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CONTROL ROOM DESIGN CONSIDERATIONS

The purpose of this RTM is to provide minimuz requiremeats which
should be taken ints account in the evaluation of the control roes
design for a2 nuclear facility against Criterion 11, Part 50, General
Design Criterica for Nuclear “owver Plant Ceonstruction Permits. Tre
requirements were developed using the basic approach thati-- --.

l. The control rocz should be designed to allov occupancy dur ing
all accidents which have been an al) ed for the facilicy up to
and {ncluding the design basis accident.

2. 1f access to the control room is lest, it shall be possible to
shut the reactor down and maintain it in a safe condition from
@ locaticn(s) outside the control room. .

-~

II. MINDMM PEOUIRIMENTS

ntrel room shall be so designed as to provide adequate
radiation protection for personael within the limits defiped
by 10 CFR Part 20. As established by 10 CFR 20, the present
exposure 11:1: is 3 rez whole body dose ia any calendar quarter
for individu in a restricted ares. This p'otec.xon shall
be cdesigned s¢ as to per=it access, even under cident condi-~-

ions, to esquipment in the control room or o:he: areas as

necessary o shut down and =2intain szfe control of the facilicy,
The exposure limit for the cperating persennel during a nuclear
incident should not exceed 5 rex whole body dose in any calendar

The control rocm design sha‘l be such as to minimize the
possibility of fire. Continuing occupancy vhere possible
should be provided for im the case of conzrol room fire or
s=oke. The control room bullding components, finish materials
and furaishings shall be noncezbustible. Cozbustible supplies
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such as logs, records, procedures and =anuals should be
limited to the amounts required for planmt operation. Pire
ighting equipment including fire ex:tinguishers and breath-
ing apparatus should be available to the ceatrol room,

Evacuation of Control Roo=

In the event that {t becomes necessary to evacuate the coztrol
tooz, it shall be possidble to shut the reactor down and main-
tain {t in a2 safe condition fro= a location(s) outside the
control room.

(a) It should be assuw.eéd that, during nor=al plant operation
with all plaat equipment cperable, access to the control
roc= is lost for 2 relatively leng time,

(b) The facility should bde examined to assure that hot shute
down fro= full powver caz be acco=plished from outside
the control room in 2 relatively short time of the order
cf aa hour or so. The applicant should provide a gemeral
plan and show that adequate instrunentation and control
ate available to allow the plant to be safely placed in

kot shutieun foo=

........... v Soom outsice the -ecntrel- room.

(c¢) Thne faczilicy should be further exazined to assure that
without necessarily adding 2ny equipment, existing equip~
“=ut, instrumentation, panels, etc., can be manipulated
(including cpening panels, juspering wires, etec.) ia order
to achieve cold shutdown in a period of time not to exceed
several ca)s. The applicant should provide a general plan
and show that it i{s feasidle to safely bring the plant to
cold shutdown £from cutside the coatrol room.

(d) The facility should be examined to establish the length

of time that 4t can be easily =maintained in & hc. standby
condition from= outside the contrel room. This period of
time should exceed that in (¢) 2bove.

MS IO 2% JURNISEED AT A LATER DATE

The folloving will be provided at a later date:

(1)

Control room ventilation system radiation protection requirement.

Control room lighting.

-
Contrel room communications.

Technical bases for the BNV



NBC's present philosophy and criteria for control room design data display
equipment and instrumentation appear in the following documents:

General Design Criteria and Control 13 - Instrumentation

Criterion 13l—Instrumcniation @nd con-
trol Instrumentation shall be provided to
monitor variables and systems over their an-
ticipated ranges for normal operation, for
anticipated operational occurrences, and for
sccident conditions as appropriate Lo assure
adequates safety, including those variables
and systems that can affect the fission proc-
ess. the integrity of the reactor core, the re-
actor coolant pressure boundary, and the
containment and its associated systems. Ap-
propriate controls shall be provided to
maintain these variables and systems within
prescribed operating ranges.

General Design Criterion 19 - Control Room

Critenon [§~Control room. A control
room shall be provided from which actions
can be taken to operate the nuclear power
unit safely under normal conditions and to
mAa.ntain Il In a sale condition under acci-
dent conditions, including loss-of-coolant ac-
cidents. Adeguate radistion protectiun shall
be provided to permil access and occupancy
of th orarel recin wndor-aceldent condi
LI0Gs Wilhoul persunnet freeiving fadtation
exposures in excess of 5 rein whole body, or

its equivalent to any part of the body, lor

the duration of the accident

Equipment at appropriate locations out-
side the control room shall be provided (1)
‘with a design capability for prompt hot

shutdown of the reactor, including neces-
sary instrumentation and controls to main-
tain the unit In a safe condition during hot
shutdown, and (2) with a potential capabtli-
Ly for subsequent cold shutdown of the re-
actor through the use of suitable proce-
dures.

General Design Criterion 21 - Protection System Reliability
and Testability

Criterion 2] —Frotection system reliabilily
and testebility The protection system shal!
be designed for high functional reliability
and inservice testability commensurate with
the safety functions to be performed. Re.
dundancy and independence designed into
the protection system shall be sufficient to
assure that (1) no single failure results in
loss of the protection function and (2) re-
moval from service of any component or
channel does not result in loss of the re-
gquired minimum redundancy unjess the ac-
ceptable reliability of operation of the pro-
tection system can be otherwise demonstrat-
ed The protection system shall be designed
to permit periodic testing of its functioning
when the reactor s In operation, including a
capability to test channels independently to
determine (ailures and josses of redundancy
that may have occurred.




General Design Criterior 22 - Protection system independer .e

Criterion 22—Protecticn system indepen.
dence The protection system shall be de-
signed to assure thal the effects of natural
phenomena, and of normal operating, main-
lenance, testing, and postulated accident
conditions on redundant channels do not
result in loss of the protection function, or
shall be demonstrated to be acceptable on
some other defined basis. Design tech-
niques, such as functional diversity or diver-
sity in component design and principies of
operation, shall be used to the extent practi-
cal to prevent loss of the protection func-
tion

General Design Criterion 24 - Separation of protection and
control systems

Critemon 24—Separation of prolection
and control systems The protection system
shall be separated from control systems Lo
the extent that fallure of any singie control
system component or channel, or fallure or
removal {rom service of any single protec-
tion system component or channe! which 1s
common to the control and protection sys-
tems leaves Intacl a system satisf{ying all re-
Liability. redundancy, and independence re-
quirements of the protection system. Inter-
connection of the protection and control
systems shall be limited so as Lo assure that
safety is not significantly impaired.

~ . e S . . -

VI BT A - - §3 - Monitoring fuel and waste stora:

Critemion 63—Monitoring fuel end waste
storepe. Appropriate systems shall be pro-
vided in fuel storage and radioactive waste
systems anc associated handling areas (1) to
dotee: conditions that may result in loss of
residual heat removal capability and exces-
sive radiation levels and (2) to initiate ap-
propriate safety actions.

. e ial ol 2ot . ; » va
General Design Criterion 64 - Monitoring radioactivity release.

Critermon 6é—Monitomng radicaciivily re-
lecses Means shall be proviced for monitor-
\ng the reactor containmen: atmosphere, |
spaces containing components for recircula. |
tion o7 loss-of-coolant acciaent fluids, ef.™ - |
ent discharge paths, and the plant environs ‘
for radioactivity that may be released {rom |

norma! operations. including anticipatec
operational occurrences, anc irom postulat-
€ accigems. T T Vs Gt '



NRC's present-day review of control rooms and instrumentation is covered

under the aegis of Standard Review Plans:

7.1 "Instrumentation and Controls”

7.2 "Reactor Trip System"

7.
7.

~N o

3

wm

q

"Engineered Safety Features Systems"
"Systems Required For Safe Shutdown"
"Safety-Related Display Instrumentation”
“Al1 Other Instrumentation Required For Safety”
“Control Systems Not Required For Safety"
(Appendix) - ICSB Eranch Technical position 21
"Guidance for Application of Regulatory Guide 1.47"
ICSBE Branch Technical Position 23
"Oualification of Safety-Pelated Display Instrumentation

For Post-Accident Condition Monitoring and Safe Shutdown"



In addition to meeting the general design Criteria,

Present-day contro]
rooms and instrumentation are required to meet

the following NRC require-

ments copies of which are attached to this enclosure:

Regulatory Guide 1.47 - "Bypassed and Inoperable Status Indication

for Nuclear Power Plant Safety Systems"

(May 1973)

Regulatory Guide 1,78 - “Assumptions for Evaluating the Habitability of

@ Nuclear Power Plant Control Room during a

Postu]ated HazardcuS»Chewicai Release" ()

\June 1974)
Regulatory Guide 1.95 - "Protection of Nucl

€ar Power Plant Control Room

Operation Against an Accidental Chlorine Release"
(Rev. 1, January 1977)

Regulatory Guide 1.97 = »

Power Plants to Assess Plant Conditionsg Ouring

and Following An Accident"” (Rev, 1, August 1977)

POOR ORIGINAL



5 « Contrul Room Desian /Approval /Acceptance, as presently understood

control room designs are developed by the ut’lity in conjunction

with the architect-engineer - under the broad NRC guidelines described

in Item 4 above. The utility apparently has the overall veto power -

as they are the customer.

The NRC looks at specific equipment in accordance with the afore-
mentioned GOC's, RG's, SRP's, and does not look at overall contro}
room design or "human factors engineering.” The bulk of these detailed
reviews are done by NRR's Instrumentation and Control Systems Branch of
DSS with secondary review responsibilities held by the Auxiliary Systems
Branch, Containment Systems Branch, Reactor Systems Branch, Power
Systems Branch, Quality Assurance Branch, Mechanical Engineering Branch,

and the Core Performance Branch,

The reviews are done from the early CP application stage through the final

granting of the operating license,



What were and are NRC requirements (or limitations on) use of computers

for alarms, display, etc.

The NRC has not permicted the use of computers to alarm or display the
status of system variables for the purpcse c¢f diagnosing departure from
safety 1imits that would require manual operator action to mitigate the
consequences of an event. Computer use for such diagnostics has
generally been discouraged because of the stringent qualifications

and independence requirements imposed upon systems required for

safety. Seismic qualification, quality control, and redundancy require-

ments make the use of computers impractical from an economic standpoint.

Diagnostics (alarms, display) for manual operator actions to mitigate

the consequences of an event must be hard wired and meet all the quali-

fication requirements imposed on systems important to safety.

The use of computers has been permitted for monitoring safety systems
variables, through qualified isolation devices, for normal plant con-
trol within the hard-wired safety limits. Thic< u.e of computers has not
been within the NRC staff's scope of review because normal plant control
systems are not assumed to interact adversely with systems important

to safety negating their proper response. Therefore, diagnostics
(2larms, displays, etc.) for operator actions has been limited to the

needs of the individual licensee and his plant operational philosophy.



Regarding NRC's requirements on alarmms, and display instrumentation
the licensee is guided by General Design Criterion (GDC) 15 "Instru-
mentation and Control," Regulatory Guide (G.G.) 1.47 "Bypassed and
and Inoperable Status Indication for Nuclear Power Plant Safety System,”
and R.G. 197 "Instrumentation for Light Water Cooled Nuclear Power

Plants to Assess Plant Corditions During and Following an Accident.”



7. Prepare lists of:

Times When Instruments were Disbelieved by Operators

1. One pressurizer code safety valve tail pipe high temperature
alarm with RCODT pressure at 12 psiq and increasing should have

alerted operator to continuous flow of primary coolant to RCDT.

2. The pressurizer level was generally increasing during the 1-4
minute time frame and this is the indication that controiled
operator response. The decreasing primary system pressure was

not believed as an indicator of water inventory.

3. Same as 1 above.

4. RCS hot leg temperature reached saturation with pressure.
Should have indicated to operators that voids existed in

system.

5. Reactor building level alarm (10 min., 48 sec.) should have

told operator a leak existed in system.

6. Increase in RB pressure of about one psi at 14 minutes should

have indicated leak.

7. Loop flow indication -~ slow reduction in filow from about 2 min.

to 15 min. should have indicated presence of voids.

8. Intermediate cooling water radiation monitor alarms were believed

to be due to high backaround radiation levels-61 minutes.



9.

10.

1.

12.

13.

14.

15,

Operators were unable to account for increased reactor building

temperature, should have indicated leak.

when loop 8 RCPs were turned off at 74 minutes, OTSG pressure
dropped from 960 psig to 140 psig in 18 minutes. This should

have indicated presence of voids in loop and lack of backflow.

At 81 minutes, operator reguests computer printout of pressurizer
relief and safety valve outlet temperatures. Takes no action

based on high temperature readings.

RCS sample shows a factor of 10 increase in activity at 90 minutes.
Apparently not attributed to fuel failure even through a crud

burst or iodine spike in a "new" plant is very unlikely.

All radiation monitors exhibiting substantial ramp increase at

100 minutes should have indicated fuel damage.

RCS hot and cold leg temperatures diverged widely with the hot
leg reaching superheated conditions. Should have indicated core

uncovery to operators (~103 minutes).

Station manager did not believe direct readings of incore thermo-

couples which were reading as high as 2620°F (4-5 nrs.).

R8 experienced pressure spike of about 28 psig initiating RB
spray. Indication believed to be "noise" or electrical problem
and not indicative of real pressure. Recognition of Hy burning

did not occur.



3

b. Times when Instrumen  *‘on was Inadequate

1. Instruments in the condensate polisher resin transfer system may
have been inadequate in that water was able to enter the compressed

air system.

2. Alarm Printer output for makeup pump 1A, 18, and 1C status .norm/
trip) found to be reversed due to software error, potentially

misleading operators who read printout.

3. No emergency feedwater flow indication, operators assumed flow
because pumps were running. Relied upon water hammer noise for

flow indication.
4. Accuracy of pressurizer level instrumentation

Because of thie nature of the TMI-2 accident, the pressurizer
level did not accurately represent the water levels in

the RCS. The indications of high pressurzer level apparently
misled the operators into believing that the RCS was full of
water throuaghout the accident; thus, actions to refill and cool

che core were not believed to have been needed.
5. Computer storage and printout capabilities

The alarm computer printout located in the control room began
experiencing significant backups early in the accident, and

was actually out of service for some time period. No permanent
storage in the computer occurs, so that when the printer is out
of service, information i5 lost completely. As a result of these
problems, the computer apparently was of little value to the

operators.



(o)

Operators misinterpreted SRM count rate increases {(more than
2 decades) as a concern for criticality and borated system.

Rate increase was apparently due to uncovering of core.

Instrumentation Ranges

Various important instruments in the control room had ranages
of indication which were quickly exceeded, so that inadequate
or misleading information was presented to the operator. RCS
hot leg temperature sensors, core exit thermocouples, and many

radiation monitors experienced this problem.

Instrumentation environmental qualification

Some instrumentation which was significant in controlling and
unaerstanding this accigent experienced environmental conditions
beyond their design basis. Pressurizer level sensors were
sporadically failing throughout the accident; apparently some

Reactor Buiiding radiation monitors also failed.

PORY status instrumentation

In the THMI-2Z control room, the position of the PORV is indicated
by a 1ight. Since this light actually indicates that the electric
power to the valve has been removed, it does not indicate the
physical position of the valve. Thus the operators were led

to believe by the PORV indicator that the valve had reclosed

when in fact it remained open, causing the loss of RCS coolant.




10.

No reactor vessel water level indication

In all PWRs, water level in the RCS is measured in the pressurizer.
Thus in an accident such as that at TMI-2, when phenomena such
as that discussed in 2.3.3 occur, an accurate measure of water

level in the vessel and core is not available.
NOo remote visual observation equipment

No remote visual equipment such as television cameras are installed
in the Reactor Building of any PWR; so no visual indication of
the status of euipment, etc. was available to the operators in

the TMI-2 control room.



Describe manuals and procedures operators at TMI-2 had available.
Did they use any such procedures in this case?

The sets of procedures in the control room that reiate to plant
operation are broken into several cateoories: administrative
procedures, normal operating procedures, instrumentation and
control procedures, electrical systems, abnormal operations (which
include turbine trip and reactor coolant pump emergencies), emer-
aency operations (which include loss of coolant, excess radiation
levels, loss of feedwater, reactor trip and pressurizer system

failure).

Primarily, tne operator would be expected to refer to the abnormal

operation and emergency operation procedures for an accident.

- 1% .3 armasnst PRa wmiamand - - am mmamldaablY ' e |
e -FOTIORING SPEC T IC-PrOCeatires wWere d‘,v-'J?-.uuvé dul"‘.ﬁg the accident:

1. Emergency Procedure 2202-2.2, Rev. 3 10/13/78
Immediate actions were apparently followed by operators
following loss of main feedwater flow although some actions
were delayed because of the rapid sequence of events.

2. Emergency Procedures 2203-2.2 Rev. 7 10/25/78 - turbine trip

Immediate actions were apparently followed by operators following
turbine trip. Operator checked status of emergency feedwater

but did not notice block valves closed. This was a crucial

point in the accident. Plant parameters would indicate that

EFW flows were being throttled by operators even when 0TSG level

could not be maintained and was falling.



Emergency Procedure 2202-1.) Rev. 6 10/25/78 - Reactor Trip

Immediate actions were apparently followed by operators following
reactor trip. Several of the procedure steps could not be
accomplished because of plant conditions and a lack of
understanding of what was happening by the operators; i.e.,

maintain pressurizer level at 100 inches.

Emergency Procedure 2202-1.3 Rev. 8, 5/12/78

Loss of Reactor Conlant/Reactor Coolant System Pressure.

With two major exceptions, the majority of the immediate and
followup actions for the Loss of Reactor Coolant/Reactor Coolant

Systen f ure were followed. -~ Tnc uperators throttled the HPI

because they did not perceive a loss of coolant problem. Also,

the reactor coolant pumps were not tripped when pressure dropped
to 1200 psig.
Other procedures involved included:
a. Abnormal Procedure 2203-1.1 - Loss of Boron Moderator Dilution
b. 2102-3.3 - Decay Heat Removal VA 0TSG

2103-1.4 - Reactor Coolant Pump Operator

2104-4.1 - Miscellaneous Liquid Rad Waste Disposal

2202-1.5 - Pressurizer System Failure




As of now, what do we know about ways in which tne control room design,
or layout itself, may have contributed to this accident? List or

describe and discuss briefly each such way.

There are a number of ways in which the control room design and layout
may have contributed to the accident. The significance of such con-
tribution is not yet fully understood and is being addressed as part
of this overall investigation. The following is a listing of those
areas which currently are considered to be of potential significance.
(1) From the initiation of the accident, hundreds of alarms
were received and annunciated in the control room. Because
of the large number of alarms, the operator: were not able
to screen the alarms and to use them as a diagnostic tool
in understanding what haa happened and was in the. process
07 happening. ihere dilagnosis, tharefore, relled primarily
upon indications on the instruments in the control room.
This was essentially the same as there not being any alarms
available to the operators, and, of course, the large number
of alarm indications were a confusion factor which may have
made it more difficult for the operators to arrive at reasoned
decisions. The number of alarms in the control room the lack
of prioritization of alarms, and the grouping of alarms, do not
appear to have been optimized to aid the operators in understanding
the more important aspects of any given event.
(2) There was no indication of auxiliary feedwater flow to the
steam generators. Thus, the operator was forced to visit
the feedwater panel three times before diagnosing a lack
of feedwater flow. The first time, after a few seconds,

he verified the pumps running. The second time, as level was



(3)

cropping thrcugh 30 inches, he verified the control valve

opening. It was not until the third time, when generator

levels had dropped to 10 inches that a lack of auxiliary
feedwater flow was diagnosed.

The demand light on the PORV, as opposed to a flow switch

or absolute valve position indication, played a role in

misleading the operator into thinking the PORV was closed.

Alternate indications although ambiguous, were adequate in

hinusight to indicate that the valve was open and, apparently,

they were checked several times but not believed due to a

combination of:

a. Confusion. Hundreds of alarms. Operators believed the
tailpipe temperature was 235° but the computer was telling
them 285°F. The valve would normally 1ift for this
transient and heat the tailpipe somewhat. The valve had
been previously leaking and the tailpipe was Az 190°F
prior to the transient.

b. Misinformation and lack of discipline to follow prescribed
emergency procedures. Operators believed that if the
valve were truly open temperatures would be much higher,
on the order of 500°F. In fact, about 285%F is as hot
as the tailpipe can get. Procedure indicates it should be
isolated if over 130°F normal reading and/or if over 200°F.

c. General reluctance to isolate the valve because they did
not want to rely on and cause the safety valves to actuate.
The approach was followed despite indications o’ water in
containment sump and ruptured drain tank. (It is not clear

whether or not drain tank indications were actually checked).



(4) The reactor coolant draintank perimeters do not alarm
on the alarm panels in the immediate view of the operators.
To determine if there is an alarm on the reactor coolant
draintank annunicator the operators must clear all audible
alarms on the front panels. A knowledge of the alarm status
of the PORV and more easily understood alarm indication may
have helped the operators to diagnose this condition earlier
in the accident.

(5) The fuel handling building exhaust radiation monitors showed
ramp increases in iodine readings at about 18 minutes into
the accident. The reactor building exhaust radiation monitor
increased by a factor of about 10. These instruments are
located on the lower part of the vertical back panel and
operators standing at the front panels are not able to view
these trends. f the operators could have been more fully
aware of the magnitude of the increase in radiation readings
as tney were occuring, tney may have better understood that
fuel damage was actually occuring early in the accident.

(6) The operators relied upon the direct reading gauge for Th in
the primary system. This gauge was not able to read the
temperatures that were actually seen by the system and
pegged out high early in the accident. There was, however,
a strip chart recorder "primary system temperatures" #10
which is located on the back row of the vertical panels.
This recorder clearly shows Th temperatures in the 700 to
800 degree F range. If the operators had been fully aware
of this indication it may have permitted them to appreciate

early in the accident that there were superheated conditions in



(7)

the system.

The control panels are not layed out in such & way that
normal status is easily descernable. The valve position
indication for example, indicates open-close and if

it is required for normal or safe operation that certain
valves be open and certain valves be closed then you will
have some red and some green indications. Such a display
is not conducive to recegnizing misalignments. If the
panels were arranged such that abnormal alignments were
easily indicated, then it is unlikely that the feedwater
block valves would have remained in the block conditions
(assuming that they were inadvertantly left in that condition
from some previous operation).

The instruments in the control room are generally small and

"difficuit tu read from the position tThat an operator wouid

normally stand to observe the process of an accident. In
order to clearly see what an instrument is reading the

operator must approach that instrument closely. In addition,
many of these instruments record on .. «hart, however, the
window which shows the recording 1s very small and recording
speed is very slow such that the following of any trends is
extremely difficult. A control room which had easily seen
instrumentation which recorded trends in a clear fashion would
likely have permitted a much clearer understanding of the events
that had taken place and would perhaps have permitted the
operators to appreciate the seriousness of the condition and to

take the appropriate corrective action. There is a proliferation



of non-critical information displayed adi»cent to those displays
and controls which assume major importance during emergencies

yet all presentations appear equally important as displayed.

There was no indication of the level of the water ir the RCS.
Although other indications were available which indirectly pro-
vided course information on the water level, the operators were not
able to properly interpret their indications. The presence of

a reactor vessel water level gauge would likely have resulted

in the operators taking actions which prevented significant core

damage.
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NUCLEAR POWER PLANT PROTECTION SYSTEMS

1. SCOPE

rsese Criteria establish minimurm requircments for the
ciy-related funetional performanee and reliability
srotesiion systems for statiopary, land-based nucleur
ictors producing steam for electric power geueration.
Wellment of these requirements does not necessarily
iy establish the adequacy of protective system func-
ne) performance and reliability. On the otber band,
ission of any of these requirements will, in most in-
es, be an indication of system xuadequacy. For pur-
€3 c,:' these Criteria, the nuclear power plant protection
<em encompasses all electric and mechanical devices
d circuitry (from seusors to actuation device input
=inals) involved in generating those signals associat
th the protective function. These sigrzls include those
at actuate reactor trip and that, in the event of a se-
actuate engineered ssfcgu:.rds
tion, core spray, safety injection,
sir cleaning.

o

us reactor aceid

'
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2. DEFINITIONS
The deinitions in this Section establich the meanings
words i the context of their use in these Critena.

-

System. Where not otlierwise qualified, the word

etem”” refers to the nuclear power plant proteciion”

tem, e defined in the scope section of these Criteria.

Chzarel. An arrangement of compornents and
ndules as required to generate s eingle protective action
..J ben reguired by a p.a.‘t condition. A chaznel

ces § 'de tity where single action signals are combined.

.

3 NModule. Any assembly of interconnected components
hich constitutes sn .uc:‘.‘.;.able device, instrument or
ece of equipment. A module can be disconnected, re-
oved 25 & unit, end replaced with a spare. It has de-
sble performonce characteristies which permit it to
. tested as 2 unit. A module could be a card or oth
larzer device, provided it meets the

shascembly f &
§ 1his dz2&aition.

guresients ¢

4 Componests. ltems from which the system is as-
=bled (e.g., resistors, capscitors, wires, connectors,
nsistors, tubes, switches, springs, ete.).

g Protective Action. An action initiated by the protec-
on system when a Limit is exceeded. A protective action
« be ot chancel or system level.

6 Protec tive Functiona. A sysiem protective action
hich results ir o the protective action of the channels
bouitoring a particular plant condition.

=
7 Trype Tests. Tests made on one or more units to
erify edequacey of design.

3. DESIGN BASIS

A specific protection system desizn basis shell be pro-
vided for each nuclear power plant. The information
thus provided shall be available, as needed, for making
judgments on systems functional edequacy.

The design basis shall document as 2 minimum, the
following:

(2a) the plant conditions which require protective action;

(b) the plant varisbles (e.g., neutron flux, coolant fiow,
pressure, ete.) that are required to be monitored in
order to provide protective actions;

(c) the minimum number and location of the sensors
required to monitor adequately, for protective func-
tion purpores, those plant variables listed in 3(b)
that bave a spatial dependence;

(d) prudent cperational Lmits for each varizble listed in
3(b) in each applicable rezctor cperation mode;

(e) themargin, withappr opriate interpretive information,
between each operational limit and the level con-
sidered to mark the onset of unsafe conditions;

(f) the Jevels that, when reached, will require protective
eystem action;

(z) the range of transieat and steady-state conditions
of both the energy supply and the environruent (e.g.,
voltage, frequency, temperature, humidity, pressure,
vibration, etc.) durinz normal, abnormnal, and ac-
cident circumsiances throughout which the system
must perform;

(b) the malfunctions, accidents, or other unusual events
(e.g., fire, explosion, missiles, lightuing, flood, earth-
quake, wind, etc.) which could phbysically damage
protection syvstem components or could cause en-
vironmental changes leading to functionsl degrada-
tion of system performance, and for which provisions
muct be incorporated to retain necessary protection
svstem action;

(i, minimum periormance reguirements including the
following:

1) svstem response times;

2) system accuracies,

3) raoges (normal, abniormal and accident conditions)
of the magnitudes and rates of change of sensed
veriables to be accommodated until proper con-
clusion of the protection system action is assured.

Note: Tre develuproent of the epecifc information to be used in
fulfilment ol the sbove requirements is not within thie scape of these

Criteris. Tre cdevelopment of stendard criteria and reguircments

relating to the determinstion of such design basis isiormation as
uneafe conditions reguiring protective fusciiens, plant vanabies to

be menitored , operationsl Timite, margine, ot poiuts, etc, are under
consideration "in Amernic.o Nuclear Society Standarde Subcommitue
4
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4 1 QUIREMENTS

.
+4.1 Gezeral Fupction~! Requirement. The nuclear power
' aeh .t
plant protection svstr s}.;‘.‘. with precision and reh-
sbility, gutomatically initiate eppropriate protective
whessver o Pabb condition monitored by the
. ement apples
for the full range of conuditions and pericrmance enumer-

3§ = . 5 273
ated in 3(g), 3(h}, and 3Q1)-

- v

&vstem reaches o preset level. This req:

2 Single Failure Criterion. Any single failure within

.
s
tbe protestion systed s‘.:;ll not prevent proper protection
evstem action whea required.

e fallure” includes such events o3 the sborting of
opeu-ciresiting of interconnecting signal or power cabies. It also
ine) . es single credible maliuachions or events that cause s number
comseaoential component, module, or chunzel falures. For

g, 11e overhestiag of an aroplifier mocile is a “single failure”
ever -+ several trageistor failures result. Mechagpical camage to
s mode switea would be a “single fallure” altbough several chanpels
mizht become involved.

Quality of Componesnts and Modules. Components
and moduwe: shall be of 2 quality that is consistent with
minimum maintenance requirements and low failure
rates. Quality levels shall be achieved through the spec-
iEeation of requirernents known to promote high quality,
such as reguirements for design, for the derating of com-
punents, for rmanufacturing, quality ccotrol, inspection,
calibration, and test.

4.3

nr

1

2.4 E-uizment Qualiication. Type test data or reason-
able ¢ sring extrapolation based ou iest data shal
be svailable to verify that equipment that must operate
to provide pretection sysiem action will meet, on a con-
tinuing basis, the performance requirements determined

AT
to be necessary for achieving the system requirements.

Noie: Attection is directed particularly to the reguirements of
- A awmd T IEY
3 (g aad 31D
1+ 4 1 - - .
&8 (Channel Integrity. All protection system channels

: e
functioral cap-

chall be designed to mainisin necessary
{as applcuacle) re-

ability under extremes of conditions
lating to environment, energy supply, malfunctions,
and accidents.

Neler s pepecially the requirements cocumented 1 resposse
638, 3 (g, 3.8 and {1).
¢.6 Coanz.l Independecce. Chazzels that provide
ci=rials for the same plant protective function shall ve inde-
;u.:zdent physically separated tc accoraplish de

he efects of unsafe environmental factors,
clectric transients, and physical accident consequences
dosumented in the design basis, and to reduce the likeli-
hood of interactions between channels during maintenance

operations or in the event of channe! malfunction.

47 Control and Protection System Iateraction. Where o
plant condition that recuires protective action can be
brousht on by a failure or malfunction of the control
e stem, and the same failure or maliunction prevents
p'm;‘er action of & protection system channe! or channels
designed to protect against the resultant unsafe condition,

the remaipizg portions of the protection syvstem shall
independently meet the requirements of paragraphs 4.1
and 4.2.

4.8 Derivatica of System Inputs. To the extent feasible
and practical, protection system inputs shall be derived

from siznals which are direct measures of the desired
variables.

)

49 Capability for Sensor Checks. Means shall be pro-
vided for checking, with a high degree of confidence, the
operational availability of cach system input sensor during
reactor operation.

This may be sccomplished in various ways, for ex-
ample:

(a) by perturbing the monitored variable; or

(b) within the constraints of paragraph 4.11, by intro-
ducine ond varying, as appropriste, a substitute
input to the sensor of the same nature &s the meas-
ured variable; or

by cross checking between channels that bear a
known relationship to each other and that have
read-outs available.

(e)

4.10 Capability for Test and Calibration. Capability
¢hall be provided for testing and calibrating chaonels
end the devices used to derive the final system output
signal from the vorious channel signals. For those parts
em where the required interval between testing
sthan thé normal time interval between piant
¢ shall be capability for testing duriag

P

power operation.

411 Cham-el Bypass or Removal from Operation. The
systemn shall be designed to permit ony one chaane! to
be maintained, end when required, tested or calibrated

sr operation without initistiag o protective
= such operation the active parts of the

<
themselves continue to meet the single

system sholl of
failure criterion.
Ezeeplion: “One-out-cf-two" systems are permitted
to violate the sinzle failure criterion during channel by-
pass provided that zcceptable reliability of operation
can be ntherwise demonstrated. For example, the bypass
time interval required for a test, calibration, or
tenance operation could be shown to be so short that
lity of failure of the active channel would

.

e -

P
the probab!
be commensurate with the probability of failure of the
vone-out-of-two™ svstem during its normal interval be-
tween tests.

-_—
Operating Brpasses. Where opera ing requirements |
i automatic or manual byps:s of o protective |
unction, the design shall be such that the bypass will |
be removed automatically whenever permissive con- .
ditions are not met. Devices used to achieve sutomatic ’
removal of the bypass of o protective function are part ;
of the protection system and must be designed in accc».-d-J‘
ance with these Criteria.
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areas ol <le plazmt. Accustical phomes will be susslied im

TP-222 Iz areas vhere the back-

-~un‘ ocise level is high. Zattery-povered rertable radic equin=

aveil

plant will De thrcugh the full pericd leased lines of <

Mer.

05 v»cwl:?MCY

QuUiP=ent vwill de
c——.-—l -~

~om=unlicaticn cutside the

~able iz the plant for normal azd exergency use.

'

i ote] ——E
he telezhcone coxpany eat
4. Mcbile Radio Syste=. \__‘L

contral rocm will be designed so that safe ocourancy of the somtrol room {uming=""
1 es icns will be essured. Adeguate shielding will e used %o zaiztaina

toleratle radlaticn levels in the coatrsl rocz for maxi=im typethetical accidens
conditicns. The Iintegrated direct dose froz sll scurces of radiati TS control
roca perscanel workizg os Sehcur stife durizg & 3C-day pericd followving a zax-
i hy;c::e:;:l. accident will zot exceed 3 rem fi::;:d ng ingress and egress),
whiszh 1s approxizately the yearly gquarter-dose permitted iz 10 CFR 20. Ges zesks
and ctier prctective eguipment 11 be Frovided for perscaonel entering or leaving
t2e sextrol room through areas which retentially zay zave aizher radiation levels
than the control reca. The control roem ventilazien systex will be provided Witk
reciatiozn detectors and appropriate alarms. Provisicns will be made for the con-
TSl rocz alr to be recirculated through absolute amé sharccel filters. Zzergeacy

-al megnitucde of & fire ia the control rocz will be limited Ty the

o

) < {11 W > ¢ % 4 s
&, -=2 CORTITCL recm construction will be 0l 2cacez=bustitle zaster ials.

©. .zzirel cables and switczboard wiring will te sonstructed o zete=-
Tlals that have pas.ec the flaze test as iessribed im Tasul teé Fower
Cabtle Izgizeers Associaticz Publication S-£1-L02 a=i saticnel Zlesirie
cal Memufacturers Asscciatisn Publicatics WO 3-1061.

- - 2 - - 2 .
S SSALTUYe uses ik the cornirel roczm will be o =2t constImagctica.
P - <% v b} - . o
2. Ccztustitle supplies suck as logs, reccris, Procedures, macuals,
499 % 14 - - - - . - - v -~ - : | -
etC., Wisl De l1izited 4c the axmcuzcs Tegalred JCor rlant creraticns.
A% L el - 3 i | 49 ’ ¢-;
e. A 288 QI Tle contirel roozm will be read..y accessible for five
‘ - -
extizguishiag.
P P Fivma avminamiicrame w<** "a ewwmaywiiad
- AL2SUaSe JLTe eXNlngulispers Wil Te pop ey giiad 1048
—~ - -«a o - 2 : “. L 5 YT 2
= -=® COLTICL TCC= Will De OCCaTset at al. tizes DYy & cua.lled perscn
5 % - < e - -
VoG =as cSeen trained in fire extioguisking technicues.
- -

. - - 5 . % ey =y Lk

2. <25 D2s4sS anc protective clothing will be provided, PnuR 0R|B|NA[
3 - {a" < <42 k ;| - w1

caly flazxzable zaterials inside the ccatrol rac= will be:

a. PFager Iz the forz of logs, reccris, Frocedures, zanuals, dlagrazs, etc.




he

- <
e decie
% 4
SAVinE ¢

s and powver

S necessary,

e,
axicg

-
v
e

——

scressed,
7 28 & result of this ace

-

-
-

-

L'-.

-
.

-
-

extilation sys

rator vill a
“=e s

<

e
5
ude
:

3t ice
"
s

-
-
-

ey
pU=DSs.

using &

A
-
- -

-

e
-

-
>

&
-

-
oy iy o] U

-
- e
1 o= the coe
<P
a
oy —y

2 to prec
valve,

=i
-
endv
-
-

-4z

-
-
-

igae
&

.

asd the neutren fiux Ssvel

ary transfcraer

e opers
00

-

e
be des
abtle,

au 493

.=
<
eTergency

-

‘--{t
he ‘.—-'o

£
~e A -
‘o088 tae lezid

i d e
-

erefcre, a2 ¢

-~
-
oo
.- —

-

e flazzable materials v
ctestisl Tixe v

-

o~

L

ose the react

~~
-~

—

tic
eat
Ia

-
-

exd

artizg
e auvtone

.
-

-
-

ve_.ves
-
-

ey
.
r

by

e
alety valves.

e

(vt 1.3
- s
s

ae

es.
e

T Lag
o
extd

e -

.
¢ G ¥
el L
- -

§

el

- ..
-

.

SUFFLY
-5 8§

<

ven

-any
-

.
ed

-
v

- -
- ——

e

.
-

be stesx sys

-
-

wed =

o —
-

-C

-

Stess

($)

i
v

re

cstke

- —
-

el

-=C8e

gcle
At 8w

-
-
.- .

>

o reasc
o
cpers

-

* Speraticu,
1343}

- -
‘.'J’

Larch



1T

ed =anually,

emcte controls.

as

{11 %

“ie- V€
- —
s

L
2ich
ie e

-

es gbove, Wi
sverrid

vhich

T

ecals

ould cause

-

ters

.

-~
-

cera
-

o
H
v
"
@
i
'S
4
et

~
-

ns
ey

rue acta

-

-
-Bod

slac

i~

e .- e - "
i2stzentatich

one-

POOR ORIGINAL

-
-

-y -y
e A

et mat

e - Ay AN A
v - -

Lemam) & 2 o
—rmme =2

use §




...
i, Hudadt g “m
: o a1 w
[TY 0 4 ..L @ 0Nk —
LI ¢ O 4
f 5 18]
o o oo
11 b — O o |
o ot |
w O v e
TS| e g 51|
o oo s
A3 ™ o
'S | i O W R
O 0.
0  § et
v 1l n_ o wu
1 'L e_u
e v
o n e ) i
LT 5 _. 0
et O t el
ot v v p
O e A 90
be o Vo d
o <!
3] v e e |
QO R T
0 0 o) Fded
- M i
S o O
ld d e
ot ~. > e b !
5 O % by
O (8]
3 0O wno
w‘— £ TR
o 0O e w
2— be ot .u ™
.L e 0 » L
o T i
ol et !
) o | TEL-
u u v v o
ot of |
- 0
" o )
ke L 1] _M Q -
0w A < 2~
T (34 o o
g3 o b
LV | b
- ”.J O e B
“ w fre S 8l O
£l ot . (8] -
wl & ot 00 |
| N « 9 ) |
9o ". Be ot 4 |
3 . ! [ N
o o d 2o
» wi b ' v'o d'o _
T ‘ @ O 1]
wl e 8! B e e
S O O . \ | 1
. R ¢ L ow
g .“ L n il © w
m oo o 51 |
o9 "Wty O
e 0 e
. o oy
el vd FI [ 1]
000 » !
e e s A
't T T
81 5 LY o
O - —“ @
O LU L S I I A




