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PREFACE

The Engineers Committee on Three Mile Island is composed of
members from sixteen nationally-recognized professional engineering
societies. The viewpoints expressed in this report represent those of
the Committee and not the societies. The National Society of Profes-
sional Engineers (NSPE) acted in a coordinating role to form this Com-
mittee in August, 1979. The purpose of the Committee is to contribute to
and form independent engineering reviews of the reports of the official
investigations of the Three Mile Island accident. These investigations
include the Nuclear Regulatory Commission's Special Inquiry Group, the
investigation of the Senate Subcommittee on Nuclear Regulation, and the
President's Commission on the Accident at Three Mile Island, which is the
subject of this review. Through these activities, the Committee is work-
ing to make technical contributions to the investigation process and to
help achieve a more effective understanding, interpretation and use of
these reports on the part of government, industry, and the general
public. Details relating to the qualifications of the members of the
Engineers Committee are provided in the Appendix.

I. SUMMARY

The findings of the Engineers Committee on Three Mile Island are
offered in this report as a corollary to, and are based upon the content
of, the "Report of the President's Commission on the Accident at Three
Mile Island". We have taken some exception to the Report and have pro-
vided additional recommendations in a number of specialized engineering
areas. We have addressed issues in the following areas:

1. system design, construction, operation and maintenance;
2. system safety management;
3. emergency management; and
4. regulation and legislation.

The Commission's Report is one with which most groups can gen-
erally concur. As stated in the Report, fundamental changes need to be
made to assure the ongoing, safe operation of commercial nuclear power.
The accident--while having insignificant consequences on public health
and welfare--nevertheless Indicated that improvements could and should be
made.

From an engineering standpoint, the "defense in depth" approach
of the system design proved itself in actual operation. The accident
demonstrated that the system of equipment performed well. The Commission
reported, however, that operation, maintenance, training, management and
regulation of the Three Mile Island system needed improvement. The
accident also demonstrated that equipment modifications can contribute to
further improvements in the safety of existing and future reactors in
this country.

The nuclear industry and the Nuclear Regulatory Commission (NRC)
have responded in a,-positive manner. Since the accident, they are devel-
oping and initiating new procedures to correct potential problems.



II. ISSUES RELATING TO SYSTEM DESIGN, CONSTRUCTION, OPERATION AND
MAINTENANCE

The Engineers Committee supports the Commission's conclusion
that the Three Mile Island accident did not indicate that nuclear power
is inherently too danqerous to expand as a form of power generation. The
design, construction, operation and maintenance of nuclear power plants
require a demanding and complex technology. However, the engineering
profession has the necessary skill, competence and enterprise to enable
nuclear power to fulfill its promise of safely and effectively providing
the electric power upon which modern society depends.

The Commission's Report identified certain inadequacies in the
combined performance of the reactor manufacturer, architect-engineers,
utility company and the Nuclear Regulatory Commission. Because of these
inadequacies, what should have been a minor accident became a major
national event. The result may be the reduction of public confidence in
nuclear technology at a time when a growing energy crisis is threatening
the health and survival of our economic system and our nation. In the
areas of system design, construction, operation and maintenance, we
submit the following recommendations, based upon the conclusions of the
Commission' s Report:

a. Better attention should be paid to system and component
failures and particularly those incidents which impair
plant safety. These incidents should be better analyzed
and more effectively communicated throughout the industry.
A central agency should be charged with ensuring that
effective preventive and corrective actions are taken
to avoid future accidents. A "systems approach" which
gives more attention to single and multiple "lower-
consequence but higher-probability occurrences" that
threaten the safety of nuclear systems should be ap-
plied throughout the phases of design, construction,
operation and maintenance. This approach should uti-
lize the techniques of systems engineering, reliability,
systems safety, human factors and quality assurance.

b. The issues relating to human factors, operator errors,
and man-machine interrelationships in such areas as
instrumentation and control room design should receive
full technical visibility to aid in the prevention of
future accidents through the formal programmatic appli-
cation of established human engineering techniques. These
human factors engineering principles include:

-hardware design of man-machine systems;
-personnel selection criteria and procedures; and
-personnel training programs.

The application of these techniques has shown that human
errors and operator errors can be significantly reduced
and their effects minimized. An example of the improve-
ments that can be achieved by applying human factors
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engineering is the "advance control room design" developed
within the nuclear industry prior to the accident. These
advance control rooms are noteworthy for more reliable
acquisition, clearer presentation of information, more
effective informnation management and factor information
retrieval. These and other design features also greatly
increase the operator's ability to manage the reactor's
safety control system during incidents and abnormal
conditions.

The central methodology applicable to all three prin-
ciples is the performance of job and skills analysis,
and the utilization of the combined disciplines of
psychology, physiology, and industrial engineering.
The use of this methodology can prevent the occurrence
of situations where the operator's information proces-
sing capacity is overloaded, eliminate the confusing
presentation of information, and establish an appro-
priate hierarchy of alarm indications. Job-skills
analyses are also essential to the proper design of
training simulators and the retraining of personnel.

c. The Commission's Report did not address the desirability
of Fa detailed, postmortem engineering analysis being
perforFmeda on the core and core materials. The Comn-
mittee believes these analyses are essential to es-
tablish a basis for possible design improvements for
future facilities and to further evaluate the effe-cts
of the accident

The Commission's Report finds that "The nature
and extent of damage to the core is not likely to
be known with assurance until the core materials
are recovered and carefully examined." Preliminary
estimates of the extent of zirconiumn cladding oxida-
tion and cladding failure and comments on fuel temper-
atures and melting, possible fuel-zirconiumn oxide re-
actions, control rod melting, mechanical blockage of
coolant paths by slumping or falling fuel rod material,
and lack of physical contact between core materials and
the reactor vessel are included in the findings. The
core support materials, core design, fuel form, fuel
cladding, and reactor vessel are integral parts of the
"defense-in-depth" design approach used to assure nuclear
reactor safety. It now appears that the TMI-2 core damage
was less, and concomitantly the radioactivity released from
the core to the containment was less than had been assumed
in the Rasmussen safety study, WASH-1400. From an engi-
neering viewpoint, it is important to understand that core
performance and reaction during the TMI accident. This re-
quires a detailed post-accident study of the core, the core
materials, support materials, reactor internals and pressure
vessel.
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These components and materials represent a vast store of val-
uable information. Any removal and handling of parts should
be accomplished to preserve the integrity of the information.
This is a rare opportunity to study first-hand the structural
and material effects of a severe reactor transient. These
studies could permit the assessment of code predictions and
the subsequent improvement in the accuracy of the predic-
tions. In addition, evaluation of engineering margins can be
performed, and better estimates can be made of the safety
risks associated with cladding failure and the partial core
melting. Improved thermaihydraulic analyses of core cooling
by voter-steam phases should also result from these studies.
Material reactions such as zirconium oxidation, fuel-clad
reactions, rates of boron and hydrogen permeation and their
effects are some of the potential study areas likely to
yield results very useful to improve our understanding of
the consequences of reactor transients. It is recommended
that careful attention be paid to the study of the damaged
core. The current joint EPRI/DOE/NRC task group planning
the TMI-2 core studies should be fully supported and the
recommendations carefully weighed.

d. The "long-term neglect" of maintenance that was reported
at TMI-1 deserves more attention than it was originally
give. The safety and performance of nuclear systems are
dePendent upon the adequacy of the maintenance programs
utilized for the prevention and the correction of systems
failures. The NRC, industry and manufacturers should give
more attention to the engineering development, review and
control of maintenance plans, procedures, training, equip-
ment and management to assure the reliability and safety of
nuclear systems. This not only requires close integration
of the maintenance engineering and maintenance management
functions, but also requires a systems engineering approach
which utilizes reliability and systems safety engineering,
data and analytical techniques. During the regulatory pro-
cess, the system design process, and throughout the opera-
ting life of the system, constant consideration should be
Siven to the planning, control and implementation of main-
enance functions.
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III. ISSUES RELATING TO SYSTEM SAFETY MANAGEMENT

System safety considerations are inseparable from all of the
issues raised by the accident at Three Mile Island. The safety of nuclear
systems is dependent upon the degree of excellence achieved in system
design, procurement, construction, installation, operation, maintenance
and regulation. The variables affecting each step of these processes
must be controlled if system safety is to be achieved. This control can
be achieved by the use of the methodologies included in systems safety
and the assurance sciences (e.g., reliability engineering, quality assur-
ance, human factors and systems engineering).

Because the Commission's Report does not concern itself with the
subject of systems safety engineering, the following important supplemen-
tary recommendations are given:

a. There is a need to establish a cooperative government/
industry safety engineering effort to continually eval-
uate, monitor and report on nuclear safety. This activity
should include a data bank staffed by enough qualified engi-
neers to facilitate the collection, processing, analysis
and distribution of data from operating plants and new
system designs which are significant to the control of
nuclear systems safety. The data would include failure
event reports, proposed design changes or proposed changes
in operational and maintenance procedures and concepts,
instrumentation and controls, reports of accidents and
accident-aversions, and other technical information per-
tinent to the assurance of system safety. The center
could be a focal point for coordination with, and assist-
ance to, the NRC and industry for the resolution of safety
issues.

b. The accident demonstrated the need for improving the NRC
analysis and classification system used to identify safety-
related items. The approach to system analysis in the past
was "piecemeal", not a unified "systems" approach.
Therefore, it is recommended that a joint industry/NRC
working group be established to develop the criteria and
methodology for the classification, analysis and control of
safety-related elements of nuclear systems. The scope of
this effort should include all system elements - i.e., hard-
ware, software, and the operational and maintenance concepts
and policies.

c. This Committee endorses the Commission's recommendation that
generic safety issues should be resolved by rulemaking rather
than relitigation in adjudicative hearings for each new
power plant.

d. To provide a basis for the technical visibility and manage-
ment control needed for system safety throughout the life
cycle of nuclear facilities, it is recommended that a full-
time technical staff, readily accessible to the facility and
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independent of the organizational elements being monitored,
be established to perform the continuing assessment of the
performance of the facility, system, components and of the
individuals involved in operation and maintenance. The safe-
ty assurance functions of this staff should include continual
monitoring of the performance of the equipment and personnel
for the prompt detection and correction of potential sources
of hazards. These activities should be directed not only to
the evaluation of normal operations, but also to the mainte-
nance, quality control, and emergency response functions.

e. The Committee recommends that the unresolved safety issues
be settled as expeditiously as possible. It is recommended
that a strong analytical program and schedule be established
to accomplish this task, using all of the available systems
safety engineering techniques and supported by other essen-
tial engineering disciplines such as reliability, quality
assurance and human factors.
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IV. ISSUES RELATING TO EMERGENCY MANAGEMENT

The Committee suports all of the recommendations of the Pres-
ident's Commission in this area. We also wish to present the following
statements:

a. The planning and implementation of plant emergency pro-
cedures are mandatory management responsibilities requir-
ing strong participation and support from engineering per-
sonnel.

b. The federal, state and local agencies which provide services
in planning and implementing emergency management should
make full use of the engineering community in this area.

c. Periodic drills of plans and procedures to be used for
emergency management should be required for purposes of
validation, training and improvement.

d. Scenarios, for rehearsals should be developed in the light
of plant operating practices, the probability of anticipated
events, and new developments in technology. Key personnel
who would be involved in evacuation planning and implemen-
tation should participate, but the general population
should not be required to participate in a test evacuation.
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V. ISSLES RELATING TO REGULATION AND LEGISLATION

The Committee recognizes that all issues involved in the acci-
dent at Three Mile Island may be related to legislative or regulatory
actions, particularly those concerning system safety. It is particularly
concerned with the mramer in which the Commission's Report deals with the
safety area. The Commission's Report advocates that a presumption in
favor of additional safety should guide any nuclear regulation. However,
the Commission fails to provide guidance as to the degree of additional
safety desired because it has "not undertaken to examine how safe is
'safe enough'." Nonetheless, the Commission concludes that "fundamental
changes are necessary if... risks are to be kept within tolerable limits."
There is a-need for the establishment of appropriate safety goals and/or
limits.

This Committee agrees with Commissioner Pigford on the need to
recognize that "over a long enough time period, even low-orobability acci-
dents may occur," and that there are ever-present "trade-offs between the
risks and the benefits" which apply to all decisions relating to safety
management. Therefore, the Committee recommends that the legislative or
regulatory action taken in response to the Report be thoroughly coordi-
nated with the engineering community to establish their technical impli-
cations before adoption.

The Commission recommended a combined construction permit and
operating license hearing when practicable. This Committee endorses the
idea of examining this possibility. However, it recommends that a
broader study of the total licensing process be performed to imrove the
rulemaking procedures and to increase public confidence. The Engineers
Committee supports the position taken by President Carter to strengthen
the role of the Advisory Committee on Reactor Safeguards (ACRS) and
continuing its independence.

The confusion that exists regarding licensing and regulation
must be overcome quickly to avoid crippling effects on nuclear energy.
It seems imperative that incentives be provided, and any disincentives of
present regulatory practices be alleviated, so that the best of proven
engineering design and practice can be fully incorporated into commercala
nuclear reactors.
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Department of Energy;
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-Ph.D., Engineering, Physical Metallurgy, University of Kentucky;
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England;
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