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In response to TMI-2, several task forces were formed at NRC to evaluate the
weaknesses in plant design and operation and make recommendations to assure
that a similar event would not occur at other operating plants. This paper
discusses the recommendations mai'e in the areas of emergency procedures,
control room operations, auxiliary feedwater design, emergency preparedness,
and other systems and instrumentation. We believe the implementation of these
recommendations will significantly improve nuclear power plant safety in the
United States.

INTRCJUCTION
The Three Mile Island accident has had a profound impact on the nuclear
regulatory process in the United States. The significant events of the accident, which have received considerable publicity, include a combination of
design deficiencies, equipment failures, and operator errors. The implications of these events brought into question the criteria used to license
plants and our effectiveness in performing our regulatory function. In
response to these concerns, several task forces headed by senior management
vere formed within the Commission to:
(1) assure that other reactor licensees, particularly for those plants
similar in design to TMI-2, take immediate actions to substantially
reduce the potential for TMI-2 type events; and
(2) perform comprehensive investigations into the potential generic implications of this accident on other operating reactors and plants with pending
operating license and construction permit applications.
In addition, other investigations into the broader policy issues of TMI-2
on nuclear power plant licensing have been initiated. These independent groups
include the Presidential Commission on Three Mile Island, an NRC funded special
inquiry group, and congressional subcommittees. The conclusions and recommendations of these groups and the extent of implementation of their findings will
not be known until early 1980. Therefore, my talk will be limited to technical
issues currently under consideration and will only touch briefly on potential
structural and policy changes that might result from these outside
investigations.
By way of background, I would like to go over some of the actions we
engaged in over the past seven months. The preliminary review of the accident
chronology identified several events that occurred during the accident and contributed significantly to its severity. All holders of operating licenses were
subsequently instructed to take a number of immediate actions to avoid repetition of these errors, in accordance with bulletins issued by the Commission's
Office of Inspection and Enforcement in early April. The initial bulletins
defined actions by operating plants using the B&W reactor system, but as staff
evaluations determined that additional actions were necessary, these bulletins
were subsequently expanded, clarified, and issued to all operating plants for
action. A multidisciplined evaluation team was formed to review the actions
taken by the licensees in response to the bulletins.
In addition, the NRC staff began immediate revaluation of the design features of B&W reactors to determine whether, and if so, what additional safety
corrections or improvements were necessary. This evaluation involved numerous
meetings with B&W and certain of the affected licensees. The conclusion of
these preliminary staff studies were documented in an April 25, 1979 status
report to the Commission. We found that the B&W designed reactors appeared to
be unusually sensitive to certain off-normal transient conditions originating
in the secondary system. As a result of this work, the NRC staff identified
certain other short-term design and procedural changes at operating B&W
facilities that were necessary to assure adequate protection to the public
health and safety. The licensees initiated shut down of the B&W plants and
kept them shut down until these short term actions were completed and the
results reviewed by the staff. In addition to those modifications to be
implemented promptly, each licensee also proposed to carry out certain
additional long-term modifications to further enhance the capability and
reliability of the reactor to respond to various transient events. These
actions were confirmed by a Commission order to each licensee.

Similar g neric studies are in progress for the Westinghouse, Combustion
Engineering, and General Electric operating plants. The studies focus specifically on the predicted plant performance under different accident scenarios
involving small break loss-of-coolant events and feedwater transients. Based
upon analytically predicted system behavior, recommended guidelines for emergency operating procedures were developed and are being reviewed by the staff.
In addition, these studies include engineering assessments of the reliability
of individual plant auxiliary feedwater systems and identification of dominant
failure contributors and recommendations for corrective action.
Over 1,000 issues were raised in response to the accident. A multidisciplined task force (Lessons Learned) was formed to screen and evaluate these
issues so that they may be placed into various categories according to their
importance to safety and their priority for implementation. This group has
identified 24 short term recommendations for operating reactors and near term
operating license applicants and is formulating longer term policy type
recommendations.
Many of the recommendations developed by these various groups must be
implemented by the operating plants by January 1980. The utilities have been
informed of the requirements by staff action letters which allows continued
plant operation; except for the B&W plants which were shut down in early May
until they complied with certain very near term conditions. Except for Three
Mile Island, Unit 1 which is in the hearing process, all the B&W plants have
satisfied these requirements and are back in operation. If the implementation
schedules are not met, the Commission may consideration additional actions
against those plants which have not complied with our requirements.
It is obvious that the activities described have had a large impact on
available resources both in the Commission and the nuclear industry. The accident continues to require a significant number of managerial and technical
members of the staff to be diverted from their regularly scheduled licensing
activities. The manpower has been diverted from reviewing license applications; however, our Systematic Review Program (of old plants) and generic
safety issues programs have also suffered.
An important spinoff is the formation of owners' groups (along NSSS design
lines) to more effectively respond to the generic issues that have been raised.
The staff has encouraged this approach because it maximizes our resources and
the coliegial effort improves the generic resolution of a particular issue.
Each licensee is required to justify that his plant is enveloped by the generic
solution developed by his group.
The Three Mile Island accident has been a catalyst for the revaluation
of our licensing criteria and our license review process. Our initial review
covered areas arising directly from the accident, but as the studies progressed,
we also considered other areas that were not direct contributors to the consequences of the accident.
Emergency Operator Procedures
In the Three Mile Island accident, a loss of feedwater transient led to a
small break loss-of-coolant accident when the pressurizer pilot-operated relief
valve failed to close. The emergency procedure for a loss of feedwater did
not alert the operators to this possibility, nor did it provide any indication
that the opening of the PORV should have been expected. The emergency procedure
for a loss of coolant/loss of pressure event did contain a cautionary statement
regarding termination of the high pressure injection; however, the operator
appeared to be concerned wit!) a water-solid pressurizer and paid insufficient

at wention to the RCS pressure. It is clear from the events at Three Mile
Island that operator training and emergency procedures were not adequate for
the operators to conclude, from the information available, that the reactor
core was uncovered and inadequately cooled for a long period of time.
The staff has looked at emergency operator procedures since the accident.
There appears to be inadequate coordination between the organizations providing
the system design and analysis and the organizations developing the emergency
procedures and providing operator training. In some cases, the NSSS vendor
does not supply any guidelines on the development of emergency procedures.
This lack of coordination is carried over into the licensing process. The
emergency procedures are audited by our inspection group; however, we do not
perform a formal technical review of all procedures, or evaluate which
analyses are used to develop them.
We have initiated a change in the process for developing, reviewing, and
implementing emergency operator procedures starting with small break loss-ofcoolant accidents. I am referring to a procedure to recover from an event, a
LOCA. In general most of the emergency procedures are written for events
similar to those specified in the FSAR. Obviously this places an enormous
burden on the operator to identify the type of event that is occurring, particularly when several events, some benign and some serious, exhibit the same
symptoms. Because there is no control room instrumentation to quickly provide
a differential diagnoses, we are requiring that logic diagrams be developed to
guide the operator in making the correct diagnosis and following the proper
emergency procedure. This is a fairly critical step in the process since misdiagnosing the event could lead to unacceptable consequences.
Our current licensing criteria do not require analyses of a combination
of events such as a LOCA coincident with a steamline break; however, we believe
that these potential events should be considered in the emergency procedures.
Here again the diagnostic logic diagram is important to assure that the operator
follows the most appropriate emergency procedure. It is recognized that some
limits could be violated when trying to recover from some serious coincident
accidents, so that it is important to make the necessary value judgments now
for these degraded events rather than burden the operator with making a compromising decision during a high stress situation. This in no way implies
that licensing criteria are being changed.
As a direct result of TMI-2, we have required that the licensees develop
new small break LOCA procedures. To support this effort, the reactor vendors
performed analyses in the very small break range (e.g., safety and relief valve
opening) to examine sensitivity to break location, reliance on the steam
generator as a heat sink, the effects of delays in the availability of the
auxiliary feedwater system, long term cooling using natural circulation, offsite and onsite power availability, and operator actions based upon available
information on plant parameters. The purpose of these analyses is to generate
dynamic plant responses that can be used to develop operator procedures and
also provide supplemental information for operator training. These analyses
are also used to confirm our understanding that stuck open relief valves do
not result in uncovering the core if the ECCS is not terminated prematurely.
The vendors also wrote guidelines for small break LOCA emergency procedures that would envelop the operating plants. These guidelies followed the
traditional format such as symptoms, immediate actions, and subsequent actions.
Operator actions are based on the sensitivity analyses. A staff team composed
of professionals with analysis, systems, and plant operation backgrounds
reviewed the adequacy of these guidelines which is a departure from previous

practice. Subsequent to our approval, the licensees wrote procedures for their
plants incorporating specific features their facilities may have.
One of the most important operator actions required during the recovery
from very small breaks is the termination or throttling back of high pressure
injection flow. The potentially conflicting concerns are maintenance of core
cooling versus water-solid operation. Since reliance on pressurizer level was
discredited by TMI-2, other criteria for HPI termination were proposed by the
vendors, consistent with their analyses. The common element among the proposals
is to maintain full HPI flow until the water in the primary system is subcooled
with respect to the system pressure. Although this criterion was developed
for small break LOCAs, it appears to be applicable to other events as well.
If ultimately this criteria is shown to be generally applicable, it would
simplify operator training by providing a simple functional requirement for
all events.
Another TMI-2 concern is tripping of the reactor coolant pumps. Serious
fuel damage occurred after the reactor coolant pumps were turned off; the consequent steam-water separation resulted in uncovering the core. Our initial
response was to require that the pumps continue to operate during an accident
until their failure was imminent. Subsequent analyses by the vendors indicated
that, for a certain range of small breaks, reactor coolant pump termination,
at certain inappropriate times following the LOCA, could result in unacceptable
consequences. We now require that the reactor coolant pumps be tripped when
there is an automatic actuation of the ECCS. To ensure this manual action is
carried out in a timely fashion, we also required a second operator in the
control room at all times. In the longer term, we expect that this pump trip
will be performed automatically and use additional initiation signals to preclude unwanted pump trips during severe overcooling transients.
Considerable discussion centered around the loss of natural circulation
at TMI-2 which continued unconnected. We have required that the licensees
include in their procedures instructions on how to monitor natural circulation
in the primary system and how to initiate it. The proposed instructions include
monitoring primary system coolant temperatures and jogging the reactor coolant
pumps in order to sweep out voids in the loop.
We required that the emergency procedures contain instructions for the
operator to verify his readings of critical parameters before initiating any
significant action. This concern stemmed from an erroneous operator action
based on a single control room indicator that was faulty. In this instance,
the issue is not a direct result of TMI-2, but evolved during the generic
studies following the accident.
Sensitivity analyses were performed for small break LOCAs assuming different delay times in auxiliary feedwater actuation. Our concern in this area
stemmed from the small water supply on the secondary side of the steam generator
and the 8 minute delay in initiating auxiliary feedwater at TMI-2. These
analyses showed, that for plants with high pressure injection pumps, core
cooling could be achieved by opening the relief valve on the pressurizer and
maintaining full HPI flow.. As a result, we required that instructions be
included in the procedures to open the pressurizer relief valves and maintain
full HPI flow for those situations where feedwater is not available but normally
required for decay heat removal.
We required that the licensees perform studies of inadequate core cooling
resulting from (1) an insufficient coolant inventory; (2) an unspecified occurrence that results in departure from nucleate boiling; and (3) an unspecified
event during refueling operations. The purpose of these studies is to identify

early warn ng signs that could be monitored with presently available instrumentation and to develop operator procedures for recovering from the event.
Another aim of these studies is to develop criteria for designing new instrumentation that would provide an unambiguous indication of inadequate core
cooling.
Lastly, we have required that all transients and accidents be reeyaluated
on a longer time scale. The analyses shall include a single active failure
for each system called upon to function for a particular event. Consequential
failures shall also be considered. Failures of the operators to perform
requi ed control manipulations shall be given consideration for permutations
of tiie analyses. Operator actions that could cause the complete loss of function of a safety system shall also be considered. The transient and accident
analyses shall include event tree analyses, which are supplemented by computer
calculations for those cases in which the system response to operator actions
is unclear or these calculations could be used to provide important quantitative
information not available from an event tree. For example, failure to initiate
high-pressure injection could lead to uncovering the core for some transients,
and a computer calculation could provide information on the amount of time
available for corrective action. The transient and accident analyses are to
be performed for the purpose of identifying appropriate and inappropriate
operator actions relating to important safety considerations such as natural
circulation, prevention of core uncovery, and prevention of more serious
accidents.
The information derived from the preceding analyses shall be included in
the plant emergency procedure and operating training. It is expected that
analyses performed by the NSSS vendors will be put in the form of emergency
procedure guidelines and that the changes in the procedures will be implemented by each licensee or applicant.
Control Room
A major focus of our attention following the TMI-2 accident has been
control room activities following a serious event. Host of us, who are
accustomed to evaluating situations that can be quantified, such as hardware
or analysis problems, are relatively naive in integrating the human element
into our considerations. I suspect we give the reactor operators too much
credit or no credit based on our personal biases, rather than on thoughtful
deliberations. We intend to perform a more measured
review of control room
operations to insure that the reactor operators1 capabilities are properly
weighted in assessing the safe operation of the plant. Part of this effort is
a more intensive review or emergency procedures as I discussed earlier; the
other is an expansion of operator licensing requirements.
Following the accident, we required the licensees to provide operating
training in the TMI-2 scenario to insure that the operators were aware of the
errors committed during the recovery and to relate this experience to his plant.
In addition, all reactor operators at B&W plants were required to have simulator
training in TMI-2 event which included practicing successful recovery from the
event. To determine the effectiveness of this training, the NRC staff audited
a sample of B&W plant operators. Additional training was required at some of
the facilities.
In order to provide more effective response during accident situations,
we required the licensees to clearly define the shift supervisor's responsibility and authority for safe operation of the plant. In addition, procedures
must be established for shift and relief turnover to insure that the operators
are always aware of the exact plant status. Procedures must also be established

to limit control room access to essential personnel. At one time, there were
up to 85 persons in the control room following the TMI-2 accident.
The most controversial recommendation made by the staff was the requirement
for a shift technical advisor, who would advise the shift supervisor during
recovery from unusual events. He would not participate in reactor operations,
but would stand back, monitor plant parameters, independently evaluate the
situation, and recommend courses of action (if deemed necessary) to the shift
supervisor. The shift supervisor would retain the responsibility for directing
control room activities. The staff has proposed that this position be filled
by an engineering graduate who has additional plant training. Industry has
made a counter-proposal that the position be filled by an experienced senior
reactor operator who has additional engineering course work. There is agreement on the need for such a function; however, the most effective means of
fulfilling this function is still under discussion.
Finally, the staff has recommended 16 changes in our licensing practices
for training and licensing operators which are under consideration by the
Commissioners. These recommendations are:
1.

The experience requirements regarding power plant operations for senior
operator applicants should be increased.

2.

Establish requirements for applicants for senior operator licenses, after
the plant achieves criticaiity, to be licensed as an operator for six
months.

3.

Establish requirements for participation in plant shift operations prior
to licensing.

4.

Establish requirements that simulators be used in training programs for
hot applicants.

5.

NRC should audit training programs more closely, including administration
of certification examinations.

6.

Develop eligibility requirements for instructors.

7.

In addition to the present operator requalification program requirements,
all licensees should be required to participate in periodic retraining
and recertification on a full scope simulator representative of their
facility.

8.

Establish more explicit requirements regarding exercises to be included
in simulator requalification program.

9.

An increased level of confidence in the effectiveness of requalification
programs should be provided by NRC examiners administering annual requalification examinations.

10. The scope of the written examinations should provide increased emphasis
on understanding of thermohydraulics, hydraulics, and related matters.
11. Applicants for operator and senior operator licenses should be examined
at a nuclear power plant simulator.
12. Senior operator applicants who hold operator licenses should be required
to take an oral test as well as the written examination.

13. The passing grade of written examination should be Increased to 80% or
greater overall and 70% or greater In each category.
14. NRC should Inform facility management of the results of each examination
so that remedial training may be Instituted, as applicable.
15. ANSI/ANS 3.5-1979, "Nuclear Power Plant Simulators," should be reviewed
and revised and a Regulatory Guide reflecting NRC endorsement be developed.
These are Initial recommendations that the staff considers appropriate.
In no way do they preclude Initiating additional requirements that are deemed
appropriate based on other studies and investigations of the licensing program.
We anticipate that full implementation of most of the recommendations could
occur within one year except for those requiring rulemaking. Those involving
nuclear power plant simulators may also require more time to permit the purchase, finance and construction of more simulators.
Auxiliary Feedwater System
The isolation of the auxiliary feedwater system for the first 8 minutes
of the TMI-2 accident initiated a broad study that went beyond the impact of
this system on the accident. Unlike the emergency core cooling system design,
which is fairly uniform for the different PWRs, the auxiliary feedwater systems,
which are designed by the architect-engineers, exhibit more individuality in
the operating plants. NRC acceptance criteria for this system were developed
and implemented over the last five years so that earlier vintage plants have
AFW systems of varying quality. In addition to the requirement for providing
long term decay heat removal whenever main feedwater is lost, the AFW response
time is critical. The steam generator dryout time for plants with once through
steam generators is on the order of two minutes, while the dryout times for
U-tube steam generators is from 15 to 20 minutes. As a result, we required an
improvement in the reliability and performance of the auxiliary feedwater
systems in the operating power plants.
In evaluating the auxiliary feedwater systems, we performed a standard
deterministic type of review and also a reliability analysis using event tree
and fault tree logic techniques. Time and personnel limitations precluded a
complete and extensive review of each system, consequently the results are
viewed in terms of general conclusions and insights into (1) common mode
failures, particularly those related to human error; (2) single point failures;
and (3) any dominant causes of AFW system unreliability. Based on these
studies, the corrective actions were recommended for all operating plants that
have these deficiencies.
For plants with manually initiated AFW systems, there is the potential
for failure of the operator to manually actuate the system following a transient
in time to maintain the steam generator water level high enough to assure decay
heat removal via the steam generators. Therefore, we have required that the
AFW system be automatically actuated on appropriate initiating signals and that
the actuation system meet our safety grade requirements. In the interim, we
required that a dedicated operator be stationed locally to initiate AFW for
those plants which rely on manual actuation.
Seme plants were identified that had single or series isolation valves in
the AFW system that could interrupt all AFW flow. We required those plants to
lock open the critical valves and perform monthly inspections to verify that
they are locked in the open position. In the long term we required that the
piping layout meet single failure criteria.

Tl"a capacity of the primary water source for the AFW system varies widely
from piant to plant. We required that a low level alarm be installed in the
primary water source to alert the operator to the need to transfer to an alternate source. In addition, we required the licensees to develop specific procedures for initiating alternate sources of AFW supply.
During our review, we became aware of numerous AFW pump trips or failures
during tests or required systems operations. In order to reduce these failures,
we required that the licensees perform endurance tests on his AFW pumps so that
opprational problems can be identified and corrected.
Verification of safety systems actuation is part of the immediate operator
actions following a reactor trip. We believe the best way to confirm that the
AFW is operating is to monitor flow to the steam generators rather than rely
on indirect indications such as pump motor current, valve status, or steam
generator level. Therefore, we required safety grade AFW flow indication be
installed if not already available.
We required that the licensees review the failure mode of the AFW valves
to assure continued AFW flow in the event of the loss of air or the loss of
power. In addition, an operator must be stationed locally to realign valves
during periodic testing of the AFW to assures its availability if a loss of
biain feedwater should occur during the AFW test.
Most plants have a turbine driven AFW pump that could provide flow in the
event of total loss of AC power, both offsite and onsite. During our review,
we noted that some of the turbine driven pumps had AC dependent lube oil pumps
or AC dependent service water of the lube oil. In addition, some of the valves
in the AFW system were dependent on AC power. To improve the capability of
the plants to recover from this low probability event, we required the
licensees to remove the AC dependence from the turbine driven pumps and to
develop procedures for AFW initiation and control under these conditions.
We also required that Technical Specifications that govern plant operation
be modified to include a time limit on the outage of an AFW train and required
double verification of AFW system valve alignments following any tests or
maintenance on the system.
The above recommendations are related primarily to potential undercooling
situations that could result in heating up the primary system and opening the
safety-relief valves in the pressurizer, which was the precursor to TMI-2. At
the other end of the spectrum are overcooiing events caused by malfunctions in
the main feedwater system and/or aggravated by the auxiliary feedwater system.
Here again, the event (shrinkage of the primary system coolant volume) appears
to be more sensitive in plants which have once-through steam generators that
closely couple primary system response to perturbations in the secondary system.
While the consequences of these events are acceptable based on the results presented in the safety analysis reports, the initial symptoms (loss of pressure
and pressurizer level indication) look very similar to major accidents such as
loss-of-coolant and steam line break. Thus, these anticipated transients pose
more frequent significant challenges to the reactor operator to diagnose the
situation and take appropriate action. The risk lies in treating an accident
like a transient because of operator conditioning by previous experiences.
The staff has initiated a study of undercooling events to determine what
remedial actions, if any, we should implement.

Other Systems and Instrumentation
Modifications to other systems and instrumentation were identified as
having safety significance based on the considered engineering evaluation and
qualitative professional judgment of the various task forces. In this regard,
the items were selected for "short-term action" if their implementation would
provide substantial, additional protection required for the public health and
safety. These recommendations received extensive reviews within the Commission
and by industry prior to their formal issuance.
The power operated relief valve on the primary system was the source of
the small LOCA that ultimately resulted in significant fuel damage at TMI-2.
The pressure actuation point on this valve is set below the reactor trip point
and the safety valve relief point to accommodate small pressure changes, anticipated during normal operation, within a reactor trip. Since this was not previously considered a safety related system, it was not reviewed except for
assessing the consequences of an inadvertently stuck open valve. As noted
earlier these consequences were found acceptable because no fuel damage was
predicted based on the expected operation of the high pressure safety injection
system. Based on our review cf the operating history of these valves since
TMI-2, we concluded that the frequency of challenges to this valve and its
failure rate were excessive in B&W plants. We, therefore, required that the
reactor trip setpoint be lowered and the relief valve actuation setpoint be
raised to reduce the challenges to the valve.
We have also required that an unambiguous valve position read out in the
control room be provided so that the operator can verify the status of plant
symptoms representative of a small break LOCA. In addition, the relief valve
and the isolation valve on the same relief line must be capable of being
actuated with either onsite or offsite power so that the operator can isolate
the line if the valve is inadvertently opened and/or fails open.
As part of a longer term effort, we have required that tests be performed
on the relief valve and representative installation layouts to demonstrate
satisfactory performance under anticipated flow conditions which would include
two-phase and water discharge from the valve. Remedial action will be taken
if the test results do not verify that the valve can perform satisfactorily
under these conditions. Since this is a generic concern, this program will be
an industry wide effort conducted by EPRI.
The role of the pressurizer in plant operation was also reviewed. To
improve the capability of primary system pressure control during extended recovery periods without offsite power, we have required the licensees to insure
that the pressurizer level instrumentation is connected to an emergency power
source and that the pressurizer heaters are capable of being connected to
emergency power also. Because the pressurizer level alone is not an adequate
indication of primary system inventory under certain accident conditions, the
operating procedures have been modified to direct the operator to monitor the
subcooling of the coolant in the primary system which would indicate the absence
of significant voids in the primary system. To aid the operator in this procedure, we have required that the licensee install redundant subcooling meters
that can be used to assess the potential for inadequate core cooling because of
voids in the primary system.
The reactor containment has received considerable attention from the standpoint of isolation and hydrogen control. Containment isolation was not achieved
until approximately 4-1/2 hours after the start of the accident. Although this
apparently did not lead directly to release of fission products outside containment, it clearly indicated an unacceptable possibility that it could occur.

To provide assurance that the containment will be isolated in future events,
we required that a second diverse signal, in addition to the present high containment pressure signal, be used to initiate the isolation. A complementary
action is the reevaluation of the basis for categorizing essential and nonessential systems that penetrate containment to assure that all non-essential
systems are isolated automatically when accident situations require it.
Another requirement is to assure that the design of control systems for automatic containment isolation valves shall be such that resetting the isolation
signal will not result in the automatic reopening of containment isolation
valves.
The design of the TMI-2 post-accident recombiner system uses the 36-inch
containment penetrations for the normal containment purge system. These penetrations are oversized for the purpose of hydrogen recombiner operation and
lack adequate redundant isolation to preclude inadvertent venting of the containment when the recombiner is in operation. As a result, we required plants
using external recombiners to provide dedicated penetrations for that service
only and to assure that the penetrations meet our redundancy and single failure
requirements.
The post-accident recovery at TMI-2 has indicated some weaknesses in our
ability to monitor conditions inside containment. To correct some of these
shortcomings, we required that the licensees install new instrumentation to
measure containment pressure, water level in the sump, and hydrogen concentration in the containment atmosphere. The measurement range should be extended
beyond the values predicted in the safety analyses for the plants.
Everybody is familiar with the infamous hydrogen bubble at TMI-2. Several
tension filled days were spent evaluating various options before the gas was
finally released through an obscure one-inch vent line on the pressurizer.
Based on this experience, we required that the licensees install vent line(s)
at the high point(s) in the primary system that can be operated from the control room and procedures be developed to cover operation of these vents.
Another weakness exposed by TMI-2 was the limited capability for measuring
radiation levels inside and outside of containment. To correct these deficiencies, we required the licensees to:
1.

upgrade their capability to obtain and analyze primary coolant and containment air samples without overexposing personnel.

2.

develop interim procedures for estimating noble gas and radionuclide
release rates if the existing effluent instrumentation goes off scale.

3.

install high range noble gas monitors with an extended range by January
1981.

After an accident in which significant core damage occurs, large radiation
fields, resulting from large radiation sources being contained in systems not
designed for such activity, may make it difficult to effectively perform accident recovery operations. Such systems, although not specifically identified
to perform post-accident functions, may nevertheless be of significant value
after an accident. In addition, vital areas such as control rooms, rad-waste
panels, emergency power supplies, and instrument areas, may fall within the
radiation fields of such systems. As a result, we required the licensees to
evaluate their plants with respect to potential post-accident operations and
provide permanent or temporary shielding that will allow access to vital areas.

The long recovery period associated with TMI-2 has underscored problems
associated with leakage from systems containing highly radioactive fluids.
Event chronic small leaks pose hazards because of the continuous release of
radioactive gases and the limited storage capability of the rad-waste system.
In order to minimize these difficulties, we have required that the licensees
implement all practical leak reduction measures for all systems that could carry
radioactive fluid outside of containment. In addition, they are to implement
a program of preventive maintenance to reduce leakage to as-low-as-practical
and perform periodic tests to confirm the leak tightness of the systems.
Emergency Preparedness
The comprehensive evaluations of the response of the licensee, the State
of Pennsylvania and the NRC to the challenge of the Three Mile Island accident
are still underway and will be for some time. However, all of these principals,
the nuclear industry, the several states involved and the U.S. Congress sense
an immediate need for improvements in emergency preparedness and all are moving
forward with initiatives which will significantly affect the resources committed
to this area.
The staff plans to undertake an intensive effort over the next year to
improve licensee emergency preparedness at all operating power reactors and
those reactors scheduled for an operating license decision within the next year.
This effort will be closely coordinated with a similar effort by the Office of
State Programs to improve State and local response plans through the concurrence
process.
The main elements of the staff effort are as follows:
1.

Upgrade licensee emergency plans to satisfy Regulatory Guide 1.101, with
special attention to the development and use of uniform action level
criteria based on plant parameters. We believe it is particularly important that all involved use similar terminology and take effective action
based on the same criteria.

2.

Determine that an Emergency Operations Center for Federal, State and local
personnel has been established with suitable communications to the plant,
and that upgrading of the facility to provide direct transmittal rf key
plant data is underway.

3.

Assure that improved licensee offsite monitoring capabilities (including
additional TLD's or equivalent) have been provided for all sites.

4.

Assess the relationship of State/local plans to the licensee's and Federal
plans to assure the capability to take appropriate emergency actions.
Assure that this capability will be extended to a distance of 10 miles as
soon as practical, but not later than January 1, 1981. This will include
meetings with State and local officials in the vicinity of each site.
This item will be performed in conjunction with the Office of State
Programs effort to achieve concurrence in all affected States within about
the next year.

5.

Require test exercises of approved Emergency Plans (Federal, State, local,
licensees), review plans for such exercises, and participate in a limited
number of joint exercises. Tests of licensee plans will be required to
be conducted as soon as practical for all facilities and before reactor
startup for new licensees. Exercises of State plans will be performed in
conjunction with the concurrence reviews of the Office of State Programs.
Joint test exercises involving Federal, State, local and licensees will

be conducted at the rate of about 10 per year, which would result in all
sites being exercised once each five years.
Milestones for this program have been developed. Sites in areas of relatively high population density, sites with units scheduled for operating license
decisions within the next year, and sites without NRC concurrences in State
plans will be reviewed early in the program. The entire program will evaluate
52 sites and 76 units.
Another effort in the emergency preparedness area which has been ongoing
for some time is the joint NRC/EPA task force on Emergency Planning. The task
force has recommended staffing increases in all areas of emergency preparedness
activities and organizational changes to improve the coordination of efforts
within NRC and obtain higher organizational visibility for emergency planning.
Each program office is now implementing its action plan and in several cases
offices have diverted additional resources to the emergency preparedness area,.
The task force also drafted regulations which would implement Emergency
Planning Zones around each power reactor, require the submittal of licensee
implementing procedures as well as emergency plans for NRC review and condition
plant licenses on approval of State and local emergency preparedness capabilities. In a related action, the Commission is issuing a proposed rule which
would require updating of emergency plans for power reactors and certain fuel
cycle facilities required under current regulations and would require that
emergency plans for all research reactors be submitted for NRC review.
Internal NRC preparedness is also receiving extensive scrutiny and upgrading. The Bethesda Operations Center and our regional offices now have
dedicated lines to each facility control room and additional lines are being
installed for communication of radiological release information during emergencies. The Bethesda Operations Center is now manned 24 hours a day and
emphasis is being placed on prompt notification of the NRC and State and local
agencies of unusual events. Our ability to quickly identify and dispatch the
right technical and management personnel to an affected site is being upgraded
and the technology available for data transmission and display are being
reviewed to lay the groundwork for improvements in our headquarters and regional
physical facilities. The Commission is also examining the internal role it
should play in future events as well as the role of the NRC in relation to the
licensee and State and local agencies.
Other relevant ongoing activities include a study on how best to obtain
and distribute funds to state and local governments for emergency planning and
preparedness measures, increased effort with county and municipal governments
in the vicinity of nuclear power plants, and expansion of NRC sponsored training
for state and local officials.
Other Potential Licensing Requirements
The requirements I have just discussed are intended to address those matters where short-term improvement in safety can be made. TMI-2 has raised a
number of other significant questions and policy issues which are under consideration for longer term implementation which may also involve rule making
hearings. I will enumerate some of these licensing requirements with the
understanding that they are only potential items for additional action.
Safety systems and their supporting auxiliary systems are required to be
operable as a limiting condition of plant operation. The licensee is responsible for implementing administrative controls to insure that these systems
are operational. At TMI-2 the auxiliary feedwater system was totally isolated

through ineffective administration and our review of plant operations in 1378
indicated about 30 cases of loss of safety function through human error. In
order to increase the licensees awareness of the need to generally improve
operations reliability, we are considering imposing a significant penalty
such as plant shutdown for loss of safety function events caused by human or
procedural errors.
Because of the potential for hydrogen explosion at TMI-2, we are considering the requirement that all older boiling water reactor plants, types 1 and
2, have inert containments and that all plants have hydrogen recombination
capability.
Prior to TMI-2, the Commission was considering the requirement for protec~
tion against the consequences of Class 9 events in the Offshore Power Systems
application. Since TMI-2 has been classified as a Class 9 event, the issue
has been given additional impetus. We are seriously considering adding two
new Design Basis Events: (1) large fuel damage, with low offsite doses similar
to the TMI-2 accident, and (2) a core melt with high offsite doses. The
requirements would probably focus on minimizing the consequences of these
events.
We are reexamining the adequacy of current system design requirements.
In examination of these requirements, we are considering modification of current requirements to include use of event tree, fault tree, and/or relative
reliability methods to supplement the current deterministic licensing criteria.
In addition, consideration is being given to methods to incorporate in the
safety analysis operator action (inactive or error) and the role of operating
procedures with relation to the system design requirements.
We are also evaluating the current system safety classification methods
and are considering modifying these requirements to include additional systems
in the safety grade classification as well as developing other system safety
classifications. The classification system being considered is based on
identifying systems important to safety, establishing their ranking in order
of importance, and developing design requirements and criteria for code class.
We are considering the need to set forth environmental qualification
requirements for systems important to safety to include components of fluid
systems located both inside and outside containment. These requirements could
include accident and post-accident conditions.
Post-accident considerations are being developed in relation to equipment
requirements, provisions for installation of equipment, and process systems
and preplanning requirements. Other post-accident factors are being considered
that are related to system design requirements.
Organizational Changes
Our review of TMI-2 and previous similar events has indicated a weakness
in our screening and evaluation of licensee event reports. As a result, a
separate group has been established within NRC to collate and assess operational
data and initiate generic programs and/or recommendations that would apply to
a class of plants. This deficiency was recognized previously, but was not
implemented because of limited resources. The process for reporting operational
data, its storage, and retrieval is already available through the nuclear plant
reliability data program. The emphasis of the evaluation group will be to
generalize the data and extrapolate the results to potentially more serious
situations which require remedial action.

Our present node of license application review is segregated along the
lines of different technical disciplines. While this approach provides a good
depth in understanding and consistency in licensing requirements for safety
systems, no one is responsible for assessing the integrated design and operation of the plant. We are considering the creation of an accident analysis
group which would provide an integrated and evaluation of Design Basis Accidents from initiation through all systems to operator action and offsite procedures. Such a group would assure that our defense in depth was really being
implemented in the plant.
Prior to TMI-2, we had already initiated a program to have resident
inspectors at each plant site. The implementation of this program has been
slow because of the limited availability of personnel. Needless to say, TMI-2
has given renewed emphasis to this plan.
Conclusions
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Three Mile Island has disrupted our complacency. The NRC staff has been
diligently engaged in the task of self-examination over the past 7 months.
The recommendations we Have made will improve safety; however, new rules and
criteria are not sufficient by themselves to prevent future incidents. -_ :-•
Dedicated people - designers, builders, regulators, and operators - are _
required to make it work. In this regard, the response to TMI-2 has been
gratifying. The utilities recognize that real safety comes from within their
organizations, not from Washington. They have formed several industry-wide
groups to identify and correct weaknesses in plant operation. I am sure we
can regain the public's confidence in nuclear power with this renewed commitment to protect their health and safety.

