Regulations & Standards 

Lorathlll and Arrangement lli~plays should be loc;ah'd MIL-STil-14721i I{G 1.47-ll;-1 
such th.tt: Van Colt and Kinkade 

They may be re.ld in lhc Malone 
Yes 0 

McCormick normal o1wrating position 

0 They ""luire no tools to Yes 
read (such as ladders, 
flashlights, ctr:.) 

0 They arc oriented to the 
line or sight of the oper-

Yes 

ator in the normal operatur 
pnsilion 

0 Display solf(aces do not Yes 
reflect ambient light 

0 Thcy are grouped accord- Yes 
ing to: 
- usage rates 
- operational scqoo,.rwc 
- iuoportan<·e 

0 Viewing distance is Yes 
accounted (or in the design 

Coding Coding should be u~•·d to (acil- Mil. STil-14721\ I\NS51.1-0-I 
itate: Van Cot! and Kinkade I~GI.IIl-ll;-1 - display discrinoination Chapanis Yes 

- idcntilicatinn of func- 1\I'SC 011 1-.l Yes 
tionally similar oiisplays Malone 

- identification of display MSI'C-Sfl)-512 Yes 
relationships 

- identification of criti- Yes 
cal information within 
a displ.ty 

- in(onnatinn J>lll<"l's~ing y.,s 

•ust of Relerencos Is attached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Vistl.ll ()bplays 

HFE Issues Descrlpllons/Dellnlllons Reference Applicable Associated Nuclear 
Name• To TMI-2 CR? Regulallons & Standards 

Display Usc <) Display type sl.'lcctinn (ust•) Mll-Sl"0-1~721\ Yes 
depends 011 the character- Van Colt and Kinka<lc 
istics of the informati•111 to Chap.,nis i 
he displayed: 

I - continues control 
- status m<Mtitoring 
- briefing/alerting 
- search/idcnt ificati<lll 
- dccisi1111 making 
- trend analysis 

Ct>tu•ral Display Character- 0 Indicator lights should nut MIL-ST0-1~721\ Yes RG 1.47-J(;-J 
ist irs to be Considered as be ust>d (in the cxtin- Van Colt and Kinkade 
part of CR design guished mode) to indicate a nioastraunautics J)ata 1\ook 

systena "go" condition 

0 These consirlcra t inns Yes 
inclu<lc: 
- information displayNI Yes 
- functional grouping Yes 
- luminance Y('S 
- luminance cnntrnl Yes 
- displa)' operability Yes 

testing 
- contrast between Yes 

lcgC'nds and b.,ckgmund 
- r:ulur coding YC's 
- parallax Y€'s 
- mull iplc legends Yes 
- visbility Yes 
- vis,aa,J cnvironanent Yes 
- signal rate Yes 
- resolution Yes 
- discriminahility Yes 
- legends Yes 
- character sizes Yes 
- symbology Yes 

'------ ~- -•ust ol Aelerencos Is attached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Area: Visual pisplays 

HFEissues DescrlpllonslDellnlllons 
Reference Applicable Assocleled Nuclear 

Name' To TMI-2 CR? Regulellona & Standards 

Display Characteristics - IUOIJflling 

(nmtinued) - test provisions 
- siz<'/shape 

0 l'r inters Yes 
- form of information 

presentation 
- take-up provisions 
- annotations 
- visihility 
- ilhuuination 
- contrast 

Display Errors Display design should achlress McCOfmkk ANS51.1-0-2 
the following error types: Malone 

- temporal Chapanis Yes 
- selection (wrong display Yes 

read) 
- inter pre tat ion Yes 
- reading Yes 

..___ 
•ust ol Relarances Is attached. 



INDEX OF CONTROL ROOM HFE DESIGN CONSIDERATIONS 

Arna: Controls 

Reference Appllceble Assocleled Nuclear ! 

HFE Issues Descrlpllons/Dellnlllons Name• ToTMI-2 CR? Ragulallons & Standards ! 

' 
Arrangement and Gro••>ing Considcralicwr~ rdatP.ct In MIL-STJ)- l'r720 IH~ 1.62-IG- 3 

arr angeu1ent anti grtluping ar«~ Van Colt and Kinkade 
as follows: McCormick 

0 Conlr<liS grouped '"cording 
Chapanis Yes 

to seqcu•ntial rrl.>tions in 
op<'t"atinn 

0 Primary rontrols localrd in Yes 
most favorable pnsili••• 
with rcsper t to ease •>I 
rcachinl\ an<l oprrating 

0 l~erurrint~ rnntrnl grnups Yes 
similar in layout I rom · 
panel tn J>anPI 

() MieliUIUIII/IU·lXillllUil f"(N\- Yes 
trol spar.ing aclclrP!'ose•l "~ 
part of drsign 

Cn•ling 0 SciP.Ction uf coding MIL-STil-IIJ721\ Yes 
tnf!th.lCis (shape, si1.c, Van Cott and Kinkade 
color) crwiSistent with <:o<l- • Olo.1stronautics nata Oool< 
ing relltliremcnts aoi<i oti.~r Chapanis 
factors (arnhient lif\ht, 
etc.) 

() Coding rnndcs (si zr, shitp<•, Yes 
color) consistt•nt with sys-
tem 
- huoctiunally simil<~r 

contruh h,lVf' sau1e 
coding 

'list ol Reforoncas Is allached. 





Reference 
Name 

AFSC DH 1-3 

Bell 

Bioastronautics 
Data Book 

Brown 

Chapanis 

Chenzoff 

Coke 

Elliott and Joyce 

Erdmann 

Folley 

Kinney and Showman 

REFERENCES 

Full Reference 

AFSC DH 1-3, Human Factors Engineering (3rd 
Edition), Department of the Air Force, 1 January 
1977. 

Bell, G.L., Studies of Display Symbol Legibility, 
. ESD-TR-66-316, Department of the Air Force, 1966. 

Parker, J.F., and West, V.R. (eds.), Bioastronautics 
Data Book (2nd Ed.), NASA SP-3006, Scientific and 
Technical Information Office, NASA, 1973. 

Brown, L.A., The Effect of Isolation, Readability, and 
Paragraph Organization on Learning fr:om Written 
Instructional Materials. Ph.D. Dissertation, University 
of Nebraska, 1974. 

Chapanis, A., Man/Machine Engineering, Brooks/Cole, 
1965. 

Chenzoff, A.P., et al., Guidance and Specification for 
the Preparation ofFull Proceduralized Job Aids for 
Organizational and Intermediate Maintenance of 
Electronic Subsystems. AFHRL-TR-71-23. Depart­
ment of the Air Force, 1971. 

Coke, E.U., Reading Rate, Readability, and Variations 
in Task-Induced Processing. J. of Educational 
Psychology, 68, (2), 197 6. 

Elliott, T.K., and Joyce, R.P., An Experimental Com­
parison of Proceduraland Conventional Electronic 
Troubleshooting, AFHRL-TR-68-1, Department of the 
Air Force, 1968. 

Erdmann, R.L., and Neal, A.S., Word Legibility as a 
Function of Word Size, Word Familiarity, and Resolu­
tion of Parameters, J. of Applied Psychology, 52, (5), 
1968. 

Folley, J.D., et al., Full Proceduralized Job Perform­
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Force, 1971. 

Kinney, G.C., and Showman, D.J., Studies in Display 
Symbol Legibility, ESD-TR-67-106, Department of the 
Air Force, 1967. 
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McCormick 
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MSFC-STD-512 

NASA 

Payne 

Siegal 

Ta Liu Liau 

VanCott and Kinkade 

Williams and Siegel 

Malone, T.B. and Shenk, S., Human Engineering Data 
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McCormick, E.J., Human Factors Engineering, 
McGraw-Hill, 1970. 
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Department of Defense. 31 December 1978. 

MSFC-STD-512 Man-System Design Criteria for Man­
ned Orbiting Payloads, Marshall Space Flight Center, 
NASA, 1974-. 

NASA Reference Publication 1024-, Anthropometric 
Source Book, Vol. I, Anthropometry for Designers, 
NASA, 1978. 

Payne, D.E., Readability of Typewritten Material: 
Proportional vs. Standard Spacing. 

Siegal, A.I., et al., Techniques for Making Written 
Material More Readable/Comprehensible, AFHRL-TR-
74--4-7, Department of the Air Force, 1974-. 

Ta Liu Liau, et al., Modification of the Coleman 
Readability Formulas. J. of Reading Behavior, VIII, 
{4-), 1976. 

Van Cott, H.P. and Kinkade, R.G., Human Engineering 
Guide to Equipment Design {Revised Edition), Joint 
Army-Navy-Air Force Steering Committee, 1972. 

Williams,. A.R., Siegal, A.I. and Burkett, J.R., Read­
ability of Textual Materials - A Survey of the Liter­
ature, AFHRL-TR-74--29, Department of the Air 
Force, 1974-. 



APPENDIXQ 

DESIGN BASES 





Cat~_g~ries 

Anthropornetr y 

Procedures 

Oat a Entry Devices 

SURVEY OF DESIGN BASES 

Calvert Cliffs- I 

o U.S. Military Standards (reported 4) 

o Operator input (reported 4) 
o Engineering consultation/advice 

(reported 4) 
o Test result (reported 4) 
o ANSI Nl8.7 

o Some BOP measurements will not be 
displayed directly on the panel boards 

o Alarm history must be available 
throughout control room 

o Operator must be able to alter alarm 
display function/format quickly with 
minimum chance of error 

o Trend data must be kept auto­
matically on a wide variety of plant 
s.ystems 

o Provide logging service to operator 
(reported 10) 

Three Mile lsland-2 

o 5 ft. 6 in. to 5 ft. 9 in. or 6ft. 4 in.(?) 
C/O 30 in. to 7 lt. from floor 
(reported I and 2) 

o Operator input (TMI-1) (reported 7) 
o Engineering con~ultation/advice 

(reported 7) 
o Test Results (reported 7) 
o ANSI Nl8.7 
o Two operators perform togehter on 

each procedure; or procedure is per­
formed by one operator using one 
hand 

o If space to display elsewhere will not 
use computer (reported 7) -

to allow continuous surveillance 
to make plant safely operable 
without the computer 

o Alarm history K/B call up 
o Trend data K/B call up 

Oconee-) 

o 5 ft. 2 in. to 6 ft. 2 in./male and 
female walk-through tested (or reach 
envelope, visibility and traffic pat­
terns (reported 3) 

o Operator input (reported 3) 
o ANSI Nl8.7 
o Design Engineering tests and simu­

lations (reported 3) 
o Review by Technical Specialists (Sys­

tems) (reported 3) 
o Independent review by staff (IIQ) 

specialists (reported 3) 

o K/B call up of CRT Displays- para­
meters and "canned" display fonnats 

o K/1\ call up of EP's on a slide pro­
jection screen 

o "Item Entry" K/n call up available 
for predefined data (single key call 
up) 



Categories 

Labeling 

Display Select ion 

SURVEY OF DESIGN 1~1\SES (CONT'O.) 

Calvert Cliffs- I 

o Utility's Standard Abbreviations List 
(reported 6) 

o Red indicates warning (for as-built 
labels) 

o Operator training/experiece will 
enable the selection of the correct 
label nearby a panel component 

o One standard size and font (not 
including component engravings) 

o Operators will not need to read labels 
at a distance of greater than 9 or 10 
ft. 

o Large percentage of labels would be 
opera tor backfi ts 

0 Readability at required distances 
(reported 4 and 5) 

0 Size (reported 5) 
0 Qualification (reported 5) 
0 Integra ted alarms (reported 6) 
0 Past experience (Annunciators) 

(reported 6) 
0 Redundant vrs/audio for alarm dis-

plays 

Three Mile lsland-2 

o 1\-E Standard 1\bbreviation List 
(reported 2) 

o White on black contrast (reported 2) 
o Letter size specified (reported I) 
o Unambiguous and not obscured by 

operator actions (reported 2) 
o Positioned over control (reported 2) 
o Did not duplicate reading conditions 

in Control Room (reported I and 2) 

0 Fossil experience (reported 2) 
0 Nuclear vendor's recommendations 

(reported 2) 
0 Save space (small) (reported 2) 
0 Ruggedness and rnaintainabili ty 

(reported I and 2·) 
0 Readability - "live ze:-o" meters 

(reported 2) 

OCOI,ICe-3 

o Utility's experience and "standards" 
from design engineering 

o Some vendor supplied standard labds 
o Operator backfits with engineering 

approval - these are logged for 
future facility designs 

o By and large done through an 
iterative process between design per­
sonnel and plant personnel 

0 nased on T&E in the utility's instru-
mentation section. Tests on: 

size 
- quality 

reliability 
historical performance 

- data availability 
readability 



Categories 

Control/Display Grouping 

Switch Orientation 

SURVEY OF DESIGN BASES (CONT'D.) 

Calvert Clilfs-1 

o System (reported 4) 
o Importance (most important C/D in 

middle of panel section) (reported 4 
and 6) 

o Minimize wiring (reported 5) 
o Mockup evaluation (reported 4, 5, and 

6) 
o Frequency of use (reported 6) 
o Controls within easy reach of oper­

ator (requirement for redundancy and 
separation) (reported 10) • 

o SI\M design (reported 4) 
o CMC design 
o Mimic conventions 

Three Mile lsland-2 

o A-E judgment of whether system 
needed graphics (reported I) 

graphic or mimic 
sernigraphic 
nongraphic (most panel represen­
tation) 

o Criticality (reported 2) 
o Logical flow by system (reported 2) 
o Avoid mirror imaging (reported 2) 
o Save space but preserve operability 

(reported 2) 
o Conventions or rules for grouping 

mimicking (reported 2) 
functional (reported 2 and 8) 
group laterally by type of control 
or display (all 2 position discrete 
rotary switches at same level on a 
panel) (reported 2) 
frequency of use (reported I) 
tried to physically locate display 
ncar control (reported I) 

o Industry stds. (reported 2) 
o Mimic conventions (reported 2) 
o Toggle switc.hes (reported 2) 

up =on 
down =off 

o Clockwise type controls (reported 2) 
right = opcn/011 
left -: trip 
up ~ of( 

OcOilec-3 

o By system/subsystem (reported 1) 
o By functi011/operati011S (reported 3) 
o Based on simulations and walk­

throughs 

o Generally in columns with guage 
readouts above switc]1cs in control 
room 

o N/S orientati011 within column 
o On/off simple switches (reported 3) 

right =on 
left = o(f 



~ategories 

Use of Mimicking 

Control Room Layout 

Basis (or Automating Actions 

SURVEY Of- DESIGN BASES (CONT'O.) 

Calvert Cliffs- I 

o Straight forward (clarity) (reported 5) 
o System used infrequently (reported 5) 
o Where physically possible used 

(reported 5) 

o Previous Nuclear Design experience 
(reported 6) . 

o Mockup evaluation (reported 6) 
o Operator preference (reported 6) 
o Size of mimic panels (reported 6) 
o Possibility of inadvertent actuation 

(reported 6) 
o Preliminary operator procedures 

(reported 6) 
o Detroit Edison Nuclear experience 

(reported 6) 
o Two units controlled from one room 

(reported 6) 

o f-requency of action (reported 6) 
o Required immediate response 

(reported 6) 
o On-line continuously 

Three Mile lsland-2 

o Give O!lerator good grasp of his 
power flow configurations (reported 
2) 

o Only with electrical power flow as 
tal<e up too much space to mimic 
(reported 2) 

o Panels arranged to allow ready 
accessibility to most frequently used 
controls (reported 8) 

o Controls and displays grouped on 
panels according to function 
(reported 8) 

o Sf-AS for safety (immediacy o( 
response) (reported 8) 

o To cut down on operator's operations 
(frequency of action) (reported 8) 

Oconee-3 

o Only used twice: 
1. original design for turbine 
2. backlit feedwatcr by operators 

o Previous Fossil experience 
o Previous Nuclear experience 
o Oper-a tor inputs 
o Mockup evaluation 
o Simulation test results 
o Design Engineering inputs 

o frequency o[ action 
o Immediacy of response 



Categories 

1\asis for Distributing Systems 
l\etween Primary and Satellite 
Panels 

Panel Color 

Lighting 

SURVEY OF DESIGN BASES (CONT'Il.) 

·Calvert Clifls-1 

o Less importance to plant operation 
(reported 6) 

o Frequency of use 
o Time available to respond to failures 

o Contrast with displays (reported 6) 
o Lighting study (reported 6) 

o Recommendations oi Utility lighting 
consultant (reported 6) 

o Detroit Edison experience (reported 
6) . 

Three Mile lsland-2 

o Separate protection from control 
instrumentation (FSI\R) 

o Frequency of use 

o Contrast with TMI-1 (reported 1) 
o Looked at swatches and chose color 

that would contrast well with normal 
black switches (reported 2) 

o A-E criteria (reported 7) 
160 ft. candles controllable by 
switches (operator controlled 
banks of lights) (reported 2) 
level set by electrical engineers 
(reported I) 

o Lighting intensity levels are as 
recommended in the Illumination 
Engineering Society Handbook 
(reported 8) 

o Circuiting is in accordance with the 
National Electrical Code (reported 8) 

o Normal lighting system luminaries 
are on alternate circuits in an area so 
that loss of one circuit in an area 
docs not result in loss of more than 
50% of the area's illumination 
(reported 8) 

Oconee-3 

o No control readouts on satellites 
o Not primarily used 
o Distribution Systems- busses 
o l{edundant features 

o Lighting study (panel is sand blasted 
STN/STL) (reported 3) 

o VB are dark brown - contrast lights 
o . Mockup evaluation (reported 3) 

o Simulations 
o Design engineering experience 
o Operator inputs 
o Illumination engineering stds. 



Cate~!:_ies 

Lighting (cont'd.) 

Annunciator Grouping 

Aucli tory Alarms 

SURVEY OF OESIGN 1\ASES (CONT'D.) 

Calvert Cliffs- I 

o Over panel serviced (reported 5) 
o Grouped by system, subsystem, 

component (reported 5) 

o Manufacturer's standards 

Three Mile lsland-2 

o Control Room and Diesel Generator 
1\uilding lighting are :>owen·d from 
the ESF buses for reliability under 
normal and emergency conditions 
(reported 8) 

o Self-contained battery-operated 
emergency lighting units are power eel 
from self-contained or locally 
mounted batteries for emergency 
lighting (reported 8) 

o Exit signs are powered from normal 
lighting system and from a locally 
mounted battery during emergency 
conditions (reported 8) 

o Alignment with controls (on same 
panel or in direct line) (reported 2) 

o Most important on top level or row 
within a block of annunciators, no 
left to right grouping (reported 2) 

o Usually bought with annunciators, no 
evaluation done (reported I) 

Oconee- 3 

o Grouped by system 

o Standard from vendor 
o Selected for discriminahility 



Categories 

CR Noise Level 

Communications System 

SURVEY OF DESIGN.Il/\SES (CONT'D.l 

Calvert Cliffs- I 

o /\rchi tee ts (reported 5) 
o /\larms were off -the-shelf (reported 

5) 

o Precedents (reported 5) 
o Experience with Fossil plants 
o Multiple redundancy 

Three Mile lsland-2 

o /\larms were off-the-shelf (reported 
7) 

o Not considered in design (reported 2) 

o The normal page - party line system 
shall (reported 8): 
l. provide communications through­

out the unit 
2. be compatible with the equipment 

of TMI Unit I 
3. provide a communications link 

between TMI Unit I and TMI 
Unit 2 

4. provide a redundant communi­
cations arrangt."mf>nt with the 
Emergency Page - Party Line 
System 

5. insure reliability by being 
powered from the vital power 
buses and arranging the power and 
sound circuiting so that any dis­
ruption of the system in the 
seismic Class II areas does not 
affect the operation of the sys­
tem in the seismic Class I areas. 
Also, the system circuiting shall 
be arranged so that failure of a 
circuit in an area still allows par­
tial commtUlications in that area. 

Ocouee- 3 

o /\larms are standard from vendor 
o Other bells (alarm computer) 

selected for discriminability 
o Carpets installed as absorbers 

o Redundancy - and then some 
phones 
sound PWR 
radio 
P.A. 

o Emergency power - voice operation 
o Prior Fossil experience 



Categories Calvert Clif!s-1 

Communications System (cont'd.) 

SURVEY Of DESIGN BASES (CONT'D.) 

Three Mile lsland-2 

o The Emergency Page - Party Line 
System shall provide a recbmdant 
communications system for the 
orderly e1nergency shutdown of the 
unit ill the event that the Normal 
Page - Party Line System is inoper­
ative (reported 8) 

o The Maintenance Telephone System 
shall provide communication for the 
testing and maintenance of the 
instrumentation systems (reported 8) 

o The Commercial Telephone System 
shall provide a communication link 
bet ween the control rooms and ser­
vice buildings of TMI Unit 2 and TMI 
Unit I and with offsitc areas and the 
outside (reported 8) 

o The Microwave Communication 
System shall provide a communi­
cations link between Three 1\·lile 
Island and Metropolitan Edison's main 
office (reported 8) 

o The Evacuation Alarm System shall 
alert personnel to radiation and fire 
hazards (reported 8) 

o The two-way radio cornmunicat ion 
system shall provide a direct com­
munication link between TMJ Unit 2 
and Dauphin County Civil Defense 
and Commonwealth l)e(ense, and 
provide a tie between TMI Unit I and 
TMJ IJnit 2 communications desks 
(reported 8) 

Oconee-3 



Categories 

Control Selection 

Maintainability 

Annunciator· Activation 

No. of Operators/Shift and Role 

Color Coding Conventions 

SURVEY Of DESIGN BASES (CONT'D.) 

Calvert Cliffs- I ------
o fossile experience (SBM) 
o Info. Display (CMC) 
o Required for guarding 
o Size, ease of modifying and removal 

(reported 6) 

o Standardization (reported 6) 
o Minimization of interconnections and 

interwiring 
o Interchangeability of subunits 

o Pre-trip conditions (reported 10) 

o One operator - BG&E decision 
(reported 6) 

o Color of lights required by utility 
BG&:E seiN:ted colors 

Three Mile lsland-2 

o Pistol grip handle for positive actua­
tion (reported 2) 

o SBM for compactness and adequacy 
(reported 2) 

o Ruggedness, ease of actuation and 
ease of access (reported 2) 

o Client preference (reported I) 
o Operator preference (reported I) 

o R TMs, ISA stds., IEEE stds., were 
followed (reported 2) 

o Purchased rugged materials (reported 
"I) 

o Pre-trip conditions (reported 8) 

o One operator (reported 8) 
o No formal requirements (reported I) 
o Assumed 2 or 3, one with hands on 

controls (reported 2) 
o NRC Tech. specs. (reported 2) 

o Standard power industry codes 
(reported 2) 

o Instrument Society of American color 
coding (reported 2) 

o ISA5.2 (reported I) 

Ocunce-3 

o Simple as possible on/off where ever 
possible (reported 3) 

o f)uke (utility) investigated 

o Pre-trip conditions (reported 9) 

u One opera tor is the basis for. dc~ign 
(reported 3) 

o Red-open/energized (reported 3) 
o Green-closed/deenergized (reported 

3) 
o Carried over from plants dating b.'ld\ 

to 1950s (reported J) 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLAN'i: 

NUMDF.R 

IEE497-DI\­
I 

IEE4'17-DI\-
2 

IEE497-DI\-
1 

IEE'o?7-DI\­

'' 

IEE'o97~DI\-

5 

·--~.-- --, 

DESIGN BASIS 

1\ spccilic ci<'Sij\n basis for the po~t a•.d<lcnt 
monih•ring instrurnrntation shall lw "'tah­
lish('d for each nuclear power g<'ll('ration sta­
tion. rhe design ba,is information thus prO·· 
vid<'d shall be avail.lhle, as m·erlcd, fnr onal<­
intl judgments on the adc<Juacy ol design ol 
the post o1ccident monitoring instrumenta­
tion. The methods for ctcv('lopm<,nt ol lhe 
specific design basis information ar(' not 
within the scope of this document. 

The clesign basis shall document, as a oniui­
nnun: 

REfERENCE(Sj 

IEEE STn '197-1977 

o Th(' r,euerating station postulatl'd ac- I IEEE STD 497-1977 
cidents lor which post ac:ddent moni-
toring instrum .. ntation is r('quirNI. 

o The safety systems that arc rr.quiot"l I IEEE STn 497-1977 
to mitigate the conse<JU<•nc"~ of the 
po~tulatcd accidents rclenerl tn in 
4.1. 

o The rNiuired operator actions ancl th(' I IEEE STD 497-1977 
conditions under which these ac:tinns 
ar':' required during the post acc:irlcnt 
periorl. 

o The gmerating station variables to ~ I IEEE Sll) 497-1977 
used by the opf>r a tor to: (a) id<'nt i I y 
the accidents mentioned in Sectiou ''-' 
above to the degree necessary for the 
opera tor to per form his role; (b) assess 
the accornplishm('nt n( the Sillely 
functions perlormf"d by the systems 
mentioned in Section to.2 ahnve; (c) 
guide thr. upr.rator in <~•:complishing 
the required actions relcrr('rl to in 
Ser.tion to.1 above; ;mrl (cl) fnllnw the 
c:ours" ol lh<' accident tn ol~tNuoin" 
whcth('r or not COn<litinns ilr<' evnlvill[~ 
within sale lionits. 

o Thc pmtimo o( the post a•:dd<'nl 111oni· I IEEE STil 'o?l-1?77 
taring in~truml.'ntation that is Class 
IE. 

APPLICABLE TO 
CONTROL ROOM? 

REfERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER DESIGN BASIS REFERENCE(S) 
APPLICABLE TO REFERENCE 

CONTROL ROOM? 

IEE'197 -nl\- 0 The events or conditions or both which IEEE STn 497-1977 
6 determine the time perio<l during 

I which the monitoring ol carla variable. 

IEE4~7 -DB- 0 The time alter the po~tulated ard- IEEE STO 497-1977 
7 dents when Pach variable rr.fC'rrcd to 

in Section 4.4 is first required to be 
monitored and the time interval during 
which it is required to be monitor<'d. 

IEEII97 -DI\- 0 The minimum number and lt><:ation ol IEEE STil 497-1977 
8 the sensor(s) required for any va1· iable 

referred to in Section 4.4 that have a 
spatial dependence. 

IEE497 -nl~- 0 The IO<:ations at whil:h the infnnuation IEEE STil 4?7-1977 
'I must be availilble to the operator anti 

the types of information (for rxample: 
di~rrtc state, current value of .a con-
tilllfOUS variable, h><•g term trend) 
which must be presented. 

IEE497-DI\- 0 The range ol transient and stra<ly- IEF.E Slll 497-1977 
10 state conditions of both the cnC'rr,y 

supply and the euvironmcnt (lor 
example: voltag<', frequency, ckctro-
magnetic interference, trmprrature, 
humidity, pressure, vibration, and 
radiation) for whkh provisions must hr. 
incorporated to ensure adeq•Jale per-
forman<:e when required. 

IEE1197-IlU- 0 The mallunr.tious, ac:citlent•, nr oth<_.,. IEEE 'iTil 497-1977 
II IM'IIISIIill ev<!nts Hor cxanoplt·: lire, 

explosion, mis~iles, lightning, flnnd, 
earthquake, wind) whic:h rnul<l physi-
cally damag" c01npunrnt~ or r.nul<l 
rause environmental ch<mr,c• l<•ading 
to degradation ol the p<'rfnnnanrr n( 
this instnnnrntation and which the 
design must ~ithstand. 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

IEE'1')7 -111\-
12 

lEE 388-nl\-
1 

lEE 1X8-111\-
2 

IFE 388-DI\­
'1 

II'E 3R8-DII-
5 

DESIGN BASIS 

o lhc 1naxirnum and 1u,ni1u1tnt vuluPs 
and the maxim11111 rate of change of 
e-ach var iablc which 1nus t he acr.o•n­
modated by the po~t accident moni­
toring in~trwucntation and the maxi-­
mum error within which lh<' infor­
mation must be conv<'yed to the oper­
ator lor all nf th<' applicahk con-­
ditions listrd in 4.10 and lt.ll abow. 

Interrelationship arnonr, the systems, 1om­
ponents, and human lac tors in each phase of 
the test activity 'hall be considered ancl 
reflected in the system design and layout. 

Provision shall he noade lor locating test 
<'quipmenl and access to t<"st points to mini­
mize the <'!fort and tione required to perform 
checks, inspections, functional tests, and 
calihration verification tests. 

Testing programs shall b.- conducted in a 
logical s.~qnence such that the overall con­
dition of the systems under I<"SI can 
immediately be assessed anol the need lor 
progressint\ lurlher into the ""ling nl indi­
vidual compono>nts be detcronin<'d. 

The test prot~'""' <.>1 ear:h sysi<•Ho shall 1,.. 
designed to provide lor minirnwn intN­
Ierence with r<'lated op<'<ational rhann<'h, 
systems, or equiprncut. 

o Ceneral. Tlw design basl'S lor thr 
(-Oiltrut and di,play lacilitirs in the 
n.Jntrol room should hP P.slabli5hPd aud 
dtKliHir·nlecl, h(~[ore bq~inninJ~ the 
d("tailed <·nntrol roo111 clf"si,~n, ancl 

updated .1s '""'"""· 

REFERENCE(S} 

IEEE STD ~97 -1977 

ANSI/IEEE STD 
388- 1977 

1\N'\1/IEEE STD 
J88-l977 

1\NSI/IEEE STD 
188-1977 

1\NSI/IEEE STD 
188-1977 

II'I'E srn ~r.r.-1977 

APPLICABLE TO 
CONTROL ROOM? 

REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 
r--·-----r----------------------------·---r-----------------,--------------------------------,-----------------, 

APPLICABLE TO 
NUMBE1\ DESIGN BASIS REFI:RENCE(S) CONTROL ROOM? REFERENCE 

o ContPnts. ThP design b;IS<'S should 
iili'TU<lebut not be limit<'d to the fol-
lowing ite111s: I 

IE[5(,(,.1)JI- - rhe npNating modes lor which the IEEE STil 566-1977 
I central control room display and 

control lilcilities should be 
designed. 

IEE566--nl\- - The munh<" of operators and the IEEE STJ) 566-1977 
2 responsibilities assigned to thf'on 

under each operating mode. 

lf'E566--Ill\- - The functional areas into which the IEEE STil 566-1977 
3 control room is to be organized. 

These may include the normal, 
emergency, and supporting oper­
ations areas. 

11'1:566-DI\- - The basis for grouping of dbpl<~y IEI'E STI1 566-1977 
4 and control devices within any 

lunclional ar<'a (See SPction 6.) 

IEE56(,.()JI- - The lirniting number <>f display IEEE STD 56(,-1977 
5 df'vices which can bP active at th<' 

saoue tioo>f', hy type, established as 
a dPsign go,JI lor each functional 
area nf the control room to avoi1l 
oprrator sensory satooriltion. (Sf'<' 
Appendix 1\.) 

lEE 56f,.Jll\- - 1\ listing and dassil icati<•n ol the lEU: STn 566-1977 
6 safely related display and control 

instrumentath)rt and any post acci­
dent n1onitoring instnuncnt fnr 
which sp<'cilic rPqooirf'onents arc 
i.>lrcCJdy established by rPgulatory 
requirements, iudustr y standards, 
or salety analysis reports. (Sec> 
Hcf [I), [2).) 

I 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PlANT CONTROl ROOMS 

NUCLEAR POWER PlANT: 

NUMBER DESIGN BASIS REFERENCE(S) 
APPLICABLE TO 

CONTROL ROOM? REFERENCE 

~------~-----------------------------·~--------------~------------------------------~--------------~ 
IE E 51>6-lll\-

7 

lEE ~M,-111\-
8 

lEE ~66-01\-
9 

IEE566-DI\­
IO 

lEE 566-llU-
11 

IEE279-DI\­
I 

Ihr rcquirf'mrnts which are man­
dated by, or dirr.ctcd by, user c:om­
pany polidf's or contracts or both. 

l"hc anthropometric relationshiiJ to 
be used for design of thr. control 
boards. 

The list of functions, thc• ·~ontrnls 
for which may be transff'rrerl from 
the central control room facilities 
In remote facilities. 

The sequence •>f events for the 
postulated design basis events. 

Oa ta to be used lor trend and his­
torical record purposes. 

1\ spPcilic protection system tlr.sign basis 
shall be provided lor each nuclear power 
plant. The information thus provided shall be 
available, as neederl, for making ju•lgments 
on system functional adequacy. 

The de~ign b.~sis shall document as a mini­
mum, thr. lollnwing: 

(al the pl.:mt conditions which require pro­
tective action; 

(h) the plant ·variables («".g., neutron flux, 
c:oolant llow, pressure, etc.) that are 
rec1uired to be monitore•l in order to 
provide prolcc:tive actions; 

(c) the minimum munber and location of 
the sensors required to rnoni tor ade­
quat!'ly, for protective (unction l'llr·· 
poses, those IJI•mt variable• listecl in 
J(b) that have .a spatial clc•penden<:e; 

(<I) prudent npt•rational limits lor c•ach 
variable li•ted in J(b) in each applicable 
reactor operation rnodt~; 

IEEE Sl"ll ~66-1977 

IEEE STO 566-1977 

IEEE Sl"n 566-1977 

IEEE STI) 566-1?77 

IEEE STJ) .566-1977 

IEEE 279-1968 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER DESIGN BASIS 

(e) the margin, with appropriate interpre­
tive information, between each oper­
ational limit and the level considered to 
mark the onset of unsafe conditions; 

(I) the levels that, when reached, will 
require protective system action; 

(g) the range of transient and steady-state 
conditions of both the energy supply 
and the environment (e.g., voltage, fre­
quency, temperature, humidity, pres­
sure, vibration, etc.) during normal, 
abnormal, aiiCI accident circumstauces 
throughout which the system must per­
form; 

(h) the malfunctions, accideuts, or othe( 
unusual events (e.g., lire, explosinu, 
missiles, lightning, flood, earthquake, 
wind, etr.) which could physically dam­
age protection system components or 
could cause environmental changes 
leading to functional degradation ot 
system per lormance, and lor whir:h pro­
visions must be incorporated to retain 
necessary protection system action; 

(i) rnmunum performance requirements 
including the following: 

I) system respons~ time; 
2) ·system accuracies; 
3) ranges (normal, abnormal and 

accident conditions) of the magni­
tudes and rates of change of 
sensed variables to be ar.com­
modilted until proper conclusion 
of the protection system action is 
assured. 

REFERENCE(S) 
APPLICABLE TO 

CONTROL ROOM? 
REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER DESIGN BASIS .REFERENCE(S) 
APPLICABLE TO 

REFERENCE 
CONTROL ROOM? 

JEE279-llll- System Repair. The system shall be <If-signed IEI'.E279-1968 
2 to facilitate the recognition, location, 

replacement, repair, or adjustment of mal-
functioning cornpontnts or modules. 

IEE308-08-· Controls. Automatic and manual controls IEEE Std 308-1971 
I Sllalllieprovided to: 

(II Select the most suitable power supply 
to the distribution system. 

(2) l>isconnec t appropriate loads when the 
preferred power supply is not available. 

(l) Start and load the· standby power sup-
ply. 

Manual controls shall be provided to permit 
the operator to select the most suitable dis-
tribution path from the power supply to the 
load. 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOiVIS 

NUCLEAR POWER PLANT: 

NUMBER 

IEE60J-DB­
I 

DESIGN BASIS 

1\ specific basis 3 shall be established for the 
design of the safety system of each nuclear 
power generating station, The design basis 
shall also be available as needed to facilitate 
the determination of the adequacy of the 
safety system, including design changes. 

The design basis shall document, as a lllini­
mum: 

0 

0 

0 

3.5· Those protective actions, identified in 
3.2, that may be initiated solely by manual 
means, and shall docum<"nt for each: 

3.5.1 The justification for permitting 
manual initiation 

), 5.2 The variables to be rnonilorecl to 
facilitate the manual initiation of pro­
tection action 

3. 5.3 The minimum pNiormance 
requirement~ inclo~rling the following 
lor the appropriate combinations of 
those conditions of 3.7 and J.l\: 

). 5. 3.1 System response times with 
appropriate interpretive information 

3.5.3.2 System accuracies 

).5.11 The range of E>nvirontn<'ntal con­
ditions imposed upon the operator 
during normal, abnormal, and accident 
circumstances throughout which the 
manual operations must be performed 

REFERENCE(S) 

IEEE STD 603-1977 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

IEEI'567-DO 
I 

IEEP567-0I"\. 
2 

IEEP567-DI'o 
3 

IEEI'567-Dfl 
4 

IEEI'567-nn. 
5 

IEEI'567-0fl· 
6 

DESIGN BASIS 

Specific control romn design bases to be 
t'stablished include: 

0 Seismic considera lions 

0 nadiation shielding 

0 Natural and other phenomena 

0 Missiles 

0 Noise Sources 

0 Piping 

/\NS56.3-DI\j The testing require111ents are intended to 
I accomplish a combination of the objPctives 

listed below: 

(I) Ci!rability to reliably perform its 
intended safety function 

(2) Operability over the dt'sign service life 

(3) Detection of degrading conditions 

5.1.2. The te,ting requirements are lilnited 
to those associated with pre-operational, 
start-up and operational testing to pt'riodi­
cally assess and veri! y the overpressure pro­
tection capahility. 

REFERENCE($) 

Draft IEEE STD 
1'567/'•11 

Draft IEEE STO 
1'567/411 

Draft IEEE STO 
1'567/411 

Draft IEEE STil 
1'567/1111 

Draft IEEE STD 
1'567/411 

Draft IEEE STD 
1'567/'111 

ANSI//\NS-56.1-1977 
(NI9)) 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

CFR-DI\-1 

CFR-Ill\-2 

DESIGN BASIS REFERENCE(SI 

Criterion I -- Quality standards and records. I 10 CFI~ Part 50 
Structures, systems, and components impor-
tant to safety shall be designed, fabricated, 
erected, and tested to quality standards com-
mensurate with the importance of the safety 
functions to be performed. Where generally 
recognized codes and standards are ·used, 
they shall be identified and evaluated to 
determine their applicability, adequacy, and 
sufficiency and shall be supplemented or 
modified as necessary to assure a quality 
product in keeping with the requirerl sa(c>ty 
function. A quality assuranc<' program shall 
be establislwd and implemented in orrlcr to 
provide adequate assurance that these struc-
lllres, systems, and components will satis-
factorily perform their safety functions. 
Appropriate records of the design, labrica-
ti<m, erection, and testing of structures, sy-
stems, and components important to safety 
shall be rnaintainerl by or uml<'r the control of 
the nuclear power unit licensee throughout 
the life of the unit. 

Criterion 2 -- Design bases for protection I 10 CFH Part 50 
against natural phenomena. Structures, sys-
tems, and components important to safety 
shall be designed to withstand the effects of 
natural ph<'nomena such as earthquakes, tor-
nadoes, hurricane~, floods, tsuna1ni, and 
seid1es without loss of capability to perform 
their safety functions. The design bases lor 
these stnwtures, ctystenls, anci c:olnpnn<·nts 
shall reflect: (I) Appropriate consid<'ratinn 
of the most sevc.·re o( the natural pheno1nena 
that have been historically reported lor thc 
site and surruunrling <II ca, with sullicient 
margin for the limitE'd accuracy, •tuantity, 
and period of time in which the historiral 
data have becn accumulated, (21 appropriate 
combinations ol thl' ef!ects of normal and 
accident conditions with the effects of the 
natural phenomena and (3) the imporlan.-., o( 
the safety functions to be performed. 

APPLICABLE TO 
CONTROL ROOM? 

REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

CFR-01\-1 

CFil-DB-~ 

DESIGN BASIS REFERENCE(S) 

Criterion 3 -- Fire protection. Slructures, I 10 CFR l'art ~0 
systems, and rompon('nts important to safety 
shall be designed and located to rninimiz(', 
consistent with other safety requirements, 
the probability and ellect of lirE's and explo-
sions. Noncombustible and heat resistant 
materials shall be used wherever practical 
throughout the tNlit, particularly in locations 
such as the containment and control room. 
Fire detection and lighting systems of appro-
priate capacity and capability sh..-.11 be pro-
vided and designed to minimize the adverse 
ellects of fires on structures, systems, aud 
components important to safety. Firelight-
ins systems shall be designed to assure that 
their rupture or inadvertent operation does 
not significantly impair the safety capability 
of these struc lures, systems, aud compon-
ents. 

Criterion ,, -- Environmeutal and missile I 10 CI'R rart 50 
design bases. Structures, systems, and com-
ponents important to safety shall be designed 
to accormnodate the elfects of and to be 
c:ompatible with the envir011rnental conditions 
associated with normal operatiou, mainte-
nance, testing, and postulated accidents, 
including loss-of-r:oolant acc:iclents. The'e 
structures, syste•n~, and components shall be 
appropriately protected against dynamic 
effects, including the ellects of missiles, 
pipe whipping, and discharging fluids, that 
may result from equipment failures and from 
events aud conditions outside the mK:Iear 
power unit. 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

CFH-DI\-5 

CFR-DB-6 

<:FR-IHI-7 

DESIGN BASIS 

Criterion 5 -- Sharing of structures, systt>ons, 
and components. Structures, systPms, "'"I 
components important to safety shall not be 
shared among nucle<~r power units unless i I 
can be shown thaI such sharing will not 
significantly impair their ability to perform 
their safety functions, including, in the event 
of an accident in one unit, an orderly shut­
down and cooldown of the remaining units. 

Criterion 10 -- Reactor design. The reartor 
core and associated coolant, control, and 
protection systen1s shall be designed with 
<~ppropriate margin to assure that specified 
acceptable fuel design limits are not 
exceeded during any condition of normal 
operation, including the effects of antici­
pated operational occurrences. 

Criterion 13 -- Instrumentation ;m<l control. 
Instrumentation shall be provided to monitor 
variables and systems over their anticipated 
ranges lor normal operation, lor anticipated 
operiltional occurrences, and lor accident 
conditions as appropriate to assure ad<>qnate 
safety, including those variables and systems 
that can al!ect the fission process, the 
integrity of the reactor core, the reactor 
coolant pressure boundary, and the contain­
ment and its associated systems. Appro­
priate controls shall be provided to maintain 
these variahles and systems within prescribed 
operating ranges. 

REFERENCE(SI 

10 ern Part 50 

10 ern Part 50 

10 CFR P<~rt 50 

APPLICABLE TO 
CONTROL ROOM? 

REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEARPOWER PLANT: 

NUMBER 

CFR-D£1-8 

DESIGN BASIS 

Criterion 15 --Reactor coolant system 
design. The reactor coolant system and 
associated auxiliary, control, and protection 
systems shall be designed with sufficient 
margin to assure thaI the design conditions of 
the reactor coolant pressure boundary are not 
exceedecl during any condition of normal 
operation, including anticip.llcrl operational 
occurrences. 

REFERENCE(S) 

10 CFR Part 50 

CFH-D£1-? I Criterion I 'J -- Control room. A control I 10 CFR Part 50 
room shall be provided hom which action~ 
can be taken to operate the nuclear power 
unit safely under normal conclitions ancl to 
maintain it in a ~ale condition under accident 
conditions, including loss-of-coolant acci-
clents. Adequate radiation protection shall l>e 
provicled to permit access and occupancy of 
the control room under accident conclitions 
without personnel receiving radiation ex-
posures in excess of 5 rem whole body, or its 
equivalent to any part of the body, lor the 
duration of the accident. 

CFR-D"-10 I Criterion 30 -- Quality of reactor coolant I 10 CFR Part 50 
pressure boundary. Components which are 
part of the reactor coolant pressure boundary 
shall l>e designed, fabricated, erected, and 
tested to the highest quality standards 
practical. Means shall be provided fur 
detecting and, to the extent practical, identi-
fying the location of the source of reactor 
coolant leakage. 

APPLICABLE TO 
CONTROl ROOM? 

REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER DESIGN BASIS REFERENCE(S} 

<TH-Oil-11 I Criterion 32 -- lnsp<'clion of reactor coolant I 10 CFR I' art 50 
pressure boundary. ComponPnts which are 
part of the reactor coolant pressure boundary 
shall be designed to permit (I) periodic 
inspection and testing of important areas and 
features to assess their structural and leak-
tight integrity, and (2) an appropriate 
material surveillance program lor the reactor 
pressure vessel. 

CFR-DB-12 I Criterion 24 -- Separation of protection and I 10 CFR Part 50 
control systems. The protection system shall 
be separated from control systems to the 
extent that failure of any single control sys" 
tem component or channel, or failure or' 
removal from service of any single protection 
system component or channel which is com-
mon to the control and protection systems 
leaves intact a system satisfying all reli-
ability, redundancy, and independence 
requirements of the protection system. 
Interconnection of the protection and control 
systems shall be limited so as to assure that 
safety is not significantly impaired. 

CFR-OB-13 I Criterion 26 -- Reactivity control syst<'m I 10 CFR Part 50 
redundancy and capability. Two independent 
reactivity control systems of different design 
principles shall be provided. One of the 
systems shall use control rods, prclerably 
including a positive means lor inserting thf' 
rods, and shall be capable of reliably con-
trolling r("activi t y changes to assure the~ t 
under conditions of normal operation, 
including anticipated operational occur-
rences, and with appropriate margin lor mal-
functions such as stuck rods, specil i<'d 
acceptable fuel design limits are not 
f'xcceded. The secqnd r("activity control sys-
tem shall be capable of reliably controlling 
the rate of reactivity changes resulth>g from 
planned, nonnal power changes (including 
xenon burnout) to assure acc,ptilhle I ud 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER DESIGN BASIS 

design limits are not exceeded. One of the 
systems shall lx• capable of holding the 
reactor core sulx:ritical under cold con­
ditions. 

REFERENCE(St 

Cf'R-DI\-141 Criterion 63 --Monitoring heel and waste I 10 CFR l'art 50 
storage. Appropriate systems shall be ,pro-
vided in fuel storage and radioactive waste 
systems and assodated handling areas (I) to 
detect conditions that may result in loss of 
residual hl'at removal capability and exces-
sive radiation levels and (2) to initiate appro-
priate safety actions. 

CFR-Dl\-1 ~I Criterion 64 --Monitoring radioactivity I 10 Cf'R !'art 50 
releases. Means shall be provided lor moni-
toring the reactor containment atmosphere, 
spaces containing components lor redrcu-
lation of loss-of-coolant accident fluids, 
ellluent dbcharge paths, and tlu.• plant 
environs fur radioactivity that may be 
released from normal operation~, including 
anticipated operational oculrrl'uccs, and 
from postulated accidents. 

Cl'll-lln-161 Emeq;ency plans shall contain, but not neces- I 10 CFR Part .~0 
sarily be limited to, the following clements: 

0 

0 

0 

C. Means lor dctermiuing the magnitude of 
the release of radioactive n1.1terials, 
including criteria lor determining the need 
lor notification and participation of IO<:al illld 

State agrncies and the Atomic Energy Com­
mission and othrr Federal agencies, and cri­
teria for cklenniniug when protective 
measures shoulcl he considered within and 
outside the site boundary to protect health 
and safety and pn,veut damag" to property; 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER DESIGN BASIS 

CFR-DB-17 I Measures shall he established to indicate, by 
the usc of markings such as stamps, tags, 
labels, routing cards, or other suitable means, 
the status of inspections and tests perfonnc<l 
upon individual items of the nuclear power 
plant or fuel reprocessing plant. lhese 
measures shall provide for the identific:ation 
of items which have satisfactorily passed 
required in spec lions and tests, where neces­
sary to preclude inadvertent bypassing of 
such inspections and tests. Measures shall 
also be established for indicating the oper­
ating status of structures, systems, and com­
ponents of the nuclear power plant or fuel 
reprocessing plant, such as by tagging valves 
and switches, to prevent inadvertent oper­
ation. 

CFR-DI\-181 1\. The licensee shall establish an appro­
priate surveillance and monitoring pro­
gram to: 

I. Provide data on quantities of 
r adio.te live rna ter ial released in 
liquid and gaseous effluents In 
assure that the provisions of para­
graph/\ of this section are met; 

2. Provide data on measurable levels 
of raftiatiou and raclioactiv~ 
materials in the environment tu 
evaluate the relationship between 
quantities of radioac:tive matf>rial 
released in ellluents and resultant 
radiation doses to individuals 
from principal pathways of 
exposure; and 

J. Identify changes in the u"• ol 
unrestri<;led areas (e.g., lur agri­
cultural purposes) to tlf'rmit modi­
fkations in monitoring programs 
for evaloJating doses to indivi<hmls 
from principal pathways ol 
exposure. 

REFERENCE(S) 

I 0 CFit l'art ~0 

10 CFR Part 50 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

ANS2.2-0I\-
1 

ANS4.1-0il­
l 

DESIGN BASIS 

Instrumentation shall be provided depending 
on the plant's Safe Shutdown Earthquake 
maximum ground acceleration as specified 
below. 

Instruments shall be provided at the 
representative locations to achieve the stat­
ed purpose of this standard. Instruments 
shall be located where comparison can he 
made after an earthquake with the calculated 
vibratory responses used in the seismic de­
sign. 

The designers shall determine, by means of a 
systematic analysis, that 

(al the monitored process variable 
can provide the required infor­
mation during the Oesign Basis 
Events. 

(b) the equipment can perform in the 
..:ouliguration specified for its 
installation. 

(c) the interactions of protective 
actions, control actions, and the 
environruental changes that 
caused, or arc caused by, the 
11esign Basis events do not prc.>­
vent the mitigation of the <:onse­
quences of the event; and 

(d) the equipment in the configu­
ration specified for its instal­
lation cannot easily be made in­
(,perational by ~hP. inadv.erh•nt 
actions of operating or mainte­
nance personnel. 

REFERENCE(SI 

ANSI/ ANS-2.2-1978 

ANSI/ ANS-IJ.I-1978 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 
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SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 
r-----y-------------------. 

NUMBER 

/\NSU-Ill\-
2 

1\N'i'l.l-llB­
) 

DESIGN BASIS 

The design of the safety systems and thr 
safety supporting systems shall permit imple­
mentation of operating and maintenance pro­
cedures for the surveillance, calibration, 
adjustment, and repair of the protection and 
actuator systems without inducing a Jlesign 
Basis Event or an un1X"otected condition. The 
designer shall give ~pccial consideration to 
preventing inadvertent modification of the 
systems that may negate the intent of the 
system design. 

). 9 Surveillance. Means for surveillance of 
the safety sy~tems and the safety supporting 
systems ~hall be established. They shall be 
adequate to: 

(a) determine that the performance 
of the safety systems and thrir 
safety supporting sytems is within 
prescribed limits; 

(b) assure that rnaintenanct> oper­
ations have been performed cor­
rectly; 

(c) de teet trends toward unaccept­
able conditions; and 

(d) determine that t111;. independence 
o( redundant or diverse system~ 
has been maintained. · 

(e) permit the operational capability 
of an instrument channel, logic 
channel, and an actuator channel 
to be demonstratrd. 

REFERENCE(S) 

/\NSI/ /\NS-4.1-1978 

/\NSI//\NS-4.1-1978 

APPLICABLE TO 
CONTROL ROOM? 

REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

sn P-DI\-1 

SI{P-DII-2 

SIH'-DI\- J 

DESIGN BASIS REFERENCE(S) 

II a seismic event comparable to a sale I Sill' 5.2.5-3 
shutdown earthquake (SSE) occurs, it is 
important that the operator be able to assess 
the condition within the containment quickly. 
The proper functioning of at least one leak-
age detection system is essential in evalu-
ating the seriousness of the condition within 
the containment in the event l<:'akage has 
d<'veloped in the RCI'I\. 

It is important to be able to associate a I Sit I' 5.2. 5-3 
signal or indication of a departure from the 
normal operating conditions with a quanti-
tative leakage flow rate. Except lor flow 
rate or level change measurements from 
tanks, sumps, or pumps, signals from other 
leakage detection systems do not provide 
information readily convertible to a common 
denominator. Approximate relationships con-
verting these signals to units of water flow 
are formulated to assist the operator in 
interpreting signals. The instrumentation 
associated with the leak detection system is 
reviewed by EICSH in SRI' 7.5 (Ref. If). Pro-
cedures lor operdtor evaluation of l<>akage 
conditions are reviewed by R'\11. 

The sensitivity and response time of each I Sill' 5.2. 5-4 
(Reactor Coolant Pressure Houndary) lcakagf' 
detection system Plllployed lor monitoring 
unidentified leakage to the containm,.nt 
should be adequate to detect an increasf' in 
leakage rate, or its equivalent, of one gpon in 
less than one hour. 

APPLICABLE TO 
CONTROL ROOM? 

~--------~------------------------------____J ~ L 
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SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUClEAR POWER PlANT: 

NUMBER DESIGN BASIS REFERENCEIS) 
APPLICABLE TO 

CONTROL ROOM? 
REFERENCE 

~------~----------------------------~---------------~----------------------------+---------------~ 

51~1'-DI~-'' 

SHP-DB-5 

SRI'-DH-6 

Instrumentation capable of operating in the 
post-accident environment should be provided 
to monitor the containment atmosphere pres­
sure and temperature and the sump wat<·r 
temperature following an acc.i<k>nt. The 
instrumentation should have adequate range, 
accuracy, and response to assure that the 
above parameters can be tracked throughout 
the course of an accident. l{ecording equip­
ment capable of following the transi<mt 
should be provided. 

Instrumentation capable of operating in the 
post-accident environment should be provided 
to monitor the containment atmosphere pr ... s­
sure and temperature and the sump water 
temperature following an accident. The 
instrumentation sho•1ld have adt•quate rangr, 
accuracy, and response to assure that the 
above parameters can be tracked throughout 
the course of an accident. l{ecording equip­
ment capable of following the transient 
should be provided. 

Instrumentation cap<tble of operating in the 
post-accident environment should be providrd 
to monitor the containm<'"nt atmosphere pres­
sure ancl temperature and the sump water 
temperature following an accident. The 
instrumentation should have adequate range, 
accuracy, and response to assure that the 
above parameters can be tracked throughout 
the course of an accident. Recording equip­
ment capable of following the transient 
should be provided. 

SRP 6.2.1.1.1\-3 

SIW 6.2.1.1.1\ 

SIH' 6.2.1.1.0-lf 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

SRI'-DB-7 

SRP-DB-8 

SRI'-IliVI 

DESIGN BASIS REFERENCE(SI 

Instrumentation should be provided to moni- I 51U' 6.2.2-4 
tor containment llf"at removal system and 
system component performance UJadcr normal 
and accident conditions. The instrumentation 
should be capable of determining whether a 
system is performing its intended function, or 
a system train or component is rnallunction-
ing and should be isolated. The instrumenta-
tinn should be redundant and wht!re practical, 
diverse, and should have readout and alarm 
capability in the control ro01n. 

The design of the containment isolation sys- I SIH' 6.2.4-6 
tem is acceptable if provisions arc made to 
allow the operator in the main control room 
to know when to isolate by remote-manual 
means fluid systems that have a post-
accident safety function. Such provisions 
may indude in~trurnents to measure flow 
rate, sump water level, tempNature, pres-
sure, and radiation level. 

In general, the control room inle-ts must be so 
placed in relation to the location of pote11tial 
release points as to rninimi7.e control room 
contamination in the event of a release. 
Specifi<: criteria as to radiation and toxic gas 
sources are as follows: 

Radiation Sources I SltP 6.4-4 
1\s a -ge.,eral rule--the control room venti-
lation inlet should be separated from the 
major I>Dtential release points by at least 100 
it. laterally and by 50 it. vertically. llow-
ever, the actual rniuimum distances must be 
based 011 the do~e analyses. Refer to SPclion 
Ill of this plan ancl Hcferenr:e 1 lor furthe-r 
information. 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

SRI'-01\-10 

DESIGN BASIS 

Toxic Cases 
The minimum ·separation distance is cl<>pen­
dcnt upon the ~as in question, the container 
size, and the available control room pro­
tection provisions. nefer to llegulatory 
Cuide 1.78 (Rd. 3) for ~eneral ~uidance and 
to Regulatory Guide 1.9.5 (llel. ~) lor specific 
acceptable design provisions related to 
chlorine. 

SHP-111\-11 I Toxic Gases 
For acceptance purposes, three exposure 
cate~ories are defined: protective action 
expos•Jre (2 minutes or less), short-term ex­
posure (between 2 minutes and I hour), and 
long-term exposure (I hour or greater). 11<'­
c:ause the physiological efiE>cts can vary 
widely from one toxic g11s to another, the 
foliowing general restrictions should be used 
as guidance: there should be no chronic 
effects frorn exposure, and acute effects, if 
any, should be reversible within a short pe­
riod ol timE' (sevcrillminutcs) without bcn!'lit 
of medication other than the use of self-

• • contained breathing apparatus. 

The :~llowahle limits should be est11hlished on 
the basis that the op<'rators should he c11pable 
nl carrying out their duties with a minimum 
of interference caoased by the gas and subse­
quent protective measures. The limits for 
the three categories normally are set as 
follows: 

(I) Long-term lintil ( l hour or gr.,atcr): 
u!-c a li1nit ac;siRncd for occupational 
exposure (~0-hour week). 

(2) Short-teron limit (2 min. to I houd: us" 
a lionit that ytill assur!' that the oper­
ator will not suffer incapacitatuog 
effects after a one-hour expos"'''· 

REFERENCE($) 

SHI' ( •. ~-~ 

Sit I' 6.4-~ 

APPLICABLE TO 
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SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

SI!I'-DI\-12 

DESIGN OASIS 

0) Protective action limit (2 min. or less): 
use a limit that will ass11re that the 
operator will quickly recover alter 
breathing apparatus is in place. In 
determining this limit, it should he 
assumed that the concentration 
increases linearly with time from zero 
to two minutes and that the limit is 
attained at two minutes. 

The p<otective action limit is 11sed to deter­
mine the acceptability of emergency Tone 
protection provisions during the time per­
sonnel arc in the process of fitting them­
selves with S<'ll-contained breathing appa­
ratus. The other limits are used to determine 
whether the concentrations with breathing 
apparatus in place are applicable. (They are 
also used in those cases where the toxic 
lew·ls are such that emergency zone isol.~tion 
without use of protective gear is sullic:ient.) 
As an example of appropriate limits, the 
lollowing are the three levels lor chlorine 
gas: 

long-term: I ppm by volume 

Short-term: 4 

t>rotective action: 15 

REFERENCE(S) 

The identilir:ation ol safety-related syst<'lns I SltP 7.1 (Introduction) 
is acceptable when it can be concluded that 
the integra tee! respouse of these 'ysterns 
assures the safety of the plant in normal 
operation, anticipated operational transi{'nts, 
and postulat{'d accidents. 

() 

0 

0 

APPLICABlE TO 
CONTROl ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER 

SRP-111\-13 

SHI'-D0-14 

DESIGN BASIS REFERENCE(SI 

The fundamental bases for acceptance of the I SRI' 7. I (Introduction) 
proposed technical specifications are that the 
limiting conditions for operation arc sur.h 
that sufficient equipment is reqotired to be 
available for operation to meet the single 
failure criterion; that equipment outages that 
are permissible for a short period ol time 
~till leave available sufficient equipment to 
provide the pmtcctive function assuming no 
lailures; and that the provisions of the tech-
nical specilications are compatible with the 
safety analyses. 

Design ·criterion I, "Quality Standards an<ll SRP 7.1-4 
Records," ol /\ppendix 1\ of 10 CFR Part 51). 
General Design Criterion I also requires that, 
"Structures, systems and components impor-
tant to salety shall be designed, fabricated, 
erected and tested to quality stan<lards com-
mensurate with the importance ol the salety 
function to be performed." Thcrelore, the 
SAR should include (I) a discussion regar<ling 
the applicability ol each criterion listf"<l, and 
(2) a statement to the elfect that the criteria 
are implemented (OL) or will be implemente<l 
(CP) in the design of salety-rclatcd instru-
mentation and control systems. 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER DESIGN BASIS REFERENCE(S) 

<;HI'-DI'-15 I Automatic initiation is r<'quired lor all pro- I 'iRI' 7.3-7 
tective !unctions that mu't be started within 
a short time of the indicated 11ecd lor the 
function. /\lthot1gh GDC 20 appears to 
require automatic initiation of all protective 
functions, initiation solely by manual means 
has been acceptable. llowever, automatic 
initiation is preferable lor all protective 
!unctions, even though they are not needed 
(according to the accident analyses) lor a 
relatively long time. Where the protective 
action is initiated solely by manual means, all 
the actions that need or may need to be 
performed by the operator during the time 
interval are reviewed, as are the applicant's 
basis lor not providing automatic initiation. 
In this latter regard, the cost ol atltornatic 
initiation is not, of itself su!licient justifi-
cation for using manual initiation. If the 
reviewer's judgment is that manual initiation 
is sulficiently reliable, then the equipment 
used by the operator to detect the need lor 
the protection function, and to verify that 
the protective function has been completed, 
it must also meet all the requirements appli-
cable to automatically initiated protective 
functions. 

SHP-DI\-16 I Test frequencies arc acceptable if identical I SRI' 7.3-10 
to frequencies recently approved on other 
identical plants. Any changes made in desi~n 
or test proe<~dure are not an adequate basis 
for reducing test frequencies until alter 
experience is gained and the results sub-
mitted lor review. 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 



SURVE:Y OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER DESIGN BASIS REFERENCE(S) 

SIH'-08-17 I The safety-related display instrumentation I SIU' 7.)-2 
design is acceptable when it can be concluded 
that it conforms to the criteria listed in 
Table 7-1 and that the operator will he pro-
vided with sufficient information to perform 
required manual safety functions should such 
action be necessary. Specific points with 
regard to these criteria are detailed below. 

SHP-D0-18 I The SRnl should cover appropriate variables, I SRI' 7.)-2 
consistent with the assumptions for acddent 
analyses and with the information needs of 
the operators in normal, transient, and acci-
dent conditions. The design of the SIU)I 
should conform to the recommendations of 
Brandl Technical Position EICSI\ 2l. The 
accuracy and range of indicating instrumen-
tation should be consistent with the as•ump-
tions of the accident analyses. Any excep-
tions to these requirements will he referred 
to the appropriate branch for rrsolution on an 
individual case basis. 

SRI'-DI\-19 I Redundant channels of indicating instrumen- I SRP 7.)-2 
tation should be isolated physically and 
electrically to assure that a single failure 
will not result in complete loss of infor-
mation about a rmmitored variable. Single 
failures might indude such possible fault• as 
shorting or· opening circuits or inter--
connecting signal or power cablf's. It also 
indudes single credible malfunctions nr 
events that might cause a number of subse-
quent component, rnodult', or channel 
failures. The post-acddent SRill should be 
capable of operating from onsite power. II 
signals from the post-accident monitoring 
eljuipment arc used for control, the requirrrl 
isolation devices wUI be classilied as part nl 
the post-accirlent monitoring instrumen-
tation. No credible failure at the output of 
an isolation device should prevf'nt the assod-
ated monitoring channel from meeting ruini-
mum performance requirements considered in 
the design bases. 

APPLICABLE TO 
CONTROL ROOM? 

REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROl ROOMS 

NUClEAR POWER PLANT: 

NUMBER 

SRP-DI\-20 

SRI'-DI\-21 

'iiH'-DI\-22 

DESIGN BASIS REFERENCE(S) 

Coonpon<'nts ancl moclules shoulcl be ol a I SnP 7. 5-2 
quality consistent with the reliability 
requirements lor sa[ety-relall·d systems. An 
acceptabl<' quality would be that of cornpo-
nents ancl modules that have bPen prE>viously 
usecl in similar st>rvice conditions ami have 
deononstratccl low maintenance r<>quirements 
ancl failure rates. Other nocans to d<'mon-
stratc acceptable quality would be tlorough 
analysis and testing of components and 
modules, in accordance with criteria citcrl in 
Table 7-1. 

The "other instrumentation systems required I SRI' 7 .(,- 3 
lor salety" are acceptable wh<.>n it is deter-
mined that these systems satisfy the [nl-
lowing requirE>onents: 

I. They hav<.> tloe required redundancy. 

2. They meet the single failure criterion. 

3. They hav<' the required capaci I y and 
reliability to perloron intended salety 
I unctions on demand. 

''· They are c<~pable of functioning during 
and alter certain design basis ev<"nts 
such as earthquakes, accidents, and 
anticipated operational occurocnccs. 

The control systems not required lor safcl)' 
dfe acceptable if failures of control systeon 
components or total systems would not sig­
nilirantly allcct the ability of plant sal<-ty 
systctns to (unction as re4uired, or f"ii\ISP 

plant conditions more severe than thosP for 
which the pl.llot safety systems arc rlr"igowcl. 

SRP 7.7 

APPLICABLE TO 
COtUROL ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PlANT: 

NUMBER DESIGN BASIS REFERENCE(S) 

)1!1'-DI\-21 I There are no general d<'sign critl'ria or n~gu- I SHI' 9.~.2 
latory guides that directly apply to the 
safety-related performance requirements lot 
the communication system. The AI'CSI\ will 
use the following criterion to assess the sys-
tem design capability: the cummunicalion 
system is acceptable if the integrated dcsij\n 
of the system will provide ellcctive com-
tnunication betw!'cn plant personnel in all 
vital areas during the lull spectrum of acci-
dent or inci<ll'nt conditions under maximum 
potential noise levels. 

SIU'-111\-24 I lighting and two way voice communication f SHP 9.5.1- 32 
arc vital to sale shuldown and emergency 
response in the event of lire. Suitable fix("d 
and portable emergency lighting and com-
munication devices should be provided to 
satisfy these requirements. 

SRI'-Dfl-25 I An incident of mocleratc frequency in combi-f SRP 15.1.1-l 
nalion with any single active component fail-
ure, or single operator error, should not 
result in loss of function of any barri("r other 
than tilE' fuel cladding. A limited numher of 
fuel rod cladding perforations is acceptable. 

APPLICABlE TO 
CONTROl ROOM? 

REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PlANT: 

NUMBER DESIGN BASIS REFERENCE(SI 

llGI45-0B-II The safety signilicance of leaks from the I Regulatory Guide 1.4, 
reactor coolant pressure boundary (llCI'I\) 
can vary widely dt-pcnding on the source nl 
the leak as well as the leakage rate and 
duration. Therefore, the detection and moni-
toring of leakage of reactor coolant into the 
containment area is necessary. In most 
cases, methods for separating the leakage 
from an identified source from the 1.-akar,e 
from an IHtidt!ntified source are n('ccssary to 
provide prompt and quantitative information 
to the operators to permit them to take 
immediate corrective action shoul<l a leak he 
detrimental to the safety of the facility. 
Identified leakage is: (I) leakage into closed 
systems, such as pump seal or valve packing 
leaks that are captured, ft(>W meterl'd, mid 
cond'-lct.-d to a sump or collecting tank, or 
(2) leakage into the containment atmospher,e 
from sources that are both specifically locat-
ed and known either not to interfere with the 
operation of unidentified h.•akage monitoring 
systems or not to be from a flaw in the 
RCI'B. Unidentified lrakage is all olhri· 
leakage. 

RGI£,8-0B-JI In the design of nuclear power plants, posllh 1 Regulatory Guide 1.68 
lated acciclcnt assumptions are often explic-
itly or implicitly bounded by the dc~ign of 
control and instrumentation systc"'" (r.g., 
pressuri7.cr level or feedwa ter flow control). 
In such cases, operation of the instrotmcn-
tation and controls over the d('sign o(X'rating 
range should he performed, and the effects ol 
limiting mallunctions or failures should be 
simulated to demonstrate the aclct)Uaf'y of 
design and inst.1lla tion and the validity of 
accident analysis assumptions. Tests should 
be conducted, as appropriate, to v<"rily r"-
dundancy and electrical indcpen<l<"nre. 

APPLICABLE TO 
CONTROL ROOM? REFERENCE 



SURVEY OF DESIGN BASES FOR NUCLEAR POWER PLANT CONTROL ROOMS 

NUCLEAR POWER PLANT: 

NUMBER DESIGN BASIS REFERENCE(S) 

RG 178-nt\-ll 14. Oetection instrumentation, i•olatiou I Regulatory Guide 1.78 
systems, filtration equipmeut, air sup-
ply equipment, and protective clothing 
should meet the singh.•-failure criterion. 
(In the case of scll-contain("d breathing 
apparatus and protective clothing, this 
may be accomplished by supplying one 
extra unit for every three •n•ils 
required.) 

IH;I97-DB-ll II is important that accident-monitoring I Regulatory Guide 1.97 
instrumentation components and their mounts 
thaI cannot be loc:a ted in other than non-
Seismic Category I buildings be conserva-
tively designed for the intended service. 

APPLICABLE TO 
CONTROL ROOM? 

REFERENCE 
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APPENDIX D 
LIST OF HUMAN ENGINEERING PHILOSOPHIES & PRINCIPLES USED 

IN TMI-2 DESIGN 

• PHILOSOPHY 1 - MAXIMIZE THE INFORMATION ON PLANT OPERATIONS 
1M MEDIATELY AVAILABLE TO THE CONTROL ROOM OPERA TOR 

Principle la. Size the control room and control panels such that all 
controls and displays will be within the field of view of the operator at the 
Plant Control Station 

Principle lb. Color code indicator lights 

Principl~ lc. Group annuciators by systems 

Principle ld. Display relatively slow changes in status (chart recordings) 

Principle le. Set absolute limits of displays to reflect the expected 
operational limits of the subsystem 

Principle lf. Display on computer only if panel space is not available 

• PHILOSOPHY 2 - MINIMIZE THE TIME REQUIRED TO LOCATE CONTROLS 
AND DISPLAYS 

Principle 2a. Place controls and displays for the same system on the same 
panel 

Principle 2b. Organize systems on inner benchboards by frequency of use 

Principle 2c. Organize outer vertical panels so that displays support the 
operator using the benchboards 

Principle 2d. Arrange controls/displays in mimic or functional groups 

Princi le :ie. Locate labels in standard position with respect to subject 
control display 

• PHILOSOPHY 3- MINIMIZE TIME TO RESPOND TO ALARMS 

Principle 3a. Locate critical controls/displays 

Principle 3b. Organize systems on benchboards by criticality of system 

Principle 3c. Arrange annuciators above the controls and displays for the 
systems they monitor 

• PHILOSOPHY 4 - MAXIMIZE THE RELIABILITY OF CONTROL ROOM 
SYSTEMS 

Principle 4a. Use high reliability components 

Principle 4b. Minimize devices intervening between controls and devices 
being controlled 

Principle 4c. Minimize devices intervening between sensors and displays 
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APPENDIX 

HUMAN FACTORS QUESTIONS ON CONTROL ROOM DESIGN 
FOR THE UTILITY OWNING THE POWER PLANT 

1. To the best of your recollection, hbw were the A&::E and reactor manufacturer 
selected? 

a. Were previous control room designs reviewed during the process? 

b. Were control room operators of their panels interviewed during the process? 

c. Was the AEC contacted to determine if their panels had ever been involved in 
reported problems? 

2. Would you please describe, to the best of your ability, the sequence of important 
events that led up to the installation of the control panel. 

3. To the best your knowledge, did the utility place any requirements (e.g., criteria, 
standards) on c;:ontrol panel design? 

a. What were the requirements? 

b. Did the design reflect the requirements? 

4-. Did the utility constrain or alter in any way the design of the control panel? 

a. Panel arrangement, overall layout, organization of switches or displays? 

b. Cost, schedule? 

.5. Did the utility ever hold formal management reviews of the control panel prior to 
its being manufactured? 

a. What factors were considered important in the reviews? 

b. Did the reviews result in changes to the design? .What changes? 

6. Did the utility ever perform a detailed review of the panel operations? 

7. To the best of your knowledge, how were the operator procedures defined and then 
developed into the manuals used by operators today? 

8. Were the operator procedures modeled after those of another plant or plants? What 
were the bases for the format, organization and language of the procedures? 

9. Do you know of any tests conducted to verify that the operator procedures would 
supply sufficient information and guidance during emergency conditions? 

10. Does the utility conduct any program to identify problems in operating the control 
panel, or to solicit operator recommendations on potential backfits? 

11. How was it procedurally determined that, for usual operating situations, one 
operator would be responsible for monitoring the control panels? 



12. During the late 60's and early 70's, did the utility request comments from control 
room operators concerning the panel design? 

13. What documentation did the utility require the A&E to deliver to support the control 
panel design: Was the A&E required to produce any documentation demonstrating 
the operability of the control panel? Did the utility require a specific set of design 
bases for control panel design? 

14. Do you know of any utility personnel monitoring the control panel development that 
had experience in the development of other complex control rooms? Did any have 
human engineering training or experience? 

15. Did the utility examine training problems during control room design? 

16. Did the utility examine potential or real control room problems during testing or 
training? If yes, what data were collected; what problems uncovered; what changes 
made? 

17. Did the utility ever conduct walk-throughs, using mockups or simulations to evaluate 
operator performance in using the panels. If yes, what measures were taken; what 
problems were uncovered; what changes were made? 

17a. Bases? 

18. Who manufactured the control panels? 

19. Who participated in test and installation? 

20. Who laid out the CR arrangement? 



APPENDIX 

HUMAN FACTORS QUESTIONS ON CONTROL ROOM DESIGN 
FOR THE REACTOR MANUFACTURER 

1. To the best of your recollection, how was the reactor manufacturer selected? 

a. Were previous control room designs reviewed during the process? 

b. Were control room operators of the manufacturer's panel interviewed during the 
process? 

c. Was the AEC contacted to determine if the manufacturer's panels had ever 
been involved in reported problems? 

2. Beginning with reactor manufacturer selection, would you please describe, to the 
best of your ability, the sequence of important events that led up to the installation 
of the control panel. 

3. To the best of ·your knowledge, did the utility place any requirements (e.g., criteria, 
standards) on control panel design? 

a. What were the requirements? 

b. Did the design reflect the requirements? 

4. Did the utility or A&E constrain or alter in any way the design of the control panel? 

a. Panel arrangement, overall layout, organization of switches ·or displays? 

b. Cost, schedule? 

5. Were regular management reviews of the control panel concept held prior to its 
being manufactured? 

a. What factors were considered important in the reviews? 

b. Did the reviews result in changes to the design? What changes? 

6. Was a detailed review of panel operations ever performed? 

7. During the design process were alternative panel configurations taken into con­
sideration? What were the principal factors used in selecting the final con­
figuration? 

8. Was the selected configuration similar to the one or more panels designed in the 
past? 

9. What were the factors considered in: 

o Control Selection 

o Display Selection 

o Mimicking 

o Automatic Shutdown 



10. How was it procedurally determined that, for usual operating situations, one 
operator would be responsible for monitoring the control panels? 

11. Were comments from control room operators concerning the panel design ever 
reql!ested during early design phases? Did the reactor manufacturer incorporate 
changes from these comments? 

12. What documentation was the reactor manufacturer required to deliver to support 
the control panel design? Was the reactor manufacturer required to produce any 
documentation demonstrating the operability of the control panel? Did the utility 
require a specific set of design bases for control panel design? 

13. Do you know of any reactor manufacturer personnel developing the control panel 
design that had experience in the development of other complex control rooms? Did 
any have human engineering training or experience? 

14. Did the reactor manufacturer examine potential training problems during control 
room design? 

15. Were features included on the control panel expressly to protect specific (expensive) 
equipment items from damage? If yes, what features? 

16. What role did precedent play in CR Design? 

• In panel layout and arrangement? 

• In selecting manual tasks? 

• Component selection? 

• Nomenclature, marking, labeling 

• Operational strategy 

17. Would you characterize the panel design approach as directed towards minimizing 
the likelihood of operator errors? If so, what steps were taken? 

18. What acceptance tests or checks were used to assure that the as-built and delivered 
control room was in agreement with the reactor manufacturer's specifications? 

19. What anthropometric percentile or range of percentiles were assumed for the 
operator? 

20. What was the basis for the choice of anthropometric percentiles? 

21. What conventions were used for color coding? 

22. What was the basis for color coding conventions? 

23. Was control panel color specified by the reactor manufacturer? If so, was contrast 
between displays and their background evaluated before selecting the panel color? 

24. Was readability of displays at the precedurally required distances evaluated before 
display selection?· 



25. What conventions or rules were used for labeling (e.g., contents, type size, font, 
etc.)? Were these consistently applied? 

26. What was the basis for labeling conventions or rules? 

27. Was the readability of labels at procedurally required distances evaluated before 
final selection of label characteristics? 

28. What conventions or rules were used to group controls and associated displays? 
Were these applied consistently? 

29. What was the basis for control/display grouping? 

30. What is the relationship? 

31. What conventions or rules were used for the orientation of switch positions (e.g., 
up=on; down=off)? Were these rules on conventions followed consistently? 

32. What was the basis for switch orientation conventions or rules? 

33. Was design consideration given to panel operations when the operator is wearing a 
breathing apparatus and/or protective garments? 

34. Was consideration ever given to how much information the operator must be able to 
correctly recall in order to operate the panel? , 

35. Was consideration ever given to how much information the operator must process 
correctly to operate the panel? 

36. In selecting panel components was any consideration given to their maintainability 
(e.g., replacing light bulbs, changing labels, replacing switches)? 

37. Was operator response time required by failures taken into account in the location 
of various components? 

38. What AEC regulations and industry standards were used to guide the panel design? 

39. Did the reactor manufacturer participate with the A&:E in defining the annunciator 
and alarm philosophy and system? If yes, what is the philosophy and why was it 
chosen? 

40. How was redundancy assured for the class IE displays? For the class IE controls? 

41. Were walk-throughs, using mockups, or simulations ever performed to measure or 
observe operator performance? If so, what measures were taken; what, if any, 
problems were uncovered; and what changes were made? 

42. Were operator performance data collected during plant and control room testing? If 
yes, what data; what problems were uncovered; and what changes were made? 



43. Does the reactor manufacturer have a program to monitor operator performance or 
design comments on a continuing basis? If so, what problems have been found, and 
what backfits made? 

44. Did the reactor manufacturer participate in developing procedures? if so, were 
walk-throughs/simulations used? Did the operator participate? What bases were 
used for the format, language and organization of the procedures? 

45. Did the reactor manufacturer ever prepare detailed task analyses of operator tasks 
as a means to locate specific operational problems? 



APPENDIX 

HUMAN FACTORS QUESTIONS ON CONTROL ROOM DESIGN 
FOR THE ARCHITECT - ENGINEER 

1. Which panels in the Control Room were not designed by the A&E? 

2. Did the A&E consult, advise, assist or in other ways help with the design of the 
remaining panels? 

3. Once the panel design was frozen, what was the policy on changes? What was the 
procedure on making changes? Who approved changes? 

4. Who were the engineers in charge of this project from the beginning through the 
licensing of the plant? 

5. To the best of your recollection, how was the A&E selected? 

a. Were previous control room designs reviewed during the process·? 

b. Were control room operators of the A&E's panels interviewed during the 
process? 

c. Was the AEC contacted to determine if the A&E's panels had ever been 
involved in reported problems? 

6. Beginning ~ith A&E selection, would you please describe, to the best of your ability, 
the sequence of important events that led up to the installation of the control panel. 

7. To the best of your knowledge, did the utility place any requirements (e.g., criteria, 
standards) on the control panel design? 

a. What were the requirements? 

b. Did the design reflect the requirements? 

8. Did the utility constrain or alter in any way the design of the control panel? 

a. Panel arrangement, overall layout, organization of switches or displays? 

b. Cost, schedule? 

9. Were regular management reviews of the control panel concept held prior to its 
being manufactured? 

a. What factors were considered important in the reviews? 

b. Did the reviews result in changes to the design? What changes? 

10. Was a detailed review of panel operations ever performed? 

11. During the design process were alternative panel configurations or concepts taken 
into consideration? What were the principle factors used in selecting the final 
configuration? 



12. Was the selected configuration similar to one or more panels designed by Bechtel in 
the past? 

13. What were the factors considered in: 

• Control Selection 

• Display Selection 

• Mimicking 

14. How was it procedurally determined that, for usual operating situations, one 
operator would be responsible for monitoring the control panels? 

15. Were comments from control room operators concerning the panel design ever 
requested during early design phases? Did the A&E incorporate changes from these 
comments? 

16. What documentation was the A&E required to deliver to support the control panel 
design? Was the A&E required to produce any documentation demonstrating the 
operability of the control panel? Did the utility require a specific set of design 
bases for control panel design? 

17. Do you know of any A&E personnel developing the control panel design that had 
experience in the development of other complex control rooms? Did any have 
human engineering training or experience? 

18. Did the A&E examine potential personnel selection or training problems during 
control room design? 

19. What role did precedent play in CR Design? 

• In panel layout and arrangement? 

• In selecting manual tasks? 

• Component selection? 

• Nomenclature, marking, labeling? 

• Operational strategy? 

• Automation? 

• Annunciators? 

20. Would you characterize the panel design approach as directed towards minimizing 
the likelihood of operator errors? If so, what steps were taken? 

21. What acceptance tests or checks were used to assure that the as-built and delivered 
control room was in agreement with the A&E specifications? 

22. What is the alarm philosophy and strategy used in Calvert Cliffs? Why was it 
selected? Was any consideration given to prioritizing alarms? Why was it rejected? 

23. What systems are automated-actions; why were these automated? 



24. What use was made of video displays, and why? 

25. What systems are not located in the primary control room? Why? 

26. What anthropometric percentile or range of percentiles were assumed for the 
operator? 

27. What was the basis for the choice of anthropometric percentiles? 

28. What conventions were used for color coding? 

29. What was the basis for color coding conventions? 

30. Was contrast between displays and their background evaluated before selecting the 
panel color? 

31. Was readability of displays at the procedurally required distances evaluated before 
display selection? 

32. What bases or standards were used for control room lighting? Was lighting intended 
to be controlled by the operator? 

33. What conventions or rules were used for labeling (~.g., contents, type size, font, 
etc.)? Were these consistently applied? 

34. What was the basis for labeling conventions or rules? 

35. Was the readability of labels at procedurally required distances evaluated before 
final selection of label ~haracteristics? 

36. What conventions or rules were used to group controls and associated displays? 
Were these applied consistently? 

37. What was the basis for control/display grouping? 

38. Is the tone, intensity, periodicity, or location of auditory alarms related in any way 
to the cause of the alarm or to the position of relevant controls/displays on panels 
or consoles? What is the relationship? 

39. What was the basis for annunciator window groupings? 

40. What was the basis for selection of auditory alarms? 

41. What conventions or rules were used for the orientation of switch positions (e.g., 
up:on; down=off)? Were these rules or conventions followed consistently? 

42. What was the basis for switch orientation conventions or rules? 

43. Was design consideration given to panel operations when the operator is wearing a 
breathing apparatus and/or protective garments? 



44. Was consideration ever given to how much information the operator must be able to 
correctly recall in order to operate the panel? 

45. Was consideration ever given to how much information the operator must process 
correctly to operate the panel? 

46. In selecting panel components, was any consideration given to their maintainability 
(e.g., replacing light bulbs, changing labels, replacing switches)? 

47. Was operator response time required by failures taken into account in the location 
of various components? 

48. What AEC regulations and industry standards were used to guide the panel design? 

49. How do you guarantee accessability of redundant Class lE displays? For the 
Class lE controls? 

50. Were walk-throughs using mockups, or simulations ever performed to measure or 
observe operator performance? If so, what measures were taken; what, if any, 
problems were uncovered; and what changes were made? 

51. Were operator performance data collected during plant and control room testing? If 
yes, what data; what problems were uncovered; and what changes were made? 

52. Does the A&E have a program to monitor operator performance or design comments 
on a continuing basis? If so, what problems have been found, and what backfits 
made? 

53. Was any attempt made to optimize the noise level in the control room? If so, have 
tests been made periodically to verify calculated (predicted) levels? 

54. What basis was used for the acoustics in the control room? 

55. Did the A&E participate in developing plant operating procedures? If so, were walk­
throughs/simulations used? Did the operators participate? What bases were used 
for the format, language and organization of the procedures? 

56. In what manner and to what degree were operators/maintainer task analyses used to 
develop and/or evaluate the following: 

1. Operator information and performance requirements 

2. Selection and location of controls and displays 

3. Organization and layout of console panels 

57. What was the basis for assigning readouts to panel indicators vs. computer printout? 

58. Were control, displays, guards, or other features included on the panel expressly to 
protect specific (expensive) equipment items from damage? If yes, what fea­
tures?_"Sync Stick" 



APPENDIX 

CONTROL ROOM ASSESSMENT 

1.0 CONTROL ROOM LAYOUT 

1. In your control room, how many physically separate control pan~ls are there? 

Consider each geometric change as a separate panel. 

No. of panels = __ _ 

2. How are these panels laid out? (Rough Sketch) 



3. What functionally different panels are there in your Control Room. Use major 

functions; such as Coolant Systems, Turbines, Aux. Systems, etc., for your list. 

Please number your panels on the sketch (question 2) with the appropriate function 

(1 through 30). 

1. 16. 

2. 17 0 

3. 18. 

4. 19. 

5. 20. 

6. 21. 

7 0 22. 

8. 23. 

9. 24. 

10. 25. 

11. 26. 

12. 27. 

13. 28. 

14. 29. 

15. 30. 

4. Panels are arranged by (check one): 

Frequency of Use 

Criticality of Systems 

Frequency and Criticality 

Other Criteria (Specify) 

5. Using the list of panels in question above, please circle those panels that make 

extensive use of mimic or functional control/display grouping. 

6. Your panel is designed primarily for (check one): 

Sea ted Operation 

Standing Operation 

Both 



7. Your panels are designed primarily for (check one): 

Single Operator Monitoring (normal operation) 

Dual Operator Monitoring (normal operation) 

Other (explain) 

8. When standing in the primary control area of your panel, the operator (check one): 

Can read all important displays 

Can see all important displays 

Must move to another area. to see displays 

9. Annunciator lights are grouped by system (check one): 

Always 

Frequently 

Sometimes 

No 

If "no" or "sometimes" use the space below to describe conventions or rules used to 

group annunciators: 

10. Annunciator panels are located above or nearby the controls/displays of the systems 

they monitor (check one): 

Always 

Frequently 

Sometimes 

No 

11. How are multiple, simultaneous alarms handled by the operator? 

12. Are alarms coded by their severity? (Describe convention) 

13. Are chart recordings intended for use by operators under normal or emergency 

conditions? 



2.0 CONTROLS 

14. Approximately how many of the following types of Controls are there on your 

Control Room Panels: 

A. Discrete Rotary Control Selector Switch 

2 position 

3 position 

B. Continuous Rotary Controls 

Thumbwheels 

Knobs 

Hand Cranks/Wheels 

C. Push Buttons (Without Legends) 

D. Legend Switches (Backlighted Pushbuttons) 

E. Toggle Switches 

F. "J" Handle Switches 

2 position 

3 position 

G. Alpha-Numeric Keyboards 

H. Joysticks or Levers 

I. Other (Describe) 

15. What systems are controlled normally by computers? 

16. Does the computer assist the operator in any way other than by reporting status 

information? 

No 

Yes, Explain 



3.0 DISPLAYS 

17. Approximately how many of the following types of Displays are there ·on your 

Control Room Panels: 

"A. Clock Face Dials: 

Swing Needle Meters 

B. Strip Chart Recorders 

C. Digital Counters 

D. Backlighted Displays (Other than Annunciators) 

E. Alarm Annunciators 

F. Single Pointer Gauges: 

Horizontally Oriented 

Vertically Oriented 

G. Double Pointer Gauges: 

Horizontally Oriented 

Vertically Oriented 

H. Single Indicator Light 

I. Double Indicator Light 

J. Triple Indicator Light 

K. Cathode Ray Tube Displays 

L. Video Displays 

M. Photographic Displays 

N. Other Indicator Lights 

18. Approximately how many auditory signals for alarms or attention devices are there 

in your control room? (Check as appropriate) 

(') Telephones 

( ) Radio Com. 

( ) System Alarm Annunciators 

() Bells 

() Buzzers 

() Tone 



( ) Emergency 

() Other 

() Sirens 

() Other 

19. Of the total number of labels for controls and displays in your Control Room, 

approximately how many have been modified with additional stickers, tabs· or 

notations to provide new or current information to the operators? 

No.= ---
20. Who usually makes up and affixes these stickers or notes? 

21. Please give the meanings (e.g., red = open) for each of the colors listed below. List 

all meanings for each color. 

White = 

Yellow (Amber)= 

Red= 

Green= 

Blue= 

Other {Specify)= 

22. What means are used to display trend data to the operators? (Please list variables 

displayed.) 

Strip Chart Computer Printout Video Display 
Opera tor-Prepared 

Charts 

23. Was functional/system outlining and summary nomenclature used? 

24. Please outline the change of shift procedure. 

Other 

25. Would it be possible to get one copy of Reactor Trip and LOCA procedures for 

review? 



26. Where are procedures located? 

27. How are they organized? 

28. Is there a procedure for translating Operator Comments into backfits or procedure 

changes? 

Yes, Describe 

No 

29. What major backfits have been made since licensing? (List) 

30. Describe the communications network serving the operator. 





APPENDIX T 

LIST OF SELECTED HUMAN ENGINEERING REFERENCES 
AVAILABLE PRIOR TO 1970 





APPENDIX T 

LIST OF SELECTED HUMAN 
ENGINEERING REFERENCES AVAILABLE 

PRIOR TO 1970 

Askren, W .B. (ed.): Symposium on reliability of human performance in work, AMRL, TR 
67-88, May, 1967. 

Bennett, E., J. Degan, and J. Spiegel (eds.): Human factors in technology, McGraw-Hill 
Book Company, New York, 1963. 

Bilodeau, E.A., and Ina M. Bilodeau (eds.): Principles of skill acquisition, Academic Press, 
Inc., New York, 1969. 

Bradley, J. V., and N.E. Stump: Minimum allowable knob crowding, USAF, W ADC, TR 
55-455, December, 1955. 

Chapanis, A.: "Human engineering," in C.D. Flagle, W.H. Huggins, and R.H. Roy (eds.), 
Operations research and systems engineering, chap. 19, pp. 534-582, The John Hopkins 
Press, Baltimore, 1960. 

Chapanis, A.: Man-machine engineering, Wadsworth Publishing Company, Inc., Belmont, 
Calif., 1965. 

Damon, A., H. W. Stoudt, and R.A. McFarland: The human· bocly in equipment design, 
Harvard University Press, Cambridge, Mass., 1966. 

Fogel, L.J.: Biotechnology: concepts and applications, Prentice-Hall, Inc., Englewood 
Cliffs, N.J., 1963. 

Folley, J.D., Jr. (ed.): Human factors methods for system design, The American Institute 
for Research, Pittsburgh, 1960. 

Gagne', R.M. (ed.): Psychological principles in system development, Holt, Rinehart and 
Winston, Inc., New York, 1962. 

Handbook of instructions for aerospace personnel subsystem design (HIAPSD ), USAF, 
AFSC Manual, 80-3, 1967. 

Harris, D.H., and F.B. Chaney: Human factors in quality assurance, John Wiley & Sons, 
Inc., New York, 1969. 

Irwin, I.A., J.J. Levitz, and A.M. Freed: "Human reliability in the performance of 
maintenance," in Proceedings, Symposium on quantification of human performance, Aug. 
17-19, 1964, Albuquerque, New Mexico, pp. 143-198, M-5.7 Subcommittee on Human 
Factors, Electronic Industries Association. 

McCormick, E.J.: Human Factors Engineering, (2nd Edition), McGraw-Hill, Inc., New 
York, 1964. 

Meister, D., and G.F. Rabideau: Human factors evaluation in system development, John 
Wiley & Sons, Inc., New York, 1965. 



Morgan, C. T., J.S. Cook, III, A. Chapanis, and M. W. Lund (eds.): Human engineering guide 
to equipment design, McGraw-Hill Book Company, New York, 1963. 

Munger, S.J.: An index of electronic equipment operability: evaluation booklet, The 
"American Institute for Research, Pittsburgh, 1962. 

Murrell, K.F.H.: Human performance in industry, Reinhold Publishing Corporation, New 
York, 1965. 

Nadler, G.: Work design, Richard D. Irwin, Inc., Homewood, Ill., 1963. 

Personnel subsystems, USAF, AFSC design handbook, ser. 1-0, General, AFSC DH 1-3, 
Jan. 1, 1969, Headquarters, AFSC. 

Rigby, L.V.: The Sandia human error rate bank (SHERB), paper presented at Symposium 
on Man-Machine Effectiveness Analysis: Techniques and Requirements, Human Factors 
Society, Los Angeles Chapter, Santa Monica, Calif., June 15, 1967. 

Sandberg, K.O.W., and H.O. Lipshultz: Maximum limits of working areas on vertical 
surfaces, USN ONR SDC, Report 166-1-8, reprint, April, 1952. 

Stevens, S.S. (ed.): Handbook of experimental psychology, John Wiley & Sons, Inc., New 
York, 1951. 

Van Cott, H.P., and J.W. Altman: Procedures for including human engineering factors in 
the development of weapon systems, USAF, WADC, TR 56-4-88, October, 1956. 

Webb, P. (ed): Bioastronautics data book, NASA, Washington, D.C., NASA SP-3006, 1964-. 

Weight, height, and selected body dimensions of adults: United States, 1960-1962. · Data 
from National Health Survey, USPHS Publication 1000, series 11, no. 8, June, 1965. 

Woodson, W.E. and D.W. Conover: Human engineering guide for equipment designers, (2d 
ed.), University of California Press, Berkeley, 1964-. 



APPENDIX U 

COMPARISON OF PLANTS ON DESIGN DEVELOPMENT ISSUES 





COMPARISON OF PLANTS ON DESIGN DEVELOPMENT ISSUES 

DESIGN DEVELOPMENT ISSUE 

Review of panel design with respect to operation 

Use of Operator opinion during design 

Selection of alarm and annunciator strategies 

Assessment of readability (displays and labels) 

Control/display grouping 

Desigro for operator wearing breathing apparatus and/or pro­
tective garments 

Operator recall/information proct>S>ing requirements 

TMI-2 

Not B&.R's responsibility (2) 

Yes. (I) 

Frequency of flashing, white 
light, size, shape and alarm 
horns chosen to match the 
annunciators included in sys­
tems sent by the vendor. (I) 

Looked at pictures in catalogs, 
or held display up to see how 
far away it was readable. Did 
not duplicate visual environ­
ment in tests. Held up sample 
leIter sizes I or labels until a 
readable size was found. (I) 

Controls near associated indi­
cators, grouped by systems on 
panels, grouped in flow pattern. 
(I) 

No. (I) 

Not considered. (I) 
Never tested in a time frame. 
(2) 

-----

CALVERT CLIFFS-1 

Yes, preliminary procedures 
from CE ran on mockup 

Yes, early in panel design (5) 

Grouped by system, subsystem, 
component alarms selected 
according to manufacturer's 
standard. (5) 
BG&E placed and combined the 
alaro11s and annunciators, and 
defined the strategy. (4) 

Yes, used mockup to assess 
readability. (5) 

Grouped: functionally; cen­
tered; bottom to top sequen­
cing; operationally sequenced. 
(5) 

No. (5) 

No formal consideriltions. (5) 

OCONEE-3 

Yes, per formed in walk­
throughs by plant personnel as 
there were no formal proce­
dures yet. 0) 

Yes, in mockup phase 01 

Alarms located ncar controls or 
aMunciators associated with 
opera tor response to alarm. 
Annunciators standard from 
vendor. Alarm bell for com­
puter selected for differentia­
tion from other annunciator 
alarms. 0) 

Yes, mocl<up and lab tests run 
on equipment to test read­
ability. 01 

Controls and displays together 
for a particular function, 
grouped by frequency of use. 
(1) 

No, in mockup saw no reason to 
change anything as a result of 
opera tor wearing breathing 
apparatus. (J) 

Not specifically addressed, 
thought consistency and clarity 
would eliminate need lor 
memory/ recall and reduce 
information processing needs. 
(J) 



COMPARISON OF PLANTS ON DESIGN DEVELOPMENT ISSUES 

DESIGN DEVELOPMENT ISSUE 

Maintainability 

Operator response times (considered in panel design?) 

Use of rnockups, walk-throughs and simulators 

Noise level (taken into account?) 

Part icipatioo in developing procedures 

Task analyses (were they performed?) 

Design to protect expensive equipment 

TMI-2 

Obtained samples to ascertain 
maintainability, looked for 
"rugged" controls. (I) 

No. (1&:2) 

No. (I) 

No. (I) 

Yes, drafted a few (I) initial 
drafts. (2) 

No. (1&2) 

Yes, locatibll (2) and selection 
(I) of controls and displays 

CALVERT CLIFFS-11 OCONEE-3 

Yes, maintainability was con- I Yes, except in case of systems 
sidered in BG&:E review. (6) provided by vendors, lab tests 

were run on ease of calibration 
and serviceability. (3) 

No. (5) I No. (3) 

Yes. (5) I Yes. (3) 

No. (5) I No, not optimized, but mini-
mized with carpeting. 0) 

No, but reviewed sorne. (5) I Yes. (3) 

No. (5) I No. 01 

Yes, interlock controls for I No information. 
expensive equipment (5), sync. 
stick - RC pumps. (4) 
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