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o Problems with procedure consistency include:

- Nomenclature used in the procedure is usually different
from panel nomenclature, control and display labels and
annunciator designators;

- The procedure itself is not internally consistent in at
times identifyving valves to be monitored and at other times
omitting such valves.

o Problems with correctness cf procedure:

- Section B symptoms are not correct. Symptoms for leak or
rupture include "rapid continuing decrease of pressurizer
level."

o Problems with compliance with ANSI N18.7:

- The procedure includes the reactic.s designated for emergency
procedures but totally ignores the scv.tions required for
procedures in general, such as:

statement of applicability

prerequisites

precautions

limitations and actions

acceptance criteria
The Essex Company found that the emergency procedures failed to identify in clear
and concise terms what decisions are required of the operator, the information
needed by the operator to make the decision, what actions need to be taken to

implement the decisions and how the operator varifies the correctness of his

decision and actions.

The Essex evaluation of the use of procedures included the following factors:
+ Accessibility of procedures
. Management of the update of procedures

. Use of procedures as job performance aids



It found crhat there was no aid available to access the procedures. The operator
must depend on his familiarity with the procedures to know which one is applicable
to a given situation in the plant. The procedures should specify the condition

of the plant which makes them applicable to the situation, this was not the

case at TMI. JAC Mép Cb LTM/MZ! L\M”}

gr'f’ Essex concluded that Met Ed has the attitude that "CRO's and SRO's are not all

£V/(; that important in the operation of the plant, and that engineering and management
p
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”‘/ ersonnel are better qualified to develop the design aids and took to be used

W
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G was no formal program for operator input into procedures update or having them

by ... (the operators.” This conclusion was reached from the fact that there

identify the problems encountered in their use. Essex felt, and we agree that
a mechanism is needed to identify problems with tae procedures and enable

operator input to the solution of these problems.

In an emergency situation the operators has only three aids available to him to
cope with the emergency; emergency procedures, training in similar situations
and knowledge of the plant operation and status. The operator must detect and
isolate the problem by diagnosis. Essex pointed out that the operator can
depend neither on his knowledge of the plant nor his training to make the
diagnosis or to determine what action is necessary to isolate the problem. He
therefore, must rely on the emergency procedures. For this reason he needs
accurate and readily accessible procedures to supplement his knowledge and

training. They should provide him with decision criteria and steps to be taken



to formulate hypothesis concerning what is happening in the plant and to test

the hypothesis employing displayved data and test sequences.

The underlying question is were these procedures available to cope with the
situation at TMI on the morningof March 28 and did procedures or lack of
procedures have an impact on the accident. Essex found that the procedures

were grossly diffic? »* in assisting the operator in diagnosing the feedwater
system, the emergency feedwater system, the OTSG level response when emergency
feedwater pumps were initiated. The procedures were of no help in diagnosing
the PORV failure nor did they provide guidance in analyzing the situation of
increasing pressurizer level while RC pressure decreased. Furthermore, the
procedures gave no guidance regarding overriding the jutomatically initiated
HPI, when to trip the RC pumps while temperature and level are high and pressdre

is low, and when and how to establish natural circulation.
Perhaps the following statement in the Essex report best characterizes their
view of the TMI-2 procedures as compared to the state-of-the-art in this area:

"It seems ironic that in the day of advanced data processing
and photographic technology, nuclear power plant procedures
have not progressed out of the stone age."

wW bk il ﬁﬁm
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2.0 HMUMAN FACTORS CONSIDERATIONS IN

THE TMI=-2 ACCIDENT

2.1 Introduction

Analysis of the Three Mile Island accident suggests that certain engizeering
and deegn aspects coupled with operator training, experience and emergency
procedures may have directly iafluenced the operator actions and inactions
«hich significantly affectel the course of the accident. These types of
conslierations are fornally referrved to as "human factors."(1) Several of
these factors can be singled out as directly causing the accident while
sthers can only be identified as possible contributors to the general con-
fusion of the operators; confusion which fmpaired their ability to correctly

inalyze the problea they faced and take appropriate corrective actions.

2,2 Significant Operator "Errors"

‘wo actlons or inactions by operators stand out as having had the greatest
{mpact on the accident. First, they failed to recognize that the pilot-
operated relief valve (PORV) on the reactor pressurizer had not automatically
closed as it is designed to in the course of recovery from a reactor trip.
Consequently, the operators Jdid not close the PORV hlack valve for over two
hours after the events began

and the resulting water loss caused significant damage to the reactor.(2)

A second actlion which significantly affected the course of the accident was

operator throttling (curtailment) of the high pressurzs injection (HPI) nof



water into the reactor coolant system., Had the HPI been allowed to function
at a high rate, the reactor core would have remained covered and serious core

damage would have been prevented,(2)

It is clear that both of these operator actions, failure to close the PORV
block valve, and throttling the HPI, significantly contributed t¢ the acci-
dent, There is strong evidence, however, that instrumentation, jro=-

cedures, and training may have led the operators to make both of these mis-

takes as will be outlined below.

l, Failure to Isolate the PORV

Failure to close the PORV block valve can be attributed to failure to recog-
nize the symptoms spelled out in one of the plant's emergency procedures
(Pressurizer Systum Failure) (3), which, as part of their training, the
operators memorize and use as a basis for {ilagnosing and responding to emer-
gencies, According to this procedure, the operator must recognize the fol-

lowing symptoms.

1. The PORV v has failed to close,

2, Elevated reactor coolant drain tank pressure and temperature; and

3. Elevated PORV pipe discharge temperature above the 200°F alarm set

po int.



For each, there appears to be a logical "human factors" explanation of why
the operator failed to notice the symptom and take the appropriate corrective

action,

First, failure to directly notice the failed open PORV can be traced to the
method of indicating the valve's positon, a

single red PORV status indicator light, This light is on when an electr;cal
signal 1c sent to open the PORV and it is off when the signal is terminated.
This lieht does not, as may be inferred by its labeling, "PORV open and
closed," indicate the actual position of the PORV,(4) Consequently, at about
13 seconds into the accident the when PORV indicator light went out and the
operator was misled into believing the valve had actually closed when, in
fact, it had stuck open.(5) Parenthetically, it is interesting to note that
the original T™I=2 control room design contained no indicator light. How=
ever, following a Mar:h 29, 1978 trip where the PORV had failed open,(6) the

existing light and lateling were installed.

A valve indicator system which directly sensed the open and closed position

of the valve would not lively fail in a manner which would incorrectly indi-
cate valve closure,(7) Tiws, it can reasonably be assumed that, had there

heea such an indication system directly sensing actual valve position, the.

operators would have noticed the open valve indication and closed the block

valve much earlier, terminating the accident well before any core damage

occurred,

The fallure of the operators to recognize the second symptom, elevated reactor
coolant drain tank temperature and pressure, can also he traced .. human

engineering and design factors, namely inadequate and poorly placed instru=-

nentation as well as the pre-accident history of a leaking code s: ety valve,




water discharged from the pressurizer through the PORV eventually collects in
the reactor coolant drain tank (RCDT), Thus, if the PORV fails open, the
temperature, pressure and water level in the RCTD are expected to increase.
However, at TMI=2, one of the code safety valves (or possibly the PORV) which
also drains into the RCTD had been leaking since the fall of 1978, and had

heen scheduled fur repair during the next reactor shutdown.(8)

Thus, it was not unusual for the operators to observe elavated temperature,
pressure and level in the RCDT and, in fact, about once every shift operators
had been forced to punp the accumulated water from the RCDT,(8) One can
1ogically surmise that an operator having worked under this condition for
severa! rmonths would not have noticed RCDT conditions early in the accident
as being abnormal., Added to this problem is the fact that the instrumenta-
tion for RCDT conditions and the corresponding alarms are behind the control
panel and cannot be read unless the operator leave his normal operating area
in front of the control panel and walks about 50 feet to read the instruments
(see Figure __ 1in Section __). To further compound the problem, the RCDT
instrumentation on the back panel only gives instantaneous information. It
does not record the RCDT parameters which would make available to the opera-
-urs the previous trends of RCDT temperature, level and pressure. Conse-
jrently, when the operator went to check the RCDT status, he had no way of
telling whether the RCDT conditions were a result of a single opening and
closing of the PORV in combination with a small leak in the code safety
valve, or whether they were a result of a longer continuous leak from a stuck

open PORV,



In fact, in the period from 10 to 15 minutes into the accident, one operator
did check the RCDT and noted that it was ful!.(9) After the RCDT rupture
disc had failed (at about 15 minutes), the shift supervisor from Unit 1 checked
the panel and noted that it was empty.(9) This was immediately followed by
an increase in reactor building pressure and the sounding of an associated
2iarm, The shift supervisor consulted with the CR operators and correctly
concluded that the RCDT i1upture disc had failed, However, they incorrectly
concluded that the RCDT has been nearly full of water from the previously
leaking code safety valve and that the subsequent momentary opening of the
PORV (at the time of reactor trip) ha'! added enough water to overfill the
tank, causing its emergency rupture disk to break,(l0, 11) and result in the

tank indicating empty.(12)

1f the RCDT monitoring instrumentation had either been located in normal view
of the operators or been recorded, it i{s more likely that they would
have noticed the time trend of RCDT parameters and correctly realized the

condition of a stuck open PORV,

The third symptom which the operators failed to notice was the elevated
temperature of the discharge pipe from the PORV., As discussed above, the
pressurizer code safety valve adjacent to the PORV had heen leaking for some
months prior to the accident, Because of the proximity of this valve to the
PORV, the tempera*ure of the PORV discharge line had been reading high, about
180°F. Earlier in the day on March 28, (13) the safety valve leakage had incre-
ased approximately 40 percent and the discharge temperature of the safety

valves had increased above the range of 180° to 200o which had been main;

tained for some time,



As a consequence of this history of operating with a leaky safety valve, the
T™I-2 operators were misled into believing that the rise in temperature in
the discharge 1ine following the reactor trip was caused by a combination of
high temperatures before the accident and a momentary opening of the PORV,
There is evidence also that the situation leading the operators to this
fault, logic was further compounded by their lack of training in basic engin-
eeriag. Apparently, operators believed that the highest expected temperature
in the discharge line as a result of a stuck open PORV was over 500°F. (14)

In fact, because of the throttling action of the PORV relief valve, the
raximum achievable temperature was closer to 300°F. The operators were
apparently unaware of this fact and the information is not contained in their

emergency operating procedures,

Following initiation of the accident, the operators periodically monitored
the discharge line temperature and noted temperatures as high as 285°F (15).
However, it was almost 2% hours into the accident when the oncoming shift
supervisor noticed the PORV discharge temperature was 229°F. and that it was
about 25°F hotter than the code safety discharge temperature, and correctly

interpreted the reading which led to closing the PORV block valve (16).

"> summarize, there is strong evidence to suggest that the TMI-2 operators'
failure to recognize the symptoms of 2 stuck open PORV valve and to follow
the emergency procedure of closing the block valve early in the accident, can
be attributed to a combination of deficiencies in instrumentation, control
room layout, emergency procedures and training as well as poor reactor main-
tenance prior to the accident, We recognize however that it was theoretically

<ithin the



within the capability of the operators to recognize the PORV failure from the {nfcr-
mition in hand; in fact, the symptoms were eventually recognized, While the
delay in recognizing these syaptoms was a key element in the severity of the
accident, the delay can be attributed to human factors' inadequacies affect-

ing the interface between operator and machine.

25 Throttling of High Pressure \nXOC*l‘ﬂ

- Manual throttling or curtailment of the flow of @anergency core cooling water
into the reactor coolant system was a second significant operator action

that affected the severity of the ™I accidert.

At approximately 2 minutes into the accident, operators took manual control
of the automatic high pressure injection (MPI) system (which had started when
RCS pressure dropped below 1640 psig) and reduced the water flow to the
rzactor. For most of the first hour-and-a-half, the net flow rate was re-
duced from about 1,000 gpm to only about 25 gpm. (17) Technical analysis
indicates that 1if this throttling had not occurred, core damage would have
hoen avoided (18)

+ake
The factors which caused the operators to that this actlon are complex,
Similar” to the stuck open PORV recognition problem, they involve improper
training, lack of instrumentation and inadequate procedures, as well as a
fundamental misunderstanding of reactor thermal hydraulics by the operators,

and by portlons of et "d's management, the industry and the NRC.



The baslc mistake made by the operators during the carly minutes which led to
thelr throttling HPI and limiting the flow of emergency water to the reactor
coolant systeam, was the failure to recognize that the reactor was axper=
fencing a small loss of coolant accident (LOCA), that could lead to uncover-

ing the core,

The preceling PORV discussion addresses factors involved in their fallure to
recognize th: stuck open PORV, the basic cause of the LOCA, However, the
question cemains; why, having failed to recognize the PORV failure, the
opzritors did not recognize the other syaptons of a LOCA and take appropriate
action. Saveral additional human factors issues serve as a logical explan-

At {;Dno

First, the T™I plant did not have any means of directly measuring the water
level 1a the reactor. If direct water level or water inventory instru-
mentation had been available, it is reasonable to expect that the operators
would have taken appropriate steps to prevent uncovaring of the core, i.e.,
malntain high HPI flow. (19) The TMI design (as well as most PWR's) relied on
a faulty understanding of reactor behavior which served as a bas£; for operator
training and emergency procedures. This involves a misconception that water
Ievaf in the pressurizer serves as a true indication of total volume of watér
in the reactor coolant system unler all accident conditions. (29) Subsequent
analysis (refer to ) reveals that for the LOCA which occurred at ™I,
previously believed relationships of high pressurizer level signifying that
the reactor vessel is full of water are not correct. (21) Consequently, much

of the operator training and the emergency procedures were invalid and led the



operators to mistakenly throttle high pressure injection in an attempt to
maintain press :sizer level within the normal range. For example, the emer=-
gency procedure dealing with loss of coolant accidents (EP 22021.3) contains
two alternative sections, each of which warns the operators to look for a
combination of low reactor pressure and low pressurizer level., At TMI,
reactor pressure did fall but pressurizer level increased. Having failed Qo
observe the symptoms applicable to this procedure, it is logical that the
operators did not follow the prescribed corrective actions that could have

prevented the accident,

Lacking unambipuous emergency procedures, operators Instead followed other
dictates of their training and operating procedures and attempted to control
pressurizer level by throttling the HP[ system, (22, 23) Not only had the
T™I-2 operators been trained to interpret pressurizer level as positive
indication of the level of water in the reactor coolant system, apparently
they also received strong admonition %0 avoid taking the pressurizer solid.
This admonition was strongly emphasized and reinforced by various documents
which clearly define the pressurizer levels to be maintained by the opera-

tors. (2“)

In gummary. there is strong evidence that the combination of inadequate
procedures, inadequate training, the failure to incorporate lessons learned
and/or the lack of direct water level instrumentation, misled operators to
throttle HPI which stands out as a significant factor in the accident. Further-
more, these inadequacies were a result of a basic miscozn~eption on the part

of the operators, industry and the NRC of how the reactor coolant system

would behave,
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These actions could be ascribed to "operator error" as was done in NUREG
0600, However, it is our view that the overall system of training, oper-
ating, CR design, and maintenance is the major problem--a view that has

become more evident as the study of this accident has progressed,

2.3 Other Factors Contributing to the Accident

In addition to the two preceding examples of how inadequate instrumentation,
training and procedures may have directly caused the accident, other similar
"human factors" had a strong potential for contributing to the general con-
fusion of operators and most likely impaired their ability to correctly

respond to the problems heing faced.

The Essex Corporation's study ccatained in describes a number of
these factors, Several examples are illustrative of their findings. First,
the confusion of the first hour of the accident was compounded by a discovery
that the emergency feedwater block valves were closed. Although technical
analysis suggests a closure of these valves did not directly cause the acci-
den{. (25) discovery of the closure 8 minutes into the accident and the
resultant Jdiversion of operator attention to feedwater problems may have
diverted them away from analysis and reaction to more fundamental causes of

the accident, (26)

This faflure to discover closure of EFW valves can be directly attributed to

several human engineering control room deficiencies. First, there was
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inadequate quality control of valve lineup, which should have lead the opera-
tors to discover the closed valves befure the accident. Secound, the control
room did not contain any direct indication of EFW flow. Thus, operators were
forced tu rely on secondary indication of valve position and pump condition
to verify flow status, Third, the indicator lights which tell the operator
whether or not the EFW block valves are closed were hidden by one of the
out=of=service tags that cluttered the control panel as shown in Figure

. Fourth, the feedwater control panel is not laid out in a logical
fashion such as control locations mimicking actual valve and pump positions
in the plant, In fact, the control and display placement on the EFW panel is
jaconsistent (27) ae shown in Figure ____. The absence of any logical panel
layout forces operators to rely on memory or random search to locate a partic-
ular control, This panel layout problem existed elsewhere in the control
room and increased operator workload and probahbility for mistakes, particg-

larly during emergency conditions,

A second condition that added to the confusion in the control room was the
alarm system which hampered the operators during the early stages of the
accident, For example, the control room contains over 750 alarms. These
2larms are not prioritized and many are difficult to read from normal oper-
ata; positions. During the first few minures of the accident, about 100 of
these alarms went off., (28) 1In order not to lose important information on
which alarms had been actuated and which had cleared, the operators did not
acknowledge any alarms (and silence the audible alarm) for some time into the
accident. When asked if there was any way to "shut off the horn and the bell
s0 you can think a little bit," by Representative Carr, Mr. Fredericks said

w. (29)
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This problem with alarm systems prompted one operator te write a vear before

the accident:

"The alarm systea ia the control room is so poorly
designed that it coatributes little in the analysis

of a casualty, The other operators and nvself have
several suggestions on how to improve our alarm system--
perhaps we can discuss them sometime--preferably before

the system as it {s causes severe problems." (30)

Oa March 28, 1979, thne coatrol room alarm systan hal not changed.

The Essex Corporation found othar examples of poor control roon design which
contributed to confusion., These include poor lighting, numerous exanples of
fllogical panel layout, confusing use of indicator color coding, and situa-
tions where operator's ability to read meterg and observe indicator lights

were impaired.

In addition, the Essex Report found that several operator errors were caused
or Influenced by expentancy or set. Set 1s a psychological construct defined
as A'teﬂyorary but often recurrent condition of individuals that orients theﬁ
toward certain information and events rather than others, and increases the
likelihood of certain responses over others. The influence of set in the TMI
incident is evident in the tendency to evaluate indicat‘ons of present plant
status in terms of events or conditions occurring in the recent past. Thus

the high exhaust pipe temperature of the PORV was not considered excossive

lue to the fact that the safety valve had been leaking for sose time prior to

\
i




the accident., Operators also seenmed conditioned ty expect problems in the

secondiry system and not in the primary system due to their prior experience 1,

— e — B S et . o

with both systeams.\ Such expectancies, cotbined with the slow response of the

-

Y v’ F I )
system, had the effect of dalaying,the real problens,

Developnent of these erroneous expectancies, however, does 10t reflect on the
operators themselves but rather on their training. In the absence of adequate
training, operators will use whatever information 1s at their disposal,
including their knowledge of what has been happening in the plant in the
recent past, and over the period of their involvement with the system. It {is
the funztion of training to provide a capahility of integrating displayed
information to arrive at an understanding of what (s happeaing ia the plant
and what action is required, independentiv of what has been happening in the
racent past. The training provided the M) operators was obviously deficient
{n this regari. The Llmportance of operator sa2t {n the ™I incident is also
evident from the fact that several decisions! including the determination
that the PORV was open, were reached by parsonnel who were fresh to the
problem, who did not have the receat experience with the plant and who were
able to assess available information on its own merits without reference to

prior influences,

EZssex found that the influence of psychological strass as a determinent in
the TMI accident was difficult to determine given available data. It {is
apparent that the operators were increasingly under stress over the course of
the accident, however, there is no indication that {nappropriate actions or

inactions were Jdue directly to the stress condition.
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Another operator function in hunan error incldence {s inadequate reasoning or
problem solving capability on the part of the operators. No evidence has

been obtained in the investigation by Essex or the SIG that would indicate

any problems in the reasoning .. r~oblem solving capabilities of any of the
operators on duty at the time of the accident., To the co *rary, when scores
of the requalification examination for 1978-79 were reviewed, it was deter-
mined that the shift supervisor on duty at TMI-2 on March 28, scored highest
of all ™I operators. The two control room oparators for whom scores are
avallable both scored in the upper 50 perceat of the population of operators.
There (s then no evidence that human ercors were due to intellectual deficien=-

cies on the part of the operators.

2. 4 Summary and Conclusions Perhaps the best summary of the overall con-

cluston reached In this analysis were expressed one year before the accident,
A ™I operator in addressing probleas experienced during a March 29, 1978

reactor trip stated in a letter to his supervisor:

"I feel that the mechanical failures, poor system designs
and the improperly prepared control systems were very

nuch more the major cause of this incident that was oper=-
.ator action. Although trataing is always essential and
welcome==nothing we study or learn to practice could have
prepared us for this unfortunate chain of events...You might
well remember this is only the tip of the iceberg and the
best operator in the world can't compensate for multiple
casualties which are complicated by mechanical and coatrol

failures,"
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This seens to be a falrly accurate description of the problems faced by the
operators albeit all of the {nformation necessary for them to have prevawted'
the accident was avallable, The poiat here is that many of the actions they
took ware not a result of a lack »f information or stupidity, but were a

logical result of the inadequate CR design, operator training and emergency

procedures,

The Fssex Corporation Study (31) reached a similar conclusion by atating:

"The overall conclusions are: (1) operators did commit a nuaber

of errurs which certainly had a contributory 1if not causal influ-
ence in the events of the accident; and (2) these errors resulted
from grossly inadequatz control room design, procedures, and train-
ing rather than from Inherent daficiencies on the part of the

operators,"
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3.3.2 TMI=2 Control Room Description

212ral Lavout

At the T!I nuclear power plant, the control stations, switches, and iadicators
necessary to start up, operate and shutdown the nuclear unit are located in one
control room. Controls for certain auxiliary systems are located at remote
control stations.

5 can ba seen froa Tisurz 1, and the photsrgraph ia FPiguras 2, the THI=-1 scmtral

1zze and contaians a large nuaber of iastruments, coatrols aad

it
[

alaras. The control room counsolas are arranged in a U=-shaped pattern wita
vertical panals following the same pattern behind the consoles, separated by a

s23saze aisle. The operator's desk is locatad in front of the U=-siaped consolz

(=

e

sad panel arrangement. Figure 1 shows the floor plan aad layout of the coat.ol

roon and a perspective on the siza and layout.:an be obtained froz the photo in
Firara 2.
According to the TMI-2 Final Safety Analysis Report (FSAR), the control roon
wis to he designad so that one man could supervise operation of the unit during
a conditions, Muring adbaoraial onperating conditions, addi=
.lonal operators are expected to be availanle for assistance. The coatrol rooz
is arranged to include the operating conscles, which house frequently used
coatrols and indicators, as well as startup and emergency controls and indi-
cators. The FSAR also notes that the controls and iadicators wera to he

ited 4n a iorical arraangement, 2a'ting thes accessible and readily visible to

- < - - . < ~ - - 3oy | - L - - . . vo ¢ o 4 - $ & -t 1
> = N EaE oY BLOrL2TS 4. A it ilon MLATITANY eguinient, 1airaguentliy usai
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control switches, remaining indicators, teaperature recorders, annunciators and
reactor building isolation valves position indicatioa are mounted on the varti-
-

cal panels behind the consoles. Table sunnarizes the functions of the

sanzls which were during the March 28, 1979 accident,

Visible and audible alarm units are incorporated into the control room to warn
the operator of unsafe or abnormal conditions. The control room was supposedly
iesigned such that information readouts contain all the necessary indications

t“at are required by the operator for moanitoring conditions in the reactor,

v

1ctor coolant systea, containnent and safatverelat=d process systaams throughout

111 operating conditions of the plant.

Plant Computar

-
-

ae plant coaput2r systen i3 usd for monitoriag alams, plant performance,
lo3ging data and performing simple calculations, is located near the center of
the control room on one console., This systen uses a Bailey 855 computer which
is linked to a smaller NOVA computer. The NOVA computer was added to the
original design to provide more capacity for monitoring the balance-of-plant
conditions.,

Tie computar has two output modes == an alarm printer and a utility printer.
These are both automatic typewriters and if either fails, its output is
automatically transferred to the other. A small cathode ray tube display is
also provided which duplicates the output of the printers or can be used for

tsvianeadent display.



For all monitored parameters that have an alarm function, the alarm printer
ai1tonatically priats an alarm message when the parametar has gone into an
condition. The computsr al:d saspla2s each paraseter =- taaparature, pressurs,

level, ate. =-and conpares the reading to a preset alarm value, If

is found to be outside of acceptabla limits, a notation to that effect is typed

out on tne "alam printer." Whan the parameter again comes within acceptable

linits, another notation Ls typed. The alarm printer also makes a record of

starting, stopping, or tripping of aajor equipnent.

he coipat2ar alarm printout {s canadle of typing only one line every four

seconds. Consequently, in situations where alaras are initiated rapidly, the

bring the printout up to real tim2, but only at the cost of clearing 211 alams

awalting printout fron the computer menory. At one point during the accident,

-~

lars printer was over 2 hours hehind,

|
|
3 |
priater {s unahle to ke=2p up and alarm printout is delayed. An operator can
ths a

Tae uizlity printer provides outpiut on request. The value or condition of any

moaltored paramet=r can be requested., Special subroutines allow the operator
to request output values ia specific preprogrammed groups called "Operator

Special Summaries" or to tread output values in preprogrammed groups called

- 3 "
.

erz2ior Group rends.

The computer is also programmed to record automatically all changes in state of

event inputs are stored in the computer and can be printed on request. The

a predesignated group of parameters called "Sequence of Events" inputs. These
|
sequencze Is started b anr one of the "Sequence of Events" inputs chanzing |

stiza and eontimmes Gntll arinted hy the opazator.

POORORIGHAL




The plant computzr provides the operator with an efficient means of keeping
lo:s and showing trends on a large nuaber of plant parameters uander normal
operating conditions. The computzr was not designed to accommodate the data
needs of the operator in an accident situation, Using the computer in an
accident sitiation requires that the operator leave his control panels in order
to request computer output; it takes the computer several seconds to supply the
requested output; and, as pointed out above, the autonatic alarm printout can
be several minutes, or even hours, behind real time. All of these tend to
1171t the computar's us2fulness in an accident situation. If properly desizned
srogramaed, the compiter caa provide information useful for diagnosing and
responding to an eaargency sitiation. Yowever, the TAI computar was not pro=
sramaeld to establish a hierarchy of zritical parameters to be nonitored in the
event of an emerzency. Thus, during the March 28, 1979 accident, the large
auaber of unimportant alarms and the resulting backlog made the computer nearly

uselass as a diagnostic tool.



TABLE

Ti4I«2 CONTROL ROOM KEY PANEL DESCRIPTIOQNS®

2anel Description
2 Computer console

3 Reactor coolant makeup and purification system and the control
roon equipment related to the safety features actuation systen.

Vs 96 Controllers, recorders, and iadications necessary for control
and supervision of the reactor power output, feedwater, con=
dansatz, stean generdatvurs, and turbine generator.

~4

Indicates a fire ia the uait and the automatic steps being
tacen to controli 1it,

8 Aanunclators and indication for status of the various
nuclear and conventional cooling svstems of the unit,

-
o
-3

ecords teaperatures of major equipment, reactor vent valves,
control rod drives, a self-powvered neutron detector tubes;
gach temperature nonitored is alamed Lf the temperature

’
-

exceads a preset limit,
13 Status of the enzinecred safety features panel.
L Individual control rod position, fault lights, and inserted

and withdrawn limit lights.

15 Graphic panel that shows the position of all reactor building
isolation valves.

v el Jtation raliation monitoring equipment and recorders; in=-
cluding 2quipment required to annunclate and indicate the
stitas of egquisnent and {ntzrlocks iatande! to prevent any

release to the eaviroament that exceeds preseat limits.

*Panel numbers refer to those shown in Figure 1.

POOR ORIGINAT
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(o

soastruction perait (CP) was issuzd in Novesbar 1939, (1) The primary cri-

teria which were used in the ALC staff review of that permit are found in Title
€ T n

10 of the Code of Federal Ragulations. At the tize of the CP review ol Tii=Z,

the critasia most relevait to coatral voom design were found in the proposed
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tension 9f concara Soo huiin enziaezsing 1s8u2s assoclalel with the ialer=

rol rooi. For exanple, criterion i2
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~.nalras that "Instramaatasion and Coatroals shall be proviidad as require! to
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e |
@saaple is crit=ria 11" which states in part:

"The facility shall He providel with a coatrol rooe frow wailch actioas )
maintaia safe operational status of the plant can be coatrolled.”

Mile these criteria were only pruposad by the ALC at the time, they were

’ 3 £t 1 >t 5 . . ' 1.1 H o .p & 4 " A
;s Wity thw o naotation that t.‘.,“ woilla nat add a4y naw fﬁqilu?d-lénts‘ D4t

ws they were in effect AEC rvequirements. In addi:iion to these Federal regu-

lations, te industry had also developed standards which could have aZffectad the

1

haman engineering of the TMI-2 control room. One exaaple which was referenced

e > e

i~ +hae TII PSAR analization, was IIED standarcd 279 wnich required that:
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The thrust of this standard was to provide an effective means of waraing
operators of an Ilnoperative system. It should be aoted, however, tha. this
staadard applied only to the Reactor Protection Systen and not to safety

-k

svstams such as the emarzency core cooling system.

Another industry standard (IEEE 603) which exhibited a conc¢ .. for human

ezinearing was entitled, "Displays for Protective Actions Initialed by ‘anual
(%)
"

Means, This standard did apply to other safety systems and suggested that

the display instrumentation provided for the manually initiated protective

.

aztions requirad Ior a safaty syst:a should he part of the safety systaa, and

minimize the possibility of anomalous indications wiich

o
'
o
-
v
—
.
v
o
G.
v
C
-
!
4

zould be confusing to the operator. 1t should be noted, however, that unlike
[1E2-279, this standard was not required for the control roou design and was

not raferenced ian the TIUI ¢3aR.,

In addition to these standards, Section 7.4 of the T{I-2 PSAR outlines the
2eneral philosophy to be used in desizaing the TMI-2 control rooma. Similir %o

the standards described adbove, thils general design philosophy contains only a

vague and general reference to the man-machine interface problenm.

Sectidn 7.4 provides that ill conirols and iastruments were to be locatsl ix
01e Tueu. This room was o be duasizned sv that one oparator would suffice
during normal operations. During "other than normal steady state operating

conditions,”

other operators were to bhe available to assist the control
operator. This section also contains general prescriptions for the shape of

the coatrol room, the relative placement of virious svstems, brief descrir:ion
& A . .

= { 1 R . - ‘.0 < - « % AR EE Be ’ -
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conditions such as fires protection, radiation shieldiag, and ventilation,
provisions related to evacuation of the control roon and provisions for

auxiliary control stations.

The final portion of Section 7.4 provides a typical axample of the general
nature of the specifications provided in the PSAR and the limited extent to

which they addressed the human engineering problems. I stated in part(ll):

"7.4.7 SAFETY FEATURES

The primary objectives ia the control roon layout are to provide
the necessary coatrols to start, opzrats, anxl shit down the
nuclz2ar unit with sufficient information Jisplay and alarm
adtoring to iasure safe and reliable operation under normal
and accident conditions. Special euphasis will be given to
malntainiang control integrity during accideit conditions. The
layout of te engineer:zl safaty features section of the contrul
Soard will be designedi to minimize the tiae required for the
operator to evaluate the systen performance under accident
conditions. Aay deviations from nredatermined conditions will
be alarmed so that the operator may take correc:tive action using
the coatrols provided oa the control panel.”

In the tize period Irom 1370 to 1978, there was a significant growth in the
nuaber of requirenments and zuidance related t& control room design within doth
the NRC and the nuclear industry. As shown in the Fssex report, a large aumber
of these criteria were found to be related to human engineering. While these
requirements and guidelines provided more substance than previously existed,

thz mafority of these critz-ia still sufler fron the sane deficlency identifies
slously. That is, they were too vague and toro general to require the direct
application of human enginearing technology which had been extensively devaloped
in other fields(5).

wring this tine period, the NRC issuei a aunhar of documents for use by the

:

1iziesr industry containing secomaande! pracztices or cuidance in safesv mirtars



starting with Reactor Technology Memoranda followed by Safety Guides and then
Azzulatory Guides., In 1975, the NRC consolidated its criteria in a Standard
A2vizw Plan(b) aimed at providiag guidance to its technical staff who review
ind approve applications £or nuclear power plant licenses.,

-
-

e more substantive of these criteria include the following:

© Requirement of IEEE-273 that bypasses be indicated was expaned in
5(7)

Regulatory Guide 1.47 to include safety systeas.,

o Regulatory Guaida 1.97 "lastrumeatition for Light Water Cooled Nuelear
Power Plants to assess Plant Jonditlons Duriang aand Following an Accident”
inzluded a provisioa £or analysis of what instruments ara required, w1ilg
20t 30 identified in the Regulatory Suide, this provision i3 similar to
the use within the human enzinez2-ing discipline of a task analysis to‘
jetermine what neels to be done and what uust be provided to the operators
su that they can affectively accoaplish :ﬁeir tasks, tHowever, without
more specifity, this Regulatory Cilde was not interpreted by the WRC or
the industry to cover the use of a task analysis as in some other

3)

(
indust:‘ies.‘1 (See discussion on the linited implementation of RG 1.97

L : F o P o e ~ - ey~
1 Seztion on Dperating Liceusz Review Issues Concarniis TMIe?
- - -

ca=ot e

o A third regulatory guide entitled, "Guidance on Being Operator at the
Controls of a Nuclear Power Plant”(8) also provides insight into NRC

regulatory attempts to address the man-machine .aterface. The basic

| s ® asia x
ghirust of this resu

atory guide Is to place the onus on the CR operator

& . - e N5 B e 1 o~ .= o T o' &7 ~ A} - ¥ -
Tar 8afe osaration e plant. Tt assunzs; Hut loes not a3ta



basis for further assunmption, that the coatrol room will provide the

operator with all the aids needed to perfora his job. For example, the
i J ;

- =
“233

guidae sta

"The oparator of the controls of a nuclear power plant should hava an
unobstructed view of and access to the operational coatrol panels,
including instrumentation displas and alarms, in order to be able to
initiate prompt corrective aciion when necessary, on receipt of any
indication (instrument movenent or alarm) of a changing condition;"

and that:

LL L

The oparator at the controls should not nomally leave the area
wihere continuous atteation (including visual surveillance of

;u‘atV-—eAateh anaunciators aand fastrumentation) can be ziven to

re4ctor vparating conditions and wiauzre he has access to the reacto
controis. For exanple, tne operatsr should not routinely eu'er ar
behind coatrol pan2ls where plant pz-formance cannot be monit> !.

In spita of this analysis oI the control roon at TMI and operator actions
perfornad during the early stages of the accident clearly suggest, in fact,
that the T{I=1 was not Jdasigned so that speriators would have an unobstructed
view of Instrumentation displays anl alarms (Sce Section__ ). Furthemore,
operators had to enter the area behind reactor controls in order to observe the

s2actor urain tank instrumentation critical to an assessneut of the accident.

The detallaed review conducted by Essex of these regulations, Reg. Guides,
Stiadard Review Plan, found no examnples of criteria which were wreitten with a
2 inclade hwnan enziiereriag consiiarations {a the licensia

and

regulatory system,

The expansion In zuidance related to human factors from pre-1970 to pre-1978,

| that was exparienced by the NRT also occurred {a the codes and standards of the

r
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n
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irnificant aunher of indursry standaris devel oped
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discussed above, however, few of these standards were thought to be important

ani they ware too vague to 2ffactively require the application of hunan
ensineering In the desizn process. Rather tuey were narrovly drawm guidelines
adlressing a specific coazponent or 3roup of coaponents and did not adequately

address the man-machine interf{ace problenms.

The most significant industry guidelines in existence during the operating
license review of T™I-2 are found ia INEE Standard "Recommended Practice for
the Dasign of Display and Control Facilities and Central Control Rooms of
Suclaar Power G2nerating Stations" Standard 566, 1977.(9) wnile this s:tandari.
contains guidance directly rzlatel o human enzinez2sing, a latailel review of
tals staadard by the Ussex Corporation found sarious deficiencies. Essex noted
that the standard was incomplate and that it did not include guidance on the

use of svse very powerful hunan factors tools such as the use of taisk analvses.
In addition, they found that some of the speciiic guidelinss in the standari

wzre conirary to standard human engineering practices.

[Exazple]

Essex did “ind, however, one standard IEEE 338, 1977, "Standard Criteria for

the Pdriodic Testing of Waclear Power Generating Stations Safety Svitems” whicel
fachaded an explicle recognition of human engiirecering by aoting that "intec=

relationships among the systems coaponents and human factors in each phase of

the test activity shall be considered and reflected in the system design and
(10)
"

lavout.



Nearly all of the industry standards available during this time frane, were
pudblished after the application on the operacing license for TMMI=-2 had been
subaitted to the NRC in 1374. Thus, the more receat standarls vere not applied

to the T{I-2 design except as deemnaed necessary by the NRC on the utility to

aldress "significant" safaty issues.

Conformance of TMI-2 to Human Factors Criteria and Standards

As we previously noted, the TI=-2 design was found by the ALCT to meet the

- -

1ipplicable criteria prior to {ssuance »f the constractlion permit in 1968.

« -

furthermore, the design developmeatl by the utility and its contractors, and the

G

ravier of this design by the AEC were conducted with esseatially no human
engineering resources (See Saction ). As will be discussed in the following
sextion, THI-2 was found by NRC to satisfy the existing criteria even though a
review of the curreni desizn today by hunan engineering spacialists against

these limfited critaria would find sarious def;ciencies.

Wnen a nuclear power plant application is received by the NRC for an operating
license, the practice has been to require conformance of the design to the
criteria specified at the time of issuance of the construction permit and to

1 on a case=bv=casz hasis,

re

adilcess the aescessity for meatin: subsequent criter
The necessity to conform to post=CP criteria is Jetermined by the NRC on the
basis of a perceived level of safety ilaprovement which can be achieved by such
conformance and on a similar basis by the industry. (See Section___ on the
Regulatory Requirements Review Committee.) The absence of any human enzincer-

[

in: expertise on the HRC staff suuzzests that no need was perceived in this



in sunmary, we found a lack of substantive hunman engineering criteria and
guidance, both within the NRZ (AEZ) and the nuclear industrv, aad uore
Laportantly, a lack of appreciation for the importance of hwnan ensilearing to
the safe operation of nuclear power plants, Furthermore, the resources to
enploy the techaijques of hunan factors engineering that would be required to

iaplement even the existing critaria did not exist within the NRC and in oaly a

linitad way within the nuclear industry.
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Hu=an Enazineering Criteria and THMI=2 Refarences

'S

A

WURLC-0380, U.5. Nuclear Regulatory Commission Program Sumnary Report,
Vol. 3, No. 5, *ay 13, 1379, p. 3=2.

Proposed Amendnment to 10 CFR Part 50, "Licensing of Produztion and
Utilization Facilities" to add Appendixz A, "General Design Criteria for
Nuclear Power Plant Construction Pemmits™ (32 F.X. 10213) July 1l, 1967.
Pages 10213 through 10216.

Insttt&te of Electrical and Electronic ®agineers "Proposed IENEE Criteria
for Nuclear Power Plant Protuctive Systems" IEEE 279, August 1968,
Section 4,13 Indication of Bypass. ;

stitute of Electrical and Zlectronic Engincars "isplavs for Protec:tive
i itlated by Manual “eans" IEEE 603, 1338.

-

itary Standard 14728, Huran Enginezring Requirenents
$ ‘.35. H
L :

~quipneat and

i
s mqui ac il agerber 31, 1974, This
tailed desijzn zuideld i

principles aanl requireasats.
WURLEG=75/087 "Standard Review Plant for the Review of Safaty Analysis
Reports for Nucleir Power Plants,"™ LWR Edition.

Regulatory Guide 1,47, "Bypassed and Tnoperable Status Indication for.
fiuclear Power ?lant Safaty Svste

Regulatory Guide 1.114 "Guidance on Being Operator at the Controls of a
Nuclear Power Plant,” Rev, 1, Wov. 1976, .

[ZEE Std. 566-1977, "IEEL Reconaended Practice for the Design of Displays
and Control Facilities for Ceatral Control Roous of Nuclear Power
Generating Stations," Nuclear Power Engineering Committes of the IEEE
Engineering Committee, 1977,

IEEE Standard (333), "Criteria for the Periodic Testinz of Nuclear Power
Generating Station Class IT Powsr and Proteztion System, 1975, p. 8

- e N . 4 W & &
ear atation=_nis

MIL 4=46855, Military Specification "Human Engineering Requirements for
Military Systems, Equipment and Facilities" May 2, 1972., para. 3.2.1.3.



THi=2 Control Room Desi:n Cvaluation

The 1ik:11ihood of operator actions such as those which exacerbated the larch 25
accident can be reduced by the systematic integration of the human factors
engineering {nto the planning and design of a plant. To determine the extent
to which TMI-2 was designed to prevent or minimize operator errors, the Essex
Sorporation evaluated the TMI-2 control room and conpared it with human factors
engineering criteria and guidelines generally applied to other industries. The

Zollowing discussion of human engineering asnects of the THI Control Roou

erent aspects of tha

LT}

lesisn have been divided into categrries which reflect dif

lesign. They sumnarize the findings of the TNssex Report.

Lorkstation Da2sing

&

me of 4

the fundanental tenets of human factors engineering s that sorkstation
design should facilitate operator pzrformance and reduce the probability of
oparat r error. To accomplish t is, controls and displays should he logically
organized according to function, sequence, or in relation to the systen they
control (i.e., mimic). Furthermore, controls should be placed t~ minimize the
operator's need for reaching and to shorten the visual span between the
sperator and the instruments he must read, thus reducing time to locate and
\anipuiate specific coatrols or displays.

Essex found that little, if any, attention was paid to this aspect of
workstation layout. Apparently no analysis was made of the tasks which mast be
performed at the various THI=2 workstations, or the capabilities and limitQ-

- -

..... suc’i tasks. The faollowing defisiencies arz



o In many cases, workstation design appears to maximize visual scan, reach

and walking requirements. (Refer to Figure of Secztion )

- RC pump seal pressure {s on panel 10, seal temperature on panel 3,
while the puap controls are on panel 4,
== Makeup control is panel 3 while makeup flow indication is displayed

on panel 8., Sea Figure .

o Controls and displays are not logically or consistently sequenced.
- Pressurizer heatar controls: 3,. 2,, 1 See Figure .

5,74

-- Pressurizer narrow raange indicators: B, A

o Indicator lights are inconsistently placed above, beside, or below their

associatad controls,

Reaching over benchboards to actuate switches or to nanipulate recorders not
only obscures the displars under the reaching operator, but it increases the
risk that the operator will unintentionally actuate some switch. Frequently it
prevents the operator from monitoring important displays during switch

speration,

Essex exanined the benchboards and the attached vertical panels in TMI-2 for
reaching requirements. The lev:ls of excessive reach requirements were defined

using the stature of the fifth percentile male (street clothes) as a basis.l

"Rinetvefive parczent of all malas ar

lar than the fifth percentila
rly 1250's were used as a basis

e
male. LUSAT survevs condacted in the e
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They found that 13 chart recorders, 19 control stations (10 switches) aad 31

switches fmost with freguent use) required a reach o 10"-14" greater thaa that

2 the £ifth perceantils nale standin; eract, necessitating him to bead over the

panzl to actuate the control or switch.

Control and Display Design

22tion of control and displays can impede the perfornance of tasks
assignel to a particular workstation. The Essex evaluation of the TMI-2
contral roon identifted saveral such Jdeficiencies in the coatrol and displav

desien at ™I, Fxanplas include:

o Controls have been selactel without regard for the relationship
batwoeen size and pzrformance. As a consaquence, many controls
(2.8., "J=handle" switches) are uanecessarily large requiring
extensive pan2l space to contain thenm.

o Displays have been selected withiout concern for the nformation
processing requirements of the operator. As a result, rarely
used or noncritical displays (e.g., electrical displavs oa panel
6) are unnecessarily large and prominent in the workspace,
whereas critical displays (e.g., pressurizer level) are smaller
and less easily seen.

o Bulds are d1ifficult to change in pushbuttom/legend 1liznt
cortrol=ind {zators ==in som2 cases resulting in shorting out of
switoh, (Noter CM)s statad that the process {3 so unmanageable
that they zensrally wait uatil the plaat is shat down bufore
attaapting to replace buraed out Hilds ( )).

o Auditory displays assoclated with annunciators are not
prioritized to assist the operator in discriminating critical
alams.,

o In some cases for controls having coanon operating modes ({i.e.,
aitomatic an! manual), contrnl s turnel clockwise to olace
systaa {3 majual, in othar cases, counterclockwise. S5ee exanple
in Figure "



sinzle most critical design requirement for the nuclear power plant control
roon is the effective display of information to the operator. This requirenent
ls most pronounced during emerzency conditions, where prompt, accurate diagnosis

e

2% a problem by the operator may be critical. To perform tasks effectively,

the operator nust have immediate access to information regarding all systenm
paramaters reflective of plant status; the information must be easily seen and

- )

rezad, well organized, and unanbiguous ia its content and neaning.

ssex Ionnd that "The design of the TMI=2 control room evidences a patent

iisregard for the information processing requirements of the operator.” (Ref.)
Tne following examples serve to underscore the magnitude of this problem:

> In some cases, the status of critical saranetars aust Ye inferred from
changes in associated parameters.
== There is no displayed indication of euwergzencry feedwater flow.

- Thera is no displaved indication o

(&)

flow through the pressurizer
relief valve discharge line.

- There is no displayed indication that the svstem has reached

saturation condition.

o Displays are incorrectly located, both with respect to their associated
controls as well as the operator's optimal field of view.
== RC punp vibration-eccentricity indicators and alarms ars on back

panel 19, approximately 20 fort from the RC pump controls on panal 4.




O

==  ESF indicator board on panel 13 consists of 15 rows of iandicator
lights. Due to placement and orzanization of this panel, a é6-foot
operator caa see only 8 rows of lights frow his normal operating
position. ©See Figure_ .
™

== RCDT instrumentation is located on panel 8A which is coapletely

outside the main operating area. See Figure .

Information is inadequatz2 aand/or ambiguous, making precise determination

¥ plant status difflcult or iapossible,

- Strip charts arz overloadadi, {1 sone cases Jdisplaviag up to 72
separate chaunz2ls 0a the same chart,

- Critical comntrols Y“ave no obvious indication of being in manual

(e.3., when the pressurizer spray valve is set to manual, the haadle

is "up" (out), bHut the pointar is at "AUTO™).

v
-

1e annunciator system, which includzs over 750 annunciator lights (some

of

which are outslde the main operating area, a.g., RCDT panel) is poorly
orzanized, both in terms of grouping and relationship of alarms to
associated subsystems. 1In addition, critical alarms have not been color
coded or otherwise prioritized to permit immediate identification. In

¥y wordy or contain i{ncoasistent:
aobreviations, ilacreasin; tie clae requirel to ascertain their meaning.
See Figure ___ for an example of one alarm panel out of some 20 of a

sinilar size.

Tetinguished 1izhts ars: used as positive indization of svsten status

POOR ORIGINAL

TRy Lli  RRI Sl - Bt S




Rt -
’-...- —k .E.'w...*
| |
s

1.9

Ih L
[

v 4

L DR R = DR 'll'.!l .-

i

Lel

| > ¥ LN WY J.cc Fo e
. ‘ '
%9 o3 .2

Flews A ivew Mus e

[ SE LR — B &=
La Pb F '

" T oeaT

s T
3 i

R T IR A
et et

-b:.ur. F..Fer.nmﬁ

N | = 1 3
i ool o hel .3_

P

Sl

F. X W w
s".

— o — ey e

- L [
1 1.
’ - Bee® ¥ t . o0 wae
s & ' (Y i
Nt | ] [ ] 4
- el Bl
PR .
L 8..-1 2 &
. - . ¢
. e o
ﬂ. . '.
- aw - -
. YN

-

B el 7
‘u = " am o - e
— ' g
AR SR
H 1 S
! | » e
r...lL o a0 } £y
o S | = 1) 3
; Pl o=
hmmmmm L
LI 353_ ST
-.—5.4 -'-D'b- ...o'-s-x.bvc 2 ..-J. . -
- e La oww
o 8 Bl
ars FH-U -\- nﬂb I - . .cva ~
.o - &
. L e R _
cotitwrtty & A 6
'. Al A s L -
)
. S .-
A L = “
/ - Il & /lu b -
w . \.
v
"0
¢ €, /.
”~ ! ’ e :l\\&\\.“ F

1NAL



e §
H

e —— ———— e .l

A1 47 B Sl SR ¢

tr

o ,A.....,m,_.é
. rL:Lﬁ

-

1 =

!

1]

!

L

...w- ’

C3 e

v
“a i

" " i
|
- 1 T T o
e L P TRER k £ mt.“”'. )
| ’ ... < |

e -
- - ™ -
} = -
_s amn O ' .
(e Pl
|1 o~ ~—  gewve -
porsm =y
ti —~— p—
- L ] —ree o~ vve ® - v -
“aw YT erar Cra

l.n.nlJHv.«:-]All.\»T
- T B .
—

[ (T a1 gt [ 7 o

.,

|

|
|
Je
r. .‘l.

131 v | § 1 IR

-

-

PY o 4

Crdwane g iy p §

 p— - - R

-

-~ /0”»- -~ i
- -
; 1/' - )
- - - -
T .
-~ .
;s -~
- T ——— — — e

- o -
- - ps =
waw Y e -
-roe - -
.- - — g
ce B e * -
Pl W T .. .
—vve "VTe
' - P -
o B W B -
e v g Peew . el A
B, e & )

!
'
i
{
h_
L 3
!

i
\irdil

Sl



o Displays on several panels were evaluated against standard human
enginearing criteria. Some 39 defilcienciles were found in evaluating threa

'

svsteas on Panel 4,

Parallax

In the T™I-2 CR there is extensive use of moving=-pointer, arc-scale vertical
Indicators. Unless these indicators ave viewed on a line passiag through the
pointer and perpendicilar to the scale plate, parallax problems will occur.
Mis parallax probdlem will produce a diffarence between the astual and the

perceivad indicator readiag. Witn vertical indizators, narallax will occur

wien the indlcator is placed too high or too low on the nanel.

Aslde froa placing the vertical indizator on the panel so it can be read
aasily, parallax can be minimized by using a mirrored backing so that the

operator can line up the pointer with its scaled image and be confident that

1ls readinz is accurate.

The parallax survey done by Essex identified 115 vertical meters in the primary

areca above the eve level of the fifth percentile male, none of which had

las

d - = v
y 3 - .'4):".‘! scailas.,

Obscured Displavs

To support primary operations, T™I-2 uses vertical panels behind the bench-
board, which contalan some 1909 displays, inzluding indicator lights, Dapending

" 4 sy &2 « 1 < 4 o
M SaRAT AONATINE helisnt,
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the vertical pertion of the froant banchboard, frou viewing by an operator

standing at the benchboard.

Pec

sex found a large nunbar of displays below the line of sight of a fifth

percentile nale standing at the bhenchboard and looking directly at the ver:ical

- -

pan2l., Specifically, the £ollowinz were obscured:

== 470 indicator lights == 1 Stripchart
== 24 Lezend Switches -= 1 Dial
-= 3 C/D Units -= 1 Coanter

12 Distance

Mmila Essex did not have the opportinityv to conduct a thorough analvsis of
display viewing distance there are some strong indications that the TMI=2
control panal presents many opportunities for 1lsreading displayvs. Tor
exanple, Taree Mile Island-2 presents at least 250 meters located on vertical

panels which must be viewed from minimun reading distance is about 10-1/2 feet

froar the prinarv benchboard.

Labeling, although actually a subset of information display, has unique charac=-
teristics and requirements which significantly impact operator performance. To
ensurz efficient, accurate operator parfomance, labeling nust he consistent in

1

. et 3 . . 1 < % - } e o
RO &LCT respact to aggnciatel comtrols.and displivs; characters must He

POOR ORIGINAL



Color Coding

twted that hwnan engineering, growiag out of the military and aarospace

tradition, 1s somewhat at odds with the color coding practices evidenced at

-y
A sk

The design of the TMI control roon sharply reduced the value of color

coding to the operator. The nuaber of nmeanings associated with each color as

w2ll as te number of colored lights combine to produce considerable anbiguisy

{n tha2 nan/machine communicazion link,

The

. 14 da &

or woning deficlencies not«! by Essex, {ncludiang the following:
b nomenc lhure
A large muber of aeanings ware ittached to each zolor. Speciiically, for

red=14, for green=l11, for aander=1l,

vinangldators, w¥hen alarming, {i1tend to draw atteation to the window nf
interaest, TMI=2 uses flashing white on a white background. Contrast {is

particularly bhad Lf several lights are oa around the alarming window,

The "Christmas Tree" effect in the CR is overwhelaming to the observer and
must be distrazting, and at tizes confusing, to the operator, The nunmbar

2¢ lights nakes it virtually {mnogsihla o letacalne, with confijence, t4

Wi

.

status o aay swiltell or systen

"

T3 4cross the control room, particularly

if the co onent is benchboard-mounted,

Tasex findings are summarized balow:

- POOR orvemag
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TiI=2 control roon was designed and built witout an appreciation of the

needs and limitations of the operator particularly during euergency

sitaation,

In the absence of 4 detailad analysis of information requirements by

operator tasks, some critical parameters were not displayed, some ware not

immediately available to the operator because of location, and the

operators were burdened with unnecessary i{nformation.

ot

The coatrol room jane

enginearing nrinciples

error probadbility, and

design at T™I=2 violatas a nuaber of haman
resultiyy in excessive operator mation, workload,

r=2sponse time,



\’-
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{ication of Yuman Factors Principles by the Nuclear Industry

Fvaluation of Snecific Plants

In order to assess the adequacy of the application of human
factors principles to control room (CR) design in the nuclear
industry and to compare these CR's with the TMI-2 CR, the

Fssex Corporation studied two additional plants., The plants
chosen fur the investigation were Calvert Cliffs 1 and Oconee 2.
Both of these plants are pressurized water reactors of approxi-
mately the same power output and the same vintage as TMI-I.
However, these plants had different architect-engineers and
utilities, and the management philosophy utilized in the CR
design were different from that employed at TMI-2., At ™I-2,
the CR's layout was the responsibility of a senior engineer on
the staff of the architect-engineers and all decisions were
made by him. On the other hand, _alvert Cliffs 1 and Oconee~l
were designed by a manageme,:/operator team. No changes were
made to the CR or indicator arrangement without management/
orerator team approval after all had an opportunity to cri=-
ticize the change., Furthermore, these two CR's were developed

with the aid of a mockup.

The comparison between TMI-2 and the other two plants included
a numan factors assessment of features such as reach and
visibilitv, and the placement  , the readability of meters and

indicators in the control rooms.



The ability of the control room operators to easily reach
controls and see displays from operational distance is basic
to reliable and timely performance. In comparison, the reach
survey of the control room indicated that Calvert Ciiffs was
better than the other two. It had f.er switches and controls
beyond the reach of the fifth percentile male standing at the
control boards., Oconee was the worst of fender with some 22
recorders and 74 switches and controls beyond 10 inches of the
reach of the fifth percentile male, In the TMI-2 contrcl
room, 18 recorders and 41 switches beyond the 10 inch measure-

ment.,

The parallax survey of the three plants focused on vertical
meters in the primary area above the eve level of the fifth
percentile male. Oconee was: better than the other twc having
only one indicator above the limit while Calvert Cliffs had 75
indicators above the '_.:1; however, to minimize the parallax
problem, all had mirrored scales and 25 of these had limit
switches. TMI-2 had 115 vertical indicators above the eye

level, none of which had mirrored scales or limit switches.

Depending on their mounting height, displays on the vertical
panels can be obscured by the vertical position portion of the
bench board from viewing by an operator standing at the bench,
To determine the degree to which displays are obscured, those

displays below the sight of a fifth percentile male standing



at the bench bhoard looking directly at the vertical panels
were counted, Calvert Cliffs and Oconee were better than
™I-2 in thig regard. Calvert Cliffs had no obscured displays
o[ Phewyh F1ove went seme displays oo buck pancly
A and Oconee had only two indicator lights which were obscured.
In the Three Mile Island Unit #2 control room, there were 470

indicator lights which were obscured as well as a number of

other switches and indicators,

It seems clear that the TMI-2 design gives less attention to
the requirements for reach and visibility than either Calvert
Cliffs or Oconee 3. Under normal conditions, operators are
likely to compensate for design inadequacies such as these.
However, under pressure, the operators may take risks with
reaching and displav reading due to time constraints that

could create or compound the problem,

The three plants were =iso compared for the adequacy of the
aids provided for the CRO such as lables, color coding, proce=-
dures, and the means to display the procedures provided to

assist the operator in running the plant.

The Issex survey of control room labeling found significant
and comparable deficiencies in all three plants. For example,
labels were left of { some components, not attached in any
consistent order, and so poorly planned that 34 to 65 percent

of the panel components needed backfits,—



For all three plants, the survey study found:

"Deciding where to use colored lights secems to be a matter of
tradition rather than reason...The "Christuas Tres" effect in the
CR is overwhelming to the observer and mu: . be distracting, and at
times confusing, to the operator. The numbe: of lights makes it
virtually impossible to determine, with confidence, the status of
any switch or system from across the control room, particularly 1.
the component is benchboard-mounted."

In evaluating the color code practice, it was found that all three
plants attached several reanings to each color used. In fact, the
operator in many cases would have to know the specific component

being observed to know how to interpret the color, since in many

instances the colors have contradictory meanings.

A summary of the results of the Fssex color survey are shown in
Tabie __. As can be seen, the T™I-2 control room attached more

meanings to each color than do each of the other two plants.

TABLE
NUMBER OF DIFFERENT MEANING § Aemztrclatlors

GIVEN TO EACH COLOR

Calvert Cliffs 6 4 5
Oconee=-3 B 3 4
™I-2 14 11 11

In summary, the Fssex's limited review of the features that aid the

operator in reliahility and timelv-performance pointed to Calvert



Cliffs 1 and Oconee 3 as superior in human engineering to TMI-2,

Despite their good features, however. OCQnee 3 and Calvert Cliffs 1
ey Jcc}

had qom%nshortcon44¥2‘anu a detailed 8nalysis would no doubt uncover

more ,~

In light of the advancement in human factors in the aerospace
industry at the time that the three plants were being designed, it
«ppears that none took advantage of the technology available. The
limitations of the Fssex study to the two additional nuclear power
plants does not permit a conclusive decision as to the state of the
nuclear power plant control rooms in general. Therefore, the EPRI
study of five additional nower plants was reviewed, as well as the

Sandia Laboratories analysis of the Zion Nuclear Power Plant.

B. Evalqption of Additional Plants

. 1 EPRI Report NP-209

In November, 1976, the Electric Power Research Institute
(FPRI) published a report, EPRI NP=309, of a l6-month
study of five nuclear power plants. FPRI had contracted
with the Lockheed Missiles and Space Company, Inc., of
Sunnyvale, California, to conduct the study and write the
report. The intent of the study was to uncover general
problem areas where humz1 factors guidelines could pro-
fitably be applied to the next peneration of nuclear

power plants, A secondary objective was to identify



problems with.n existing power plants where minor modifi-

cations at low cost would upgrade the quality of the

man-nachine interface. A review of this study allows =

better evaluation of the T™I-2 control room design in

comparison with the state-of-the-art in the nuclear

industry and permits a better evaluation of the nuclear

power plant CR design,

The EPRI study made the following findings:

b.

Control Room Design

The rerort concluded that insufficient attention is
paid to the abilities and limitations of the operator
in developing the control room configuration.
ferious difficulty in the plants' normal and emer-
gency ope-ations resulted from the poor positioning
of controls and instruments on back or remote panels
requiring the operators to leave their primary
operating station to utilize these controls or
monitor thege instruments. In addition, the study
fuund'lngzéziog}zn four of the five plants was
inadequate due to glare and reflections on instru=-

ments ,~

Control Board Design

In general, the control board designs were too large

requirine too great'a visval and control span for



the operators and they were not optimized for minimum
manning. Control boards had arrays of identical
components which are not discriminated into clearly
identified panels and subpanels containing related
elements, Additionally, closely related controls

and displays were often widely separated. Although
some mimicing is provided by the designer, there
usually is not enough to satisfy the operators so
that some operators attempt to modify panels with

tape to super=impose mimic logic.

Control Placement

Although no data on the physical dimensions of
typical control room operators was available, the
placement of instruments was too high or toc low for
convenience. This problem was predominant on the
back panels and peripheral consoles. Foot stools
and ladders were often required to permit the opera-
tors' reach and visual access to these controls and

displays.

Flacement of controls were found to make them suscep=-
tible to accidental activation. Adjacent controls
naving identical appearance, shape and texturc but
different functions can result in inadvertent opera-
tion, Some controls are placed in a manner which

make them suscepible to accidental contact and



disturbance from operators and visitors to the

control room,

Vetegg

Meters currently utilized in nuclear power plants

have a tremendous potential i[cr human factors improve=-
ments, The most common problems observed in the

five plants examined were improper scale markings in
association with scale numerals, selection of scale
numeral progressions that were difficult to interpret,
parallax problems resulting from placing the meters
above or helow eye level, meters that fail with the
pointer reading in the normal operating band of the
scale and glare and reflection from overhead illumina-

tion,

The most serious problem observed in all of the
plants was lack of meter coding to aliow the operator
to readily differentiate between normal, marginal

and out-cf-limits segments of the meter scale.

Annunciator=-Warning Svstems

All five control rooms were provided with an actuation
warning system consisting of a horizontal band of
hundreds of indicators spanning the uppermost segment
of the control board. These svstems were too complex

and had hecome a catch-all for a wide variety of



qualitative indicators compounding the difficulty to
diagnc = malfunctions as abnormal situations. When
emergencies occurred, the excessively large number
of indicators that were illuminated in concert with
blaring horns, startle the operator and overload his
sensory mechanisms rather than shed light on the

problems at hand.

Indicator Lights and Color Coding

Indicator reliability is a problem in the nuclear
power plant control display. There were a suprising
number of burned-out single-lamp indicators at anv
given time. The replacement of these lamps was
difficult and presented problems for the operator.
There are examples in the plants of negative indica-~
tions (the absence of indication to convey informa-

tion to the operator).

The control room designs under-utilize coding tech-
niques that could help the operator discern plant

status and prevent misidentification of control

¢lements. Color codes have not been applied symmetrice

ally and code meanings vary from panel to panel,
Present coding of indicators tell the operator
whether a valve is closed or open but do not convey
any information as to whether the valve should or

should not be closed.
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g Label ing

Labels were not placed consistently above or below
~he panel elements being identified which could
result in misidentification of the panel element.
Some labels were obscured by adjacent control levers.
The best indication of labeling inadequacies is the
extensive handmade lubeling that operators add to
the consoles to clarify identification of given

controls or clarify its operation,
2, NUREG 766503, October 16753

The NRC contracted with the Sandia Laboratories to conduct a study )
of the Zion Nuclear Power Plant. The scope of the studyv was limited
to the human factors problems associated with engineered safety
panels in the control room and associated procedures for coping
with a LOCA., The Sandia report was published as NUREG=76=6503 in

October 1975,

Sandia Laboratories reported that in the Zion situation, as in

other nuclear power plants stations we have visited, little attention
was paid by the designers to the human engineering practices that
have maximized reliable human performance in other complex systems.l
The report lists the following design features which deviate from

sound engineering practices and are regarding as error likely:

1??9FG-76-5503
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¢ Poor layout of controls and displays;

© Poor and inconsistent color philosophy;

¢ Too many annunciators;

¢ Too many excepticns to the go/nmo po coding scheme employed for
rapid assessment of monitor panel status;

o Labeling which provides little or no location aid;

o Misleading labeling due to violation of populational stereotypes;
and

o Insufficient labeling of valves.

It can be seen that the design problems existing at the Zion Plant are

similar to those enumerated in the Essex report on TMI=2,

A broader base of investigation might be needed to compare T™I-2 with

the state-of-the-art in the nuclear industry in the late 1960's, but

from the limited study of Essex of three plants, the five plants studied

by EPRI and the study of the Zion plant by Saidia Laboratories, it can

be concluded that TMI-2 control room is representative of its contemporaryv
nuclear plants, and that there is a serious human factor problem throuéhout

the nuclear industry.



Human Factors Pregursors

iniroduction >

Prior to March €8, 19739, accident precursors, in the form of
reports of reactor instances, Congressional testimony, and
correspondence, contained warnings that an accident of the type that
occurred at TMI-2 could happen. Another chapter of this report
addresses precursors relating to the design and function o+ the
T™MI-2 reactor. This section addresses those precursors relating
specitically to the "human factors" application in control room
design, operator training, emergency procedures and the issue of the
man-machire interface.

This discussion and analysis documents the fact thatl, before the
accident, the NRC and the industry had been alerted to the "human

factors" protlems, many of which existed at TMI-2.

Evaluation of Incidents of Primary Coolant Release from Operating

Boxlxng_water Reactors. WASH-12¢€0

In May 1972, the Atomic Energy Commission appointed a seven

member study groupliv under the auspices of the Office of Operations

Evaluation to conduct an evaluation of incidents involving the

DRAFTNO.



unintentional discharge of significant release of reactor coolant
trom the primary cooclant system orperating nuclear power plants. 04
“C reported inadvertent releases on leakages, the study group
tdentified and studied eight. On October 30, 1972, the AEC
published the study group report WASH-12€0.

Tne study group made many findings and recommendations, several
of which dealt with control room design, manning of the control
room, operator training, operating procedures and feedback ¢

vperational sxperisnce.

~ontrol Recom Design

The study group found that insufficient consideration has been
given to displaying information on control panels and to the
location of controls in relation to each other, particularly when
cnly one operator is regquired in the control room during
oreration.T2¢ The group recommended that the industry develop
control panel and control room design standards or guides that
address the human engineering aspects of reactor operation during

ting occurrences, 3¢

apnormal oper

(Y]

The report discussed the need for further consideration, during
the control room design phase, for the instrumentation and controls
and their lavout, taking into consideration the number of operators,

the information required by them to rapidly diagnose and take proper




corrective action i1n response to unusual occurrences, and other

human engineering aspects of plant control system design.T4¢ The
study group made specific recommendalions addressing the
instrumentation needed to provide the operator with the information

essential to reaching proper operating decisions during transients

and postulated accidents.ISv¢

Controli Room Manning
The regulation requires that only one licensed operator be on
gu s *hie control room during operation. In view of this

reguirement and the fact that more than one licensed operator was on
duty in each instance, the study group found that the number of
personnel in the control room was not a factor. It was pointed out
ihat the General Electric Company recommended that the power plant
Le manned Ly "a shift supervisor on site and tﬁo qualified reactor
operators in the main contrcel room." 1€+

The =tudy group recommended that a guide be developed to assist
in evalusting the number of reactor operators needed to cope with

ipated t;ansxents. They listed the criteria to be taken into

account in determining the size of the control room starf. They
further recommended that utilities of currently operating plants and

applicants for new plants should be required to evaluate their

control room manning needs based on the enumerated criteria.

PAGE_____ 3.
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sunmeal Training
It was found that the training and experience of the reactor
cperaiors in the 2ight incidents studied appeared to be adequate and
met the AEC guides and standards.TB¢ They also found, however, that
he transients studied tended to be aggravated and prolonged by
peralor actions. The study grour felt that one of the cQuaes for
‘ould have teen insufficient training.TSy
was recommended that the licenseez and applicants should, to
e g:tent ecracticable, use simuls ions to train and evaluate

ceerator performance and verify the adequacy of operating

rocedures. Simulators should also be utilized to evaluate operator
cerformance and adequacy of training during operator licensing.TiOv

Asidditionally, the report contained a recommendation that

LiLetiees and applicants for licenses be required to submit plans
and schedules for training of technicians and repairmen engsaged in
the testing and maintenance of safety related systems and

components.Tiié

Uperating Procedures

During the incidents studied, 3 number of deviations from

F
PR ciai ol i
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opa;atxng procedures and technical specifications were
gxperienced.Ti12y he report indicated that operating procedures

wers eaiiher incomplete or deficient for coping with antici:pated
ransients and although some i1mprovements had been made, further

.mprovementis wera negded. 13w

Feedback of Operational Experience

The report indicated that there was insufficient information
detepmine whether incident reports were disssminated
facilities in a timely mammer or whether correclive action
wa akern or planmed to minimize the probability of recurrence in
the plant where the transient occurred.T14y

# study group made 3 number of recommendations regarding
reporting and dissemination of operating experience. It recommended
that a system be developed and implemented to fully inform licensees
0¥ Lotidents and unusual occurrences, It further recommended that
an incident reporting guide be deve.oped Ly the AEC, and enumerated
specific information to Le rerorted.T715¢ Finally, it recommended
that regulatory policies and procedures be revised to identify more
clezsrly the responsibility for review, decision making,
investigation and documentation with respect to incidents and
unusual occurrences.T1€v

On November 28, 1972, the Director of Regulation, in a
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mamorandum to three directors, indicated thatl the recommendations of

fmsH= 250 are to be implemented by the appropriate Regulatory

4]

zctions were taken to implement the recommendations of

sorl=ios0y including the followings

1. The NRC contracted with Sandia Laboratories to conduct & study
o+ human tactors problems of the Zion Nuclear Power Plant,.T18+v
.2 will bte discussed in Section VI of this report.
20 Lnteraciled with industry to develop industry stancgards
.ontrol room displays.lioe However, to date these standards
. not Leen endorsed by the NRC.
Ircocent and abnormal occurrence reporting requirements
¥ went svolutionary changes regarding reporting times and
ot ormation requirements; however, the details and mechanism for
4i..1ty review of events at other facilities uo not appear to
K cwen addressed by the NRC regulations. Furthermore,
<i dumstances surrounding the handling of the 1977 incident of
the Davis Besse plant indicate the existing process fell short
0¥ the recommendation,20¢

Reosrding information available to the cperator at a nuclear

1 during and subsequent to a transisnt or accident,
the "NRC has written Regulatory Guide 1.97 "Instrumentation to
Follow the Course of an Accident.” However, as of March 28,

—

1272 this standard had not been fully implemented in either old

» ~ -~ -
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slants or those undergoing licensing review.
bs - Reacgto simulators have found widespread use. However, the
recomnendations of WASH-12€0 in the arez of simulators have not

90

W

nolmelementedy i.e.y the NRC has virtually no requirements
regacrding simulators. They are not used to evaluate reactor
operators’' performancej they are not generally used to verify
operating procedures for coping with anticipated transients;T21v
the NRC examiners seldom observe and evaiuate operators on the
simulator for their licensing examination, and receive only

cant information regarding specific operators’' performance.
rurthermore, the licensees do not use the simulator as a bLasis

ot modir, ... operating procedures or for evaluating the need

ror ovperator training or retraining.

Human Ferformance March 13, 1975, Memorandum from Hanauer to

Conmissioner Gilinsky

On March 13, 1975, Dr. Stephen H. Hanauer, Technical Advisor to
the Executive Director for Operations of the NRC, initiated a
mamorandum to tommisszoner Gilinsky to which ne attached his views
Of dnwortant tecihmical reactor safely i1ssues facing the Commission
anc reactor safety policy 1ssues.

In his list of technical reactor safety issues, Hanauer

- aduressed the subject of human performance, stating:
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employees, Dale G. Bridenbaugh,

Minor (BH&EM) testified before the
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Joirnt Committee on Atomic Energy citing numerous examples of human

factor deficiencies in the ruclear power induztry. They pointed to

nunerous examples of incidents resulting from human error which

tould have resulted in major accidents. To minimize these errors,
thev made specific recommendations in the area of control room
design, ‘he availability of up~-to-date simulators and their

ytilization for more fregquent training of conirol room operators,
the adegquacy of operational and maintenance procedures and the
treining of operators to use these procedures. The NRC, on March &,

1575, testified Lefore the Joint Committee, rebutting the testimony

[fhve 150 concluded that nuclear reactors asre designed to keep the
likelihcod of operator errors relatively low and took issue with the
¢tatement that +he human error which has occurred “"has ser _ously
jucpardized plant and public safety,” because "... the engineered
catety feoawres, redundant systems and containment design features
have alwaysy singly and in combination, been ayoilablo to protect
plant and public safety."T123¢

BHiM testified that improvements in control room design were one
method of reducing the likelihood of human error. They noted the
complexity of nuclear power plant contrel rooms, the differences in
control room iafuut throughout the industry and the utilization of
mircor images in common control rooms for two nuclear units. They
zlso maintained that "Standardization of control rooms is a vital

element of safety..."



e e e e

The NRC response supported standardization in general but
claimec that standardization of control rooms and controls and
.¢plavs had not bteen demonstrated to have 2 significant impact on
sralor performance.T24v The NRC testimony alsc pointed to studies
onsc 2d by the NRC and industry te evaluate control room design
cated that *the IEFE was developing a standard guide for
cesign and control facilities for control rooms. 125¢
In Jdiscussing control! room design, the NRC stated that due to
‘he automatic initiation of the engineered safety features, the
cneeseusnces of an accident are mitigated and the only function of

oo srator is to assure that these systems func tion properly and

ini 3te any actien which failed to oOCCur. It therefore
¢ci d that “"... the control rocom des.ign arrangsement or
eraio =-process interface is not &s rritical (or vital) to safety

4y may bLe inferred from the February 18, 1276 testimony." T126%

Tr e NRC dids however, recognize the importance o human
sngineering grinciples, control room design standardization and
sptioral arrangement of design to minimize the probability of human
BrPoOr . IE7TY

EriM testified that providing up-to-date simulators and more
¢requent training of operators is another method of reducing the

l1ikel:hood of human error. Specifically, they indicated that the

imulators were putdated and did not reprasent the contrel

shiilosophy which has evolved over the last ‘on years. Additionally.,

they questioned the ability of the operator to renmember the accident



procedures through time without very frequent update, indicating

that retraining periods ere too infreguent to keep the operator

sware nf his special procedure: under accident conditions.128¢
respensey the NRC disagized with the contention that the

imulotors are outdated for training programs, pointing out hat the

[

design philecsophy for data display and plant control for operating
plants and those in the operating licensing stage of review are very
similar to the design philosophy 0f existing nuclear power piant

simulators. 125y

The NRC pointed out that there was no requirement for simulator
aining and :f simulators are used the operator is alzo trained &t
- ant four which he seeks his license. The NRC testified that 1+t

gasures that itransition from sinmulator to plant has been made by the

trainze through examination at the farility for which the individual

seeke a license. T304
The NRC agreed that 1t is unrealistic to expect the operator to

remember details of accident procedures over.a long period of time.

£ -

in 1273, the NRC promulgated an amendment to 10CFR 55 by adding an

-

Appendix A, Beaualification Programs _for Licensed Qperaiors of

Production and Utilization Facililies. This srogram requires
serivdic review of all sbnormal and emergency procedures. The NRC

3 ? s nor are they aware of any tests Ly

cONo “Teg any sEBS5SS O
Gthers to determine how long an operator i1s able to retain

procedural details.131¢

EvieM further testified, "Mos: human errors in reactor plants



result from one of twoe causes: inadequate procedures or

insurficient knowledge of existing procedures.”"132¢ They

rec nended thzi the NRC review operational and maintenance
procedures to ensure adequacy of both scope and content and that it
5t up 1ts surveillance of training processes to enzure that the

precedures are fully understood and implemented.1334
The NRC responded that zsuidance in the preparation of procedures

1s provided to the aprlicant in Regulatory Guide 1.23 which

incurporates industry standards. It pointed out that the utility
glea dre reviewed to sssurs compliance with this guide and that NRC
iTisF=2tors conduct an audit of the detailed procedures to assure
the. completens:zs pricr to the issuance of an operating

24% rReview and eprroval of procedures and amendments

& te is conducted Ly utility management according to the NRC

e NRC testified ihatlt “raining programs are reviewed 1o ensure
that 211 personnel receive saticfactory <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>