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The President
The White House
Washington, D.C. 20500

Dear Mr. President:

Enclosed is the fifth Annual Report of the United States

Nuclear Regulatory Commission for your transmittal to the
Congress, as required by Section 307(c) of the Energy Reorga-
nization Act of 1974. This report covers the major activities of
the NRC from October 1, 1978 through September 30, 1979 and
briefly describes some additional actions through 1979 into 1980.

Respectfully,

Jla

John F. Ahearne
Chairman
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Statutory Reporting Requirements Addressed

Energy Reorganization Act of 1974, as Amended

Section 307(c) directs the Commission to include in its Annual Report statements and
descriptions concerning: ,

“. .. the short-range and long-range goals, priorities, and plans of the Commission as
they relate to the benefits, costs, and risks of nuclear power.” (See Chapter 1 for overall
statement. Specific goals concerning nuclear power reactors are also discussed in
Chapters 2 and 3; fuel cycle in Chapter 4; safeguards, Chapter 5; wastes, Chapter 6; in-
spection and enforcement, Chapter 7; emergency response planning, Chapter 8; nuclear
nonproliferation, Chapter 9; standards, Chapter 10; and research and risk assessment,
Chapter 11.)

“, . . the Commission’s activities and findings in the following areas—

“(1) insuring the safe design of nuclear power plants and other licensed facilities . . .”
(For reactors, see Chapters 2, 3, 10 and 11; materials facilities, devices and
transportation packages, Chapters 4, 10 and 11; waste facilities, Chapters 6 and
10.)

”(2) investigating abnormal occurrences and defects in nuclear power plants and
other licensed facilities . . .” (See Chapters 2, 3, 7 and 8.)

“(3) safeguarding special nuclear materials at all stages of the nuclear fuel cycle . . .”
(See Chapters 5, 10 and 11.)

“(4) investigating suspected, attempted, or actual thefts of special nuclear materials
in the licensed sector and developing contingency plans for dealing with such in-
cidents . . .” (Chapters 5, 7 and 10.)

“(8) insuring the safe, permanent disposal of high-level radioactive wastes through
the licensing of nuclear activities and facilities . . .” (See Chapter 6.)

“(6) protecting the public against the hazards of low-level radioactive emissions from
licensed nuclear activities and facilities . . .” (See Chapters 2, 3, 4 and 10.)

Section 205 requires development of “a long-term plan for projects for the develop-
ment of new or improved safety systems for nuclear power plants” and an annual up-
dating of the plan. (See Chapter 11.)

Section 209 requires the Commission to include in each Annual Report a chapter
describing the status of NRC’s domestic safeguards program. (See Chapter 5.)

Section 210 directs the Commission to submit “a plan providing for the specification
and analysis of unresolved safety issues relating to nuclear reactors,” and to include prog-
ress reports in the Annual Report thereafter concerning corrective actions. (See Chapter
3.)

Nuclear Nonproliferation Act of 1978

Section 602 requires annual reports by the Commission and the Department of
Energy to “include views and recommendations regarding the policies and actions of the
United States to prevent proliferation which are the statutory responsibility of those agen-
cies . . .” (See Chapter 9.)

Atomic Energy Act of 1954, as Amended

Section 170 i directs the Commission to report annually on indemnity operations im-
plementing the Price-Anderson Act which provides a system to pay public liability claims
in the event of a nuclear incident. (See Chapter 3.)






Overview

John F. Ahearne, who was named NRC
Chairman in December 1979, testifies at a
congressional hearing.

This is the fifth Annual Report of the U.S. Nuclear
Regulatory Commission. It is submitted to the Presi-
dent for transmittal to the Congress as réquired by
Section 307(c) of the Energy Reorganization Act of
1974.

This report highlights major NRC activities in fiscal
year 1979 under headings which correspond with the
various facets of the agency’s statutory responsibility.
This introductory chapter presents a brief overview of
these activities and provides updating on significant
events and actions extending into early 1980.

The accident at Three Mile Island had a profound
effect on the public, the utilities, the nuclear industry,
and the Nuclear Regulatory Commission. The signs of
change in the regulatory area are evident throughout
this report as external and internal examinations of
NRC have resulted in new policy directives. The
chapters dealing with reactor regulation, inspection
and enforcement and safety research discuss these
changes in some detail. While the primary goals of
nuclear regulation—protecting the public health and
safety, safeguarding nuclear materials and facilities,
and preserving environmental values—remain the
same, the means needed to achieve these goals are
changing to reflect the lessons of Three Mile Island.

If there is a common thread revealed in the ongoing
reassessments, it is a complacency that has served to
undercut the many conscientious efforts to assure
nuclear safety. Current reappraisals must be seen as
opportunities to orient nuclear regulation away from
that complacency and toward an outlook befitting a
technology that combines remote possibilities of fatal
accidents or catastrophes with substantial day-to-day
benefits. It is the Commission’s philosophy that
nuclear regulation must reflect a continuing commit-
ment to come to grips with the realities of nuclear
technology and its relationship to those who control it,
to those who work with it, to those who live near it,
and to the public at large.

As part of this commitment, the Commission is in
the process of reappraising its priorities. It has decided
to give explicit guidance to the staff for use in prepar-
ing plans, budgets, and programs over the next few
years. As this Annual Report was being prepared, the
Commission—for the first time—was developing a
Policy, Planning, and Program Guidance document.
The document includes the Commission’s direction as
to which regulatory areas need greater emphasis in
planning for future agency activities such as:

o To define more clearly the level of protection of
the public health and safety that the Commission
believes is adequate based on statutes, public in-
put, and NRC’s subjective and quantitative
evaluations.

¢ To increase efforts to describe to the public the
risks of nuclear activities and the uncertainties in
the judgments of risk.

® To regulate nuclear activities in a manner to
achieve and maintain adequate protection of
public health and safety. Licensees who cannot
do this will not be permitted to operate.

¢ To give priority in reactor regulation, in terms of
resources and schedules, to those activities that
are expected to have the greatest effect on reduc-
tion of risks to the public health and safety. First
priority will be assigned to operating facilities.
Priorities of NRC activities involving those
resources not engaged in assuring adequate levels
of protection for operating facilities will be
assigned according to risk reduction potentials.

¢ To organize and plan a waste management pro-
gram to achieve in a timely fashion the ultimate
objective set forth in the President’s Policy State-
ment of February 12, 1980 on waste manage-
ment. The NRC waste management program is
critical to the success of this urgent national task.



NRC Commissioners testify at one of numerous Congressional
hearings conducted on the TMI accident. From left: Commis-
sioners John F. Ahearne (named Chairman in December) and

e To emphasize prompt and vigorous enforcement
in dealing with licensees who are unable or un-
willing to comply with NRC requirements.

¢ To require, in any consideration of regulatory
costs to licensees and their customers, that cost
factors be set forth explicitly and applied with
public health and safety being the paramount
consideration.

e To consider, in determining the adequacy of
public protection, the health and safety implica-
tions of not operating a facility as well as the
potential radiological or other hazards of its
operation.

¢ To increase emphasis on minimizing the conse-
quences of possible accidents, theft or diversion of
nuclear materials, and sabotage or other illegal
acts.

e To license or permit continued operation of a
nuclear facility only when the NRC is confident
that, after termination of the license, there will
be adequate protection of the public health and
safety from potential hazards of the decommis-
sioned facility itself and from wastes associated
with it. :

¢ To continue a research program whose objectives
are (1) to assist in determining adequate levels of
protection of the public health and safety and (2)
to explore ways to achieve improved levels of pro-
tection. The research program should not include
items that should be supported exclusively by the
private sector. The research program must be
focused on identifiable needs, and its relevance to
the agency’s regulatory mission must be the para-
mount basis for the program.

Richard T. Kennedy; Chairman Joseph M. Hendrie; and Commis-
sioners Victor Gilinsky and Peter A, Bradford.

These policy and planning guidance statements
form the basis for more detailed policy and budget
guidance on each of the important NRC programs.

HIGHLIGHTS AND UPDATES

Accident at Three Mile Island

The accident that occurred on March 28, 1979 at
Three Mile Island (TMI) Unit 2 was a traumatic event
for the American public—especially for the public liv-
ing near the facility—as well as for the licensee and
other utilities; nuclear plant designers, manufacturers
and suppliers; local, State, and Federal authorities
responding to the emergency; and the Nuclear
Regulatory Commission. The extent of the accident’s
impact on all of these and on the future of commercial
nuclear activity may not be assessable for a long time,
but it is certain that it is and will be a profound and
lasting one. As serious as the event was, major in-
vestigations agreed that releases of radioactive
material from the facility were low throughout the
course of the accident.

Chapter 2 of this annual report, which is devoted
entirely to the TMI accident, includes a narrative of
the events of March 28-April 1; actions taken and in-
vestigations made by NRC in the aftermath of the acci-
dent up to the end of 1979, with conclusions and
recommendations; and a full account of the findings
and recommendations of the President’s Commission
on the accident and the NRC'’s response to each of
them.

The President’s Commission on the TMI accident
was established on April 11, 1979. President Carter



charged the Commission with investigating the acci-
dent and reporting to him within six months with
recommendations based on its findings.

The NRC also chartered its own inquiry into the ac-
cident, under independent directorship, the results of
which were published at the end of January 1980. In
general, the conclusions and recommendations of this
NRC Special Inquiry Group were consistent with, but
more detailed than, those of the President’s Commis-
sion. The Special Inquiry Group’s report was still
under review by the Commission in early 1980.

NRC Organization and Management

The reports of the President’s Commission on the
TMI accident, NRC’s Special Inquiry Group, and the
recent five-year evaluation of the NRC by the General
Accounting Office (“The Nuclear Regulatory Commis-
sion: More Aggressive Leadership Needed”) stressed
the need to improve the overall managerial functions
of the Commission as a means of improving reactor
safety. The Commission did not agree with the recom-
mendation that the NRC be made an Executive
Branch agency headed by a single administrator.

An audience of NRC staff members and the public listens intently
during a briefing at Commission offices concerning developments

In addition to the formulation of explicit policy,
planning, and program guidance mentioned earlier,
the Commission has taken or is taking the following
steps to provide more effective agency management:

¢ The Commission continues to pursue the con-
solidation of all NRC offices at a single location as
a means of increasing effectiveness, as recom-
mended by Congressional committees and various
investigatory bodies.

e The Commission is moving to correct the signifi-
cant organization and management weaknesses
that were revealed by the TMI accident and
subsequent investigations. These actions include
clarifying the role of the Executive Director for
Operations, making the Chairman solely respon-
sible for emergency response, giving increased at-
tention to human factors in nuclear regulation,
developing mechanisms to assure more effective
use of advice offered by the Advisory Committee
on Reactor Safeguards, providing a staff
dedicated solely to the evaluation of operating ex-
perience, and providing for a more effective role
of the public in reactor licensing.

at the Three Mile Island site seven days after the beginning of the
accident,



e The Commission is considering appropriate
delegations of authority to the NRC staff that
would permit increased concentration by the
Commissioners on matters of overriding
significance.

As this report was in final preparation, the President
sent to the Congress an NRC reorganization plan
designed to improve agency management by, among
other actions, strengthening the role of the Chairman.

Reactor Safety

In July 1979, an NRC task force—brought together
to develop a systematic NRC response to the several in-
quiries and investigations of the TMI ac-
cident—recommended a number of short-term actions
to improve power reactor safety (see Chapter 2,
“TMI-2 Lessons Learned Task Force”). New re-
quirements were issued to all operating reactor
licensees with the objective of completing the changes
by January 1, 1980. Some licensees had difficulty
meeting the deadline because of delays in obtaining
necessary equipment. Thus, while most licensees had
made significant progress by the end of 1979, the NRC
took further action by issuing orders making continued
operation of the reactor(s) in question contingent upon
all changes being implemented by January 31, 1980.
Extensions of the deadline were permitted only when a
licensee could show that the needed equipment could
not be obtained within the time frame or that a
reasonable delay would alleviate severe power supply
problems. In no case, however, will plants be allowed
to operate beyond June 1, 1980 without completion of
the changes.

By the end of 1979, the findings of the various in-
vestigations and studies of the TMI accident were used

This mock-up of the TMI-2 control room was constructed of
precisely measured photographic enlar%ements of the real control
room by a behavioral science research firm in Arlington, Va. The

by the staff to draft a proposed program of work,
“NRC Action Plans Developed as a Result of the
TMI-2 Accident” (NUREG-0660). This draft “TMI
Action Plan” contains schedules and resource re-
quirements for more than 100 tasks to provide a higher
level of protection of the public health and safety.
Although many of the proposed tasks are to be com-
pleted in 1980, a significant number are multi-year
projects that may extend into the mid-1980’s.

No operating license was issued for a nuclear power
plant during fiscal year 1979, and the need to devote
licensing staff resources to TMI-related issues ap-
plicable to operating reactors, and subsequently to ap-
ply the lessons learned to new plants not yet in opera-
tion, resulted in a licensing hiatus that extended into
early 1980. Further, because the TMI accident raised
significant questions concerning the effectiveness of
NRC regulations and practices in assuring adequate
protection to the public, the Commissioners an-
nounced in October that new construction permits,
limited work authorizations, or operating licenses
would be issued only after careful review by the Com-
mission itself.*

Certain NRC actions also are intended to improve
the technical and managerial competence of reactor
licensees and the quality of the human element in
achieving the safe operation of nuclear reactors.
Essentially, these actions are concerned with the in-
teraction between man and machine—the “human

* On February 28, 1980, the Commissioners approved issuance of a
license to the Tennessee Valley Authority authorizing the loading
of fuel in its Sequoyah Nuclear Power Plant Unit 1, and perform-
ance of low-power testing under specified conditions. Several
other similar actions were under consideration.

il

model was used in probing aspects of “human factors engineering”
21 the investigation by the NRC’s independent Special Inquiry
roup.



factors” whose critical importance was revealed in the
TMI accident. Proposed projects range from
establishing new requirements for staffing and man-
ning control rooms and for training and qualification
of reactor operators and their supervisors to develop-
ing and procuring training and engineering
simulators. In cooperation with the nuclear industry,
the staff also proposed to study and identify means for
improving control room design.

Emergency Preparedness

The accident demonstrated that emergency
preparedness both on-site and off-site should be con-
sidered comparable in importance to other elements of
the “defense-in-depth” approach to nuclear safety,
and that substantial work must be done in emergency
preparedness, particularly with respect to off-site
preparedness to deal with the aftermath of an

accident. ) ) ‘ _
Soon after the accident, Chairman Joseph Hendrie

wrote to the Governors of applicable States urging the
development and testing of emergency plans around
the sites of nuclear power reactors in operation or
under construction. Most of the State and local
authorities have begun to move ahead with develop-
ment or refinement of their plans.

In December 1979, the Commission proposed new
rules that would require upgraded emergency plans in
areas near nuclear power plants and concurrence by
the NRC and the Federal Emergency Management
Agency (FEMA) in State and local plans as a condition
of continued operation of existing plants and issuance
of new operating licenses. Both NRC and FEMA are
working with State and local authorities to test and
evaluate off-site emergency plans.

From April through July of 1979, a continuous
watch was established in each region and at the NRC
Incident Response Center in Bethesda, Md., to pro-
vide for immediate response to any incident or acci-
dent. In August, a communications system directly
tied into the Operations Center (where 24-hour
coverage is maintained) became operational, thus
relieving the 24-hour duty offices in the Regions.

Other NRC priorities for improving emergency
capabilities include:

e Developing NRC, licensee, and State/Local
emergency procedures for all appropriate
facilities.

¢ Instituting for emergency planning purposes a
zone concept that would establish two concentric
zones around each nuclear power plant—the first
for plume exposure pathway and the second for
the ingestive exposure pathway (milk and
agricultural products).

* Requiring additional instrumentation that

would: (1) provide more precise information on
the status of key equipment during an accident,

Several hundred State and local employees assigned to radiological
emergency response teams have received training in the Radio-
logical Emergency Response Operations course conducted at
DOE'’s Nevada Test Site,

and (2) expand the means for measuring radioac-
tive releases around major nuclear facilities,

¢ Upgrading NRC, licensee, and local communica-
tions facilities for prompt NRC response to
emergencies,

Analysis of Operating Data

The TMI accident revealed a need for NRC to put
greater effort into systematically analyzing opera-
tional data from nuclear power plants to detect trends
that would better enable all concerned to identify safe-
ty problems and take action before they cause
accidents.

In July 1979, the NRC established an Office for
Analysis and Evaluation of Operational Data to con-
duct systematic and rigorous assessments of licensee
operating experience. The new office will analyze and
evaluate operational data associated with all NRC
licensed activities; develop formal NRC guidance on
the collection, evaluation, and feedback of operational
data; and take cognizance of the similar efforts of
NRC program offices, industry organizations, and
foreign countries, NRC reactor licensees will be re-
quired to conduct analyses of their operating ex-
perience and disseminate the results.

Within the industry, two new organizations, the
Nuclear Safety Analysis Center and the Institute of
Nuclear Power Operations have been created to
systematically review plant operating experience.



These organizations will develop and implement pro-
grams designed to ensure a high quality of operation in
nuclear power plants. The NRC’s exchange ar-
rangements with other countries and international
nuclear organizations provide it with data on
operating experience of overseas reactors, many of
which are of U.S. design.

Inspection and. Enforcement

For some time, NRC had realized that greater NRC
presence is needed at major licensed facilities. The
resident inspector program provides this increased
presence at nuclear power plants and other selected

facilities. The resident inspectors conduct frequent-

direct observation of licensee activities, thereby rely-
ing less on the records and reports which were the
principal sources of information in the past.

The resident program, approved by the Commission
in 1977, has been expanded to entail the placing of at
least two resident inspectors at each operating nuclear
facility site in fiscal year 1980. By December 31, 1979,
a total of 60 inspectors had been deployed at 45
nuclear power stations and three fuel facilities. By
June 1980, each site with a reactor in operation or
about to go into operation (as well as a substantial
number of reactor construction sites) will have at least
one resident inspector.

NRC is currently examining its enforcement policy
and practices. The Commission is awaiting Congres-
sional action on a proposal to increase the civil penalty
authority from a maximum of $5,000 to $100,000 per
violation; the higher authority is more in line with that
available to other agencies with public health and
safety missions. The Commission is also preparing a
restatement of enforcement policy that would imple-
ment the new authority and provide clear guidance to
the staff.

An NRC reactor inspector (right) at work.

Radiation Protection

Significant steps are being taken in improving our
understanding of the potential health effects from ex-
posure to low-level radiation. Holding radiation ex-
posures as low as reasonably achievable under normal
conditions is a fundamental objective of NRC’s radia-
tion protection activities. NRC is taking the following
steps to achieve this goal:

® Participating in the President’s Radiation Policy
Council to improve the coordination of Federal
radiation protection activities.

e Working closely with the Environmental Protec-
tion Agency and other Federal agencies to
develop improved standards for controlling oc-
cupational exposures. Cooperation with EPA in-
cludes joint hearings on occupational exposure
standards, coordination of research programs,
and a study on the health effects of low-level
radiation.

e Improving NRC radiation protection criteria for
the adequacy of licensee health physics programs,
and conducting in-depth radiological safety
evaluations at every operating reactor.

¢ Working with the National Institute of Occupa-
tional Safety and Health to establish a TMI
worker registry that could be used for follow-up
health studies.

Research

As a direct result of the TMI accident, NRC’s
research emphasis is being shifted from large-break,
loss-of-coolant accidents to small-break LOCA’s and
related transients. Research effort is increasing in the
areas of verification of computer codes, fuel behavior
under accident conditions, monitoring of radioactive
releases, emergency response planning, and risk assess-
ment. Research has also been initiated in areas not
adequately considered in the past—fuel damage and
its effects, core melt, and containment integrity. Also,
a new study has begun into simulators, control rooms,
and human factors in nuclear power plant operations.

T{he accident has also underscored the need to apply
the fault-tree/event-tree techniques used in the Reac-
tor Safety Study (WASH-1400) to each operating
plant, in an effort to identify the likelihood and conse-
quences of the accident sequences which are the
largest contributors to risk. An “Interim Reliability
Evaluation Program” to review all operating reactors
over the next few years is already under way.

In areas unrelated to TMI, NRC research on seismic
and structural engineering and code verification was
increased during the reporting period following the
shutdown of five reactors in early March 1979 because
of errors in the seismic analyses of the plants. Research
into the development and application of risk assess-
ment techniques has allowed the Commission to iden-



tify and concentrate on the resolution of those generic
issues that involve the highest risk to the public health
and safety. Research has also increased substantially in
waste management to provide technical data and
methods needed to implement regulation being
developed in that area.

In general, future research planning at NRC will be
based on (1) assisting in the determination of adequate
levels of public health and safety protection and (2) ex-
ploring ways to achieve improved protection levels.
NRC research must be balanced among confirmation
of existing practices, exploration of areas where new
concerns may exist or where existing regulatory ap-
proaches may be inadequate, and examination of con-
cepts for improving safety. The program must also be
capable of some effort in areas with potential long-
range benefits as well as work addressing more im-
mediate goals and needs arising from current NRC ac-
tivities.

Waste Management

The NRC waste management program is critical to
the successful resolution of the urgent national nuclear
waste problem. NRC is organizing and planning its
program to be consistent with the requirements set
forth in the President’s Policy Statement of February
12, 1980, on nuclear waste management.

The NRC has intensified its efforts over the last year
in preparing or modifying regulations covering all
types of nuclear wastes including high- and low-level
wastes and uranium mill tailings.

High-Level Waste. The accumulation of spent fuel
continues to lead utilities to seek expanded storage
capacity of pools at reactor sites and occasionally to
ship irradiated fuel from site to site to utilize unused
capacity.

It is estimated that these pools will be filled by 1983.
Although sites away from reactors will be used to store
excess spent fuel, the President, NRC and DOE con-
sider both these sites and the reactor pools only interim
measures before the ultimate solution is provided by
permanent geologic disposal. NRC is developing a
general regulation (10 CFR Part 60) on the disposal of
high-level radioactive wastes in geologic repositories
which is expected to be published in two parts: the
procedural requirements and the technical re-
quirements. The procedural portion was published as
a proposed rule for public comment in December
1979, and the technical part will be published in 1980
as an advance notice of proposed rulemaking. Opera-
tion of the first repository could begin .in the
mid-1990’s.

Low-Level Waste. Major emphasis is being placed
on developing a regulation for the disposal of low-level
waste in land facilities.

The importance of assuring adequate regulation of
the disposal of low-level radioactive wastes was
dramatized during the past year by the temporary
closure or restriction on operations of each of the coun-
try’s three existing commercial waste disposal
facilities. The States of Nevada, Washington, and
South Carolina, which regulate these facilities under
agreements with the NRC, closed or restricted opera-
tion of the three sites because of deficiencies in the
packaging, transport, or disposal of the wastes being
received. Extended closures could have resulted in cur-
tailment of nuclear medicine services, All of these sites
have subsequently been reopened.

Governors of the three States with low-level radioactive waste

facilities met with the Commission in November to discuss defi-

ciences in the packaginﬁ, transport and disposal of the wastes being

received. Shown, from left, are Governors Dixy Lee Ray,

Washington, and Richard W. Riley, South Carolina; NRC Chair-

ﬁan z‘oseph M. Hendrie (standing) and Governor Robert List,
evada.

Uranium Mill Tailings. The NRC is proposing to re-
quire the disposal of uranium mill tailings
underground instead of continuing to permit them to
be piled on the surface with virtually no controls. A
draft generic environmental impact statement on
uranium milling, emphasizing tailings management,
was published for public comment in April 1979,
followed by a proposed regulation in August. The
regulation is expected to be in place in late 1980.
Meanwhile, all current licenses under NRC jurisdic-
tion have been upgraded appropriately, and NRC is
working with the Agreement States to upgrade their
programs accordingly. The Uranium Mill Tailings
Radiation Control Act of 1978 requires that, by late
1981, the minimum standards in Agreement States be
equivalent to those of NRC regulations. The failure of
the tailings dam at Church Rock, New Mexico, in July
1979 illustrates the need for more stringent regulatory
control over tailings.



NRC inspector examines low-level radioactive waste containers
before disposal at Beatty, Nevada burial facility. Inspections were
increased at receiving areas at behest of the Governors of Nevada,
South Carolina and Washington.

Transportation

Substantial public concern over the transport of
nuclear products (especially spent fuel) has prompted
some Federal, State and local authorities to enact or
consider restrictions affecting the highway transporta-
tion of radioactive materials. In April 1978, DOT
published an opinion in the Federal Register con-
cluding that it had the authority under the Hazardous
Materials Transportation Act (HMTA) to preempt
State and local routing requirements that are inconsis-
tent with DOT regulations.

The NRC has amended its rules to impose DOT
regulations on NRC’s licensees. This action is expected
to enhance the NRC’s inspection and enforcement ef-
fort.

In 1979, the Commission also took two other actions
which contribute to the regulatory framework for
transportation of radioactive waste: it issued guidance
on methods of packaging and it issued an interim rule
requiring safeguards measures for spent fuel shipments
and NRC approval of routes for shipping spent fuel. A
supplemental draft generic environmental impact
statement on transportation should be published in
1980.

Domestic Safeguards

Under the Atomic Energy Act of 1954 and the
Energy Reorganization Act of 1974, the NRC is
responsible for the regulation of safeguards provided
by certain of its licensees. NRC safeguards regulatory
programs share the common goal of assuring that
licensed activities do not pose undue risk to the public

health and safety and are not inimical to the common
defense and security. The NRC safeguards objective is
to require the implementation of measures designed to
prevent, deter, detect and respond to (1) the
unauthorized possession, theft, diversion or use of
special nuclear material (SNM) and (2) the sabotage of
nuclear facilities and transportation activities.

NRC currently exercises safeguards regulatory con-
trol over 19 fuel cycle facilities that are authorized to
possess formula quantities of highly enriched uranium
or plutonium, transportation activities involving spent
fuel or formula quantities of highly enriched uranium
or plutonium (about 20 shipments per month), 70
power reactors and 71 non-power reactors. NRC also
has safeguards responsibilities for other facilities
which possess significant quantities of low enriched

-uranium as well as numerous small facilities that

possess and ship SNM.

In November 1979, a physical security upgrade rule
was published in final form. It became effective in
March 1980. The rule indicates performance standards
to be met by licensees in protecting formula quantities
of SNM and presents specific statements about the
kinds of threats, from insiders and outsiders, that their
safeguards should be able to withstand. Certain non-
power reactors are temporarily excepted from the new
upgrade rule, but will be subject to interim re-
quirements. All non-power reactors are now subject to
special protection requirements.

As a result of an excessive inventory difference in
August 1979, a fuel cycle facility operated by Nuclear
Fuel Services at Erwin, Tenn., was ordered to be shut
down for investigation and reinventory. While the in-
ventory difference was not fully reconciled, the facili-
ty was allowed to resume operations in January 1980
subject to the implementation of additional physical
protection and material control and accounting
measures, with a study of potential alternative
measures for improving accountability to be com-
pleted by DOE within one year. In addition, the
license will be required to conduct a special reinven-
tory in the event that an inventory difference is found
to exceed 1.0 percent of throughput. Further, a plant
shutdown would be required if the special reinventory
does not reduce the inventory difference to below 1.5
percent of throughput. These new limits, which are
less restrictive than the former limits, are considered to
be representative of the level reasonably achievable for
the process.

In 1979, NRC consolidated responsibility for in-
tegrating and coordinating the overall NRC
safeguards program in the Office of Nuclear Material
Safety and Safeguards (NMSS). NMSS coordinates
those safeguards activities pertinent to reactors with
the Office of Nuclear Reactor Regulation.

A detailed report on the status of domestic
safeguards during fiscal year 1978 was sent to Con-
gress on February 1, 1979, as required by Public Law
95-601, amending Section 209 of the Energy



Reorganization Act. The follow-up report for fiscal
year 1979 is presented in Chapter 5 of this Annual
Report.

Exports and International Safeguards

Under provisions of the Atomic Energy Act of 1954
and the Nuclear Non-Proliferation Act of 1978, the
NRC ensures, through licensing, that effective U.S.
controls are applied to the export and import of
nuclear materials, equipment and facilities. It is also
NRC policy to support the reliability of the U.S. in
meeting its supply commitments to nations which
adhere to effective non-proliferation policies by im-
plementing procedures that facilitate the timely pro-
cessing of export licenses. In addition to exercising its
direct licensing authority, the NRC consults with the
Departments of Commerce and Energy on nuclear
export-related functions under their authority.

During fiscal year 1979, the NRC issued 678 nuclear
export licenses and amendments, of which 154 were
major licenses; provided views to DOE on 13 re-
quests for approval of retransfers of U.S.-origin spent
fuel to other countries for reprocessing; and consulted
with DOE on several cases involving the export of
technology associated with the production of special
nuclear material outside the United States.

Spent fuel cask designed for highway transport is shown bein,
pl):ced on a protected truck flatbed. The cask, 18 feet long m%d

The Commission recently confronted the question of
its authority and responsibility to consider the effects
of reactor exports on the health, safety and environ-
ment in recipient countries. The question arose in the
context of the Commission’s consideration of a con-
troversial license application to export a reactor to the
Philippines. On January 29, 1980, the Commission
decided to limit its review in the Philippines and other
reactor export cases to health, safety and environmen-
tal factors affecting the global commons or the ter-
ritory of the United States, and the relationship of
these effects to the common defense and security of the
U.S. Consideration of local impacts, including effects
on any U.S. citizens located there, would continue to
be the sole responsibility of foreign recipient govern-
ments.

THE NRC COMMITMENT

Despite the problems and issues to be resolved,
nuclear electric power is still acknowledged to be an
important element in the nation’s energy strategy for
some time to come. The President has stated that
“nuclear power has a future in the United States—it is
an option that we must keep open. I call on the utilities
and their suppliers, the NRC, the Executive Depart-
ments and agencies, and the State and local govern-
ments to assure that the future is a safe one.”

four feet in diameter, weighs 50,000 pounds when fully loaded

with spent fuel assemblies.
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It is clear that the next few years will see many
significant changes in the NRC'’s efforts to assure that
the public health and safety is adequately protected
from the potential risks of nuclear power plants. The
changes will be widespread—in the NRC organization
and its relations with Federal, State, and local
authorities; the regulations; the design of nuclear
plants; the utilities mode of operation; and the
regulatory process itself.

Neither the President’s Commission nor the NRC'’s
own Special Inquiry Group was able to define an ex-
plicit standard of nuclear safety—or, more simply, to
answer the question, “How safe is safe enough?” It is
quite clear that society itself must ultimately provide

the answer as to what is acceptable. All that has hap-
pened during the past year has served to confirm the
proposition that the part nuclear energy will play in
the U.S. energy strategy is directly and inevitably
linked to the public’s perception of nuclear safety.

As the agency responsible for nuclear regulation, the
NRC must play the fundamental role leading to the
proper determination of what is an adequate level of
protection. The NRC must bring its management and
technical expertise to bear in assuring that the
regulated industry achieves and maintains that protec-
tion. The NRC is fully committed to meeting this
challenge.



Accident at
Three Mile Island

The accident at Three Mile Island in March
)Nant’}lg focus of nearly all NRC activity
in .

Despite the fact that no one was killed and no
physical injuries were sustained among the general
public because of it, the accident at the Three Mile
Island Nuclear (TMI) Station Unit 2 is unquestionably
the most serious in the history of commercial nuclear
power. It is also the most intensively studied and ex-
tensively reported incident in that history. This
chapter can only attempt to cover the major in-
vestigative efforts devoted to the accident, only those
whose results were available before the end of 1979
(the NRC’s own Special Inquiry Group report was
pending, as were the results of several Congressional
studies), and only the most salient findings and recom-
mendations or actions issuing from them. Other
chapters of this report cover many aspects and effects
of the TMI accident in connection with the particular
NRC activities under discussion. These references are
cited in the Index under “Three Mile Island accident.”

The full reports of the various NRC investigations
and other documents cited in this chapter are available
from the GPO Sales Program, Division of Technical
Information and Document Control, U.S. Nuclear
Regulatory Commission, Washington, D.C. 20555,
and from the National Technical Information Service,
Springfield, Va., 22161. The titles and catalogue
numbers are listed in the box below. The report of the
President’s Commission on the Accident at Three Mile
Island, which is discussed at length, is available from
the U.S. Government Printing Office.

WHAT HAPPENED

Located in Dauphin County, Pa., about 10 miles
southeast of Harrisburg on an island in the Susquehan-
na River, the Three Mile Island Nuclear Station (TMI)
consists of two pressurized water reactors and
associated equipment, each one with two large steam
generators and each employing two 370-ft. cooling
towers—part of the system which condenses the steam
after it has passed through the turbines to generate

electricity. The utility licensed to operate the facility is
the Metropolitan Edison Company, a subsidiary of
General Public Utilities, Inc., of New Jersey. Unit 1 at
TMI was licensed for operation in 1974, at a net
capacity of 819 MWe; Unit 2 was licensed in
February 1978 and went into commercial operation in
December 1978. Each unit has its own reactor con-
tainment building, control room and auxiliary build-
ing. Each containment building houses a reactor, a
pressurizer, and two steam generators; the turbine
and electric generator are outside the containment.

NRC REPORTS ON TMI
CITED IN THIS CHAPTER

NUREG-0558: “Population Dose and Health Impact of
the Accident at the Three Mile Island
Nuclear Station”

NUREG-0560: “Staff Report on the Generic Assessment
of Feedwater Transients in Pressurized
Water Reactors Designed by the Babcock
& Wilcox Company™
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The Three Mile Island Nuclear Station. The four large towers cool
the steam generator water used in the production of electricity by
the two reactor units at the station, located in the cylindrical

Wednesday—March 28

At about half a minute past 4:00 a.m., on Wednes-
day, March 28, 1979, a “condensate” pump and the
main “feedwater” pumps connected with one of the
Unit 2 steam generators shut down, causing an almost
simultaneous and automatic shutdown of the Unit 2
turbine (Unit 1 was shut down at the time for refuel-
ing.) The initiating cause of the shutdown is not
definitely known but may have been an alteration in
the pressure in the feedwater system brought about by
a maintenance procedure taking place at the time, An
unexpected pump shutdown is not unusual or, in itself,
serious. With the feedwater flow stopped, the steam
generators stopped removing heat from the primary
system, i.e., from the closed system of pressurized
water which passes through the reactor, carries heat to
the secondary system, and returns to the reactor. The
buildup of heat in the primary system caused the

domed structure shown at right center in the photo. The Unit 2
reactor, scene of the accident, is housed in the cylindrical contain-
ment building farthest to the right.

pressure of the water to rise and a “pressurizer relief
valve” to open. The reactor automatically shut down
in response to the increase in primary coolant pressure.
This reactor “scram” took place eight seconds after the
condensate pump shut down on the secondary side of
the system, Instantly the output of heat from nuclear
fission in the reactor core was stopped, but a substan-
tial amount of “decay heat” continued. The produc-
tion of decay heat, like the momentum of a large ship
at sea, cannot be ended by turning off the power
source, and it is essential that sufficient primary
coolant and pressure be maintained even after the
reactor has shut down.

Through the first seconds of the accident, the per-
formance of the equipment went according to design
and the sequence of responses to the unexpected inter-
ruption of heat transfer from primary to secondary
systems was “normal.” After the reactor scrammed
and the relief valve lifted, the primary coolant



pressure dropped back to the point where the
pressurizer relief valve was supposed to close, restoring
a closed, fully pressurized primary system with coolant
flowing through the reactor core and removing its
decay heat (about 7 percent of its normal operating
heat production). The relief valve did not close. At this
same time, several pumps came on automatically on
the secondary side to restore feedwater flow and
remove heat through the steam generators. This action
was thwarted by closed valves, a condition which was
not corrected until eight minutes into the accident.
Because the pressurizer relief valve was stuck open,
the pressure in the primary system did not level off at
the proper point but continued to decrease. As the
pressure of the coolant goes down so does its boiling
point, and the danger arises that it may begin to turn
into steam. Since steam cannot carry off decay heat ef-
fectively, the primary system could heat up to
dangerous levels. When the pressure had decreased to
about 75 percent of normal, an emergency core cool-
ing system (ECCS) automatically came on, injecting
cold water under high pressure into the reactor.

i o

The major buildings making up the Three Mile Island Nuclear Sta-
tion Unit 2 are shown, including the Epicor-1I building at right
which houses the system used to decontaminate the radioactive

il

Believing that the pressurizer relief valve was closed
and seeing the level of coolant in the pressurizer rise
with the injection of ECCS water into the reactor, the
operators in the control room feared that the
pressurizer would fill up with coolant and the system
would lose the pressurizing bubble of steam that is
normally maintained at the top of the pressurizer.
Consequently, they shut off one ECCS pump and
throttled back the ECCS flow from the other pump in-
to the reactor. Ordinarily the level of coolant in the
pressurizer is an accurate indicator of the volume of
coolant in the entire primary system, so the operators
were confident that the system was full, the reactor
core was covered, and the heavy injection of ECCS
coolant was unnecessary and was, in fact, making the
system too full. As the four licensee personnel then pre-
sent in the control room later testified, they were not
aware that the level of coolant in the pressurizer is not
necessarily an index to the amount and level of coolant
throughout the system. As it happened, the drop in
pressure following the failure of the relief valve to
close and the failure of the auxiliary feedwater

il e il

water held in the auxiliary building tanks. The containment

g

building at the left houses the Unit 2 reactor, pressurizer and
steam generators. The Unit 1 building is at the far right.
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allowed the coolant going out of the core to boil, and
steam voids or bubbles had formed within the primary
system between the reactor core and the coolant in the
pressurizer. Under such conditions, the level of coolant
in the pressurizer would not disclose the amount of
coolant in the primary system as a whole.

The pressurizer relief valve remained open for about
two hours and 20 minutes, permitting the escape from
the primary coolant system of more than 30,000
gallons of slightly radioactive water. Early in the acci-
dent, the operators were also letting coolant out
through a “letdown” system, in the belief that the
system was close to filling up. In fact, more coolant
was leaving the primary system than coming into it,
and this led eventually to “uncovering” of the upper
portion of the reactor core resulting in sharp increases
in temperature, damage to the fuel rods and releases of
radioactive fission products. Just how extensive the
damage was to the core and fuel cannot be determined
until technicians are able to open the reactor vessel.
Estimates of the damage are based on analyses of
samplings taken from the atmosphere inside and from
coolant standing on the floor of the containment, and
they tend to indicate extensive damage to the fuel.

At 4:08 a.m., a sump pump came on automatically
and began moving the slightly radioactive
coolant—which had come down from the drain pipe
for the relief valve and from the letdown system—into

Schematic of the TMI-2 facility.

sump tanks located in the Unit 2 auxiliary building. It
was at this point that radioactive material first left the
containment; some of it was eventually vented to the
outside air (though the more serious releases came
later). At 4:11 a.m., the reactor building sump
overflowed. Some minutes later the control room crew
was apprised of this and, at 4:39, turned off the sump
pumps in the containment. By that time, something
over 8,000 gallons of water had been pumped to tanks
in the auxiliary building, which was not sealed off
from the outside air as the containment building was.
At 4:50 a.m., the superintendent of technical support
for Unit 2 arrived, but he too found a situation he had
never experienced: a high level of primary coolant in
the pressurizer but low pressure in the coolant system.

At 5:14 a.m., reacting to vibrations in the four
pumps circulating coolant through the reactor (caused
by steam in the coolant), the operators shut down two
of them. Twenty-seven minutes later, for the same
reason, they shut down the other two, cutting off all
flow of coolant to the reactor core. The expectation at
this stage was that the primary system could now work
by “natural circulation” with the coolant heated by
decay heat expanding and moving upward to the
steam generators (whose feedwater was now restored
and would carry off heat from the primary system)
and with the cooler water flowing down and back to
the reactor. The operators did not succeed, however,
in establishing natural circulation,
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By 6:00 a.m., there was evidence, from radiation
alarms, of radioactive gas in the containment. Primary
coolant continued to escape through the relief valve,
now containing non-condensible radioactive gas and
hydrogen generated by a reaction between the zir-
conium cladding on the overheated sections of the fuel
rods and the steam in the system. Finally the relief
valve was sealed when a block valve on the pressurizer
was closed at 6:20 a.m. That action ended the loss of
coolant from the primary system, but the flow of
coolant was not resumed until 6:45, when a reactor
coolant pump was reactivated; vibrations again caus-
ed the operators to turn off the pump.

A conference telephone call took place beginning
about 6:00 a.m., involving officials of the licensee
company and a representative of the reactor manufac-
turer. About the same time, radiation readings at
various points on the island began to show abnormal
increases and instruments in the reactor core registered
abnormally high temperatures. At 6:50 utility officials
publicly declared a “site emergency,” a procedure
prescribed in the facility’s emergency plans whenever
an event posed the possibility of an “uncontrolled
release” of radiation to the immediate environment.
Local and State authorities were notified of the poten-
tial impact on public safety, beginning with the 7:02
a.m. notification of the Pennsylvania Emergency
Management Administration (PEMA). The licensee
tried to contact the NRC Region I office near
Philadelphia starting at 7:10, but the switchboard

CONDENSATE
STORAGE
TANK

At left is a schematic drawing of the Three Mile

there did not open until 7:45. The TMI station
manager arrived on the scene shortly after 7:00 and at
7:24, he declared a “general emergency,” signifying a
situation with the potential for “serious radiological
consequences” for public health and safety.

At 7:45 a.m., the NRC regional office was made
aware of the situation at TMI and established an open
line with the Unit 2 control room within a few
minutes. By 8:00, the NRC headquarters was alerted
and the Operations Center in Bethesda, Md., was ac-
tivated. The regional office dispatched a first team of
inspectors to the site about this time, and other agen-
cies mobilized in response to communiques from NRC
and State authorities.

Radiation monitoring on and near the island had
begun before 8:00 a.m. and was to broaden and inten-
sify throughout this and subsequent days of the acci-
dent. A helicopter engaged by the utility was taking
samples above the plant by midday and another air-
craft detailed from the Department of Energy (DOE)
was in action by mid-afternoon of the first day. From
the beginning, the level of radioactivity around the
TMI site was in the range of one or two millirem-
per-hour (thousandths of a rem) on the ground,
though readings above the island and at some points
on the plant grounds or just across the river were much
higher and inside the containment ran up to thousands
of rem-per-hour. The radioactive coolant which had
overflowed the sump tanks in the containment
building was automatically pumped over to the aux-

and it becomes desirable to let off steam. When

COOQLING TOWER

Island Unit 2 facility. Some of the major com-
ponents are labeled as follows:

(A) REACTOR VESSEL: A cylindrical vessel made
of steel—40 feet high and 8% inches thick—which
contains the reactor (core and control rods) and
through which the reactor coolant flows, carrying
heat away from the core to the steam generators.
The TMI-2 reactor contains 177 fuel assemblies
with 208 fuel rods in each assembly.

(B) REACTOR COOLANT PUMP: One of four
pumps which move the reactor coolant through the
core to the steam generators and back to the core in
a closed system (the primary system) of what is nor-
mally only slightly radioactive water. About one
hour into the TMI accident, the operators shut
down two of these pumps because they were
vibrating severely, the result of the steam in the
primary system. Half an hour later they shut down
the other two pumps for the same reason. At that
point, damage to the fuel in the core began, caus-
ing releases of radioactive material into the coolant.

(C) PRESSURIZER: A large vessel connected to the
primary system between the reactor and the steam
enerators which is normally a little more than half
?ull of water, with a steam bubble in the upper
portion of the vessel. It is designed to keep the
pressure in the reactor coolant relatively constant.

(D) PILOT OPERATED RELIEF VALVE: The
pressurizer relief valve located at the top of the
pressurizer and designed to open automatically
when primary system pressure rises to a preset level

pressure is back to normal, the relief valve is sup-
posed to close by itself. At TMI-2 it failed to do so,
and reactor coolant flowed through the relief valve
and down to a drain tank on the floor of the con-
tainment building. This valve remained open for
more than two hours,

(E) STEAM GENERATOR: The large vessel in
which the transfer of heat from the reactor coolant
to the feedwater takes place. The transfer results in
the conversion of the feedwater into steam, as it
flows around tubes carrying the pressurized, core-
heated coolant from the reactor. This steam is con-
veyed to the turbine which powers the electrical
generator.

(F) CONDENSER: The vessel in which the steam

which has passed through the turbine is condensed

to a liquid state again. The heat is removed

?ly pipes carrying condenser water which

dows to the cooling towers and back to the con-
enser.,

(G) CONDENSATE PUMP: The pump which
moves the feedwater (the condensate) from the con-
denser to the polisher or demineralizer which
cleanses the water before it flows back to the steam

enerator. The TMI accident began at this point in
the feedwater system when plant personnel were
trying to clear a line associated with the polisher
and the condensate pump automatically shut down,
followed by a similar “tripping” of the feedwater
pump and subsequently of the turbine and the
reactor.
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Above is a photo of the conference room at the NRC Operations
Center in Bethesda, Md., taken during the course of the TMI acci-
dent. Other rooms of the center are equipped and staffed to gather
and analyze data and maintain secure communications with NRC
regional offices and the accident site. Numerous technical experts
from the NRC were at the center to inform and advise senior NRC
officials on the Executive Management Team, Personnel from
other Kederal agencies involved in or assisting with management of
the accident were officed in areas adjoining the Operations Center.
In the foreground, at left, is Lee V. Gossick, NRC Executive
Director for Operations.

iliary building tanks where it again overflowed. Since
the auxiliary building is not isolated from the outside
environment, some radioactive gases carried over in
the coolant were vented to the outside. The reactor
containment building was not sealed off from the aux-
iliary building until about 9:00 a.m., after more than
eight thousand gallons of coolant had been trans-
ferred.

This transfer of coolant was not, however, the main
cause or source of the release of radioactivity to the en-
vironment during the TMI accident. The transfer ac-
tually took place prior to any major fuel damage in the
reactor. It was between one and two hours following
the turbine trip, when the operators turned off the
reactor coolant pumps to save them from vibration
damage, that damage to the nuclear fuel began. For
the next several hours, there was a large temperature
difference between the coolant entering and exiting
the nuclear core, indicating inadequate flow of coolant
through the core. As a result of fuel damage, the con-
centration of radioactivity in the reactor coolant in-
creased by several orders of magnitude. A flow of this
highly contaminated reactor coolant was maintained
from the primary coolant system through the letdown
system and returned to the primary system via the
makeup system. This flow, maintained for several
days following the accident, was necessary to ensure

adequate cooling of the reactor coolant pump bear-
ings. Normally the gases evolving from the reactor
coolant in the letdown and makeup systems are of little
radiological significance. During this period,
however, these gases caused very high radiation levels
inside the auxiliary and fuel-handling buildings and
resulted in much higher than normal environmental
releases via the ventilation exhausts from these
buildings. This flow was the principal pathway by
which radioactivity passed from the damaged reactor
core to the auxiliary building, fuel-handling building,
and to the environment.

At about 8:00 a.m., the station superintendent and
other officials on the site decided to try again to ac-
tivate the reactor coolant pumps. After some difficul-
ty, two of the four pumps (one in each loop) were
restarted. By 8:30, there was new coolant entering the
primary system from the ECCS.

At 9:15, the White House was notified of the acci-
dent by the NRC. The team dispatched by NRC
Region 1 arrived at the site by 10:15. It was shortly
afterwards that the radiation level in the Unit 2 con-
trol room required that personnel there don respiratory
masks. These proved to be a hindrance to clear com-
munication. At 11:00 a.m., all non-essential personnel
were ordered off the island. It was about this time that
the NRC and State radiation protection officials asked
the Department of Energy (DOE) to send a team from
the Brookhaven National Laboratory to help with
radiation monitoring.

About 11:30 there began an attempt to depressurize
the reactor coolant system so as to be able to activate
the low-pressure decay heat removal system. The
pressure, however, remained too high for this purpose
because of the volume of hydrogen gas and steam in
the primary coolant system. Hence, the decay heat
removal sysyem could not be initiated, and the at-
tempt at repressurization was terminated about 3 p.m.
Repressurization began at about 5:30 and was com-
pleted at about 6:45.

Sometime around noon, three licensee employees
entered the Unit 2 auxiliary building and found radia-
tion levels of from 50 to 1,000 rem-per-hour; each of
the three incurred radiation doses of 800 millirem. At
1:50 p.m., a hydrogen explosion or “burn” took place
in the Unit 2 containment building. Personnel on hand
later remembered hearing a thud about this time and
the computer chart showed a sudden pressure surge in
the containment up to 28 pounds-per-square-inch, but
the meaning of the spike on the chart was not im-
mediately recognized.

By evening of the 28th, NRC had 11 people on the
TMI site and a mobile laboratory van for analysis of
the radiation content of environmental samples. A
team from the Brookhaven National Laboratory had
been assisting with the radiation monitoring since
mid-afternoon, as had the aerial survey aircraft from
DOE. About 8:00 p.m., a reactor coolant pump was



activated and coolant flow was established, carrying
heat out of the reactor through one of the steam
generators to the condenser, bypassing the turbine.
The primary system remained essentially in this mode
for a month, until natural circulation was finally
achieved on April 27.

Thursday—March 29

On Thursday morning, a team of seven specialists
from NRC headquarters arrived at the site. At that
time the radiation readings at and near the plant were
not negligible but also were not alarming. No signifi-
cant iodine releases were detected. These would be
considered especially hazardous because radioactive
iodine, should it enter the human food chain, tends to
accumulate in the thyroid and can cause cancer of that
gland. The Congress evinced immediate and urgent
interest in events at the plant: Chairman Hendrie was
called to explain the situation before the House Sub-
committee on Energy and the Environment, and
Senators Heinz and Schweiker and Congressmen Ertel
and Goodling—all of Pennsylvania—were briefed by
the utility and the NRC. During the afternoon, some
waste water from the plant was discharged by the
licensee into the Susquehanna River. Because it con-
tained only slightly radioactive material, the release
did not constitute a violation of NRC regulations, but,
with all the uncertainties still surrounding the scene at
TMI, the NRC Chairman ordered the discharges stop-
ped. Late in the day, analyses of coolant samples con-
firmed the presence and showed something of the ex-
tent of the core damage that took place during the
periods that the core was uncovered on Wednesday.
(It was later determined that there had been three
periods when a significant portion of the core was be-
ing cooled by steam rather than fluid coolant.) First
concerns about the presence of a hydrogen bubble in
the reactor vessel arose on Thursday, and the fact that
there had been a hydrogen explosion outside the vessel
in the containment building early Wednesday after-
noon was brought to light.

Friday—March 30

Friday was the day when it became clear to all con-
cerned that the event was far from over; that radiation
releases from the auxiliary building were not under
control and were increasing; that there was a large
gaseous bubble in the reactor vessel which could con-
ceivably expand, forcing the level of coolant below the
top of the core, uncovering it again; that, according to
some analyses and expert judgments, the bubble
might become flammable as oxygen evolving from the
decomposition of water by radiation made its way into
the upper part of the vessel; that radiation was
emanating from the facility in a manner neither plan-
ned nor controlled.

Early in the day, reports of a 1200 mr/hr reading
above TMI-2 precipitated serious discussion at the
NRC Operations Center in Bethesda of the possibly
urgent need to evacuate the residents of Goldsboro,
Middletown and other communities and areas around
the plant, even out as far as Harrisburg. The fact that
there was a consensus favoring such a recommenda-
tion at the Operations Center was relayed to State of-
ficials in Pennsylvania, occasioning considerable anx-
iety and confusion, since the judgment was not shared
by people at the plant site. The NRC position was
clarified when Chairman Hendrie spoke with Gover-
nor Thornburgh about 10:00 a.m., and counseled
against full-scale evacuation of the population, sug-
gesting instead that the Governor recommend that
people stay indoors for awhile until the true situation
could be better defined. The Governor did so. About
40 minutes later, President Carter contacted Chair-
man Hendrie and directed that a senior NRC official
be dispatched to the TMI site as his personal represen-
tative; the President also assured that the White House
staff would see to it that an adequate and dependable
communications system would be set up as soon as
possible between the site, the White House and the
NRC. Prior to this, communications between the plant
and the NRC had been unreliable and had even been
lost for a time. The Director of NRC’s Office of
Nuclear Reactor Regulation, Harold Denton, left NRC
headquarters for the TMI site with a support staff of 12
to serve as the President’s representative and as the
primary NRC official on the scene. Shortly after noon,
Chairman Hendrie indicated to Governor Thornburgh
by telephone that a recommendation by the Governor
that pregnant women and pre-school aged children
within five miles of the plant leave the area temporari-
ly was advisable. The Governor made this recommen-
dation soon afterwards.

Discussions and assessments of the possible need for
total evacuation of the population near TMI continued
throughout the day among NRC, other Federal and
State officials. About an hour after the former’s arrival
at TMI and a first assessment of conditions in and
around the plant, NRR Director Denton and Chair-
man Hendrie reviewed various possible courses the ac-
cident might take—or that licensee personnel might
take in their effort to gain control of events—and the
implications of each for a judgement on whether and
when to move people out of the area. Within an hour
of their conversation, Chairman Hendrie was in con-
tact with Governor Thornburgh, at which time he ad-
vised the Governor that, though the bubble in the
reactor vessel could cause trouble later in keeping the
core cooled, there was no appreciable amount of oxy-
gen in it and the chance of a hydrogen explosion such
as took place in the containment on Wednesday was
“close to zero.” The Chairman also appraised the
chance of a core meltdown as being extremely low, but
the possibility of a significant radiation release as be-
ing somewhat higher.
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Additional contingents of NRC personnel were sent
to TMI during the day and by 4:00 p.m. there were 83
NRC staff people at the site. Other Federal agen-
cies—DOE, EPA, FDAA and others—and State of-
ficials responsible for emergency management and
radiation protection were also present in force. In a
press release issued around 6:00 p.m., the NRC Chair-
man declared that there was “no imminent danger of a
meltdown” of the reactor core. By 8:30 on Friday
evening, Governor Thornburgh decided, having con-
sulted with NRC officials on the site, to lift the ad-
visory that people within five miles of the plant should
stay indoors but, with NRC concurrence, continued to
recommend that pregnant women and young children
leave and/or stay out of the area.

By day’s end, there was deep uncertainty among all
concerned as to the potential hazard represented by
the hydrogen bubble in the reactor vessel. National
laboratories and industrial experts, as well as NRC
research personnel, were at work calculating how long
it might be until the amount of oxygen finding its way
into the hydrogen bubble would produce a flammable

mixture in the upper portion of the vessel. Preliminary
estimates of that time-frame varied. Later on it was
realized that there was no appreciable build-up taking
place because the oxygen resulting from the radiolytic
decomposition of water was combining with free
hydrogen in the reactor coolant.

Saturday—March 31

On Saturday the focus of concern had shifted from
periodic uncontrolled radiation releases to potential
explosion of the hydrogen in the reactor vessel. Radia-
tion readings were very low everywhere but inside the
containment. The NRC and other Federal presence at
the site was expanding. The NRC Commissioners
meeting in Washington, D.C., continued discussions
of what changes in the situation might warrant a
recommendation that people leave the TMI area, or
whether such a recommendation should be made im-
mediately, as a precaution. The conditions at TMI-2
were improved in virtually every respect, except for
the hydrogen problem, and the Commissioners were
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and controls are deployed in a U-shaped pattern in a design in-
tended to permit one operator to supervise operations under nor-

The control room for TMI1 Unit 2 is shown abm‘/e. The mstfuments

mal, stal?l? conditions. During abnormal situations. it is expected
that additional operators would be available to give any needed
assistance,



conscious of the hardships an evacuation would im-
pose upon the population, There was also the matter
of range to consider, whether to evacuate out to five
miles or 10 miles or more, and of how much time
would be available, if core conditions began to
deteriorate, before the defensive barriers of the plant
would be breached.

Around noon the NRC Chairman and NRR Director
at the site discussed the situation at length, considering
both the kinds of events that would signal a need to
begin moving people out and also various means by
which to reduce the hydrogen hazard. Soon after-
wards, estimates were received from various research
teams that the conditions necessary for hydrogen com-
bustion or explosion in the reactor vessel were perhaps
days away, and it appeared that there would be amply
sufficient time to vent the vessel into the containment
or otherwise defuse the danger. In mid-afternoon,
Chairman Hendrie held a press conference at the NRC
Operations Center in Bethesda, Md., at which he af-
firmed that a precautionary evacuation of the TMI
area was still a possibility, especially if it were decided
to try to force the hydrogen bubble out of the reactor
vessel. Soon after, the Chairman and the Governor
conferred by phone. Responding to the latter’s query,
the Chairman advised that, since some low-level
releases of radiation were still coming from the aux-
iliary building, it would be prudent to continue the
recommendation on pregnant women and pre-school
aged children and to keep emergency planning person-
nel and resources in readiness.

Sunday—April 1

Following a brief meeting with the staff at
Bethesda, Chairman Hendrie left Washington to go to
the TMI site. President Carter was to arrive there in
the early afternoon for a tour of the scene and briefings
on the status of the reactor. During the morning, the
NRC personnel at the site had augmented the radia-
tion monitoring equipment by placing 37 ther-
moluminescent dosimeters within a 12-mile radius of
the plant. By mid-afternoon the bubble in the reactor
vessel seemed to be dissipating and the system stabiliz-
ing, though intense discussion of the evacuation ques-
tion continued among Commissioners and staff in
Washington. Chairman Hendrie communicated the
favorable change in the situation to the group in
Washington and characterized the next phase in
management of the accident as a choice between mov-
ing at once to activate decay heat removal from the
reactor or moving slowly and letting the reactor cool
at its own rate.

Reactor cooling was maintained by the action of one
of the main coolant pumps providing the flow through
the reactor core, and heat removal through one of the
steam generators to the condenser, until about 2:00

Governor Thornburgh and President Carter are escorted into the
TMI Unit 2 control room by a Metropolitan Edison employee on
Sunday, April 1, 1979.

p.m. on April 27 when the reactor coolant pump was
intentionally shut down and core cooling by natural
circulation was achieved.

A bulletin was transmitted Sunday. afternoon to all
NRC licensees operating reactors of the B&W design to
make an immediate review of plant conditions and to
implement a number of precautionary measures deriv-
ed from the TMI experience. NRC inspectors were also
sent out to confirm that the prescribed actions were
taken. The bulletin was the first in a series issued by
NRC to licensees as analyses of the TMI accident
revealed both necessary and prudential actions to be
taken to prevent recurrence of the event (see “Bulletins
and Orders Task Force,” below).

Later in April, licensees for the other nuclear power
plants employing B&W nuclear steam supply systems
indicated that they would voluntarily shut down until
prescribed alterations in design and procedures were
completed. Confirmatory orders to that effect were
subsequently issued by NRC for several of these units.

By the end of May, “dedicated” telephone lines had
been established between the NRC Operations Center
in Bethesda and 68 of the 70 licensed nuclear power
plants and 14 licensed fuel cycle facilities. The lines
make it possible for operations personnel in these
facilities to communicate immediately and directly
with members of the NRC'’s technical staff any time of
the day or night on any day of the year. The system
also provides for instant communication with any one
of the five NRC regional offices.

The accident at TMI-2 generated investigations,
reports, findings and recommendations literally too
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Water from the industrial waste treatment systems of the plant

(TMI), designed to be non-radioactive, is checked to insure that is
has not been contaminated.,

Plotting wind direction to assist in monitoring operations.

numerous to mention. The balance of this chapter at-
tempts only to describe the major NRC undertakings
in the matter and to cover the findings and recommen-
dations of the commission appointed by President
Carter to conduct an independent investigation of the
accident and its implications, together with NRC’s
responses to those recommendations. At the time this
report was prepared, the work of the NRC Special In-
quiry Group-—an investigatory body set up by the
NRC under independent directorship—was not yet
complete, nor had the various Congressional reviewers
reported their results.

RADIOLOGICAL CONSEQUENCES TO
PERSONS AND THE ENVIRONMENT

Individual and Collective Doses. NRC staff members
participated in an interagency study to determine the
individual and population doses associated with the
TMI accident. The results of the study are presented
and discussed in the NRC report, “Population Dose
and Health Impact of the Accident at the Three Mile
Island Nuclear Station” (NUREG-0558). Based on en-
vironmental measurements performed during the acci-
dent, it was estimated that the maximum individual
off-site whole body dose was about 83 millirem, which
is approximately one-sixth the NRC’s allowable max-
imum whole body dose of 500 millirem-per-year. The
population within 50 miles of the TMI site received an
estimated integrated dose of 3,300 person-rem. This
population dose is expected to result in less than one
additional fatal cancer among the exposed population,
in which 325,000 fatal cancers can be expected to oc-
cur as a result of other causes.

Radiation doses to licensee employees have also been
estimated. Occupational whole-body doses ac-
cumulated from the date of the accident through May
31, 1979, totaled 225 person-rem. These doses were
received by employees in performing recovery opera-
tions after the accident, such as changing filters in the
cleanup systems for air leaving the auxiliary building
and fuel-handling building, sampling of air and
primary coolant, decontamination and radioactive
waste processing operations, and routine inspection
and maintenance activites. In the days immediately
following the accident, four persons received ex-
posures exceeding NRC regulatory standards. Two
persons involved in taking a primary-coolant sample
received doses substantially in excess of the standards.
One person received a total body dose of 4.1 rem (the
regulatory limit is 3.0 rem), an extremity (finger) dose
of 147 rem (the limit is 18.75 rem) and skin dose to the
top of the head of 13 rem (the limit is 7.5 rem). The se-
cond person received extremity doses of 54 rem. Two
other persons received whole body exposures of 3.2
rem and 3.1 rem, which are slightly higher than the
NRC limit of 3.0 rem.
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Environmental Protection at Three Mile Island.
During the accident at Three Mile Island there was
concern that a core meltdown might occur. This could
have led to the contamination of the groundwater of
the island and ultimately of the Susquehanna River
and beyond. The staff developed contingency plans to
mitigate the effects of groundwater contamination by
isolating the immediate plant area from the regional
water supplies. The plans provide for blocking
groundwater movement, for withdrawing the poten-
tially contaminated water, and for monitoring and
temporarily storing the contaminated water. Working
with the U.S. Army Corps of Engineers, the NRC staff
formulated a plan to construct a bentonite-cement
cut-off wall, dewatering wells, and a pumping system.
Availability of equipment needed to carry out the plan
was verified. Plans for monitoring and on-site storage
were also completed. It did not prove necessary to im-
plement planned isolation of the area.

Another problem encountered in the accident was
the need for the staff to produce estimates of the
transport or diffusion of gaseous releases, in order to
plan for possible evacuation of the population and for
assessment of the consequences thereof. These
estimates were made by staff meteorologists assigned
to the NRC Operations Center. Well into the accident,
the staff ascertained that meteorological data were
available from the TMI meteorological tower by
remote access and made use of this information. In ad-
dition, the staff arranged for National Weather Ser-
vice (NWS) to provide supplementary meteorological
instrumentation at the site. The staff established com-
munications with and utilized the forecasting services

of the NWS Harrisburg River Forecast Center and
NWS Philadelphia Area Weather Forecast Center.
The staff’s estimates of the transport and diffusion of
TMI releases were used in estimating doses for the
locations of dose-rate instrumentation both on the
TMI site and off. Because the magnitude of the release
was unknown during the early stages of the accident,
data from environmental monitors and meteorological
estimates were used to calculate releases. Atmospheric
transport estimates were used to advise evacuation

planners.
In further protection of the environment, the possi-

ble non-radiological consequences to the aquatic biota
and recreational fisheries of the Susquehanna River
from the accident at Three Mile Island Nuclear Station
in late March of 1979 were investigated up through the
post-accident period (through June). Data used in the
investigation included site-specific biological and
water quality information collected by the license
under the Environmental Technical Specifications and
National Pollutant Discharge Elimination System
monitoring programs, and also information from State
and Federal agencies, knowledgeable persons, and

Samples of grass from the area surrounding the plant and the Sus-
quehanna River are shipped out by the EPA to be checked for
radioactive contamination,
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studies conducted in other upstream and downstream
areas of the river. Thermal and chemical discharges
during and following the accident did not exceed the
effluent limitation established to protect the aquatic
environment. Although several million gallons of
treated industrial waste effluents were released into
the river, these discharges were not of unusual volume
compared with normal operation and were a very
small portion of the seasonally high spring river flows.
The extent and relative location of the effluent plume
were defined and the fish species known to have been
under its immediate influence were iden-
tified—including rough, forage, and predator/sport
fishery species. Impacts to benthic invertebrates or
fishes were not detected. No unusual conditions of fish
disease or mortality were noted in the river following
the accident. The normal spring increases in abun-
dance and species-composition of riverine fauna oc-
curred, as did the onset of the fish spawning season in
April with peaks of ichthyoplankton abundance in
May and June.

Nevertheless, post-accident recreational fishing in
the Three Mile Island vicinity underwent significant
departures from historical trends. Fishing activity
appeared to shift away from the Susquehanna River
waters near the nuclear station to other areas,
especially downstream. Anglers returned greater pro-
portions of their catches than during any comparable
period within the previous five years. This was most

Thermoluminescent dosimeter (enlarged at right), used by the
NRC to measure the amount of airborne radiation delivered to a
specific place, is shown mounted on a utility pole near a school in
Middletown, Pa. Similar devices were installed both on the TMI
site and at various locations around the plant up to 15 miles away

notable during April when anglers fishing near the
plant returned an unprecedented 100 percent of their
catches. Thus, in the waters receiving station effluents
during the month following the accident, the liquid
radiological pathway leading to man via fin fish con-
sumption could have been absent entirely. With the
passage of time following the accident, the normal
pattern of recreational fishing was approached. The
investigation defined several generic aspects of the ac-
cident and lessons applicable to other facilities: the
time of the accident with respect to the biological
season, and to the ability to detect an impact; data
availability and data needs for adequate monitoring;
and the application of the non-radiological findings
for radiological assessment. This investigation is
described in an NRC report: “The Non-Radiological
Consequences to the Aquatic Biota and Fisheries of the
Susquehanna River from the 1979 Accident at Three
Mile Island Nuclear Station” (NUREG-0596).

TMI RECOVERY OPERATIONS

Following the accident of March 28, a substantial
effort was mounted to provide technical assistance,
regulatory guidance and review of the licensee’s opera-
tions procedures and system addition and modification
activities. A team began to form with the arrival of the
Office of Inspection and Enforcement Region I inspec-
tors shortly after the accident and continued to expand
with the arrival of the first contingent from the Office

M
by NRC, the Environmental Protection Agency, Metropolitan
Edison Co., and an independent contractor. In addition to making

independent evaulations, each group sent the data collected to
both the NRC and EPA for analysis,



of Nuclear Reactor Regulation (NRR) on March 29
and additional inspectors from all five regional offices.
On March 30, the Director of NRR and additional
NRR staff arrived on the site to assist in the recovery
operation. A Public Affairs Office was also established
in Middletown, PA, and staffed on a 24-hour-per-day
basis to handle the flow of information to the public
and the media.

NRR staff analysts in many of the major disciplines
were brought to TMI to provide needed technical
resources. The specific activities engaged in by the
staff can be broken down into four major areas:

(1) A review was initiated of the system modifica-
tions and system additions (proposed by the
licensee, the industry review group, or the
NRC) as contingency measures to mitigate the
consequences of the accident and to provide
assurance for continued safe shutdown and
long-term safe shutdown,

(2) Substantial effort was given to the review of all
procedures, both emergency and normal opera-
tion and maintenance, which were necessary to
post-accident activities. In many cases, because
of changes in the use of normal systems and the
addition of new ones, new operating procedures
were necessary. Further, the facility license and
technical specifications, which defined the
limits for operating parameters and surveillance
requirements, were no longer fully applicable to
the post-accident facility, though existing facili-
ty procedures provided a mechanism for
establishing specific operability limits and
surveillance requirements, It was necessary,
from a regulatory point of view, to have NRC’s
review and approval of any new procedures that
might be in conflict with the pre-accident
license.

(3) NRR provided close and continuous monitoring
of the operations in progress to assure that
system parameters stayed within expected limits
and to provide prediction of future system per-
formance and the capability of plant systems to
maintain safe conditions.

(4) Lastly, substantial NRR effort was committed
to providing consultation, review and analysis
of the ongoing radwaste, cleanup, and health
physics activities. The accident generated a
significant amount of contaminated water
which, in turn, contaminated substantial por-
tions of the facility and its systems. This made it
difficult to have normal access to systems impor-
tant to safety and also constituted a threat of
further fission product release and occupational
exposure. In addition, the radiological makeup
of the contamination was different from that
normally encountered in operating reactors, in
terms of its airborne intensity as well as its ratio

of beta and gamma activity. It was therefore an
important concern—particularly in view of the
intensive work activity needed to continue safe
operation—that operator exposures be main-
tained within acceptable limits and the environ-
ment protected from undue radiological ef-
fluents.

Examples of the system review activity undertaken
by the NRR on-site staff were design reviews and
evaluations of the following sytems:

(a) Supplementary diesel generators

(b) Supplementary filtration systems

(c) Long-term cooling systems

(d) Alternative decay heat removal system

(e) Pressure volume control system

(f) Tank farm for storage of radioactive liquids

(g) EPICOR-II system for processing of con-
taminated liquids

(h) Many monitor modifications in existing systems
which allowed operability in the post-accident
environment.

Besides the systems reviews, approximately 250 pro-
cedures were reviewed and approved by the on-site
staff. This activity was particularly important in the
first two months following the accident because a
serious shortage of personnel familiar with the facility
existed; the NRC review constituted not only a
regulatory approval of the intended operation, but
also served as a quality assurance check on adequacy
and operability. The review of procedures is continu-
ing as the licensee rewrites emergency and operating
procedures to reflect the changing status of the facili-
ty. It is anticipated that such procedure review will be
necessary until a new set of facility technical specifica-
tions, which reflect the post-accident facility con-
figuration, is implemented.

A substantial amount of staff effort was expended
on the review and approval of the EPICOR-II opera-
tion, intended for use in decontaminating the 380,000
gallons of intermediate-level contaminated water held
in the auxiliary building tanks and in the tank farm
constructed following the accident. EPICOR-II was
designed and constructed following the accident
because it was clear that storage of water would be a
significant problem and could not be accommodated
with existing facility equipment. EPICOR-II is a
three-stage demineralization system, constructed in an
existing on-site building. EPICOR-II was provided
with sufficient shielding and remote-handling
capability to accommodate the processing of radioac-
tive water up to a level of about 100-microcuries-per-
milliliter. When facility operation was near, court ac-
tions were initiated to prevent operation of EPICOR-
II or disposal of the decontaminated watexr. In
response to these actions, the Commission directed
that an environmental assessment for the use of
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The “EPICOR-II” system being used to decontaminate some
380,000 gallons of intermediate-level radioactive water held in the
auxiliary building tanks at the TMI-2 site is shown above. It con-
sists of three process vessels (steel liners) shielded by four-inch lead
enclosures located in the chemical cleaning building. Each vessel
contains ion-exchange resin. The vessel at the top of the photo

at the left is the system prefilter/demineralizer, the center vessel is a
cation ion-exchanger, and the third vessel is a mixed-bed polishing
ion-exchanger. Each is fitted with three quick-disconnect hoses: a
liquid waste influent line, a processed waste effluent line, and a
vent line with attached overflow hose. Vented air from each vessel

EPICOR-I1 be prepared, followed by the environmen-
tal assessment for the alternatives of disposal of decon-
taminated water. Both of these environmental
assessments would be provided to the public for com-
ment before any actions would be initiated. En-
vironmental assessment for the use of EPICOR-II in
the decontamination of the intermediate level of con-
taminated water in the auxiliary building was
prepared and sent out for public comment on August
14, 1979. The assessment evaluated various alter-
natives to the proposed cleanup and concluded that
the use of the already constructed system was the best
alternative, and that the processing of water would
constitute a negligible environmental impact.

Based on these evaluations, the Commission, on Oc-
tober 16, 1979, issued a Memorandum and Order
directing the use of EPICOR-II,

passes through a special filter and charcoal adsorber. “Spent” ion-
exchange resin liners containing radioactive material removed from
the water are transferred by crane to cells (shown at top right)
which are housed in modular concrete storage structures (above).
The cells are concrete-shielded, galvanized corrugated steel
cylinders seven feet in diameter and 13 feet high. The storage
module shown under construction has 4-foot thick walls and will
be 57 feet wide and 91 feet long, The modules, each holding about
60 storage cells, will be built on an as-needed basis. Shipment of
the radioactive liners away from the site will depend on approval
of a disposal facility and availability of shipping casks.

BULLETINS AND ORDERS
TASK FORCE

The accident at TMI-2 involved a feedwater tran-
sient coupled with a small break in the reactor system
(the open relief valve). Because of the severity of the
ensuing events and the potential generic implications
of the accident for other operating reactors, the NRC
staff initiated prompt action to: (1) assure that other
reactor licensees, particularly those with plants similar
in design to TMI-2, took the necessary action to
substantially reduce the likelihood for TMI-2 type
events, and (2) start comprehensive investigations into
the potential generic implications of this accident on
other operating reactors.

The Bulletins & Orders Task Force was established
within the Office of Nuclear Reactor Regulation
(NRR) in early May 1979. This task force was responsi-



ble for reviewing and directing the TMI-2 related staff
activities regarding loss-of-feedwater transients and
small break loss-of-coolant accidents for all operating
reactors. The task force concentrated its efforts in the
areas of: assessments of auxiliary feedwater system
reliability; review of the analytical predictions of
plant performance for both feedwater and small
LOCA-induced transients; evaluations of generic
operating guidelines; the review of emergency plant
operating procedures; and the review of operator
training.

The task force worked with operating plant licenses,
and, for the review of generic items, with owners’
groups for plants of each nuclear steam supply vendor
(Babcock and Wilcox, Westinghouse, Combustion
Engineering, and General Electric) and with the in-
dilvidual vendors. Initial priority was placed on plants
of the Babcock and Wilcox (B&W) design, but as
short-term actions on these plants were completed,
priority was shifted to other pressurized water reactor
(PWR) plants, i.e., those manufactured by
Westinghouse and Combustion Engineering. Ac-
tivities related to boiling water reactors, a significantly
different light water reactor type manufactured by the
General Electric Company, were pursued as a third
priority.

The task force, which was composed of approxi-
mately 30 technical professionals of widely varying
disciplines and areas of expertise, evaluated licensees’
responses to NRC Bulletins; the issuance and subse-
quent lifting of Orders to the B&W operating reactors;
system reliability and predicted plant performance for
each of the reactor vendors, with regard to feedwater
transients and small break loss-of-coolant accidents;
and related follow-on activities.

Bulletins

The preliminary review of the accident chronology
identified several events that occurred during the acci-
dent and contributed significantly to its severity. As a
result, all holders of operating licenses were sub-
sequently instructed to take a number of immediate
actions to avoid repetition of these errors, These in-
structions were specified in a series of bulletins issued
by the NRC’s Office of Inspection and Enforcement
(IE).

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 expanded, clarified,
and issued to all operating plants for action. For exam-
ple, as a result of staff evaluations, holders of
operating licenses for B&W designed reactors were in-
structed by IE Bulletins to take further actions, in-
cluding immediate changes to decrease the reactor
high pressure trip point and increase the pressurizer
pilot-operated relief valve settings. A chronology of
bulletins issued by IE is shown below.

The task force directed the evaluations of each
licensee’s response to the IE Bulletins. This process in-
volved an inter-office review group, which included
representatives from IE and from the NRR Division of
Operating Reactors. When it was concluded that a
licensee had understood and had provided an accep-
table response to the bulletins, the bulletin review was
completed and the evaluation issued as a staff report.

The prompt action taken by licensees in response to
the IE Bulletins was considered an important con-
tributor to the assurance of continued safe plant
operation. The bulletins and related evaluations also
provided substantial input to other staff activities,
such as those associated with the generic study efforts
and the Lessons Learned Task Force (see below).
Thus, many of the subjects addressed by the bulletins
were studied in greater depth through other staff ac-
tivities and studies. Further, the bulletins and the
associated responses were used as a basis for IE inspec-
tion activities and for auditing of reactor operator
training.

Orders on Babcock and Wilcox Plants

Soon after the TMI-2 accident, the NRC staff began
a reevaluation of the design features of B&W reactors
to determine whether additional safety corrections or
improvements were necessary. This evaluation involv-
ed numerous meetings with the vendor and the af-
fected licensees.

The conclusion of these preliminary staff studies was
documented in an April 25, 1979 status report to the
Commission. It was found that B&W designed reac-
tors appeared to be unusually sensitive to certain tran-
sient conditions originating in the secondary system.
The features of the B&W plants that contributed to
this sensitivity were: (1) design of the steam generators
which operate with relatively small liquid volumes in
the secondary side; (2) lack of direct initiation of reac-
tor trip upon the occurrence of off-normal conditions
in the feedwater system; (3) reliance on an integrated
control system (ICS) to automatically regulate feed-
water flow; (4) actuation before reactor trip of a pilot-
operated relief valve on the primary system pressurizer
(which, if the valve sticks open, can aggravate the
event); and (5) a low steam generator elevation
(relative to the reactor vessel) which provides a smaller
driving head for natural circulation (except for the
Davis-Besse plant).

Because of these features, B&W design relies more
than other PWR designs on the reliability and per-
formance characteristics of the auxiliary feedwater
system, the integrated control system, and the
emergency core cooling system (ECCS) performance
to recover from certain anticipated transients, such as
loss of off-site power and loss of normal feedwater.
This, in turn, can require greater operator knowledge
and skill to safely manage the plant controls during
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such anticipated transients. As a result of the work
supporting the April 25, 1979 report, the NRC staff
concluded that certain other short-term design and
procedural changes at operating B&W facilities were
necessary in order to assure adequate protection to
public health and safety.

After a series of discussions between the NRC staff
and licensees of operating B&W plants, the licensees
agreed to shut down these plants and keep them shut
down until the actions identified to the Commission in
the April 25, 1979 report could be completed. This
agreement was confirmed by a Commission Order to
each licensee (see “Actions Directed by Orders,”
below). Authorization to resume operation was issued
in the period late May through early July, as in-
dividual plants satisfactorily completed the short-term
actions and the NRC staff completed an on-site
verification of the plant’s readiness to resume opera-
tion. In addition to the modifications to be im-
plemented promptly, each licensee also proposed to
carry out certain additional long-term modifications
to further enhance the capability and reliability of the
plant systems to respond to transient events (see
“Longer Term Actions,” below).

Since some of the long-term modifications involve
the design, procurement, and qualification of safety-
grade hardware, not all of the actions of the long-term
portion of the Orders were completed in 1979. Staff in-
volvement will continue to assure that licensees com-
plete each long-term action of the Order “as promptly
as practicable” and that the Orders are closed out by a
prompt staff acceptance review.

Specific Plant and Generic Studies

For B&W operating reactors, an initial staff study
has been completed and published in a staff report
(NUREG-0560). This study considered the particular
design features and operational history of B&W
operating plants in light of the TMI-2 accident and
related current licensing requirements. As a result of
this study, a number of findings and recommendations
resulted which are now being pursued.

Generally, the activities involving the B&W reac-
tors are reflected in the actions specified in the Orders.
Consequently, as noted earlier, a number of specific
actions have been specified in the areas of transient
and small break analyses, upgrading of auxiliary feed-
water reliability and performance, procedures for
operator action, and operator training.

Similar studies are now well underway for the West-
inghouse and Combustion Engineering operating

plants. These studies focus specifically on the
predicted plant performance under different accident
scenarios involving small break loss-of-coolant event
and feedwater transients. Based upon analytically
predicted system behavior, recommended guidelines
for emergency operating procedures were developed
and reviewed in the study. In addition, these studies
include engineering assessments of the reliability of in-
dividual plant auxiliary feedwater systems and iden-
tification of dominant failure contributors and recom-
mendations for corrective action. A similar study of
the operating boiling water reactors is also in progress,
but is at an earlier stage.

As the above studies developed firm conclusions and
recommendations, implementing action was initiated.
For example, the results of the Westinghouse and
Combustion Engineering auxiliary feedwater system
reliability assessments concluded that certain im-
provements were necessary. Individual plant licensees
were then requested by letter to initiate corrective ac-
tion or to propose design solutions for NRC staff
review. Additional instructions were to be issued to

licensees upon completion of other aspects of these
reports.

Follow-On and Interfacing Activities

It was planned that the task force would terminate
its activities in late 1979, and therefore some of its ac-
tivities were transferred prior to completion. Conse-
quently, the task force concentrated on lead plants and
established review guidelines and acceptance criteria
that could be implemented by other NRR organiza-
tional elements.

As a result of the work performed in modeling small
break and feedwater transients, longer range efforts
were identified dealing with the procedures and
systems available for core cooling under certain acci-
dent conditions, and with confirming analytical
models through experiment or research programs.
For example, plans are being implemented to conduct
some small break loss-of-coolant tests at the Semiscale
and LOFT facilities to obtain a better understanding
of small break phenomena and to use the results to
verify calculational techniques (see Chapter 11).
Other recommendations in this regard are expected to
result from the task force activities.

As noted previously, the task force concentrated on
the immediate and near term actions necessarv to
assure the safe operation of operating plants.
However, based on actions already completed. a
number of items have been identified which warrant
careful additional study. These actions have been and
are continuing to be, documented for detailed assess-
ment within the NRR organization.



IE BULLETINS ISSUED: APRIL—JULY 1979
Bulletin Date Issued Issued to
79-05 April 1, 1979 B&W plants
79-05A April 5, 1979 B&W plants
79-06 April 11, 1979 W and CE plants
79-06A April 14, 1979 W and CE plants
79-06B April 14, 1979 CE plants
79-08 April 14, 1979 BWR plants
79-06A (Rev. 1)  April 18, 1979 W plants
79-05B April 21, 1979 B&W plants
79-05C July 26, 1979 B&W plants
79-06C July 26, 1979 W and CE plants

Actions Directed by NRC Orders

(for immediate implementation)

(1) Reviewing and upgrading, as appropriate, aux-
iliary feedwater reliability and performance.

(2) Implement operating procedures for initiating
and controlling feedwater independent of ICS.

(3) Implement hard-wired control grade reactor
trip on loss of main feedwater and/or turbine
trip.

(4) Complete analyses for potential small breaks
and implement appropriate instructions for
operator action.

(5) Provide at least one senior reactor operator,
having TMI-2 training on B&W simulator, in
control room.

Longer-Term Actions Required by Orders

(1) Continue to review and upgrade performance of
auxiliary feedwater system.

(2) Submit a failure mode and effects analysis of the
integrated control system to the NRC.

(3) Improve the quality of the reactor trip following
loss of main feedwater and/or turbine trip by
upgrading to safety-grade design.

(4) Give continued attention to transient analysis
and procedures for management of small
breaks.

TMI-2 LESSONS LEARNED
TASK FORCE

In May 1979 an interdisciplinary team of engineers
from the NRC Offices of Nuclear Reactor Regulation,
Nuclear Regulatory Research, Inspection and Enforce-
ment, and Standards Development began work on the

identification and evaluation of safety concerns
originating from the TMI-2 accident that required
licensing actions. This team, the TMI-2 Lessons
Learned Task Force, concentrated on issues separate
from those specified in IE Bulletins and Commission
Orders issued to operating plants early after the acci-
dent. The areas of interest to the Lessons Learned Task
Force were applicable not only to operating plants but
also to pending operating license (OL) and construc-
tion permit (CP) applications.

The task force was charged to review and evaluate
investigative information, Commissioners’ recommen-
dations, ACRS recommendations, staff recommenda-
tions from NUREG-0560 (“Staff Report on the Generic
Assessment of Feedwater Transients in Pressurized
Water Reactors Designed by the Babcock & Wilcox
Company”), and recommendations from outside the
NRC. In addition, the task force was charged to iden-
tify, analyze and recommend changes to licensing re-
quirements and the licensing process for nuclear
power plants based on the lessons learned. The scope
of the task force assignment covered the following
general technical areas:

(1) Reactor operations, including operator training
and licensing.

(2) Licensee technical qualifications.
(3) Reactor transient and accident analysis.

(4) Licensing requirements for safety and process
equipment, instrumentation, and controls.

(5) On-site emergency preparations and pro-
cedures,

(6) NRR accident response role, capability and
management.

(7) Feedback, evaluation, and utilization of reactor
operating experience.

Two Phases of Work

The work of the task force proceeded in two phases.
The first was the development of recommendations for
short-term actions which, when combined with the re-
quirements associated with implementation of the IE
Bulletins on TMI-2—including the generic status
reports issued by the task force and certain other
changes. in emergency preparations by licensees and
operator training and licensing requirements—would
ensure the safety of plants already licensed to operate
and those to be licensed for operation in the near
future. The first phase culminated with issuance in Ju-
ly 1979 of a report entitled “TMI-2 Lessons Learned
Task Force: Status Report and Short-Term Recom-
mendations” (NUREG-0578). The implementation of
23 short-term licensing requirements was directed for
operating reactors by the Director of NRR in
September 1979 based on a favorable ACRS review
received in August.
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Metropolitan Edison staff members work in a room adjacent to the
TMI control room to coordinate communication between the plant
and local officials such as State police and fire departments.

In the second phase of its work, the task force con-
sidered more fundamental questions in the design and
operation of nuclear power plants and in the licensing
process. The issues were grouped in four general cate-
gories: general safety criteria, system design re-
quirements, nuclear power plant operations, and
nuclear power plant licensing. A report entitled
“TMI-2 Lessons Learned Task Force: Final Recom-
mendations” (NUREG-0585) was issued in October
1979 to complete this phase.

The completion of these reports terminated the for-
mal activities of the Lessons Learned Task Force, and
its members returned to other duties. Two small
groups among them, however, remained intact to
make up the nuclei of interdisciplinary review teams
which will see to the implementation of task force
recommendations for new operating licenses and for
operating reactors.

Short-Term Recommendations

The decisionmaking process followed by the task
force in determining which safety issues required
short-term licensing action versus those that could be
deferred for further evaluation by the task force or
others was based on engineering evaluation and
qualitative professional judgment of the safety
significance of the various issues, In this regard, the
task force selected items for “short-term action” if
their implementation would provide substantial, addi-
tional protection required for the public health and
safety. The task force recommendations presented in
NUREG-0578 comprised 23 specific requirements.
Each of these is discussed in detail in NUREG-0578,
and a proposed two-stage implementation schedule is
included as an appendix to that report. The 23 recom-
mendations are briefly stated below.

(1) Emergency Power. For PWRs (pressurized
water reactors), provide emergency power for
the minimum number of pressurizer heaters re-
quired to maintain natural circulation condi-
tions in the event of loss of off-site power, for
power-operated relief valves and associated
block valves, and for pressurizer level instru-
ment channels.

(2) Valve Tests. For BWR (boiling water reactors)
and PWR relief and safety valves, perform full-
scale performance verification tests,

(3) Valve Position Indication, Provide direct posi-
tion indication for PWR and BWR power-
operated relief valves and safety valves.

(4) Instrumentation for Inadequate Core Cooling.
Perform analyses and implement procedures
and training for prompt recognition of low reac-
tor coolant level and inadequate core cooling
using existing or modified instrumentation;
analyze and describe instrumentation for detec-
tion of low reactor vessel water level.

(5) Containment Isolation Signals. Provide contain-
ment isolation on diverse signals, review isola-
tion provisions for non-essential systems and
revise as necessary, and modify containment
isolation designs as necessary to eliminate the
potential for inadvertent reopening upon reset
of the isolation signals.

(6) Recombiner and Purge Penetrations. For plants
that have external hydrogen recombiners or
purge systems, provide dedicated penetrations
and isolation systems that meet the redundancy
and single failure requirements of the Commis-
sion regulations.

(7) Inerting BWR Containments. Provide inerting
for all Mark I and Mark II BWR containments.
(Rulemaking required.)

(8) Hydrogen Recombiner Capability. Provide the
capability to add, within a few days after an ac-
cident, a hydrogen recombiner system for post-
accident hydrogen. (Minority view; rulemaking
required.)

(9) Systems Leakage. Perform leakage rate tests on
systems outside containment that process
primary coolant and could contain high level
radioactive materials. Develop and implement
periodic testing and preventive maintenance
programs.

(10) Shielding Review. Perform a design review of
the shielding of systems processing primary
coolant outside containment and assure that ac-
cess to vital areas will not be unduly impaired
due to radiation from these systems.

(11) Automatic Initiation of the Auxiliary Feedwater
System. Provide means for automatic initiation



(12)

(13)

(16)

(17)

of all auxiliary feedwater systems; manual
capability to initiate the auxiliary feedwater
system from the control room must be retained.

Auxiliary Feedwater Flow Indication. Provide
indication in the control room of auxiliary feed-
water flow for each steam generator.

Post-Accident Sampling. Review and upgrade
the capability to obtain and analyze samples
from the reactor coolant system and contain-
ment atmosphere under high radioactivity con-
ditions.

High-Level Radiation Monitors. Provide high-
range radiation monitors for noble gases in
plant effluent lines and a high-range radiation
monitor in the containment. Provide instrumen-
tation capable of measuring and identifying
radioiodine and particulate radioactive efflu-
ents in effluent lines under accident conditions.

Improved In-Plant lodine Instrumentation.
Provide instrumentation for accurately deter-
mining in-plant airborne radioactive concentra-
tions to minimize the need for unnecessary use
of respiratory protection equipment.

Analysis of Transients and Accidents. Provide
the analysis, emergency procedures, and train-
ing to improve operator performance during a
small break loss-of-coolant accident, to assure
that the reactor operator can recognize and re-
spond to conditions of inadequate core cooling,
and to improve operator performance during
transients and accidents, including events that
are caused or worsened by inappropriate opera-
tor actions.

Shift Supervisor Responsibilities. Promptly issue
an operations policy directive that emphasizes
the duties, responsibilities, and authority and
lines of command of the control room operators,
the shift supervisor, and the person responsible
for reactor operations command in the control
room,

Shift Technical Advisor. Provide a shift tech-
nical advisor at each nuclear power plant who
has a bachelor’s degree or equivalent in a
science or engineering discipline and with
specific training in the plant response to off-
normal events and in accident analysis of the
plant.

Shift and Relief Turnover Procedures. Review
and revise plant procedures as necessary to
assure that a shift turnover checklist is provided
and required to be completed and signed by the
oncoming and offgoing individuals responsible
for command of operations in the control room.

(20)

(22)

(23)

Control Room Access. Revise emergency pro-
cedures as necessary to assure that access to the
control room under normal and accident condi-
tions is limited to those persons necessary to the
safe command and control of operations.

On-site Technical Support Center. Provide an
on-site technical support center, separate from
the control room, for use by plant management,
and technical and engineering support person-
nel in an emergency. This center shall be used
for assessment of plant status, support of the
control room command and control function,
and in conjunction with implementation of on-
site and off-site emergency plans. Communi-
cations links shall be established and the center
shall be equipped as necessary for emergency
engineering support activities.

On-site Operational Support Center. Establish
and maintain an on-site operational support
center to which shift support personnel (e.g.,
auxiliary operators and technicians) other than
those required and allowed in the control room
report for further orders and assignment during
an emergency.

Loss of Safety Function. Require that a reactor
be shut down if human errors lead to a complete
loss of safety function (e.g., loss of emergency
feedwater, high pressure ECCS, low pressure

Portable communication units provided by the U.S. Forest Service
were used to communicate between the TMI control room and
various staff activities at the site. One such unit was manned on a
24-hour basis while periodic checks were made with the control
room to record the status of the reactor.

29




30

ECCS, containment, emergency power or other
prescribed safety function), and allow the facili-
ty to return to power only after a public meeting
and NRC approval of the remedial changes pro-
posed by the licensee. (Rulemaking required.)

After considering comments on NUREG-0578 by
various NRC offices, the Advisory Committee on
Reactor Safeguards (ACRS), the industry and the
public, the Director of Nuclear Reactor Regulation,
with the approval of the Commission, added four re-
quirements as follows:

(1) Containment Pressure Indication (ACRS). Pro-
vide wide-range continuous indication of con-
tainment pressure in the control room.

(2) Containment Hydrogen Indication (ACRS).
Provide continuous indication in the control
room of hydrogen concentration in the contain-
ment atmosphere.

(3) Containment Water Level Indication (ACRS).
Provide continuous indication in the control
room of containment water level.

(4) Reactor Coolant System Vents. To provide
means for removing noncondensible gases, in-
stall reactor coolant system and reactor vessel
head high point vents remotely operated from
the control room.

Implementing Short-Term
Recommendations

The Commission directed that the staff proceed as
soon as possible with implementation of all of the
short-term recommendations, except those which were
modified as set forth below, on the two-stage,
16-month schedule recommended by the task force.

In view of ACRS comments, the Director of Nuclear
Reactor Regulation decided to delay any rulemaking
action concerning inerting of BWR Mark I and II con-
tainments and provisions of hydrogen recombiner
capability at operating plants until the final report of
the task force had been issued. Final resolution of these
matters is discussed in the section below covering the
long-term recommendations of the Lessons Learned
Task Force.

With respect to the recommendation to add a Shift
Technical Advisor at each plant, the ACRS endorsed
the concept but suggested that flexibility be main-
tained in implementation so that the objective could
be reached through innovative approaches by in-
dividual licensees. For guidance, the task force pre-
pared a statement of functional characteristics for the
Shift Technical Advisor to be used in evaluating alter-
natives proposed by licensees.

The recommendation to review limiting conditions
of operation to incorporate mandatory shutdown if
human error causes loss of a safety function stimulated

much interest inside and outside the staff. The Office
of Standards Development has prepared a paper pro-
posing such a new rule, but setting forth alternatives
for achieving the same objectives as the task force
recommendation.

On September 13, 1979, letters were sent to all
operating nuclear power plants advising them that
they should proceed with implementation of the
recommendations of the Lessons Learned Task Force
and the additional items resulting from ACRS com-
ments and review by the Director of Nuclear Reactor
Regulation. During the week of September 24, 1979,
regional briefings were held to apprise reactor owners
of these requirements. These meetings were followed
by a 3-day series of meetings at NRC headquarters in
Bethesda, Md. on some of the specific short-term re-
quirements. Letters were also sent to applicants for
construction permits and operating licenses instructing
themn to implement the short-term lessons learned.

All of the short-term “Category A” requirements
deriving from conclusions of the Lessons Learned Task
Force were conveyed to licensees of operating reactors
by the end of 1979. It was expected that about two-
thirds of these licensees would have met the Category
A requirements by the end of January 1980, and the
rest by May at the latest.

The approach adopted by NRC staff in seeking swift
implementation of the short-term requirements allow-
ed licensees to fulfill those requirements prior to NRC
staff review. The approach necessitated a careful
clarification of each requirement, and this was provid-
ed by means of regional as well as topical meetings and
numerous discussions among NRC staff, the vendor-
oriented owners’ groups, and licensees.

The small number of action items that were not
completed by the deadlines prescribed by NRC mainly
involved problems of equipment availability. Some
slippage is also permitted where it can be demon-
strated that a severe impact on regional power supply
would otherwise result.

Long Term Recommendations

In contrast to the short-term recommendations in
NUREG-0578, which were of a more narrow, specific,
and urgent nature, the final report of the task force
(NUREG-0585) dealt with safety questions of a more
fundamental policy nature regarding nuclear plant
operations and design and the regulatory process.

To stimulate discussion and speed the deliberative
process, the task force developed a number of specific,
final recommendations toward accomplishing the

_policy objectives and safety goals described in the

report. The task force considered the modifications it
outlined to be of fundamental importance to nuclear
safety, and urged that immediate steps be taken to
complete the deliberative process and initiate im-
plementation of the recommendations.



Although the accident at Three Mile Island
stemmed from many sources, the most important
lessons learned fall in a general area the task force
chose to call operational safety. This general area in-
cluded the topics of human factors engineering; quali-
fication and training of operations personnel; inte-
gration of the human element in the design, operation,
and regulation of system safety; and quality assurance
of operations. Specifically, the primary deficiency in
reactor safety technology identified by the task force’s
review of the accident was the inadequate attention
that had been paid by all levels and all segments of the
technology to the human element and its fundamental
role in both the prevention of accidents and the
response to accidents. Thus, the policy recommenda-
tions and specific ideas in NUREG-0585 for
stimulating and accomplishing change concentrated
heavily on operations reliability and the associated
design and licensing review measures that support or
augment operations reliability.

The task force also devoted considerable attention to
the basic mission of reactor regulation after Three Mile
Island, It was not alone in these efforts; many people
called for a clearer articulation of NRC’s role and mis-
sion after March 28, 1979. The task force found that

Activity in the trailer office of NRC’s Office of Inspection and En-
forcement shortly after the accident, where personnel kept track of
the environmental monitoring of radioactivity. At far right is

prescriptive and narrow licensing requirements only
add to the quiltwork of regulatory practice and do
little to directly address the nation’s heightened con-
cern for the safety of nuclear power plants. The task
force called for the development of an articulate and
widely noticed national nuclear safety policy with
which to bind together the narrow and highly tech-
nical licensing requirements. Although the NRC and
the President’s Commission alluded to a more
definitive safety policy by taking actions that in effect
say, “no more Three Mile Islands,” the task force
urged that the feasibility and the adequacy of such a
policy be critically examined and an opportunity pro-
vided for thorough and widespread public input.

More than 30 recommendations in 13 different areas
were made by the TMI-2 Lessons Learned Task Force.
In its review of these recommendations, the ACRS
supported them in all 13 areas, offered advice on
details of implementation and criteria employed in
some of those areas, and added comments and recom-
mendations on areas not addressed in the task force
reports. Final recommendations of the task force and
of the ACRS were being factored into the development
of the NRC Action Plan for TMI-2 matters, which was
in preparation at the end of 1979.

Richard H. Vollmer of NRC’s Office of Nuclear Reactor Regula-
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tion, who was designated in June to direct NRC’s support activities

related to recovery and cleanup operations at the TMI site.
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“Herman,” a mobile manipulator borrowed from the Oak Ridge
National Laboratory, proved too awkward for use at TMI-2. It
was hoped that the robot could retrieve samples of radioactive

water in the No. 1 Auxiliary Building, thereby reducing exposure
to workers. The idea was abandoned when testing showed Her-
man’s lack of pressure sensitivi‘tiy presented the risk of flasks of con-
taminated water being dropped or crushed.

Inspection and Enforcement Lessons

The NRC Office of Inspection and Enforcement
(IE) also undertook an intensive investigation of the
TMI accident but limited the scope of its inquiry to
two sharply defined aspects of it: (1) the operational
activities of the licensee from before the initiating
event, about 4 a.m. on March 28 up to about 8 p.m.
that evening, when primary coolant flow was reestab-
lished by the starting of the reactor coolant pump; and
(2) steps taken by the licensee to control the release of
radioactive material to off-site environs and to imple-
ment its emergency plan, from the initiating event un-
til midnight on March 30. These periods were selected
for scrutiny because, in the judgment of IE, they en-
compassed those licensee actions which most
significantly affected the course of the accident and its
consequences.

In its report on this investigation, issued August 3,
1979, IE confirmed that the collective radiation dose
to the general public resulting from the TMI accident
constituted—as reported by the Ad Hoc Dose Assess-
ment Group (made up of various Federal agencies) in
its May 10, 1979 report—minimal risk to the health of
the off-site population. At the same time, IE reported
several inadequacies in the licensee’s radiation protec-
tion activities inside the plant, as well as in the meas-
uring of off-site radiation levels. These flaws, how-
ever, were not such as would cast doubt on or call for
alterations in the conclusions of the ad hoc group.

The IE investigation also substantiated earlier con-
clusions regarding the underlying causes of the TMI
accident and the factors that contributed to its severi-
ty. The six distinct areas of deficiency earlier identified
as causative or complicating elements and confirmed
by IE comprised equipment performance; licensee
analysis of past transients and accidents; operator
training and performance; equipment and systems
design; the transmission of information (especially in
the early phase of the accident); and the implementa-
tion of emergency planning. But what the IE report
called “perhaps the most disturbing result” of the in-
vestigation was “confirmation of earlier conclusions
that the Three Mile Island Unit 2 accident could have
been prevented, in spite of the inadequacies” cited.
The design, equipment, analyses, and procedures in
place and in effect at TMI were, IE concluded, suffi-
cient “to have prevented the serious consequences of
the accident” if they had been allowed to function or
had been adhered to as intended. For example, had
the TMI operators permitted the ECCS to have its full
effect, the damage to the core would most likely have
been prevented (other examples were adduced in the
report where a right action taken or a wrong one
avoided could have significantly mitigated the conse-
quences of the accident).

On the other hand, the IE report concedes, had cer-
tain equipment been designed differently it too could
have prevented or diminished the effects of the acci-
dent. The investigation made it “difficult to fault only
the actions of the operating staff.” An undue preoccu-
pation with the hazards of overfilling the reactor
coolant system (that it was to be avoided “at almost
any cost”) was also evident in the decisions and actions
of the operators, leading them to ignore prescribed
procedures and to fail to respond to indications that
the core was not properly cooled. Retraining of all
licensed operators has now been required by NRC as
well as an upgrading of procedures.

Causes and Contributing Factors. Soon after the
shift came on at TMI-2 at midnight of March 27, 1979,
the shift foreman and two auxiliary operators were
engaged in transferring resin from a “condensate
polisher” tank to a “resin regeneration™ tank, on the
secondary side of the plant. The chore was a carryover
from the previous shift and was one with which plant
personnel had encountered some difficulty. The staff
thought the problem was a resin blockage in the
transfer line and the foreman and auxiliary operators
were trying to clear it. The IE report concluded that,
“probably as a result of their efforts to clear the line,”
the plant underwent a total loss of feedwater flow, in-
itiated by a loss of condensate flow and bringing about
an almost simultaneous shutdown of the main turbine,
at 37 seconds after 4 a.m., on March 28,

Ensuing events were found to be as described earlier
in this chapter with certain noteworthy additions and
conclusions. Among these was the finding that, about



six minutes after the start of the accident, the
pressurizer was completely filled with water and the
reactor coolant system was, in fact, “solid,” the condi-
tion which the control room crew strived to avoid
throughout the crucial early hours of the accident by
actions which delayed cooling of the core and com-
pounded the consequences of the event. The IE report
also indicated that “substantial fractions of the core
were uncovered” by about 6:30 a.m. on March 28,
although the fact went unrecognized by the operators
and officials on the scene, and the high temperature
readings in the core and the loops were considered too
high to be realistic. The report also found that the
operators interpreted the failure of the core flood tanks
to inject a substantial portion of their volume into the
reactor coolant system to be an indication that the core
was covered, even though these tanks cannot be used
for that purpose and are designed to supply water in
the event of a large loss-of-coolant accident, which
was not happening. With respect to the hydrogen ex-
plosion in the containment, the report observed that
the release of this noncondensible gas from the reactor
coolant system may have contributed to the later ap-
parent success of the staff in collapsing the voids in the
“A” loop of the reactor. That appearance of success in
establishing natural circulation, despite the continued
high temperatures in portions of the system, led the
operators to believe that they had attained a
reasonably stable condition by early afternoon of
March 28.

Specific actions cited by the IE report as bringing
about the extensive core damage that took place in-
cluded: throttling the high pressure injection (ECCS)
to a minimum during the first three and one-half hours
of the accident; operating the reactor coolant pumps
at pressures below procedural requirements (which led
to greater loss of coolant through the stuck-open
pressurizer relief valve); failure to isolate the relief
valve after pressure continued to fall in the reactor
coolant system, the drain tank disc had blown, and the
sump pump operation all indicated that a large
discharge of water from the system and the building
was taking place; and failure to establish the condi-
tions necessary for natural circulation in the system.

The report made note of other licensee actions
which, while they did not directly affect the course of
the accident as it actually unfolded, could have severe-
ly impaired the response of safety-related equipment if
that course had taken another direction. Specifically,
the disabling of the automatic startup features of the
emergency diesel generators and the isolating of the
core flood tanks early in the event constituted these
kinds of lapses. The report was also critical of the com-
munications provided during the event by the licensee,
pointing out that persons assigned to furnish informa-
tion off-site had concurrent duties related to manage-
ment of the emergency. At the root of this and other
problems, the report concluded, lay the misconception
that even major accidents would be short-term events

and that plans for mobilizing and communicating
with off-site technical support over time, as an acci-
dent progresses, was not warranted as part of the
emergency planning.

Enforcement Action Proposed. On October 25,
1979, the Director of Inspection and Enforcement
notified the licensee for TMI that the IE investigation
had revealed “numerous items of noncompliance”
with NRC regulations on the part of the licensee. Six
“violations”—the most serious breach of regulatory re-
quirements—were “alleged by IE, including serious
weaknesses in the licensee’s health physics program;
control of maintenance activities; development and
review of procedures; adherence to prescribed pro-
cedures; and audit activities. The licensee was cited
for failure to operate the facility in accordance with
the technical specifications approved and adopted for
that particular plant, and for authorizing a
surveillance procedure which placed certain valves in
a status which rendered emergency feedwater
unavailable on three separate occasions—including
the last on March 28, when it was needed. Personnel
training was also found insufficient, and record
maintenance and in-house inspections as well.

The licensee was called upon to correct each of these
deficiencies and departures from requirements and
was notified that civil penalties were being proposed
in the amount of $155,000, the legal maximum
(although an assessment of $725,000 was justified for
all violations identified).

Task Force Urges Statutory Mandate on Lead Role.
The IE task force on leassons learned from TMI urged
that IE be assigned, by statutory mandate, the lead
role in NRC’s emergency response in the future. Such a
role flows from IE’s de facto activity as the “principal
contact with operating licensees,” it was argued. It
was also recommended that intra-office training be ex-
panded and tightened surveillance of licensees be
adopted. In the lead role for NRC emergency
response, IE could give assistance to licensees in its
response to an incident, as well as coordination to all
NRC acitivities. It would also undertake training of
other NRC offices regarding emergency preparedness
and the respective responsibilities of those offices.

The task force also recommended that NRC create a
new office to oversee training programs to upgrade the
quality of inspectors and operations personnel,
especially in the area of emergency response.

ACRS Comment on IE Findings. In a letter to
Chairman Hendrie dated November 14, 1979, the Ad-
visory Committee on Reactor Safeguards (ACRS)
registered its view of the IE investigation and conclu-
sions based on that investigation. Taking note of the
limitation in scope of the IE study, the ACRS felt that
the emphasis put by IE on the licensee’s departure
from technical specifications prior to the accident and
from approved procedures during it resulted in too lit-
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A new ventilation filtration system was installed on top of the aux-
iliary building of Unit 2 when the NRC determined that the ex-
isting system was not functioning satisfactorily after the accident.

tle consideration of other relevant factors. Examples of
such factors taken from other investigations by NRC
and others might be the peculiarities of a nuclear
steam supply system that tended to inhibit recovery
from interruption of normal operation or to confuse
the operators by producing conditions and instrument
readings not anticipated in the written procedures
and, in general, by failing to convey clear, complete
information to those in the control room. The ACRS
concluded that the limited scope of the IE report tend-
ed to lead to a catalogue of violations and expressed its
concern that the rationale behind the IE report would
be perceived to be that a licensee’s failure to follow ac-
cident procedures is automatically a violation. The
ACRS noted that the procedures are prepared by the
licensee and are not approved by NRC (although the
licensee is required by NRC to follow them) and af-
firmed that such procedures cannot be so detailed as to
allow for every accident situation. On the contrary,

i

This system filters out airborne radioactive iodine and particulates
before air is released to the environment.

the ACRS declared, a deviation from conditions
assumed in the framing of procedures may make it
necessary to depart from those procedures. There is a
question as to whether an operator who, using his best
judgment, consciously takes an action at variance with
procedures which in themselves may contain confusing
or incorrect guidance is guilty of a violation. If this is
the case, the ACRS affirmed its belief that it is “the
wrong approach to protecting the public health and
safety” in an emergency and that an operator, guided
by written procedures, should be allowed to use his
best judgment to deal with a problem. That judgment
would be subject to post-factum appraisal by responsi-
ble parties, but it should not necessarily be deemed an
error or a violation of regulations.

The ACRS found the IE report “less than satisfac-
tory” for these reasons and recommended issuance of a
consolidated report on the findings of the several NRC
task forces investigating the TMI accident.



The President’s Commission

On April 11, 1979, President Carter issued an ex-
ecutive order (#12130) creating the President’s Com-
mission on the Accident at Three Mile Island and
charging its members to “conduct a comprehensive
study and investigation of the recent accident involv-
ing the nuclear power facility on Three Mile Island in
Pennsylvania” and to include in their study the follow-
ing elements:

e A technical assessment of the events and their
causes.

¢ An analysis of the role of the managing utility.

¢ An assessment of the emergency preparedness and
response of the NRC and other Federal, State and
local authorities.

* An evaluation of the NRC’s licensing, inspection,
operation and enforcement procedures as applied
to this facility.

® An assessment of how the public’s right to infor-
matjon concerning the events at Three Mile
Island was served and of the steps which should
be taken during similar emergencies to provide
the public with accurate, comprehensible and
timely information.

e Appropriate recommendations based upon the
Commission’s findings.

The President appointed John G. Kemeny, the
President of Dartmouth College and former chairman
of the Mathematics Department at that institution, to
the chairmanship of the Commission. Eleven other
members were appointed, including a State Governor,
a resident of Middletown, Pa., a labor union presi-
dent, an industrialist, the president of a national socie-
ty, an attorney, and five unversity professors. A full-
time staff was engaged which eventually numbered
over 60 persons; more than 30 separate staff reports
were prepared and many of them published along
with the report of the Commission, which was issued
on October 30, 1979. In the course of its investigation,
the Commission conducted 12 days of public hearings,
and its staff compiled more than 150 separate deposi-
tions.

The report of the President’s Commission was divid-
ed into three major sections: an overview, together
with the principal specific findings of the Commission
with respect to the causes of the accident; recommen-
dations flowing from the findings and addressed to (1)
the NRC, (2) the utility and nuclear industry, (3) the

-training of nuclear plant personnel, (4) certain tech-
nical considerations, and (5) the health and safety of
plant workers and the general public; and a chron-
ology of the accident with some further attribution of
causality. Highlights of each section are provided
below, together with the NRC’s response to the Com-
mission’s recommendations and the President’s state-
ment about them.

Findings and Judgments

The Commission affirmed at the outset of its report
its basic conclusion that to prevent accidents as serious
as TMI in the future it will be necessary to effect “fun-
damental changes” in the organization, procedures
and practices, and, “above all, in the attitudes of the
Nuclear Regulatory Commission and, to the extent
that the institutions we investigated are typical, of the
nuclear industry.” The need for a change in attitude in
NRC and in the industry is emphasized throughout the
Commission’s report. The Commission also declared at
the start that its findings do not, “standing alone,” re-
quire a conclusion that nuclear power plants are in-
herently too dangerous to continue in operation or that
new ones should not be built, but neither would the
Commission propose that the nation “move forward
aggressively” in expanding commercial nuclear power
uses.

In its discussion of causality, the Commission iden-
tified the root problems as being “people-related,”
rather than related to deficiencies in plant design or
equipment (though these too were present and involv-
ed in the accident). The weaknesses identified were
not only the “shortcomings of individual human be-
ings,” but problems of structure and communication
“among key individuals and groups.” The Commission
asserted outright that the equipment involved at TMI
was good enough that, “except for human failures, the
major accident . . . would have been a minor inci-
dent.” There was, the Commission found, a preoc-
cupation with regulations as such, rather than with
the safety they are supposed to promote, and that
regulations as voluminous and complex as those in cur-
rent effect were actually a negative factor with respect

to safety. A particular distortion cited by the Commis-
sion was the concentration on large-scale or “worst
case” hazards to the neglect of less consequential but
more probable scenarios. Thus “the break of a huge
pipe . . . [is] studied extensively and diligently,”
reflecting the attitude that if the worst accidents can
be controlled there is little to fear from lesser events.
The Commission pointed out that TMI was the result
of a combination of minor equipment failures which is
“likely to occur much more often than the huge ac-
cidents,” and that successful handling of minor
failures is usually going to depend more on quick and
appropriate human reaction, in contrast to the
necessarily automatic and extremely fast response of
equipment to sudden, large-scale accidents. The Com-
mission urged on the NRC and industry a newfound
recognition that “human beings who manage and
operate the plants constitute an important safety
system.”

On the subject of operator error at TMI, the Com-
mission noted that the training of TMI operators (and
that of reactor operators in general) was “greatly defi-
cient” in that it did not prepare them for dealing with
the extraordinary, with “something as confusing” as
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the conditions created by multiple equipment failures.
Moreover, the TMI- 2 control room design was lacking
in many ways, “the control panel is huge, with hun-
dreds of alarms, and . . . some key indicators placed . .
. where the operators cannot see them.” (More than
100 alarms were in fact activated in the early stages of
the accident, and, while the pressure and temperature
in the reactor coolant registered in the control room,
there was no indication to the operators that the com-
bination of the two meant steam was forming.)
Altogether the design of the room and its gauges and
equipment gave little attention to “the interaction be-
tween human beings and machines” and “ignored the
needs of operators during a slowly developing small
break accident.” Some members of the Commission
favored a complete modernization of the control
rooms of a TMI design, and all of them agreed that “a
relatively few and not very expensive improvements in
the control room could have significantly facilitated
management of the accident.” Thus the Commission
found that, while inappropriate operator action was a
major factor in the TMI accident, a number of defi-
ciencies on the part of the utility, its suppliers, and the
NRC—in training, in procedures, in control room
design—and the failure to recognize these deficiencies
and to learn from previous experience were among
major contributing causes. Despite its findings as to
the proximate and contributing causes of the TMI ac-
cident, and its judgment that the potential for such
lapses could and should have been anticipated by
various principals involved, the Commission expressed
its conviction that, given all the deficiencies cited, “an
accident like Three Mile Island was eventually in-
evitable.”

Regarding the severity of the accident’s impact on
public health, the President’s Commission determined
that actual releases of radiation at TMI “will have a
negligible effect on the physical health of individuals,”
and that the major health effect of the accident was
mental stress. As to the possibility of an eventual TMI-
radiation-induced cancer occurring among the expos-
ed population, it found that there will be “either no
case of cancer or the number of cases will be so small
that it will never be possible to detect them.” The
mental stress experienced by people near the facility
was “quite severe,” however. The Commission ascrib-
ed this to several factors, especially the extensive
speculation by public officals during the first week of
the accident on how serious it could become and
whether evacuation of the population should or would
take place. Concerning the effect of news media
coverage during this time——its speculations, selections
of items to cover, and general tone—the Commission
decided that there was “overall, a larger proportion of
reassuring than alarming statements in the coverage,”
and the news media “did not present only ‘alarming’
views, but rather views on both sides,” although a
“few newspapers . . . did present a more frightening

and misleading impression of the accident.” The
severe stress was short-lived, the Commission conclud-
ed, and was worst among people living within five
miles of the plant and in families with young children.

The damage to the facility itself was very extensive
and, in the words of the report, the “ongoing cleanup
operation at TMI demonstrates that the plant was in-
adequately designed to cope with the cleanup of a
damaged plant. The direct financial cost of the acci-
dent is enormous. Our best estimate puts it in a range
of $1 to $2 billion, even if TMI- 2 can be put back into
operation. (The largest portion of this is for replace-
ment power estimated for the next few years.) And
since it may not be possible to put it back into opera-
tion, the cost could be much larger.”

The Commission felt it an important part of their
task to ascertain not only how bad the TMI accident
was but how bad it might have been. It posed the
question to itself, “What if one more thing had gone
wrong?” Among the possibilities considered was
whether a hydrogen or steam explosion could have
breached the reactor vessel and also the containment.
(That a nuclear explosion might have done so was not
considered because, with the slightly enriched fuel us-
ed in a reactor, such an explosion is not a possibility.)
Several scenarios potentially leading to the rupture of
containment and release of massive amounts of radia-
tion from the plant were studied. Of particular con-
cern was the potential release of radioactive iodine
which might enter the food chain. (There was only a
trace off-site release of iodine from the actual TMI ac-
cident.) Some scenarios led to a better outcome than
the actuality, and two or three would have resulted in
more severe core damage than occurred and even a
melting of the core. However, the Commission
reported that—within the limits of current engineer-
ing knowledge of the interaction of molten reactor fuel
with concrete, steel and water—its calculations show
“that even if a meltdown occurred, there is a high
probability that the containment building and the
hard rock on which the TMI- 2 containment building
is built would have been able to prevent the escape of a
large amount of radioactivity.” Being less than ab-
solutely sure of this conclusion, the Commission urged
more research into this vital but murky area of severe
core damage and its worst plausible effects. The Com-
mission averred that, whether or not TMI came close
to becoming catastrophic, “accidents as serious as TMI
should not be allowed to occur in the future,”
although “we must not assume that an accident of this
or greater seriousness cannot happen again, even if the
changes we recommend are made.” The latter fact
argues strongly for the need to be prepared to deal
with the aftermath of such accidents.

The next focus of Commission scrutiny, closely
related to its last cited observation, was the matter of
emergency preparedness among the various govern-



mental elements involved at TMI. The Commission
judged that the plans made by these agencies were not
adequate and that their responses to the emergency
were not satisfactory. It found problems associated
with having multiple jurisdictions respond to a radia-
tion emergency and an “almost total lack of detailed
plans” in the local communities around TMI. The
report noted that when “prompt defensive steps are
necessary within a matter of hours, insufficient ad-
vance planning could prove extremely dangerous.”
The Commission advocated centralization of emergen-
cy planning and response in a single Federal agency
which would maintain close coordination with State
and local authorities and draw upon Federal and other
expertise as the need arose. The report also criticized
the NRC siting policy with respect to nuclear facilities
and its requirement that reactors be located in a “low
population zone,” or LPZ, where protective action
could be taken in the event of an accident, The Com-
mission found “this concept implemented in a strange,
unnatural and roundabout manner,” with dimensions
predicated on only a very serious hypothetical acci-
dent accompanied by very large doses to the popula-
tion. (The NRC discontinued use of the LPZ in its
siting requirements prior to publication of the Com-
mission report.) The Commission proposed that a
variety of possible accidents be considered in site
evaluation—particularly the smaller scale accident
with the higher probability of occurring—and protec-
tive action appropriate to each sector of the affected
public be built into emergency plans for a facility.
Also, State and local agencies must be ready to respond
“once information is available on the nature of an ac-
cident and its likely levels of releases.”

At TMI the emergency response “was dominated by
an atmosphere of almost total confusion,” the report
stated, with “lack of communication at all levels.”

On the subject of public and worker health and safe-
ty, the Commission noted that, in setting standards for
worker exposure to radiation in licensed facilities, in
its plant siting and other health-related decisions, the
NRC “is not required to, and does not regularly seek”
advice or review from other Federal agencies, such as
HEW or EPA, concerned with health and radiation.
Emergency plans did assign responsibilities to these
agencies, as well as to DOE and NRC, in their
response to the TMI accident, but, the Commission in-
dicated, the plans were so poor that ad hoc arrange-
ments had to be made and coordination improvised.
In addition, the Commission found that the State
agencies with responsibilities for public health did not
have adequate resources “for dealing with radiation
health programs related to the operation of TMIL.” Its
recommendations on these matters appear later in this
chapter.

On the issue of whether the public’s right to infor-

mation during the accident was well served, the Com-
mission concluded that it was not. It found “serious

problems with the sources of information, with how
this information was conveyed to the press, and also
with the way the press reported what it heard.” Early
in the accident the utility tended to minimize the
hazards, according to the report, while later on the
NRC “was the source of exaggerated stories.” In par-
ticular, the Commission noted, “official sources would
make statements about radiation already released...
that were not justified by the facts—at least not if the
facts had been correctly understood. And NRC was
slow in confirming good news about the hydrogen
bubble. On the other hand, the estimated extent of the
damage to the core was not fully revealed to the
public.”

A separate problem concerned the way facts were
presented to the press. It seemed that those who brief-
ed the press either lacked the technical knowledge to
explain the events transpiring or, when they did
understand what was happening, they tended to speak
in a technical jargon the press could not understand.
Moreover, the report stated, “The press was further
disturbed by the fact that, in order to cut down on the
amount of confusion, a number of potential sources of
information were instructed not to give out informa-
tion. While this cut down on the amount of confusion,
it flew in the face of the long tradition of the press
checking facts with multiple sources.” As mentioned,
the Commission concluded that, with a few notable
exceptions, the media “generally attempted to give a
balanced presentation which would not contribute to
an escalation of panic.” (The Commissioner who was
residing in Middletown, Pa., during the accident did
not concur in that judgment; see “Supplementary
Views,” below.) A serious impediment in the convey-
ing of accurate and complete information to the public
was that “even personnel representing the major na-
tional news media often did not have sufficient scien-
tific or engineering background to understand
thoroughly what they heard, and did not have avail-

NRC trailers at Three Mile Island used by the investigation team

of the Office of Inspection and Enforcement and by the TMI sup-
port staff of the Office of Nuclear Reactor Regulation. Staff from
these and many other NRC offices were on duty from time to
time—many on a voluntary basis—during the first few weeks after
the accident. Later, plans were made for office space in Mid-
dletown, Pa., for a long-term stay of some NRC staff.
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able to them people to explain the information.” This
applied particularly to the reporting of radiation
releases, when numbers told the public nothing of the
severity—or insignificance-—of the releases. “Many of
the stories were so garbled as to make them useless as a
source of information.”

Turning to an assessment of the NRC, the Commis-
sion took note that “when NRC was split off from the
old Atomic Energy Commission, the purpose... was to
separate the regulators from those who were pro-
moting the peaceful uses of atomic energy.” But the
Commission found “evidence that some of the old pro-
motional philosophy” persists in the regulatory prac-
tices of the NRC, and “evidence,.. that the NRC has
sometimes erred on the side of the industry’s conven-
ience rather than carrying out its primary mission of
assuring safety.” In both the NRC’s licensing and its
inspection and enforcement activities, the Commission
found “serious inadequacies.”

The NRC licensing criteria and general approach
were found exceptionable in several key respects:

e The application of a “single failure” criterion in
the licensing process and the failure to analyze the
consequences of a breakdown in two systems
occurring independently (as happened at TMI).

e The inappropriately sharp distinction between
“safety-related” components and “nonsafety-
related,” and the exemption of the latter from the
stringent requirements applied to the former.
(The report proposes instead “a system of
priorities as to how significant various com-
ponents . . . are for the overall safety of the
plant,”)

¢ The apparent assumption that plants can be made
“people proof,” and insufficient attention to
operator training and operating procedures.

e The licensing of plants when relevant safety issues
remain unresolved.

e Insufficient attention to the “ongoing process of
assuring nuclear safety,” as exemplified by NRC'’s
categorization of a safety issue as a “generic
problem,” thereby relieving the licensee of
responsibility for resolving the issue before licens-
ing. (The report suggests there is evidence that
“the labeling of a problem as generic may provide
a convenient way of postponing decision on a dif-
ficult question.”)

¢ A reluctance to apply new safety standards to
previously licensed plants. (The report cites this
as an instance of the “old AEC attitude” influenc-
ing NRC judgments and finds no evidence that
“the need for improvement of older plants was
systematically considered prior to Three Mile
Island.”)

® The tendency of a detailed and voluminous body
of regulations “to focus industry attention nar-
rowly on the meeting of regulations rather than

on a systematic concern for safety.” (The Com-
mission felt that, in some instances, certain
regulations may—because of the way rate bases
are decided—have served to deter utilities and
suppliers from initiating safety improvements.)

e The voluminous NRC inspection and enforcement
manual, so extensive that “many inspectors do not
understand precisely what they are supposed to
do.” The Commission also found that sometimes
inspectors have had difficulty getting their
superiors “to concentrate on serious safety issues,”
and also that incidents reported by licensees
“tended to concentrate on equipment malfunc-
tion” while “serious operator errors have not been
focused on.”

¢ The lack of a systematic method for evaluating in-
dustry experience and to look for patterns that
could warn of the presence of a basic problem,
and a failure to use monetary fines to full effect.

¢ A heavy preoccupation in NRC with the safe
operation of equipment to the neglect of “people-
oriented” concerns, resulting in lack of attention
to the operating procedures and “an almost total
lack of attention” to the interaction between
human beings and machines.

With respect to the NRC’s response to the TMI acci-
dent, the Commission stated that it was “extremely
critical of the role the organization played,” citing the
“serious lack of communication among the commis-
sioners, those who were attempting to make the deci-
sions about the accident in Bethesda, the field offices,
and those actually onsite.” The Commission question-
ed the suitability of the collegial structure of NRC,
with five equipollent Commissioners, to manage an
emergency and it found the “precise role” of the Com-
missioners unclear. In addition, the President’s Com-
mission observed that the “huge bureaucracy [NRC]...
is highly compartmentalized with insufficient com-
munication among the major offices,” and it saw no
“effective managerial guidance from the top,” but
rather “some of the old AEC promotional philosophy
in key officers below the top.” The Commission also
cited the unnecessarily strict procedural rules within
NRC which inhibited free communication among the
NRC Commissioners and between them and the staff.

In conclusion, the President’s Commission deter-
mined that, despite in-depth studies and critiques
from within and outside the agency, there is “no well
thought out, integrated system for the assurance of
nuclear safety within the current NRC.” For all of the
reasons discussed, the Commission recommended a
“total restructuring of the NRC,” making the agency
part of the executive branch, headed by a single ad-
ministrator chosen from outside the NRC, with the
freedom to “reorganize and bring new blood into the
.. . staff. This new blood could result in the change of
attitude that is vital for the solution of the problems of



the nuclear industry.” This and other Commission
recommendations are treated below (see “Recommen-
dations and Responses”), together with the NRC’s
response to each, as well as the President’s statement
on the Commission report.

With regard to the utility, the President’s Commis-
sion felt that the necessary “management qualifica-
tions and attitudes” for conducting nuclear power
operations were not given sufficient attention by the
parent corporation whose subsidiary ran TMI. The
Commission found “a divided system of decision-
making within [the parent company, General Public
Utilities Corporation] and its subsidiaries. While the
utility has legal responsibility for a wide range of fun-
damental decisions, from plant design to operator
_training, some utilities have to rely heavily on the ex-
pertise of their suppliers and on the Nuclear
Regulatory Commission. Our report contains a
number of examples where this divided
responsibility, . . . [as] in the case of TMI, may have
led to less than optimal design and operating
practices.” The report notes that the design of the TMI
control room “seems to have been a compromise
among the utility, its parent company, the architect-
engineer, and the nuclear steam system supplier (with
very little attention from the NRC).” Operator train-
ing afforded the best example of the effects of divided
responsibility, however. The utility has the legal
responsibility for training operators and supervisors,
but the TMI licensee did not have the expertise to con-
duct training by itself, so it contracted with the sup-
plier of the nuclear steam system to do some portions
of the training. The latter company had no respon-
sibility for the quality of the total program, and coor-
dination between it and the licensee was “extremely
loose.” The simulator employed in the program given
by the reactor supplier differed “in certain significant
ways” from the actual control console at TMI and, in
any case, it was not programmed to reproduce the
conditions faced by the TMI operators on March 28.
The Commission believed that “the role that the NRC
plays in monitoring operator training contributes little
and may actually aggravate the problem.” The NRC’s
“fairly routine licensing examinations” and limited
spot-checking of requalifications exams (administered
by the utility) “may be perpetuating a level of
mediocrity,” since the utility tends to equate the pass-
ing of the NRC exam with satisfactory operator train-
ing. The report was again very critical of operating
procedures at TMI and the corresponding deficiencies
they produce in the operators’ training. Commission
analysis of TMI management “raises the serious ques-
tion of whether all electric utilities automatically have
the necessary technical expertise and managerial
capabilities for administering such a dangerous high-
technology plant.” Concluding that they do not, the
Commission recommended higher standards of

organization and management that a company must
meet before receiving an operating license.

Recognizing that “recommendations as sweeping as
ours will take a significant amount of time to imple-
ment,” the Commission unanimously voted that “the
NRC or its successor should, on a case-by-case basis,
before issuing a new construction permit or operating
license: (a) assess the need to introduce new safety im-
provements recommended in this report, and in NRC
and industry studies; (b) review, considering the
recommendations set forth in this report, the com-
petency of the prospective operating licensee to
manage the plant and the adequacy of its training pro-
gram for operating personnel; and (c) condition licens-
ing upon review and approval of the State and local
emergency plans.”

Expressing its “overwhelming concern about some
of the reports” from other TMI investigations, and
warning that proposed improvements carried out in a
“business as usual” atmosphere will not suffice, the
President’s Commission concluded the Overview,
stating:

“We believe that we have conscientiously carried
out the mandate of the President of the United States,
within our limits as human beings and within the
limitations of the time allowed us. We have not found
a magic formula that would guarantee that there will
be no serious future nuclear accidents. Nor have we
come up with a detailed blueprint for nuclear safety.
And our recommendations will require great efforts by
others to translate them into effective plans.”

The Commission reaffirmed the need for fundamen-
tal change, charging that “unless portions of the in-
dustry and its regulatory agency undergo fundamental
changes, they will over time destroy public confidence
and hence, they [emphasis theirs] will be responsible
for the elimination of nuclear power as a viable source
of energy.”

Supplemental Views

A number of Commissioners published comments of
their own as supplements to the overall report of the
President’s Commission.

The Chairman and five other Commissioners
cosigned a statement taking note of the fact that they
had supported a recommendation, which failed of
adoption by the full Commission, that “no new work
authorization permits or constructions permits should
be issued until such time as the NRC or its successor
had adopted siting guidelines” consistent with the
recommendation, which was adopted (unanimously),
calling upon NRC to review its siting criteria (see
“Recommendations and Responses,” recommendation
number 6, below).

Governor Bruce Babbitt of Arizona took up the mat-
ter of utility capability to operate nuclear power
plants and gave his view that, while the “Commission
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Here a workman prepares to enter a contaminated area by donn-
ing a suit of protective clothing. He is careful to tape his ankles to
seal the area where the pant leg of the suit joins the overshoes.

has clearly addressed the institutional shortcomings of
the Nuclear Regulatory Commission, it has not ad-
dressed the institutional problems of the industry.”
The Governor expressed his belief that “this is one area
where fewer entities with more depth and expertise
might be justified for sake of public health and safety.”
The Commissioner also mentioned the possibility that
certain facts known to TMI management on the first
day of the accident had not been conveyed in timely
fashion to the NRC and State officials, an issue which
merits further investigation.

Commissioner Russell W. Peterson, President of the
National Audubon Society, reaffirmed his endorse-
ment of the recommendation noted above as having
the support of six Commissioners, namely, that no new
limited work authorizations or construction permits
should be issued until the NRC siting requirements
were changed. The Commissioner also felt that the
President and Congress should “involve highly
technically qualified critics of nuclear energy safety”
in the continuing appraisal of nuclear safety called for
by the Commission. He also urged serious study of
nuclear waste disposal. Commissioner Peterson finally
stated his conviction that a “much more serious acci-
dent” than TMI was going to occur somewhere at
some time, because of the complexity of the technology
and human limitations, and therefore he called for the
development by the government of a “strategy which
does not require nuclear fission energy.”

Workmen about to leave the plant are carefully monitored with a
pancake-type Geiger counter to insure that they have not been
contaminated.

Commissioner Thomas H. Pigford, Chairman of the
Department of Nuclear Engineering at the University
of California (Berkeley), issued a lengthy supplement
to the report, setting forth, among others, the follow-
ing observations:

o The report’s stress on the need for more emphasis
on people and less on equipment has obscured the
“very important fact” that, despite the crucial
errors of people, the safety equipment did indeed
function to achieve its purpose; and despite the
failures of equipment—the stuck valve and the
leaks in the gas vent system—the overall system
was good enough that, absent the effects of
human error, the accident would have been a
minor incident. Staff analyses show that even if
all the fuel cladding had oxidized and even if fuel
melting or meltdown had occurred, the contain-
ment would have stood up and the public would
have been protected.

e Systems of equipment at TMI performed better
than expected; earlier assumptions would have
led to far greater core damage and radiation
release to the containment than what actually oc-
curred.

¢ TMI has revealed to all a number of remedies and
improvements to be made, but there “seems to be
some unwillingness to recognize that many of
these remedies are already being implemented.



The NRC and the nuclear industry have taken
and are taking steps . . . The problem with ‘atti-
tudes’ emphasized in the Commission’s report
must refer largely to pre-TMI attitudes.”

More emphasis is needed on analysis of and plan-
ning for small break accidents, but “the possibili-
ty of an accident of this type was known and had
been analyzed and predicted prior to the TMI-2
accident.” Thus the facts of the present investiga-
tion provide no basis for concluding that reactors
are unsafe,

Since the attitudes of various persons and groups
were not directly examined prior to the TMI-2
accident, valid conclusions can only be drawn on
“actions taken, i.e., problems addressed and not
addressed, regulations issued and complied with,
and the occurrence of events that reflect upon the
adequacy of these processes.” It is “more con-
structive to assume that attitudes are sympto-
matic of . . . forces at work in the system, and it
is those forces which must be addressed.” It is the
apparent failure of the system to assimilate lessons
from plant experience and to incorporate up-to-
date technology—in control room design, for ex-
ample—that constitute “a more manageable and
appropriate focus for the overall conclusion of
this Commission. I believe that such technology
is . . . or will be used by the industry and that
changes . . . will be effected, not merely to
satisfy critics or to demonstrate attitudinal
penitence, but on the basis of sound judgment
resting on sound data.”

The NRC must deal with the question of how
much cost and delay is justifiable to realize a
given increment in safety, and efforts to balance
costs and benefits should not be considered evi-
dence per se of a promotional philosophy. Both
overreaction and inaction in this area carry social
costs which must be weighed.

While it is “confusingly” referred to as a “single
failure” criterion, the NRC licensing process ap-
plies a criterion which assumes at least three
failures: any credible component failure (1) in
which all internal or all external power supply is
lost, with (2) the additional failure of a single ac-
tive component which (3) is the component whose
failure causes the most serious aggravation of the
accident.

In the analysis of postulated accidents, there is no
assumption that an active ‘“‘nonsafety-related”
item will not fail; it was not a preoccupation with
a safety-related item list that proved inadequate
in the analysis of TMI, but a failure to take into
account lack of operator training and deficient
operating procedures and practices.

The finding that there is no systematic backfitting
review of older plants “appears to take too little

account” of NRC’s Systematic Evaluation Pro-
gram (SEP), initiated more than three years ago;
progress in some areas, such as upgrading
emergency plans, does appear to have been
somewhat slow.

The Commission’s appraisal of NRC inspection
and auditing of licensee compliance “calls for
NRC to do more of what it already does and to do
it better.” Resident inspectors have been at some
plants for more than a year, and unannounced
on-site inspections “appear to be so frequent as to
be commonplace.” It is “clearly impractical” for
the NRC to undertake substantial independent
testing of construction work and cease to rely on
testing done by the utility.

® A lack of quantified safety goals is a major prob-

lem in the NRC regulatory rationale, and its
failure to set priorities leads to a disproportionate
commitment of resources and efforts to sometimes
marginal concerns. A large portion of the NRC
management and staff are lacking practical
experience in designing and operating the equip-
ment they regulate, and too many requirements
are unsupported by valid technical backup and
value-impact analysis (an “overwhelming em-
phasis on conservative models and assumptions”).
There is an insufficient exchange of information
between NRC and industry because of the “‘adver-
sary approach” existing between them, and NRC
does not carry out the kind of systematic analysis
of operating data that would disclose significant
trends and patterns.

There was not sufficient time allowed for a
careful review of the President’s Commission staff
reports on which Commission findings were
based (some were still incomplete when the final
report was issued), and there were “several parts
of some key staff reports with which I cannot
agree, particulary the staff report on the NRC.”
There was unqualified acceptance in that report
of testimony which was unconfirmed and uncor-
roborated, “an indicator of insufficient balance”
in the staff investigation of the NRC. The staff
report also “relies to a considerable extent upon
excerpts from a book,” without establishing the
author’s qualifications or taking his testimony.
The Commissioner stated, “In my view,
the . . . book does not express a comprehensive,
accurate and balanced knowledge of the NRC
and of the nuclear industry.”

Criticism of the NRC “should not obscure the cen-
tral issue that primary responsibility for nuclear
safety lies with the utility, shared to a large extent
with the equipment suppliers and the architect-
engineers. This also reflects my view of the
responsibilities for the TMI-2 accident.”
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Commissioner Anne D. Trunk, a resident of Mid-
dletown, Pa., located about three miles from the TMI
station, took exception to the Commission finding
regarding the news media’s treatment of the accident
and its effect on the mental state of the people living
near the facility. (Mental stress was identified by the
Commission as the “major health effect” of the acci-
dent.) Commissioner Trunk, affirming that she spoke
for herself “and a majority of her circle of citizens who
lived through the TMI accident,” stated:

“The report concluded that the errors and sensa-
tionalism reported by the news media merely reflected
the confusion and ignorance of the facts by the official
sources of information. It further concluded that the
press did a creditable (‘more reassuring than
alarming’) job of news coverage.

“In fact, these conclusions are not generally sup-
ported by the staff reports. There were reliable news
sources available. Too much emphasis was placed on
the ‘what if rather than the ‘what is.” As a result, the
public was pulled into a state of terror, of
psychological stress.”

Stacks of lead ingots were sent to the TMI accident site from in-

dustry groups and national laboratories responding to a general re-

quest from the NRC. The lead was used in various parts of the
plant for radiation shielding during observation and measurement

# The Commissioner called for a self-evaluation on
the part of the news media. She also noted that she
could not support a moratorium on the issuance of
new construction permits because “it was not shown
how this could result in a safer plant at TMI nor attain
higher standards of safety and performance by the in-
dustry.” Instead, the Commissioner recommended a
defined period within which the parties concerned
would be charged to act upon the Commission’s
recommendations, and a separate probationary
operating period for the licensee at TMI,

Recommendations and Responses

Starting below and in the pages that follow, the
specific recommendations of the President’s Commis-
sion—concerning the NRC, the utility and its sup-
pliers, the training of operating personnel, a technical
assessment, and both worker and public health and
safety—are set forth in the left-hand column, with the
response of the NRC to each recommendation set forth
in the right-hand column,

taking. In the weeks following the accident, however, it was deter-
mined that site radiation levels did not require all of the lead
and much of it was returned to the donors.



In forwarding the NRC comments to Dr. Frank
Press, Director of the Office of Science and
Technology Policy, Executive Office of the President,
Chairman Joseph Hendrie expressed a number of
general comments on behalf of the Nuclear Regulatory
Commission. (Two NRC Commissioners added sup-
plementary remarks, cited at the close of this section.)
The Chairman stated that, from NRC’s own reviews of
the accident, “we have generally found that the ac-
tions recommended by the President’s Commission in
the areas of human factors, operational safety,
emergency planning, nuclear power plant design and
siting, health effects, and public information are
necessary and feasible.” He affirmed that changes
taken and intended by the NRC are in conformity with
the recommendations of the President’s Commission,
and that some changes under consideration would go
beyond those recommendations. Of particular impor-

tance, the Chairman noted, was the need for “prompt
and positive assurance that the technical and manage-
ment competence of all licensees is sufficient to operate
nuclear power plants safely and to respond effectively
to emergencies.” Expeditious action would be taken in
this area. Reporting that four of the five NRC Com-
missioners felt that effective reform could and should
be accomplished within the existing agency, the
Chairman also conveyed disagreement “with the
overall thrust of the President’s Commission recom-
mendations to lessen the role of NRC in responding to
emergencies and providing emergency information to
the public.” Estimating that it would take several
months to develop the new or improved safety objec-
tives and detailed criteria for implementing them, the
Chairman disclosed that “we have decided that new
plants will not be licensed until we have developed the
required criteria.”

PRESIDENT’S COMMISSION (PC) RECOMMENDATIONS ON THE NRC

PC RECOMMENDATIONS

(I) NRC SHOULD BE RESTRUCTURED AS A
NEW INDEPENDENT AGENCY IN THE EXECU-
TIVE BRANCH. The present five-member Commis-
sion should be abolished, and a single administrator
appointed by the President, with advice and consent of
the Senate, to serve at the pleasure of the
President. The administrator should be from
outside NRC and should be given substantial
discretionary authority in managing the agency.

L - *

(2) AN OVERSIGHT COMMITTEE ON NUCLEAR
REACTOR SAFETY SHOULD BE ESTABLISHED.
Its purpose would be to examine, on a continuing
basis,the performance of the agency and the industry
in resolving important public safety issues related
to nuclear power plants and in exploring the
overall risks of nuclear power. Membership—
up to 15 in number—would be drawn from the
fields of public health, environmental protec-
tion, emergency planning, energy technology and
policy, nuclear power generation, and nuclear safety;
one or more State governors and members of the
general public would serve on the committee, which
would report to the President and Congress annually.

= * *

NRC RESPONSES

(1) Four of the five Commissioners felt that the objec-
tives of the President’s Commission could be accom-
plished by reforms effected within the existing
structure. It is desirable to have the statutory
authority to delegate management responsibilities
to a single Commissioner in event of an emer-
gency. Clarifications in the law could remove
ambiguity of the Chairman’s authority, as well
as that of the Executive Director for Operations. NRC
has adopted a new “policy planning program guide”
mechanism and is studying new modes of Commission
involvement in developing key safety policy.

* »* L

(2) Although this call for an oversight com-
mittee is tied to the recommendation for a new
executive branch agency, this proposal should
be examined on its own merits. Such an over-
sight or public advisory committee might con-
tribute to the interaction among the Federal
Government, States, utilities, public interest groups.
and the general public on the controversial
issues related to nuclear power,
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(3) THE ADVISORY COMMITTEE ON REACTOR
SAFEGUARDS (ACRS) SHOULD BE RETAINED,
IN A STRENGTHENED ROLE, TO CONTINUE
PROVIDING AN INDEPENDENT TECHNICAL
CHECK ON SAFETY MATTERS. The staff of the
ACRS should be augmented, and its public health
expertise especially improved. The ACRS would
choose which licensee applications to review, and it
would have a statutory right to intervene in hearings
as a party. It should be authorized to raise any safety
issue in a proceeding, give reasons and arguments for
its views, and require formal response by the agency
to its submissions. Any ACRS member would be
exempt from subpoena in any proceeding in which he
has not previously appeared voluntarily or made
an individual written submission. ACRS should have
similar rights in rulemaking proceedings and power
to initiate such a proceeding to resolve any
generic safety issue it wishes.

* * *

(4) INCLUDED IN THE AGENCY’S GENERAL SUB-
STANTIVE CHARGE SHOULD BE THE REQUIRE-
MENT TO ESTABLISH AND EXPLAIN SAFETY-
COST TRADE-OFFS. Where additional safety improve-
ments are not clearly outweighed by cost considera-
tions there should be a presumption in favor of the
safety change. The agency should be relieved of “any
unnecessary responsibilities that are not germane to
safety.” In particular, operator and supervisor
licensing should be upgraded, and accreditation of
training centers required; a definition of “safety mat-
ters” should be formulated which is broader than the
present inventory of “safety-related items”; an em-
phasis on examination of overall plant design and per-
formance, from a systems engineer’s standpoint, is
needed, with attention to multiple failure potential,
control room design, instrumentation; research with a
broad scope that includes public health and which ex-
ploits all scientific knowledge available should be
coordinated with the regulatory process.

NRC RESPONSES

(3) NRC endorses a strengthened role for the ACRS
and the recently initiated ACRS Fellows Program
should reinforce its analytic resources. But the
strength and value of the independent ACRS reviews
derives from the collegial interaction of its members;
adding staff beyond reasonable needs will not con-
tribute much to that strength. NRC has supported
legislation which would enable the ACRS to choose
applications for review. The proposed right to inter-
vene may not be appropriate for a part-time advisory
body; it would require a new ACRS legal staff
and active involvement in hearings could severely
compromise the independence and collegial nature
of the committee. The ACRS can now recommend
rulemaking to the NRC, but whether it should be
able to mandate a proceeding needs and will be
given further consideration. In general, NRC agrees
that ACRS views warrant prompt response by the
NRC staff. Comments on the matter have been re-
quested from the ACRS.

* * *

(4) NRC has not, in the past, clearly articulated its
policy on the effect of costs on safety decisions.
Some safety-cost tradeoffs are presently authorized,
e.g,, value-impact analyses performed for proposed
regulatory requirements or in research planning. A
better articulation of NRC policy is needed. It is be-
lieved that benefits and detriments can be sufficiently
quantified to aid in decision-making, and it is
agreed that, in general, some sort of safety-cost trade-
offs are at least implicit in a regulatory system that
concedes that a goal of zero risk is impossible of attain-
ment. The reality should be made explicit. But NRC is
in complete accord that in all comparative judgments
of this kind there should be a presumption in favor of
safety. NRC will seek views of the Congress, other
agencies and the public in developing an explicit
policy statement. Legislation may eventually be
desirable for the definitive policy expression. Legisla-
tion would be required to divest NRC of its non-safety
responsibilities, and the prospect raises problems in
the area of nuclear exports. The Commissioners are
not in agreement now on the best course of action. As
to operator and supervisor training, a study is under
way as to the options for NRC involvement and
operator licensing requirements are being upgraded.
The broadening of the definition of safety-related mat-
ters is a priority, including both equipment and
human factors, and the interaction of safety- and non-
safety grade equipment is under study. Control room
design, overall plant design, and safety research are all
undergoing reevaluation, and flexibility in assuring
maximum application of scientific knowledge will be
pursued,

* * *
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(5) RESPONSIBILITY AND ACCOUNTABILITY
FOR SAFE POWER PLANT OPERATIONS, IN-
CLUDING THE MANAGEMENT OF A PLANT
DURING AN ACCIDENT SHOULD BE PLACED
ON THE LICENSEE IN ALL CIRCUMSTANCES.
Thus the competence of licensees to meet this obli-
gation must be assured, and the agency should im-
pose higher standards or organizational and mana-
gerial capability, especially confirming the “inte-
gration of decisionmaking” in the company licensed
to construct or operate a plant; the necessary range of
expertise; financial capability; quality assurance;
operator and supervisor performance; surveillance
and maintenance practices; and thorough analysis
and reporting of unusual events,

* * *

(6) THE AGENCY SHOULD BE REQUIRED, TO
THE MAXIMUM EXTENT FEASIBLE, TO LO-
CATE NEW POWER PLANTS IN AREAS REMOTE
FROM CONCENTRATIONS OF POPULATION.
Siting determinations should be based on tech-
nical assessments of various classes of accidents that
can take place, including those involving releases of
low doses of radiation.

* * *

(7) THE AGENCY SHOULD BE DIRECTED TO
INCLUDE IN ITS LICENSING REQUIREMENTS
PLANS FOR THE MITIGATION OF THE
CONSEQUENCES OF ACCIDENTS, including the
cleanup and recovery of the contaminated plant. The
agency should be directed to review existing licenses
and to set deadlines for accomplishing any necessary
modifications.

* * *

(8) BEFORE ISSUING A NEW CONSTRUCTION
PERMIT OR OPERATING LICENSE, THE NRC
SHOULD DO THE FOLLOWING ON A CASE-BY-
CASE BASIS: assess the need to introduce the safety
measures recommended by the President’s Commis-
sion and in NRC and industry studies; review the com-
petence of the prospective licensee to manage the plant
and the adequacy of operating personnel training; and
make licensing contingent upon review and approval
of State and local emergency plans.

NRC RESPONSES

(8) NRC fully agrees and has begun actions to
upgrade standards and requirements to assure tech-
nical competence of licensees. The objective will
be “to minimize accident occurrence and maximize
proper response to accidents.” Licensee performance
will be subject to more frequent periodic reviews, in-
volving licensee’s top management. More immediate
and decisive action is being contemplated (see re-
sponse to recommendation 2 under “Commission
Recommendations on the Utility,” below).

* * *

(6) The NRC Siting Policy Task Force report under
current review by the Commissioners recommends
similar changes and goes beyond those proposed.
Radiation releases from small accidents will be
considered in appraising these recommendations. For
the past five years, the Standard Review Plan has
excluded sites with high population densities, but
operating plants built before then may call for added
design features, power reduction, or shutdown.

* * *

(7) The NRC Lessons Learned Task Force recom-
mends similar action but goes beyond that proposed.
The staff has already implemented new require-
ments for system leakage and shielding and has
recommended operator training in core-melt accident
mitigation, as well as NRC rulemaking on required
design features to provide such mitigation,

I T ]

(8) NRC has decided that new plants will not be
licensed until the required criteria have been devel-
oped. The NRC will: (a) review and correlate recom-
mendations of the President’s Commission, the ACRS,
the Congress, its own inquiries and others; (b) draw up
safety objectives corresponding with those recommen-
dations; (c) develop plans by which to realize those ob-
jectives by action affecting NRC structure and pro-
cedure or by requirements placed on licensees; (d) im-
pose such requirements on operating plants; and (e)
impose such requirements on plants under construc-
tion. Deadlines will be associated with the last two
steps. Operator training will, as noted, be upgraded,
and a rule requiring approval of State and local
emergency plans prior to plant operation is being con-
sidered.

* * *
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(9) THE AGENCY'S AUTHORIZATION TO MAKE
GENERAL RULES AFFECTING SAFETY SHOULD
INCLUDE THE FOLLOWING REQUIREMENTS:
that a public agenda be developed according to which
rules will be formulated; that the agency set deadlines
for resolving generic safety issues; that existing rules
be reevaluated periodically and systematically; that
rulemaking procedures be adopted which give
interested persons a meaningful opportunity to
participate, which ensure careful consideration
and explanation of proposed rules, and which
provide for the application of new rules to
existing plants. In particular, proposed rules
should be accompanied by analyses of the issues in-
volved and identification of relevant technical
material. Interested parties and organizations
should have sufficient opportunity to assess and
refute technical evidence and findings, and final
rules should be fully explained, with responses
for principal comments received. If needed,
interim safeguards for operating plants affected
by generic safety rulemaking should be imposed,
and the possible need for retroactive application
of new safety requirements to operating plants
should be examined.

* * *

(10) LICENSING PROCEDURES SHOULD
FOSTER EARLY RESOLUTION OF SAFETY
ISSUES BEFORE MAJOR FINANCIAL COM-
MITMENTS IN CONSTRUCTION CAN OCCUR.
The Commission recommends: (a) the reduction
of duplicative consideration of issues in the several
stages of a plant’s licensing history by assignment of
particular issues (such as need for power) to some
single stage of the proceedings; (b) resolution of issues
that recur in many licensing actions by rulemaking; (c)
combining construction permit and operating license
hearings whenever plans can be made sufficiently
complete at the construction permit stage; (d) an in-
itial adjudication of a license application and appeal
to a board whose decision would be final, with no pro-
vision for subsequent appeal within the agency. Both
adjudicators and appeal boards would have a clear
mandate to pursue any safety issue it wished to; (e) the
creation of an “Office of Hearing Counsel” in the
agency to participate in formal hearings as “an objec-
tive party, seeking to assure that vital safety issues are
addressed and resolved,” and empowered to appeal

NRC RESPONSES

(9) NRC publishes an agenda of rulemaking petitions,
a report of regulations under development, advance
notices of proposed rulemaking in major actions, and
proposed rules for comments. Analyses and discussions
of these are made public, and public meetings or hear-
ing are held in cases of special importance. The means
for the public to petition NRC to issue, revise or with-
draw a rule are provided, and proposed and final rules
sent to NRC Commissioners for consideration are ac-
companied by a staff paper dealing with the relevant
concerns, alternatives, benefits and detriments, and
comments received and their resolution. The process is
being reevaluated for clarity, sufficiency of public at-
tention, effectiveness in resolving safety issues. In
practice all new rules call for a judgment on back-
fitting to existing plants, but NRC is now considering
including the practice in the regulations. Deadlines for
the resolution of unresolved safety issues were set more
than a year ago, and these issues are, by definition, the
most significant of the generic issues. Other such issues
will be addressed by priority based on safety
significance. The review of NRC regulations usually
has followed some specific event, such as a research
result, a petition for rulemaking or new technology,
with some exceptions in the area of transportation
and safeguards. This will now change, with plans for
an initial review of regulations by June 1980, comple-
tion of relevant rule changes by 1982, and completion
of a systematic review of all safety regulations by 1984.
The review cycle will be repeated thereafter every
five-to-seven years.

% %

(10) The objective underlying this recommenda-
tion is shared by NRC, but it cannot make specific
comment on it at present. A report is pending
from a special advisory committee on its study of
an NRC rule which permits plant construction during
adjudication. The report may also have a bearing
on the NRC practice of permitting discrete, specific
issues to remain open up to the operating license
stage and even beyond. (It can happen that a safety
issue cannot be settled without additional informa-
tion, but that such information can be obtained by
research, even as construction proceeds.) On Novem-
ber 2, 1979, the NRC suspended its rule by which reac-
tor licenses become immediately effective following a
favorable initial decision by a licensing board. No
license will become effective until the Commission
itself has had the opportunity to determine the rele-
vance of TMI-related issues to the case. The assign-
ment of single issues to specific stages of the process,
and possibly combining construction permit and
operating license hearings, are matters in which NRC’s
authority is unclear (the latter step would require new
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“any adverse licensing board determination to the
appeal board;” and (f) a deadline on the resolution of
any specific safety issue left open in a licensing
proceeding,

* L] *

(11) THE AGENCY'S INSPECTION AND EN-
FORCEMENT FUNCTIONS MUST RECEIVE IN-
CREASED EMPHASIS AND IMPROVED MANAGE-
MENT. The Commission recommends: (a) an im-
proved program for the systematic safety evaluation of
plants to assess compliance with requirements, to
determine whether new requirements should apply,
and to identify new safety issues; (b) systematic assess-
ment of reactor operating experience to reveal any pat-
tern of abnormal activilty and provide a measure of
overall rises or declines in safety and a base for specific
improvements; (c) substantial penalties be levied on
licensees who fail to report new safety-related infor-
mation or violate rules proseribing unsafe practices;
(d) improved inspection and auditing of licensee com-
pliance with regulations and unannounced onsite in-
spection; (e) periodic intensive and open review of
each licensee’s performance in meeting license re-
quirements and regulations; and (f) agency adoption
of criteria for revocation of licenses, for sanctions short
of revocation (e.g., probation), and for requiring im-
mediate plant shutdown or other operational
safeguards.

NRC RESPONSES

statutory power). Even though it may be possible to
combine the two kinds of hearings, there must still be a
vehicle for verifying the design details, and that must
necessarily be done late in construction when
engineering of the design is complete. Also, new infor-
mation affecting the early construction permit deci-
sion can arise at any time. It is current NRC practice
to segregate recurrent issues for generic resolution
whenever possible. The recommendation that appeal
board decisions be made final NRC dispositions of ap-
plications for licenses would have the effect of remov-
ing the Commissioners (or Administrator) entirely
from a major dimension of nuclear regulation. As to
the mandate to pursue safety issues, the boards already
have independent authority to pursue “serious
matters” and the exercise of the right is no longer
qualified by “sparingly” or “in extraordinary circum-
stances.” The proposal that a new Office of Hearing
Counsel be created has a purpose which is not entirely
clear, but it might serve as an alternative to other
devices for broadening public participation, such as
intervenor funding, and merits consideration. Plant-
specific safety issues left open at the time of licensing
are now carried forward with clear deadlines as condi-
tions on the operating license; NRC will consider
whether it should also be conditioned with deadlines
for resolution of relevant unresolved safety issues.

* * *

(11) In 1977, NRC set up a Systematic Evaluation
Program (SEP) whose first phase called for review of
conditions at 11 older plants. Extension of this pro-
gram to all operating plants is being considered. The
Interim Reliability Evaluation Program (see recom-
mendation 4 under “Technical Assessment,” below)
is also under consideration. In July 1979, NRC
created the Office for Analysis and Evaluation of
Operational Data to give broad coordination to major
program offices’ assessment of operating experience;
licensees have also been required to establish operating
experience evaluation groups and to assess experience
of other facilities than their own. The industry has
created similar groups. The inspection and enforce-
ment staff is being augmented with plant systems
analysts to conduct independent technical evaluations
and followup of licensee events, transients, and inspec-
tion findings. Potential generic problems and
operating experiences will be conveyed promptly to
licensees through Bulletins, Circulars, and Informa-
tion Notices. Legislation to increase civil penalties im-
posed by NRC is pending before Congress, and the
possible use of probation status is under review within
NRC. The resident inspector program begun in 1977
has been expanded; at least two resident inspectors
will be assigned to each site in fiscal year 1981.
Licensee performance evaluations combined with
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NRC RESPONSES

assessments of licensee management control systems by
the Performance Appraisal Team will identify
marginal utility operations and provide prompt cor-
rection, Unannounced inspections are carried out by
NRC, but the need for these in light of the expanded
resident inspector program is problematic.

PRESIDENT’S COMMISSION (PC) RECOMMENDATIONS
ON THE UTILITY AND ITS SUPPLIERS

PC RECOMMENDATIONS

(1) THE NUCLEAR INDUSTRY MUST DRAMAT-
ICALLY CHANGE ITS ATTITUDES TOWARD
SAFETY AND REGULATIONS; IT MUST SET AND
POLICE ITS OWN STANDARDS OF EX-
CELLENCE, to ensure the effective management and
safe operation of nuclear power plants. It should
develop standards for management, quality assurance,
and operating procedures and practices, and it should
conduct independent evaluations (perhaps through the
Institute of Nuclear Power Operations). It should
gather and analyze all power plant operating experi-
ence systematically, communicate information speedi-
ly to affected parties, and make needed changes on
realistic deadlines,

* * *

(2) ALTHOUGH RESPONSIBILITY FOR SAFETY
LIES WITH THE TOTAL ORGANIZATION OF
THE PLANT, EACH NUCLEAR POWER PLANT
COMPANY SHOULD HAVE A SEPARATE SAFETY
GROUP THAT REPORTS TO HIGH-LEVEL
MANAGEMENT. The group’s assignment would be to
evaluate procedures and general operations regularly
from a safety perspective, to assess quality assurance
programs, and to develop continuing safety programs.

NRC RESPONSES

(1) NRC agrees that improvements and maintenance
of operational safety is a fundamental responsibility of
licensees. The NRC role should be to provide accept-
ance criteria, detailed guidance where necessary, and
any incentives. needed to attain and sustain opera-
tional safety. NRC agrees with the other parts of
recommendation 1 as well and feels the Institute of
Nuclear Power Operations may well be the right vehi-
cle for independent evaluation, especially with regard
to important human factors. A statement of
understanding between the Institute and the NRC
should be executed within six months. In addition to
creating the Office of Operational Data Analysis and
Evaluation, the NRC has required each licensee to
establish an engineering staff capability to assess and
feed back pertinent operating experience. The intent is
that programs of NRC, industry, and vendors will be
complemented by and integrated with each licensee’s
program to assure that intelligible analyses of
operating experience reach all reactor operators and
plant technical support staff. A proposed rulemaking
by NRC would require plant shutdown by a licensee
upon discovery of human or operational errors that
cause important safety systems to be inoperative.

* »* L

(2) Although NRC has taken action to augment on-site
technical support capability with shift technical ad-
visors and operations evaluators at each plant, it is
considering a requirement that would expand the staff
for on-site safety surveillance by all licensees. A group
of technical specialists would be assembled with no
direct operating responsibilities to distract them from
day-to-day attention to safety; it would report to
senior management independently of the power pro-
duction staff. NRC is also considering a requirement
for licensees to improve their systems for independent
verification of operational safety by means of
automatic system status monitoring and personal
verification as well.
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(3) INTEGRATION OF MANAGEMENT RESPON-
SIBILITY AT ALL LEVELS MUST BE ACHIEVED
CONSISTENTLY THROUGHOUT THIS IN-
DUSTRY. There must be a single accountable organi-
zation with the requisite expertise to take respon-
sibility for the integrated management of the design,
construction, operation, and emergency response
functions of nuclear power plant operation. Without
such demonstrated competence, a company should not
qualify for an operating license. At the design stage,
the utility can either contract for a “turn-key” plant, a
fully operational plant delivered by the vendor or
architect-engineer, or the company can assemble ex-
pertise capable of integrating the design process. In
either case, it is critical that knowledge gained during
design and construction of the plant be transferred ef-
fectively to those responsible for operating the plant.
Clear procedures, responsibilities, and communica-
tion serve to ensure accountability and are especially
important in the event of a crisis.

I

(4) IT IS IMPORTANT TO ATTRACT HIGHLY
QUALIFIED CANDIDATES FOR THE POSITIONS
OF SENIOR OPERATOR AND OPERATOR SUPER-
VISOR. Pay scales should be high enough to attract
such candidates.

* * *

(5) SUBSTANTIALLY MORE ATTENTION AND
CARE MUST BE DEVOTED TO THE WRITING,
REVIEWING, AND MONITORING OF PLANT
PROCEDURES. Clearer wording, sound and prac-
tical content, clear diagnostic instructions for identify-
ing abnormal occurrences, and insistence on the part
of utility and vendor management on the early cure
of safety questions (with deadlines, sanctions for de-
lays, dissemination of results) are all recommended.

* * *

(6) STATE RATE-MAKING AGENCIES SHOULD
GIVE EXPLICIT ATTENTION TO THE SAFETY
IMPLICATIONS OF RATE-MAKING WHEN THEY
CONSIDER COSTS ON “SAFETY-RELATED”
CHANGES.

NRC RESPONSES

(3) NRC has recently surveyed and is ‘studying the
technical resources available to each power reactor
licensee. It is developing new criteria by which to
judge the competence of licensees to operate nuclear
facilities and expects to promulgate them by April
1980. NRC agrees emphatically that there is a need for
clear definition of roles and responsibilities and has re-
quired that licensees for operating plants provide these
kinds of well-defined procedures, for both normal and
emergency conditions, by January 1, 1980. NRC needs
to develop new criteria for determining acceptable
technical qualifications to design and construct
nuclear power plants,

(4) NRC has taken actions and will do more to sub-
stantially increase the qualifications of operating plant
personnel (see next heading). NRC agrees it will be
necessary for utilities to increase their pay scales.

* * *

(5) NRC believes that licensees must evaluate and in-
corporate operating experience into their procedures,
has ordered detailed analyses of small break loss-of-
coolant accidents for all B&W operating reactors, and
has ordered new analyses and procedures by all oper-
ating reactor licensees for responding to off-normal
events which can be aggravated by operator action.
Procedures which assist the operator in responding
to inadequate core cooling have also been prescribed.
Studies of the effects of stress on operator actions are
underway and human factors will be afforded a prom-
inence equal to that given equipment in NRC systems
safety evaluations,

* * *

(6) NRC agrees and will consider further its role in the
resolution of the problem and examine whether other
financial considerations, such as deadlines for rate-
making purposes or tax exemptions, affect the safety
of a nuclear power plant.

* *® *
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ON THE TRAINING OF OPERATING PERSONNEL

PC RECOMMENDATIONS

(1) AGENCY-ACCREDITED TRAINING INSTI-
TUTIONS FOR OPERATORS AND SUPERVISORS
SHOULD BE ESTABLISHED. Highly qualified in-
structors, high standards, and an emphasis on funda-
mentals of nuclear power plants and possible health
effects thereof are recommended, and the training of
operators to respond to emergencies. The institutions
could be national, regional, or specific to nuclear
steam systems; reactor operators should be required to
graduate from one of them, with exemptions only
when there is documented evidence that the candidate
has equivalent training; the institutions should be sub-
ject to periodic reaccreditation by NRC; candidates
must meet entrance requirements.

»* * »

(2) INDIVIDUAL UTILITIES SHOULD BE RE-
SPONSIBLE FOR TRAINING OPERATORS WHO
ARE GRADUATES OF ACCREDITED INSTITU-
TIONS IN THE SPECIFICS OF A PARTICULAR
PLANT. The operators should be examined and li-
censed by the NRC both at initial licensing and at
relicensing; operators must pass every portion of the
examination, and supervisors of operators should
have, at a minimum, the same training as operators.

» » *

(3) COMPREHENSIVE ONGOING TRAINING
MUST BE GIVEN TO MAINTAIN OPERATORS’
LEVEL OF KNOWLEDGE. The training must be
continuously integrated with operating experience,
with emphasis on diagnosing and controlling complex
transients, and on fundamental understanding of re-
actor safety, Each utility should have ready access to
a control room simulator, and operators and super-
visors should be required to train regularly on it.
Retention of operator licenses should be made con-
tingent upon simulator performance.

NRC RESPONSES

(1) Although it agrees with the objective underlying
the recommendation, NRC is not convinced that ac- -
creditation by NRC is the best way to proceed (al-
though it does not object, in the long term, to having
operators trained in a few, high-quality, accredited
institutions closely controlled by NRC). But NRC’s
approach to date has aimed at upgrading the training
requirements while leaving the choice of where to con-
duct training to the utility. The Institute for Nuclear
Plant Operations established by the industry intends
to give training to utility management and to instruc-
tors involved in operator training, and if the Institute
can become the accrediting authority for reactor oper-
ator training, it might be preferable, although NRC
will certainly be more deeply involved in auditing and
monitoring training than ever before.

x k%

(2) Utilities are now responsible for training operators
in the specifics of a particular plant. Operators are
initially examined and licensed by NRC, but licenses
are renewed every 2 years afterward without NRC
examination, NRC is taking action to reexamine oper-
ators for license renewal, to increase the overall pass-
ing grade and require it for each portion of the test
(effective now), and will continue to require super-
visors to have at least the same training as operators
and be licensed as senior operators, as before.
Managers at certain levels may also be required to be
licensed as senior operators.

LI *

(3) NRC requires ongoing tra{inin‘g and requalification
of operators with annual examinations conducted by
the utility. Requalification programs are being revised
to give more emphasis to diagnosing and controlling
complex transients, improving the fundamental grasp
of reactor safety, and taking account of operating
experience. In the future, NRC will administer re-
qualification exams. The use of simulators will be
required in operator training and retraining and for
recertification. NRC is considering a requirement that
utilities upgrade training for all plant personnel, over
and above the recommendation cited.

* L] *
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(4) RESEARCH AND DEVELOPMENT SHOULD
BE CARRIED OUT ON IMPROVING SIMULATION
AND SIMULATION SYSTEMS, to bring a higher
level of realism to operator training, including simu-
lated transients, and to improve diagnostics and gen-
eral knowledge of nuclear plant systems.

NRC RESPONSES

(4) NRC believes that different types of simulators
are needed to upgrade training, on the one hand, and
refine diagnostic techniques, on the other, Explicit re-
quirements are being readied for the simulator exer-
cises to be included in operator training, covering
normal and abnormal situations and response to multi-
ple and concurrent failures. NRC will undertake ex-
tensive research in this area.

* * *

PRESIDENT’S COMMISSION (PC) RECOMMENDATIONS
BASED ON ITS TECHNICAL ASSESSMENT

PC RECOMMENDATIONS

(1) EQUIPMENT SHOULD BE EVALUATED AC-
CORDING TO THE EXTENT TO WHICH IT IN-
FORMS AND ASSISTS OPERATORS TO HELP
THEM PREVENT ACCIDENTS AND DEAL WITH
THOSE THAT DO OCCUR. Instruments should give
both monitory and precursory information, e.g., in-
dications of the full range of temperatures in the re-
actor under normal or abnormal conditions, and in-
dication of the actual position of valves. Computer
technology should be used to furnish clear displays to
operators and supervisors of measurements relevant to
accident conditions and advance warnings of develop-
ing conditions. In the interim, for TMI and similar
plants, grouping of key measurements should be con-
sidered, with distinct warning signals on a single
panel available to a specific operator and a duplicate
panel to the supervisor.

* * *

(2) EQUIPMENT DESIGN AND MAINTENANCE
INADEQUACIES AT TMI SHOULD BE STUDIED
WITH A VIEW TO MITIGATING THE CONSE-
QUENCES OF ANY SIMILAR FUTURE OCCUR-
RENCE. Iodine filters, the hydrogen recombiner, the
vent gas system, containmnet isolation, reporting

of water and radiation levels in containment, and the -

fast analysis of containment samples all merit review

and correction.
»® * *

(3) MONITORING INSTRUMENTS AND
RECORDING EQUIPMENT SHOULD BE PROVID-
ED TO RECORD CONTINUOUSLY ALL CRITI-
CAL PLANT MEASUREMENTS AND CONDI-
TIONS.

NRC RESPONSES

(1) NRC agrees with all PC recommendations on im-
proved control room designs and believes that the
need for improved design is one of the most important
of TMI lessons. Actions have been taken to improve
the ability of operators to prevent or cope with acci-
dents by improving the information available to them.
Revised procedures and operator training in recogniz-
ing inadequate core cooling are required to be com-
pleted by the end of 1979 at all operating reactors.
Instrumentation to monitor water level in the reactor
and pressure, water level, radiation and hydrogen in
the containment will be required by the end of 1980,
as will other safety items designed to inform the oper-
ators clearly and fully. The most important new re-
quirement is the year-long review of control rooms
employing experts in human factors and person-
equipment interaction. In the long term, NRC is en-
couraging completion of an industry standard on con-
trol room design and will carry out research in this en-
tire area.

* ® *

(2) The NRC staff has required all licensees to fix six of
the seven types of components cited by January 1,
1981. Iodine filtration is the subject of ongoing study
and criteria development which includes other post-
accident radiation control and treatment matters.
Requirements for design changes redressing other
equipment and maintenance deficiencies have also
been imposed.

* * *

(3) NRC is in complete accord. General criteria for
such a requirement were developed by the Lessons
Learned Task Force in the form of instrument
readings which characterize the plant’s safety status.
NRC has required that recording equipment and in-
strumentation be present in the new on-site technical
support centers by January 1, 1981.

* * *
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(4) CONTINUING IN-DEPTH STUDIES
SHOULD BE INITIATED ON THE PROBABILI-
TIES AND CONSEQUENCES OF NUCLEAR
POWER PLANT ACCIDENTS, including the con-
sequences of meltdown, The studies should cover both
onsite and offsite effects and encompass a variety
of small break loss-of-coolant and multiple failure
accidents, with particular attention to human failures.
Such studies should be useful in planning for re-
covery and cleanup after a major accident and in
modifying plant design to help prevent or mitigate
accidents (e.g., venting hydrogen from the reactor
coolant system); they could be carried out by
industry or other organizations under NRC or other
Federal sponsorship.

* * »

(5) STUDY SHOULD BE MADE OF THE CHEMI-
CAL BEHAVIOR AND THE RETENTION OF
RADIOACTIVE IODINE IN WATER, which re-
sulted in the very low release of radioiodine to the
atmosphere in the TMI accident. The information
should be taken into account in the studies of the con-
sequences of other small break accidents.

* »* *

(6) BECAUSE OF HEALTH HAZARDS ASSOCI-
ATED WITH THE CLEANUP AND DISPOSAL
PROCESS, CLOSE MONITORING OF THE
CLEANUP PROCESS AT TMI AND OF THE
TRANSPORTATION AND DISPOSAL OF THE
RADIOACTIVE MATERIAL THERE IS RECOM-
MENDED. As much data as possible should be pre-
served and recorded about the conditions within the
containment building for future safety analyses.

* * *

(7) AS PART OF THE NORMAL SAFETY ASSUR-
ANCE PROGRAM, EVERY ACCIDENT OR NEW
ABNORMAL EVENT SHOULD BE SCREENED
TO ASSESS ITS IMPLICATIONS for the existing
system design, computer models of the system, equip-
ment design and quality, operations, operator train-
ing, training simulators, plant procedures, safety
systems, emergency measures, management and
regulatory requirements.

* * *

NRC RESPONSES

(4) NRC agrees and has increased or redirected
its current program, requiring licensees to analyze
small break loss-of-coolant accidents assuming multi-
ple equipment failures. These are complete and
revisions of procedures and training have been
effected. Crystal River Unit 3, a B&W operating
plant, is included in the Integrated Reliability Evalua-
tion Program, as well other operating plants and
possibly new operating plant licensees. NRC is also
redirecting its research program to take in more prob-
able transients and small break accidents, and is in-
vestigating core melt phenomena, including data
from TMI relevant to recovery and cleanup after
a major accident. Some specific deficiencies revealed
at TMI and present elsewhere will be, as recommend-
ed, corrected before the end of 1980, but NRC believes
that, since the deficiencies existed because this kind of
TMI accident had not been considered in design and
evaluation of the plant, mitigatory design features ad-
dressed to core damage and core melting may be re-
quired.

» * *

(5) NRC agrees that more information is needed on
the realistic behavior of iodine, other radioisotopes
and chemicals in the primary coolant systems of
severely damaged reactors, and will conduct the
necessary research.

* * *

(6) NRC agrees and has had a continuing presence at
the site to monitor, audit and review the cleanup
underway. As much important data as possible will be
preserved and recorded for future use. NRC has also
decided to prepare a programmatic environmental
impact statement on the decontamination and disposal
of wastes from the TMI accident.

* * *

(7) NRC agrees on the need for thorough investigation
of accidents and abnormal events and believes that
the initiatives on operating experience evaluation, in
close coordination with inspection and enforcement
activities for the especially significant events, will
meet the intent of this recommendation.



PRESIDENT’S COMMISSION (PC) RECOMMENDATIONS
ON WORKER AND PUBLIC HEALTH AND SAFETY

PC RECOMMENDATIONS

(1) EXPANDED AND BETTER COORDINATED
RESEARCH INTO HEALTH-RELATED RADIA-
TION EFFECTS SHOULD BE ESTABLISHED, and
should include, among others, study of the biological
effects of low levels of ionizing radiation; acceptable
levels of ionizing radiation to which the general public
and workers may be exposed; means for mitigating the
adverse health effects of exposure to ionizing radia-
tion; and the genetic or environmental factors which
predispose individuals to incurring adverse effects,
The research should be coordinated with the National
Institutes of Health and other Federal agencies.

* * *

(2) NRC POLICY STATEMENTS OR REGULA-
TIONS CONCERNING RADIATION-RELATED
HEALTH EFFECTS, INCLUDING REACTOR SIT-
ING ISSUES, SHOULD BE SUBJECT TO REVIEW
AND COMMENT BY THE SECRETARY OF THE
DEPARTMENT OF HEALTH AND HUMAN SERV-
ICES. A time limit should be placed on such review to
assure expeditious treatment,

* * *

(3) AN INCREASED PROGRAM, AS A STATE AND
LOCAL RESPONSIBILITY, FOR EDUCATING
HEALTH PROFESSIONALS AND EMERGENCY
RESPONSE PERSONNEL IN THE VICINITY OF
NUCLEAR POWER PLANTS SHOULD BE
CREATED.

* * *

(4) UTILITIES MUST MAKE SUFFICIENT AD-
VANCE PREPARATION FOR THE MITIGATION
OF EMERGENCIES, by having radiation monitors
available for normal or off-normal conditions; by
having the emergency control center for health physics
operations and analytic laboratory in a well-shielded
area with its own air supply; by having enough instru-

NRC RESPONSES

(1) NRC agrees with the recommendation. During
1978-79, the NRC staff worked in an interagency
project chaired by the Department of Health, Educa-
tion and Welfare, which also concluded that there was
need for this kind of research. Thus, the interagency
committee on radiation research, chaired by the Na-
tional Institutes of Health, was established in early
1979, with NRC as a member. Topics cited by the PC
will be introduced by NRC as agenda items for action
by the committee.

* * *

(2) NRC agrees with the value of Federal oversight of
NRC activities that affect public health. But NRC
believes that a more effective and balanced result
would be achieved through the role envisioned for the
Federal Radiation Policy Council that the President
has decided to establish.

Ok *

(3) NRC agrees with this recommendation and, al-
though the suggestion is for a State and local program,
NRC intends to give guidance and help in meeting
their needs. In particular, NRC will supplement NRC/
EPA guidance already available to States on the prep-
aration of emergency response plans to provide more
detailed guidance on the education and training of
personnel who will respond to emergencies at nuclear
power plants. In addition, NRC has offered and will
continue to offer technical assistance to the States in
the preparation or upgrading of emergency response
plans.

* » »

(4) The recommendation of the NRC Task Force on
Emergency Preparedness to expand coverage and
improve offsite monitoring capability for accidents is
being implemented by all operating plant licensees,
and NRC has increased its capability in this area.
Requirements for onsite monitoring for accident diag-
nostics and health physics purposes recommended by
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ments, respirators, and other equipment for normal or
off-normal conditions; and by performing adequate
maintenance on all such health-related equipment.

* * »*

(5 AN ADEQUATE SUPPLY OF POTASSIUM
IODIDE FOR PROTECTION AGAINST RADIA-
TION EFFECTS ON THE THYROID SHOULD BE
AVAILABLE REGIONALLY FOR DISTRIBUTION
TO THE GENERAL POPULATION AND WORK-
ERS AFFECTED BY A RADIOLOGICAL EMER-
GENCY.

NRC RESPONSES

the Lessons Learned Task Force are also being imple-
mented. Requirements for emergency health physics
control centers and health physics equipment are be-
ing upgraded. These actions should substantially im-
prove utility capability.

* * L

(5) NRC agrees and will require licensees to have ade-
quate supplies of this agent available for nuclear
power plant workers. For the general population,
NRC expects to make its availability a necessary part
of an acceptable State emergency response plan. Plans
are not complete as to how and how much of the agent
should be stockpiled and distributed; studies are
underway.

»* * »*

PRESIDENT’S COMMISSION (PC) RECOMMENDATIONS
ON EMERGENCY PLANNING AND RESPONSE

PC RECOMMENDATIONS

(1) EMERGENCY PLANS MUST DETAIL CLEAR-
LY AND CONSISTENTLY THE ACTIONS PUBLIC
OFFICIALS AND UTILITIES SHOULD TAKE
WHEN OFFSITE RADIATION DOSES OCCUR.
The State within which a prospective nuclear power
plant will be sited should have an emergency response
plan reviewed and approved by the Federal Emer-
gency Management Agency (FEMA) before an
operating license is granted. FEMA should have the
Federal responsibility for radiological emergency
planning and should consult with other agencies, in-
cluding the NRC and health and environmental agen-
cies. The State should coordinate its planning with
the utility and local officials, and States with plants
now operating should upgrade, without delay, their
plans to conform with FEMA requirements.

* * *

(2) PLANS FOR PROTECTING THE PUBLIC
FROM OFFSITE RADIATION RELEASES
SHOULD BE BASED ON TECHNICAL ASSESS-
MENT OF VARIOUS CLASSES OF ACCIDENTS
THAT CAN TAKE PLACE AT A GIVEN PLANT. No
single plan based on fixed distances and responses can
suffice; planning should involve the identification of
several different kinds of accidents with different radi-

NRC RESPONSES

(1) NRC agrees with the substance of the recom-
mendation and has moved to upgrade plans in States
with operating plants. Rulemaking has been initiated
to raise emergency preparedness standards and an
extensive review of all aspects of response capability
is underway. A joint letter has been issued by FEMA
and NRC confirming the former’s lead role in Federal
emergency planning and declaring joint responsibility
for concurring in State emergency response plans prior
to NRC’s issuance of an operating license. NRC is con-
sidering a rule that would make such issuance con-
tingent upon approval of State plans within a fixed
time frame.

»* * *

(2) The basis for emergency response planning has
been under examination at NRC for some time. An
NRC/EPA task force published the results of an exten-
sive study in December 1978 and its conclusions were
consistent with this recommendation. In October
1979, the NRC Commissioners endorsed the concept of
a flexible planning base, including emergency plan-
ning over much larger areas than before. The base re-
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ation effects. For each kind there should be clear
criteria for the appropriate response at various dis-
tances, such as instructing people to remain indoors
for a time, providing special medication, or ordering
an evacuation. Response plans should be keyed to
various possible scenarios and activated when the
nature of the potential hazard is clear. Plans should
exist for protecting the public from radiation levels
lower than those in current NRC-prescribed plans.
And all local communities should have funds and tech-
nical support adequate for preparing the plans

recommended.
* * »

(3) RESEARCH SHOULD BE EXPANDED ON
MEDICAL MEANS FOR PROTECTING THE PUB-
LIC AGAINST VARIOUS LEVELS AND TYPES OF
RADIATION. This research should include explora-
tion of appropriate medications that can protect

against or counteract radiation.
*® * *

(4) IF EMERGENCY PLANNING AND RESPONSE
TO A RADIATION-RELATED EMERGENCY IS TO
BE EFFECTIVE, THE PUBLIC MUST BE BET-
TER INFORMED. A program is needed to educate
the public on how nuclear power plants operate, on
radiation and its health effects, and on protective
actions required in an emergency.

* * *

(5) COMMISSION STUDIES SUGGEST THAT DE-
CISION-MAKERS MAY HAVE OVERESTIMATED
THE HUMAN COSTS, IN INJURY AND LOSS OF
LIFE, IN MANY MASS EVACUATION SITUA-
TIONS. Further study is needed into the human costs
of mass evacuation and into the question of whether
radiation-related evacuations differ from those occa-
sioned by other events. Such studies should take into
account the effects of improved emergency planning,
public awareness of the planning, and costs.

» » *

(6) PLANS FOR PROVIDING FEDERAL TECH-
NICAL SUPPORT, SUCH AS RADIOLOGICAL
MONITORING, SHOULD CLEARLY SPECIFY
THE RESPONSIBILITIES OF THE VARIOUS SUP-
PORT AGENCIES AND THE PROCEDURES BY
WHICH THEY PROVIDE ASSISTANCE. Existing
plans, expecially those of the Interagency Radiological
Assistance Plan and the various memoranda of under-
standing among the agencies, should be reexamined
and revised by Federal authorities in the light of TMI
and better coordination and more efficient Federal
support provided for.

NRC RESPONSES

quires that specific scenarios be used to test the ade-
quacy of plans and that the activation of emergency
response be keyed to various plant conditions accord-
ing to revised emergency action guidelines published
in September 1979. NRC currently uses the EPA
protective action guides, but will give greater em-
phasis in the new action level guidance on the poten-
tial for exposure as distinct from the actual exposure
levels, An NRC staff study on funding problems of
State and local governments was recently published
and is under consideration by NRC; it discusses the
need for and possible sources of such funding.
"

(3) NRC agrees that such research is needed and will
encourage the Department of Health and Human
Services to take steps in this area.

%

(4) NRC agrees but believes that a broad public infor-
mation program would be more appropriately hand-
led by other agencies. Better information on radiation
risks is among the subjects to be addressed by the
planned Federal Radiation Policy Council. NRC
will require, however, that licensees keep the public
informed on a continuing basis of the nature of
hazards in a radiation emergency and of actions that
might have to be taken. Periodic response drills on the
part of local and State organizations should contribute
to this awareness.

» * L

(5) NRC agrees that further study should be done on
this and other protective actions.

* L L]

(6) NRC agrees that improvements are needed and
has efforts underway to reexamine and revise Federal
interagency agreements on emergency assistance.
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PRESIDENT’S COMMISSION (PC) RECOMMENDATIONS
ON THE PUBLIC’S RIGHT TO INFORMATION

PC RECOMMENDATIONS

(1) FEDERAL AND STATE AGENCIES, AS WELL
AS THE UTILITY, SHOULD MAKE ADEQUATE
PREPARATION FOR A SYSTEMATIC PUBLIC IN-
FORMATION PROGRAM, so that when a radiation
emergency occurs, they can provide timely and accur-
ate information to the news media and the public in
a form that is understandable. Assignments of briefing
responsibility and availability of informed sources are
necessary to reduce confusion and inaccuracy. The
utility has primary responsibility for providing infor-
mation on the status of the plant to the news media
and the public, as it has for the management of the
accident. The NRC should also be available to provide
background information and technical briefings. A
designated State agency should convey all information
related to State decisions on protective actions (in-
cluding evacuations) and to offsite radiation releases.
This agency should set up the means to keep local of-
ficials informed and to coordinate briefings to discuss
Federal involvement in any evacuation measures,

* * *

(2) BECAUSE THE OFFICIAL SOURCES OF IN-
FORMATION MUST MEET THE NEEDS OF THE
MEDIA FOR INFORMATION WITHOUT COM-
PROMISING THE EFFORT OF OPERATIONAL
PERSONNEL TO MANAGE THE ACCIDENT, it
is recommended that those who brief the news media
have direct access to informed sources of information,
that technical liaison people be designated as contacts
for the briefers and the media, and that primary offi-
cial news sources have plans for promptly setting up

press centers fairly close to the site, properly equipped
and staffed.

* * *

(3) SPECIAL RESPONSIBILITIES ON THE NEWS
MEDIA TO PROVIDE ACCURATE AND TIMELY
INFORMATION REQUIRE THAT all major media
hire and train specialists familiar with reactors and
radiological language, and all other media in the
area of nuclear power plants should have plans for
securing such services in an emergency; reporters try
to place complex information in an understandable
context and allow the public to decide the hazard to
their health and safety; reporters try to avoid raising
“what if” questions needlessly and try to understand
expressions of uncertainty and probability from the
sources of information.

* * *

NRC RESPONSES

(1) The procedure used before TMI was that NRC
public affairs staff would be sent to an accident site to
support NRC personnel in communicating with the
media, but not to take charge of information activi-
ties. At TMI, the NRC in fact took over public infor-
mation responsibilities on March 31. Although this
recommendation prescribes a background role for
NRC, it seems more realistic that the Federal regu-
lator be in a position to talk about an emergency situa-
ation, since NRC would expect the State and the
public to look to NRC for authoritative information on
the situation. NRC believes it would be more effec-
tive to have Federal, State, and utility personnel
operate out of a single press center and, whenever
possible, give a unified view of the situation.

(2) NRC agrees with the recommendations and will
consider requirements to assure that licensee plans will
achieve them. Licensees are now required to identify
offsite emergency control centers where the utility,
Federal, State, and local officials can gather. A press
center would be established either at the off-site
emergency control center or nearby, which will facili-
tate State activities set forth in the preceding
recommendation.

(3) NRC agrees and will urge the professional soci-
eties, such as the American Nuclear Society or the
Health Physics Society, to sponsor seminars for the
news media where reporters can learn how nuclear
power plants operate and about radiation effects.
NRC will consider in ongoing rulemaking whether the
training program required to be developed by the
licensee for local officials could be extended to include
local news media personnel.
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(4) STATE EMERGENCY PLANS SHOULD IN-
CLUDE PROVISION FOR CREATION OF LOCAL
BROADCAST MEDIA NETWORKS FOR EMER-
GENCIES THAT WILL SUPPLY TIMELY AND AC-
CURATE INFORMATION. Arrangements should be
made to have knowledgeable people available to go on
the air and clear up rumors and explain conditions.
Communications between State officials, the utility,
and the network should be prearranged to handle the
possibility of an evacuation announcement.

* * *

(5) THE PUBLIC IN THE VICINITY OF A NU-
CLEAR POWER PLANT SHOULD BE ROUTINELY
INFORMED OF LOCAL RADIATION MEASURE-
MENTS THAT DEPART APPRECIABLY FROM
NORMAL BACKGROUND RADIATION, whether
from normal or abnormal operation of the nuclear
power plant, from a radioactivity cleanup operation
such as that at TMI, or from other sources.

NRC RESPONSES

(4) NRC agrees the proposal has merit and will incor-
porate recommendations accordingly in guidance to
the States. It will also consider in the ongoing rule-
making on emergency preparedness whether there is a
nced to include requirements for licensee planning and
coordination to disseminate information to the public
on these local broadcast networks and to provide infor-
mation to such networks in the event of an accident.

*  ox X

(5) NRC agrees with this recommendation, which is
consistent with its current practice, in which public
announcements are made on any releases to the en-
vironment from licensed facilities that appreciably
exceed NRC limits (which are small in comparison
with normal background, but are in addition to nor-
mal background). Most licensees also issue such an-
nouncements.

In addition to providing the Executive Office of
the President with responses to each of the President’s
Commission’s recommendations, the NRC cited
several examples of considerations and actions it had
taken as a result of TMI which were outside the scope
of the PC recommendations. Seven such examples
were given.

(1) Generic Requirements for Design Features for
Core Melt Consequence Mitigation. Severe core
damage did occur at TMI, but significant exposure of
the public was prevented because radiation releases
were, for the most part, successfully kept in the con-
tainment building. There is substantial evidence that
the residual risks of core melt accidents can be
significantly reduced if some of the potential modes of
containment failure can be prevented or controlled.
The NRC Lessons Learned Task Force has recom-
mended that this issue—whether to require additional
design features and training for core melt ac-
cidents—be revised through the rulemaking process.

(2) Expanded Reactor Safety Goals, Including
Quantification of Reliability. The President’s Commis-
sion endorsed the conservative use of safety-cost
tradeoffs, but did not confront the fundamental ques-
tion as to just what level of safety is desired and accep-
table. The Advisory Committee on Reactor Safeguards
and the NRC Lessons Learned Task Force have recom-
mended that policy guidance be developed within
NRC on what is an acceptable safety goal of reactor
regulation, reflecting a synthesis of views and priorities
and setting forth an objective sufficiently clear for the
staff to employ in day-to-day decisionmaking. This

regulatory safety goal should comprise both evaluative
and quantified reliability criteria, applicable to the
development of any new regulatory requirements and
to a decision on backfitting requirements to existing
plants.

(3) NRC Emergency Response Capabilities. Events
at TMI demonstrate that NRC has an important role
in auditing and monitoring the licensee’s actions, and
NRC is strengthening the crisis management and
technical capabilities of its emergency management
staff. The emergency response teams of the NRC Of-
fice of Inspection and Enforcement are being tested
and actually dispatched to various sites. NRC is also
specifying the content and transmission requirements
for a nuclear data link from all operating plants to its
Operations Center.

(4) Compensating Features for Plants with High
Population Density Sites. NRC is considering the need
for additional protective action—such as shutdown,
reduced power or additional design features—for cur-
rently operating plants located in densely populated
areas.

(5) Licensing of Operations Personnel in Addition
to Reactor Operators and Their Supervisors. NRC is
considering making it a requirement that certain
nuclear power plant personnel other than reactor
operators and supervisors be licensed. TMI indicated
in various ways that plant safety can be affected by
persons in many positions, including managers,
engineers, auxiliary operators, maintenance person-
nel, and technicians. The Institute of Nuclear Power
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Operations, recently established by the nuclear in-
dustry, may have a role to play in this area.

(6) Plant Security During an Emergency. A need
for clear instructions for plant security during an
emergency was brought home by TMI, particularly to
ensure that access control measures remain effective
but do not hamper recovery operations.

(7) Worker Protection, Significant deficiencies in
the worker protection program at TMI have been
disclosed and, concerned that the problems may be
widespread, NRC is developing new generic re-
quirements in this area.

Two of the five NRC Commissioners made separate
supplemental responses to the President’s Commission
findings and recommendations. These are summarized
below.

Commissioner Bradford’s Views. Commissioner
Peter A. Bradford expressed his judgment that, while
the PC report was helpful and insightful in a number
of areas (including recommendations on the NRC, on
operating personnel training, technical assessment,
and emergency planning), it was “a flawed document”
in three respects. First, the major recommendation for
a restructuring of the nuclear regulatory process “does
not make good sense.” Second, there are a number of
areas to which the report could have spoken but did
not. Third, there is “no clear relationship between the
narrative, the findings, and the recommendations,
with the result that some important findings do not
result in recommendations while some of the recom-
mendations find little support elsewhere in the
report.”

On the first flaw, the Commissioner felt that the
concept of an independent agency headed by a “single
administrator appointed by the President . . . to serve
at the pleasure of the President” presented a “con-
tradiction in terms,” since an agency cannot be in-
dependent if its head is removable at the pleasure of
the President. Further, the “more this point is cor-
rected by the granting of true independence to the
agency the more undesirable it will be to vest what
will become quite sweeping powers in a single in-
dividual.”

The problems within NRC to which the recommen-
dation is addressed are of two kinds: an “attitudinal”
problem, which shows up in the agency’s failure to
pursue the questions which would have led it to
discover the vulnerabilities now revealed by TMI; and
the diversity of views among the NRC Commissioners
which may make it difficult for the agency to correct
itself. While the Commissioner agreed that the second
problem was curable by setting up a single ad-
ministrator, as recommended by the President’s Com-
mission, “it is also curable through changes within the
current Commission structure” which would con-
stitute a “potentially faster and certainly wiser” course

of action. The Commissioner pointed out that the only
real benefit of the single-administrator proposal (or
proposals to reinforce the authority of the Chairman
or the Executive Director for Operations) is “that it
provides a shortcut away from the perceived stalemate
at the current Commission.” He felt that these pro-
posals “ignore the fact that collegial agencies are
perfectly capable of moving rapidly and innovatively
in new directions as long as they have a coherent and
predictable majority that includes the Chairman and
that supports the chief operational officers.”

A number of items were cited by the Commissioner
on which he believed the President’s Commission
“could usefully have taken a position had time permit-
ted.”

e On the question of whether and when evacuation
was warranted at TMI, he notes that the PC
report “said nothing about the validity of the ac-
tual recommendation that was made. This seems
to me to be an oversight of some magnitude, for
such decisions are often likely to involve the
allocation of unquantifiable uncertainties. It
would be very useful to know whether these
twelve citizens . . . feel that a greater or lesser set
of evacuation advisories were in order at different
times during the accident.”

* The report does not discuss “the pros and cons of
intervenor funding . . . an essential tool to enable
the proposed Public Counsel to guarantee effec-
tive outside skeptical participation in the licens-
ing process.”

e The PC report is “blurred as to what the fun-
damental standard for the safety of nuclear power
should be. . . . [T]he considered view of twelve
laymen on this subject would have been extremely
valuable, Instead, one finds statements to the ef-
fect that ‘accidents as serious as TMI should not
be allowed to occur in the future.” . . . [S]Jome
statement as to how this group regarded the ac-
ceptability of risks from nuclear power plants in
the context of other technologically imposed risks
would have been a helpful guidance.” The NRC is
going to have to “fill the void with a rulemaking.”

e There is no acknowledgment in the PC report of
“the strides already achieved since Three Mile
Island by the Nuclear Regulatory Commission.
. . . This oversight would be easier to understand
if it were explicitly acknowledged and explained.
It would also be easier to understand if the TMI
Commission had not gone out of its way to pat the
nuclear industry on the back for having recently
created the Institute of Nuclear Power Opera-
tions.”

e The report speaks repeatedly of examples of AEC
promotional attitudes and practices within the
NRC but gives no specifics. The statements “"tend
to tar everyone with the same brush, and they are



not helpful in setting a clear course of corrective
action.”

While the report criticizes the NRC’s “single
failure criterion,” it makes no specific recommen-
dation on the subject. If the criterion is to be
abandoned, the implications for the nuclear
licensing process “are considerable and would
almost certainly result in extensive redesigning
and backfitting to plants already under construc-
tion or in operation.” If this is the recommenda-
tion of the report, it should have been made ex-
plicit.

The PC report “lays a gentle and indecipherable
hand on the state ratesetting process.” In the rela-
tion between financing and safety, there are “at
least two areas of much greater significance . . .
the timing of state decisions that create an incen-
tive to rush a plant into service (this allegation
was specifically made in regard to TMI) and the
Internal Revenue Service’s practice of assuming
for tax purposes that the plant was in service for
the full calendar year if it is in commercial opera-
tion by midnight on December 31.” Both ques-
tions are under study by NRC and “it might be
well to ask the Internal Revenue Service and the
National Association of Regulatory Utility Com-
missioners to have a look at them as well.”

On the subject of worker and public health and
safety, the report “contains nothing on the vital
subject of making sure that workers are adequate-
ly informed and trained with regard to radiation
and its hazards. It also says nothing about the
need to assure that workers who raise safety- or
radiation-related concerns are adequately pro-
tected against reprisals by their management.”

The report fails to note that the Atomic Energy
Act “currently preempts the States from setting
most radiological health and safety standards in-
volving nuclear power plants. . . . [I}f the states
had a role in this area, they would no longer find
themselves excluded from nuclear power plant
radiation regulatory matters until the moment at
which something really goes wrong and they are
expected to step in and cope effectively with the
offsite consequences.”

The report “says nothing about the effect of the
attitudes of the Congressional Oversight Commit-
tees on the quality of the nuclear regulatory pro-
cess.” The approach of the former Atomic Energy
Commission cited so often and so critically by the
President’s Commission “was shaped by the
demands that were laid on the AEC by the Joint
Committee on Atomic Energy. Anyone trying to
understand where nuclear regulation went astray
must realize that the AEC was responding not
solely to its own or to Executive Branch notions of
desirable Atomic Energy policy, but also to the

continuing pressure for results from the one con-
gressional committee to which it was answerable.
The relationship as I understand it was a mutual-
ly reenforcing one, but the continuing role of the
Congress setting the tone for nuclear regulation
should not be overlooked.”

Commissioner Gilinsky’s Views. Commissioner Vic-
tor Gilinsky also put on record certain personal views
on the report of the President’s Commission. On the
basic finding of a need for fundamental change, the
Commissioner was in agreement, noting that publica-
tion of the report and the attention it received,
especially from the President, strengthens the hand of
“those concerned with improving nuclear safety and
further shifts the burden of proof to those who would
do less rather than more.” The Commissioner express-
ed agreement with “almost all” of the findings and
recommendations of the report, but stated, “I feel
compelled to add that when we get below the general
level, down to the nitty-gritty of reactor regulation,
the report is less helpful.”

The inventory of items that need fixing—operator
training, emergency planning, improved use of
operating information, etc.—are “almost all . . . the
subjects of major NRC actions which were initiated
before the report’s publication.” The more difficult
questions “in each case are: What precisely needs to be
done? Are NRC actions sufficient?” The President’s
Commission decided that the present NRC is unable to
fulfill its responsibility for providing an acceptable
level of safety, but the PC report “is silent on what an
acceptable level is.” It is up to the NRC, the Commis-
sioner concludes, to “get more specific about overall
standards for nuclear safety—on what is safe enough.”

The section of the PC report dealing with utility
management deficiencies carries “no attempt to judge
whether these deficiencies are characteristic of the in-
dustry. Without such a determination, it is impossible
to judge the overall system for public protection.”

The report also fails to deal with the adequacy of the
TMI licensee’s communication to government
authorities of plant conditions—high core tempera-
tures and the containment hydrogen explosion—on the
first day of the accident. “I regard this as a vital ques-
tion,” the Commissioner declared. “Given the dangers
inherent in nuclear plants we have to be confident that
the utilities will report promptly any conditions that
require public protection.”

The report “never comes to grips with the question
of whether an evacuation should or should not have
been ordered,” a decision which “is critical to forming
a judgment on the [Nuclear Regulatory] Commission’s
responses and to planning further response.”

On the subject of NRC Commissioners™ isolation
from the licensing process, the Commissioner suggests
that the single administrator called for in the PC
report “would be even more removed from the licens-
ing proceedings” because, as the report proposes it, the
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President and Mrs. Carter toured the TMI site on Sunday, April 1,
1979, and are seen above in the TMI-2 control room. At left is
NRC's Director of Reactor Regulation, Harold Denton, who was

appeal board decisions would not be reviewable by the
administrator. The Commissioner indicates that the
experience of NRC is that “leaving all appeals to the
Appeal Board leads to loss of policy control over the
licensing process.” He urges that “[t]he Commissioners
need to be more involved in the adjudicatory reviews
rather than less.”

The PC report recommends, “after seemingly
streamlining the NRC for emergencies by shifting to a
single administrator,” that the NRC “stay out of deal-
ing with emergencies altogether” and leave emergency
planning to FEMA and the handling of any ac-
cident—and public information related thereto—to
the utility. The Commissioner does not think it “wise
or realistic to downplay the NRC role to this extent.”

The Commissioner also observes that the report, by
emphasizing the human failures and “thereby vin-
dicating the equipment,” does not stress enough that
the equipment “could have been designed to avoid this
kind of trouble.”

designated the President’s personal representative at the site for the
duration of the accident.

The President’s Response

On October 30, 1979, the President’'s Commission
on the Accident at Three Mile Island presented its final
report to the President. Following a period of study by
a panel appointed from his staff, the President issued
his response to the recommendations of the PC report
on December 7, 1979. (The President’s statement is
reprinted on page 62 in its entirety.)

Among the salient points of the statement were the an-
nouncements that:

¢ A reorganization plan for the NRC would be sent
to Congress in the next session which will
strengthen the role of the Chairman to lead the
Commission in the development of a unified and
more reliable nuclear safety regulatory program.

* The President would appoint a new Chairman of
the NRC from outside the agency.

e A five-member expert advisory committee would
be established to monitor the progress of the



NRC, other Federal agencies, the States, and the
utilities in improving the safety of nuclear reac-
tors and in implementing recommendations of the
President’s Commission. The committee would
report periodically to the President and the
public.

The President was asking the NRC and other
agencies to accelerate placement of a resident
Federal inspector at every reactor site and was
asking the NRC to evaluate the need for a Federal
presence in the control room of operating reac-
tors.

The President was directing that the Federal
Emergency Management Agency (FEMA) assume
responsibility for all offsite nuclear emergency
planning and response. A supplemental ap-
propriation of $8.9 million would be submitted to
Congress to enable FEMA to complete the review
of State emergency plans in all States with
operating licenses by June 1980.

The President was urging the industry to build on
the progress it had made since the TMI accident
to provide enhanced analysis and evaluation for
safety of the design, construction, and operation
of plants and a greatly strengthened training,
retraining, and evaluation program for operators
and supervisors. He asked the NRC to appraise
and reinforce these efforts.

o To assure that the lessons of TMI were ex-
peditiously absorbed and applied, the President
was submitting a supplemental appropriation to
Congress of $49.2 million for the NRC and $7
million for the DOE. These funds would allow
the collection and evaluation of data and speed
the implementation of reforms.

Affirming that he “agrees fully with the spirit and
intent” of all recommendations of the PC report, the
President chose to strengthen the NRC organization
through enhanced executive powers for the Chairman,
rather than by creation of a new agency. Since the col-
legial Commission, representing diverse and com-
plementary views, would be retained, the President
chose not to create a 15-member oversight committee.
He did, however, announce his intention of
establishing a smaller advisory committee to report to
him on the progress of the NRC and others, as noted
above. The President urged the NRC to complete its
work of defining and effecting the reforms dictated by
analyses of TMI as quickly as possible and, in any
event, no later than May 1980. In doing so, the Presi-
dent observed that “we must resume the licensing pro-
cess promptly so that the new plants which we need to
reduce our dependence on foreign oil can be built and
operated.” He concluded by stating that “nuclear
power has a future in the United States—it is an option
that we must keep open. I call on the utilities and their
suppliers, the NRC, the Executive Departments and
agencies, and the State and local governments to
assure that the future is a safe one.”
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Statement by President Carter on the
Kemeny Commission Report

I have reviewed the report of the Commission I established to in-
vestigate the accident at Three Mile Island nuclear power plant. The
Commission, chaired by Dr. John Kemeny, found very serious short-
comings in the way that both the government and the utility industry
regulate and manage nuclear power.

The steps I am taking today will help ensure that nuclear power
plants are operated safely. Safety has always been, and will remain,
my top priority.

As 1 have stated before, in this country, nuclear power is an energy
source of last resort. By this I meant that as we reach our goals for
conservation, direct use of coal, development of solar power and syn-

‘ thetic fuels and enhanced production of American oil and natural

gas, we can minimize our reliance on nuclear power.

Many of our foreign allies must place greater reliance than do we
on nuclear power, because thay do not have the vast natural
resources that give us many alternatives. We must get on with the job
of developing alternative energy sources— by passing the legislation I
proposed to the Congress, and by making an effort at every level of
society to conserve energy.

We cannot shut the door on nuclear energy.

The recent events in Iran have shown us the clear, stark dangers
that excessive dependence on imported oil holds for our Nation. We
must make every effort to lead this country to energy security.

Every domestic energy source, including nuclear power, is critical
if we are to free our country from its overdependence on unstable
sources of high-priced foreign oil. We do not have the luxury of aban-
doning nuclear power or imposing a lengthy moratorium on its fur-
ther use. A nuclear plant can displace up to 35,000 barrels per day.

We must take every possible step to increase the safety of nuclear
power production. I agree fully with the spirit and intent of the
Kemeny Commission’s recommendations, some of which are within
my power to implement, others of which rely on the Nuclear
Regulatory Commission or the utility industry itself.

To get the government’s own house in order I will take several
steps. First, I will send to Congress a reorganization plan to
strengthen the role of the Chairman of the NRC and provide this per-
son with the power to act on a daily basis as the chief executive of-
ficer, with authority to put needed safety requirements and pro-
cedures in place. The Chairman must be able to select key personnel,
and act on behalf of the commission during an emergency.

Second, I will appoint a new Chairman of the NRC—someone
from outside that agency, in the spirit of the Kemeny Commission’s
recommendation, In the meantime, I have asked Commissioner
Ahearne, now on the NRC, to serve as Chairman. Dr, Ahearne will
stress safety and the prompt implementation of the needed reforms.
In addition, I will establish an independent advisory committee to
help keep me informed of the progress the NRC and the industry are
achieving in making nuclear energy safer.

Third, I am directing the Federal Emergency Management Agen-
cy to head up all off-site emergency activities, and complete a
thorough review of emergency plans in all states with operating reac-
tors by June.

Fourth, I have directed NRC and other agencies to accelerate our
program to place a resident federal inspector at every reactor site.

Fifth, I am asking all relevant government agencies to implement
virtually all of the other recommendations of the Kemeny Commis-
sion,

A detailed fact sheet is being issued to the public, and a more ex-
tended briefing will be given to the press.

With clear leadership and improved organization, the Executive
branch and the NRC will be better able to act quickly on the critical
issues of improved training and standards, safety procedures, and the
other Kemeny Commission recommendations.

But responsibility to make nuclear power safer does not stop with
the federal government. In fact, the primary day-to-day responsibili-
ty for safety rests with utility company management and suppliers of
nuclear equipment. There is no substitute for technically qualified
and committed people working on the construction, operation and
inspection of nuclear power plants. Personal reponsibility must be
charged both at the corporate level and at the plant site. The industry
owes it to the American people to strengthen its commitment to

safety.
I call on the utilities to implement the following changes:

First, building on the steps already taken, the industry must
organize itself to develop enhanced standards for safe design, opera-
tion, and construction of plants.

Second, the nuclear industry must work together to develop and to
maintain in operation a comprehensive training, examination and
evaluation program for operators and supervisors. This training pro-
gram must pass muster with the NRC through accreditation of train-
ing programs.

Third, control rooms must be modernized, standardized and
simplified as much as possible to permit better informed decision-
making during an emergency.

I challenge our utility companies to bend every effort to improve
the safety of nuclear power.

Finally, I would like to discuss how we manage the transition
period during which the Kemeny recommendations are being im-
plemented. There are a number of new nuclear plants now awaiting
operating licenses or construction permits,

Licensing decisions rest with the NRC and, as the Kemeny Com-
mission noted, it has the authority to proceed with licensing these
plants on a case-by-case basis, which may be used as circumstances
surrounding a plant dictate. The NRC has indicated, however, that
it will pause in issuing new licenses and construction permits in order
to devote its full attention to putting its house in order. I endorse the
approach the NRC has adopted, but I urge the NRC to complete its
work as quickly as possible, and in any event no latter than six
months from today.

Once we have instituted the necessary reforms to assure safety, we
must resume the licensing process promptly so that the new plants
which we need to reduce our dependence on foreign oil can be built
and operated.

The steps I am announcing today will help assure our country of
the safety of nuclear plants. Nuclear power has a future in the United
States—it is an option that we must keep open. I call on the utilities
and their suppliers, the NRC, the executive Departments and agen-
cies, and the State and local governments to assure that the future is a
safe one.




Reactor Regulation

In February 1980 NRC authorized fuel loading
and low-power operation of the TVA’s
Sequoyah Plant.

The goals of the NRC in licensing and regulating
nuclear reactors in the United States are to protect the
public health and safety, to protect the quality of the
environment, and to assure compliance with the anti-
trust laws in civilian nuclear activities. The reactor
licensing process is centered in the NRC Office of
Nuclear Reactor Regulation (NRR), where each pro-
posed nuclear power plant is reviewed by a staff
drawn from a broad spectrum of professional
disciplines. (See Appendix 1 for a description of the
NRR organization.)

The Three Mile Island accident revealed the need

- for a number of changes in NRC’s conception of and

approach to nuclear safety, requiring action in the
- areas of human factors, operational safety, emergency
planning, nuclear power plant design and siting,
health effects, and public information. Much of the
NRR staff was involved in these efforts, participating
in the task forces on TMI Support, Bulletins and
Orders, and Lessons Learned, as discussed in Chapter
2. This chapter deals with other matters related to the
licensing and regulation of nuclear power plants: the
licensing of reactor operators, unresolved safety issues,
other technical issues, advanced nuclear power plants,
protection of the environment, progress in standardi-
zation, antitrust and indemnity activities, and other
subjects.

Status of Nuclear Power Generation

As of September 30, 1979, there were 192 nuclear
power units either in operation, being built or being
planned, representing a total capacity of 187,000 net
megawatts electric (MWe). This total is 20 units fewer
than the total at the end of fiscal year 1978. Of the 192
units, 186 had entered the NRC licensing process, as
follows:

® 70 licensed to operate, with a total capacity of
51,000 MWe,

e 91 with construction permits representing
100,000 MWe.

¢ 25 under review for construction permits, repre-
senting 29,000 MWe. (Initial construction work
was proceeding on four of these under limited
work authorizations.)

Of the remaining six units—those which had not
entered the NRC licensing process-—four had been
ordered and two publicly announced.

Shortly after the close of fiscal year 1979, the Com-
mission issued an “Interim Statement of Policy and
Procedure,” dated October 4, 1979, taking note of the
various investigations—within and outside of
NRC—of the TMI accident still underway, and the
implications of those efforts for pending licensing ac-
tions. The statement affirmed that “new construction
permits, limited work authorizations, or operating
licenses for any nuclear power reactors shall be issued
only after action of the Commission itself. . . . In these
circumstances no full adjudicatory decision which
authorizes issuance of such a permit, authorization or
license shall be issued by an Atomic Safety and Licens-
ing Board except after further order of the Commis-
sion itself.”

On November 9, following publication of the report
of the President’s Commission (see Chapter 2), Chair-
man Hendrie notified the Director of the Office of
Science and Technology Policy that new nuclear
power plants would not be licensed until NRC had
developed new or improved safety objectives and the
criteria by which to implement them.

Assistance From Other Agencies

Because of the necessity of reallocating a major por-
tion of the staff of the Office of Nuclear Reactor
Regulation to the conduct and support of the
numerous investigations and associated activities
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THE LICENSING PROCESS

Obtaining an NRC construction permit—or a limited work
authorization, pending a decision on issuance of a construction per-
mit—is the first objective of a utility or other company seeking to
operate a nuclear power reactor or other nuclear facility under NRC
license. The process is set in motion with the filing and acceptance of
the application, generally comprising ten or more large volumes of
material covering both safety and environmental factors, in accord-
ance with NRC requirements and guidance. The second phase con-
sists of safety and environmental factors, in accordance with NRC re-
quirements and guidance. The second phase consists of safety,
environmental, safeguards and antitrust reviews undertaken by the
NRC staff. Third, a safety review is conducted by the independent
Advisory Committee on Reactor Safeguards (ACRS); this review is
required by law. Fourth, a mandatory public hearing is conducted
by a three-member Atomic Safety and Licensing Board (ASLB),
which then makes an initial decision as to whether the permit should
be granted. This decision is subject to appeal to an Atomic Safety and
Licensing Appeal Board (ASLAB) and could ultimately go to the
Commissioners for final NRC decision. The law provides for appeal
beyond the Commission in the Federal courts.

As soon as an initial application is accepted, or “docketed,” by the
NRC, a notice of that fact is published in the Federal Register, and
copies of the application are furnished to appropriate State and local
authorities and to a local public document room (LPDR) established
in the vicinity of the proposed site, as well as to the NRC-PDR in
Washington, D.C. At the same time, a notice of a public hearing is
published in the Federal Register and local newspapers) which pro-
vides 30 days for members of the public to petition to intervene in the
proceeding. Such petitions are entertained and adjudicated by the
ASLB appointed to the case, with rights of appeal by the petitioner to
the ASLAB.

The NRC staff's safety, safeguards, environmental and antitrust
reviews proceed in parallel. With the guidance of the Standard For-
mat (Regulatory Guide 1.70), the applicant for a construction permit
lays out the proposed nuclear plant design in a Preliminary Safety
Analysis Report (PSAR). If and when this report has been made suffi-
ciently complete to warrant review, the application is docketed and
NRC staff evaluations begin. Even prior to submission of the report,
NRC staff conducts a substantive review and inspection of the appli-
cant’s quality assurance program covering design and procurement,
The safety review is performed by NRC staff in accordance with the
Standard Review Plan for Light-Water-Cooled Reactors, initially
published in September 1975 and updated periodically. This plan
states the acceptance criteria used in evaluating the various systems,
components and structures important to safety and in assessing the
proposed site, and it describes the procedures used in performing the
safety review,

The NRC staff examines the applicant’s PSAR to determine
whether the plant design is safe and consistent with NRC rules and
regulations; whether valid methods of calculation were employed
and accurately carried out; whether the applicant has conducted his
analysis and evaluation in sufficient depth and breadth to support
staff approval with respect to safety. When the staff is satisfied that
the acceptance criweria of the Standard Review Plan have been met
by the applicant’s preliminary report, a Safety Evaluation Report is
prepared by the staff summarizing the results of their review regard-
ing the anticipated effects of the proposed facility on the public
health and safety.

Following publication of the staff Safety Evaluation Report, the
ACRS completes its review and meets with staff and applicant. The
ACRS then prepares a letter report to the Chairman of the NRC

presenting the results of its independent evaluation and recommend-
ing whether or not a construction permit should be issued. The staff
issues a supplement to the Safety Evaluation Report incorporating
any changes or actions adopted as a result of ACRS recommenda-
tions. A public hearing can then be held, generally in a community
near the proposed site, on’safety aspects of the licensing decision.

In appropriate cases, NRC may grant a Limited Work Authoriza-
tion to an applicant in advance of the final decision on the construc-
tion permit in order to allow certain work to begin at the site, saving
as much as seven months time. The authorization will not be given,
however, until NRC staff has completed environmental impact and
site suitability reviews and the appointed ASLB has conducted a
public hearing on environmental impact and site suitability with a
favorable finding. To realize the desired saving of time, the applicant
must submit the environmental portion of the application early,

The environmental review begins with a review of the applicant's
Environmental Report (ER) for acceptability. Assuming the ER is
sufficiently complete to warrant review, it is docketed and an
analysis of the consequences to the environment of the construction
and operation of the proposed facility at the proposed site is begun.
Upon completion of this analysis, a Draft Environmental Statement
is published and distributed with specific requests for review and
comment by Federal, State and local agencies, other interested par-
ties and members of the public. All of their comments are then taken
into account in the preparation of a Final Environmental Statement.
Both the draft and the final statements are made available to the
public at the time of respective publication. During this same time
period NRC is conducting an analysis and preparing a report on site
suitability aspects of the proposed licensing action. Upon completion
of these activities, a public hearing, with the appointed ASLB
presiding, may be conducted on environmental and site suitability
aspects of the propsed licensing action (or a single hearing on both
safety and environmental matters may be held, if that is indicated).

The antitrust reviews of license applications are carried out by the
NRC and the Attorney General in advance of, or concurrently with,
other licensing reviews. If an antitrust hearing is required, it is held
separately from those on safety and environmental aspects.

. About two or three years before construction of .the plant is
scheduled to be complete, the applicant files an application for an
operating license. A process similar to that for the construction per-
mit is followed. The application is filed, NRC staff and the ACRS
review it, a Safety Evaluation Report and an updated Environmental
Statement are issued. A public hearing is not mandatory at this stage,
but one may be held if requested by affected members of the public
or at the initiative of the Commission. Each license for operation of a
nuclear reactor contains technical specifications which set forth the
particular safety and environmental protection measures to be im-
posed upon the facility and the conditions that must be met for the
facility to operate.

Once licensed. a nuclear facility remains under NRC surveillance
and undergoes periodic inspections throughout its operating life. In
cases where the NRC finds that substantial, additional protection is
necessary for the public health and safety or the common defense and
security, the NRC may require “backfitting” of a licensed plant, that
is, the addition, elimination or modification of structures, systems or
components of the plant.



related to the accident at Three Mile Island, substan-
tial delays were encountered in the review of applica-
tions for operating licenses for nuclear power plants.
To help alleviate this situation, the NRC sought the
help of technical experts in other Government agencies
on a temporary basis, under interagency contracting
arrangements.

During the latter part of 1979, the Department of
Energy made available technical specialists from
several national laboratories to assist in technical
reviews of applications. Review teams have been
established at the Argonne National Laboratory, the
Idaho National Engineering Laboratory, the Savan-
nah River Laboratory, the Oak Ridge National
Laboratory, the Los Alamos Scientific Laboratory, the
Pacific Northwest Laboratory, the Battelle Columbus
Laboratory, the Lawrence Livermore Laboratory,
and the Energy Technology Engineering Center.

Technical assistance has also been obtained from the
U.S. Geological Survey, the U.S. Army Corps of
Engineers, and the Naval Research Laboratory.

These resources will be used during fiscal year 1980
to supplement NRC staff resources for the review of
license applications, pending recruitment and hiring
of additional personnel authorized by Congress.

Licensing Reactor Operators

The safety of a nuclear facility depends not only on
its design but on the qualifications of the people who
operate it. To assure that the people in charge of each
nuclear power plant are capable of directing and per-
forming the activities necessary to reactor operation,
the NRC requires each individual who handles the
controls of the reactor to be licensed. The re-
quirements for issuance of operators’ licenses are set
forth in 10 CFR Part 55. Two types of licenses are
issued by the NRC: one for “operators” .and one for
“senior operators.” During fiscal year 1979, the NRC
issued 212 new operator licenses, 256 renewals, and 26
amendments, bringing the number of operator licenses
in effect on September 30, 1979 to 992. During the

same period, 184 new licenses, 434 renewals, and 36
amendments were issued for senior operators, bringing
the total to 1,437 in effect.

TMI Related Activities. Following the accident at
Three Mile Island Unit 2 (TMI), members of the
Operator Licensing Branch were assigned to the
Lessons Learned Task Force, Bulletins and Orders
Task Force, and TMI Support Task Force to determine
the role of nuclear power plant operators in the TMI-2
accident, to assist in the development of recommenda-
tions for the upgrading of operator training re-
quirements, and to review and recommend changes to
normal, abnormal, and emergency procedures. A
number of these proposals have been submitted to the
Commission for review. The activities of these task
forces and other groups dealing with the causes and
consequences of the TMI accident, both within and
outside of the NRC, are covered at length in the
preceding chapter of this report.

UNRESOLVED SAFETY ISSUES

Section 210 of the Energy Reorganization Act of
1974, as amended, reads as follows:

“Unresolved Safety Issues Plan”
“Section 210. The Commission shall develop a
plan for providing for specification and analysis of
unresolved safety issues relating to nuclear reac-
tors and shall take such action as may be necessary
to implement corrective measures with respect to
such issues. Such plan shall be submitted to the
Congress on or before January 1, 1978 and pro-
gress reports shall be included in the annual
report to the Commission thereafter.”

In response to this reporting requirement, the NRC
provided a report to the Congress, NUREG-0410, in
January of 1978 describing the generic issues program
of the Office of Nuclear Reactor Regulation (NRR)
that had been implemented early in 1977. The NRR
program described in NUREG-0410 provides for the
identification of generic issues, the assignment of

Table 1. Nuclear Power Plant Licensing Actions—Fiscal Year 1979

CONSTRUCTION PERMITS
Applicant Facility Date Issued Location
Tennessee Valley Authority Yellow Creek 1 & 2 11-29-78 Tishomingo County, Miss.
Long Island Lighting Co. Jamesport 1 & 2 1-4-79 Suffolk County, N.Y.

(No Limited Work Authorizations or Operating Licenses for nuclear power plants were issued during FY 1979.)
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priorities, the development of detailed task action
plans to resolve the issues, the projections of dollar and
man-power costs, continuing high level management
oversight of task progress, and public dissemination of
information related to the tasks as they progress.

The 1978 NRC Annual Report described the NRC'’s
progress towards resolving those issues addressed in the
NRR program that had been identified as “Unresolved
Safety Issues” (p. 19). Seventeen “Unresolved Safety
Issues” were identified, to be addressed by 22 generic
tasks. Three of these generic tasks have now been
reported as complete.

Evaluation Process

The definition of an “Unresolved Safety Issue”
developed by the NRC for use in identifying issues that
require reporting to the Congress (pursuant to Section
210) is as follows:

“An Unresolved Safety Issue is a matter affecting
a number of nuclear power plants that poses im-
portant questions concerning the adequacy of ex-
isting safety requirements for which a final resolu-
tion has not yet been developed and that involves
conditions not likely to be acceptable over the
lifetime of the plants affected.”

The process used to determine which issues met the
definition of an “Unresolved Safety Issue” was describ-
ed briefly in the 1978 NRC Annual Report and in con-
siderably more detail in NUREG-0510, “Identification
of Unresolved Safety Issues Relating to Nuclear Power
Plants—A Report to Congress.” (NUREG-0510 ac-
companied the 1978 Annual Report when it was
transmitted to the Congress in January of 1979.) The
review process included a systematic review of over
130 generic issues. As an aid to this review, an evalua-
tion was made of the subject areas involved according
to their relative importance from the standpoint of
public risk. This risk-based characterization was used
together with a substantial body of additional infor-
mation (e.g., heavy weight was given to issues arising
from events reported to the Congress as “Abnormal
Occurrences”) to determine which issues qualified for
reporting to Congress.

Table 2 provides a listing of each of the “Unresolved
Safety Issues” and related generic tasks identified in
the 1978 NRC Annual Report. It also provides last
year’s projected dates for issuing NRC staff reports and
the corresponding dates as of December 1, 1979.

As indicated in Table 2, three reports providing the
staff’s resolution of three “Unresolved Safety Issues”
were issued for public comment as of January 1, 1980.
Four more staff reports addressing four more
“Unresolved Safety Issues” are expected to be issued by
the end of February 1980. A number of the tasks have
undergone schedule slips in 1979. These schedule slips

can be attributed in large measure to the temporary
staff reassignments occasioned by the TMI-2 accident.
The technical scope of several of the tasks also required
some further definition as a result of the accident. The
impacts of the accident on those Unresolved Safety
Issue tasks which were affected are discussed briefly in
the individual task progress reports below.

In an effort to minimize the impact of the TMI-2 ac-
cident on these tasks, the Office of Nuclear Reactor
Regulation established, in June of 1979, an interim
organization specifically assigned to continue work on
“Unresolved Safety Issues.” This interim structure was
still in place as of January 1, 1980,

Identification of New Issues

Although a number of safety-related issues came to
light in 1979 as a result of the TMI-2 accident and
other events, the NRC staff has not been able to per-
form an in-depth review to identify and evaluate new
issues. Therefore, no new “Unresolved Safety Issues”
have been defined for reporting in 1979. As of January
1, 1980, NRC efforts were being concentrated on im-
plementing new TMlIl-related requirements on
operating plants and on identifying, defining and
scoping additional TMI-related issues and tasks.
Several broad program areas where issues and tasks
are being scoped will likely result in designation of
new Unresolved Safety Issues. These program areas in-
clude the following:

(1) Man-machine
design.

(2) Qualification and training of operation,
maintenance and supervisory personnel.

(3) Off-site emergency response, emergency plan-
ing, and action guidelines.

(4) Siting policy, including compensatory design
and operating provisions for plants in areas
where evacuation would be difficult.

(8) Systems reliability and interactions.

(6) Consideration in licensing requirements of ac-
cidents involving degraded or melted fuel.

The NRC staff performed a cursory review of a
number of candidate issues from sources other than
TMI accident investigations, including a review of
events reported as Abnormal Occurrences in 1979.
None of these issues was judged to be of such safety
urgency and importance as to require reporting in ad-
vance of the staff’s and the Commission’s in-depth and
systematic review of all candidate issues. Such a
systematic and in-depth review will be performed in
1980, after the major recommendations of the major
TMI investigations are available. A special report will
be provided to the Congress by July of 1980, describ-
ing the review and the new issues to be demgnated
Unresolved Safety Issues.

interface and control-room



Table 2.

Task

No. Unresolved Safety Issue

A-1 Water Hammer

A-2 Asymmetric Blowdown Loads

A-3 PWR Steam Generator Tube Integrity

A-4 » ”» » » kil

A_5 » ” ”» »” »

A-7 BWR Mark I and Mark II Pressure Suppression Containments
A_8 » » » ”» » » » »” »”
A_39 ” » » » ” ” ” » »”
A-9 Anticipated Transients Without Scram

A-10 BWR Nozzle Cracking

A-11 Reactor Vessel Materials Toughness

A-12 Steam Generator and Reactor Coolant Pump Supports
A-17 Systems Interactions

A-24 Qualification of Class IE Safety-Related Equipment
A-36 Control of Heavy Loads Near Spent Fuel

A-40 Seismic Design Criteria

A-42 Pipe Cracks in Boiling Water Reactors

A-43 Containment Emergency Sump

A-44 Station Blackout

Schedules for Tasks Addressing Unresolved Safety Issues

Schedule for

Issuing Staff
Schedule for Issuin, Report as of
Staff Report in 1978 January 1,
NRC Annual Report 1980
1980 August 1981
Early 1979 January 1980
Early 1980 May 1980.

A-7—Qctober 1979
A-8—Qctober 1980
A-39—October 1979
Early 1979

Late 1979

July 1979

August 1979

Phase I—September 1979
Phase II—September 1980

1979

Early 1979

Phase I—1979
Phase I1I—1981

Not Scheduled

Not Scheduled
Not Scheduled

February 1980
November 1980
March 1980
April 1980
February 1980
December 1980

Issued
November 1979

April 1980
May 1981

Issued
December 1979

January 1980

February 1980
March 1981

Issued
Qctober 1979

Not Scheduled*
Not Scheduled*

*Task Action Plan under development when TMI accident occurred; it is anticipated that the task can be completed in 1982,

Progress Reports

&

Background information and progress reports for
each of the Unresolved Safety Issues listed in Table 2
are provided below. Progress reports on the staff’s ef-
forts on tasks reported as unresolved in last year’s an-
nual report are also provided. As indicated above,
NRC staff reports have been issued for three
Unresolved Safety Issue tasks as of January 1, 1980.
These tasks are: Task A-12, “Fracture Toughness of
Steam Generator and Reactor Coolant Pump Sup-
ports”; A-24, “Qualification of Class 1E Safety-
Related Equipment”; and Task A-42, “Pipe Cracks in
Boiling Water Reactors.” The reports describe the
technical studies conducted by the NRC staff or its
contractors and the safety conclusions that provide the

NRC staff’s resolution of each of these safety issues.
Broad public and industry comment is being solicited
on these three reports.

Water Hammer

Water hammer events are intense pressure pulses in
fluid systems (such as commonly experienced when
rapidly closing a water faucet) and they often occur in
nuclear power plant fluid systems. In the past few
years, over 200 incidents involving water hammer in
nuclear power reactors have been reported. These in-
cidents have involved many types of fluid systems, in-
cluding steam generator feed-rings, feedwater and
steam supply piping, residual heat removal systems,
emergency core cooling systems, containment spray
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systems, and service water systems. Water hammer
can have various causes, such as the rapid condensa-
tion of steam pockets, steam-driven slugs of water,
pump startup with partially empty lines, and rapid
valve motions. Most of the damage has been relatively
minor, though there have been several cases of failure
or partial failure of system piping.

While no water hammer incident has resulted in the
release of radioactivity outside of a plant, the concern
is that water hammer could result in the failure of a
pipe in the reactor coolant system or disable a system
required to cool the plant after a reactor shutdown.

The means to prevent one particular type of water
hammer caused by the rapid condensation of steam in
the steam generator feed-rings of some pressurized
water reactors are being instituted. In addition, ap-
plicants with new steam generator designs are being
required to demonstrate through test or analysis that
water hammer will not occur in these designs. Plants
with steam generators—of the top feeding type that
are subject to water hammer—are being required to
modify the feed-rings and/or test the systems to assure
water hammer will not occur. Other actions to correct
the specific causes of water hammer in other nuclear
power plant systems are also being required.

Under Generic Task A-1, the potential for water
hammer in various systems is being evaluated and ap-
propriate requirements and systematic review pro-
cedures are being developed to ensure that water ham-
mer is given appropriate consideration in all areas of
licensing reviews. A technical report, NUREG-0582,
“Water Hammer In Nuclear Power Plants,” providing
the results of an NRC staff review of water hammer
events in nuclear power plants and stating current
staff licensing positions, was published in July 1979.
Issuance of this report completes a major subtask of
Generic Task A-1.

In addition, seven technical reports on water ham-
mer have been issued by NRC contractors participat-
ing in Task A-1. Issuance of these reports completes
four other major subtasks of Generic Task A-1. Collec-
tively, these seven reports have provided: (1) a review
and evaluation of actual and potential water hammer
events in nuclear power plants, (2) analytical methods
and calculational procedures to be used in the evalua-
tion of water hammer incidents, and (3) current state-
of-the-art information on water hammer. At the close
of the report period, a report summarizing these NRC
sponsored water hammer studies had been completed
in draft form for review. Issuance of this report will
complete another major subtask.

The need for additional work to evaluate the safety
significance of various water hammer scenarios has
been identified, and the scope of Task A-1 has been ex-
panded to include such studies. This need, combined
with the manpower impacts of the Three Mile Island
Unit 2 accident, resulted in a schedule slip of about 7

months in the projected completion date for Task A-1
to August 1981,

Asymetric Blowdown Loads
On the Reactor Coolant System

In the very unlikely event of a rupture of the
primary coolant piping in light water reactors, large
non-uniformly distributed loads would be imposed
upon the reactor vessel, reactor vessel internals, and
other components in the reactor coolant system. The
potential for such asymmetric loads, which result from
the rapid depressurization of the reactor coolant
systems, was first identified in 1975 and thus was not
considered in the original design of some facilities.
Details on the safety significance of this issue and ac-
tions taken by NRC and industry prior to fiscal year
1979 in response to it may be found in the 1978 NRC
Annual Report, pp. 21-24.

Plant modifications to assure that the postulated
loads are accommodated have been implemented late
in the construction stage of several plants and have
been proposed and are under staff review for some
operating plants. For plants still under operating
license review, the NRC staff requires that plant-
specific analyses and any necessary plant modifica-
tions be completed prior to issuance of an operating
license. The staff reviewed and approved topical
reports from the vendors of pressurized water reactors
(PWRs) explaining their generic approaches to the
calculation of the asymmetric loads in a loss-of-coolant
accident (LOCA). Lead plant evaluations and sen-
sitivity studies were also conducted by the staff. A
report providing the NRC staff’s resolution of this issue
is expected to be issued by the end of January 1980.
This report will provide acceptance criteria and
guidelines for use in plant-specific analyses.

Plant-by-plant implementation of the results of
Task A-2 actually began with a request for plant-
specific analyses in January 1978. All licensees with
operating PWRs are in the process of evaluating their
plant’s capacity to sustain asymmetric LOCA loads.
The PWR owners’ groups have met with the staff
periodically to present interim results and progress. All
of the requested evaluations are scheduled to be com-
pleted by early 1980 at which time NRC staff review
and implementation of plant modifications will begin.

Asymmetric blowdown loads may also be important
in boiling water reactor (BWR) plants, but they are ex-
pected to have lesser safety significance than in PWRs,
because of the lower operating pressures in BWRs. A
plan for resolving the matter for BWR plants will be
developed by the NRC staff and pursued separately
from the PWR issue.



The buildup of corrosion deposits between the
steam generator tubes and the tube supg:)ét
plates, in addition to constricting the tubes, ex-
erts stresses on the tube support plates. The
stresses cause hourglassing of the normally rec-
tangular internal bypass flow holes located
between the innermost tube rows.
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PWR Steam Generator Tube Integrity

The heat produced in the reactor at a nuclear power
plant is used to convert water into the steam which
drives the turbine-generators. In plants employing
pressurized water reactors, the primary coolant water,
which extracts heat by circulating through the reactor
core and is radioactive, is kept under pressure suffi-
cient to prevent boiling. This high-pressure water
passes through tubes around which a secondary cool-
ant (also water, but not radioactive) is circulating
under somewhat lower pressure. The water in the
secondary system boils and produces steam to drive the
turbine generators. The assembly in which the heat
transfer takes place is the steam generator. The tubes
within it are an integral part of the primary coolant
boundary, keeping the radioactive primary coolant in
a closed system and isolated from the environment.
The primary concern is the maintenance of steam
generator tube integrity during both normal operation
and postulated accident conditions. Another concern
is that the increased steam generator tube inspections
and repairs have resulted in significant increases in oc-
cupational exposures to workers.

A discussion of the specific problems associated with
steamn generator tube integrity that were occurring at

INLET

operating reactors was provided in the 1977 and 1978
NRC Annual Reports on pp. 95 and 22, respectively. A
more detailed discussion of steam generator operating
experience is provided in NUREG-0523, “Operating
Experience with Recirculation Steam Generators,”
published in January 1979 and in NUREG-0571,
“Operating Experience with Once Through Steam
Generators,” to be published in fiscal year 1980.

The significant developments in Westinghouse and
Combustion Engineering steam generators, since
August 1978, were the following:

¢ Steam generator replacement at Surry Unit 2 is
essentially completed. Replacement is planned for
Surry Unit 2, Turkey Point Units 3 and 4, and
Palisades. In the interim, the units are operating
under restrictions imposed by the NRC.

® Condenser retubing to reduce in-leakage of
seawater and the installation of full-flow
demineralizers in the secondary coolant system,
to remove any chlorides which might leak, has
retarded the rate of tube denting at Millstone
Unit 2.

® Yankee Rowe performed a 100 percent inspection
of Steam Generators 1 and 4 in November 1978.
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Fifteen and 12 defective tubes were discovered in
Steam Generators 1 and 4, respectively. The
mode of degradation was secondary side wastage.
A leak rate of approximately 125 gallons-per-day
existed prior to the inspection. The Unit, which
has stainless steel tubing, converted from
phosphate to AVT secondary water treatment in
1968.

® Point Beach Unit 1 was required to shut down on
September 20, 1978 and March 12 and August 5,
1979 because of steam generator tube leaks. The
cause of the leaks was cracking of the tubes in the
crevice between the tubes and the tubesheet. The
cracking was a result of caustic stress corrosion. A
100 percent inspection of both steam generators
was performed. The inspection revealed 52 defec-
tive tubes in Steam Generator A and 45 defective
tubes in Steam Generator B. All the cracks were
located within the tubesheet and are therefore not
considered a significant safety concern.

Oconee Units 1, 2 and 3 and Crystal River Unit 3 are
the only Babcock and Wilcox units which have had
steam generator tube leaks. Tubes in one localized
area of the Oconee Unit 1, 2 and 3 steam generators
have failed because of cracks of unknown origin pro-
pagated circumferentially by flow-induced vibration.

The status in the B&W steam generators, since
August 1978, is the following:

® The Oconee Units have not had a steam generator
leak related to a fatigue crack since April 1978.
However, a steam generator tube leak (not believ-
ed to be related to a fatigue crack) occurred on Ju-
ly 24, 1979.

e Crystal River Unit 3 was shut down for a steam
generator tube leak on August 19, 1979. The leak
is believed to be through a steam generator tube-
to-tubesheet weld which was damaged when a
burnable poison rod assembly broke up in March
of 1978.

* A demonstration tube sleeving program was in-
itiated by Duke Power Company at the Oconee
Units. The tube sleeves will be installed to change
the vibrational characteristics of the tubes and
decrease the dynamic stress and the susceptibility
of the tubes to fatigue cracking. They will not
serve as part of the primary coolant boundary.

* An additional degradation mechanism, defined as
an “erosion-corrosion” phenomenon and resulting
in tube wall thinning, has been identified at
Oconee and other B&W units.

Plant technical specifications require routine inser-
vice inspection of steam generators to be performed
every 12 to 24 months. The NRC has imposed license
conditions on plants with severely degraded steam
generators to increase the required frequency of in-

spection. The conditions also require that following in-
spection of steam generators and completion of any
necessary repair programs by the licensees, the NRC
must approve or concur in the restart of each severely
affected facility. To date, the units severely affected
by tube wall thinning have completed inspection and
repair programs and received NRC approval for
operation for limited time periods. Safe operation is
assured by the imposition of strict conditions requiring
the plugging of affected tubes and restricting
allowable leak rates during operation. While the NRC
continues to closely monitor and evaluate the accep-
tability of continued operation of plants experiencing
steam generator tube problems, it is proceeding with
three generic tasks in the NRC program for the resolu-
tion of generic issues (specifically, Generic Tasks A-3,
A-4, and A-5, addressed to the problems of
Westinghouse, Combustion Engineering, and Babcock
and Wilcox steam generators, respectively.)

The Task Action Plans for these tasks have been
combined in a single plan encompassing all three
tasks. The approach taken in the Task Action Plan is to
integrate technical studies in the three areas of system
analyses, inservice inspection, and tube integrity in
order to establish improved criteria by which to ensure
safe and reliable steam generator operation. The pur-
pose of the system analyses is to evaluate the conse-
quences of failures involving different numbers of
steam generator tubes during postulated accident con-
ditions (LOCA and main-steam-line break, or
MSLB)—considering predicted fuel behavior,
emergency core cooling system (ECCS) performance,
radiological consequences, and containment response.
The results will be used to define the tolerable level of
steam generator tube leakage during postulated ac-
cidents. The major emphasis in the inservice inspec-
tion portion of the tasks is to develop a statistically bas-
ed inservice inspection program that will provide
assurance that no more than the tolerable level of tube
leakage, defined by the system analyses, would occur
in an accident. The tube integrity portion of the tasks
is primarily concerned with experimental verification
of the tube behavior during postulated accidents,
development of tube plugging criteria, and definition
of operating procedures for minimizing tube degrada-
tion,

The statistical analyses of inservice inspection pro-
grams, which is being performed parametrically, was
scheduled to be complete in February 1980. The
system analyses and tube integrity evaluation were
scheduled for completion in early 1980, The results of
the Task Action Plan will be: (1) tube plugging criteria
based on new experimental data, (2) statistically based
inservice inspection methods, (3) recommendations for
improved methods of operation, and (4) recommenda-
tions for design improvements for new plants. These
will be described in an NRC staff report scheduled to
be issued for comment in May 1980.
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BWR Mark I and Mark II
Pressure Suppression Containments

Boiling water reactor pressure suppression con-
tainments designed by the General Electric Company
utilize a large mass of water as the principal heat sink
by which to condense the steam and absorb the energy
that might be released from the reactor in the unlikely
event that certain pipes in the primary system should
fail. As postulated, the absorption of energy by the
stored water reduces the potential buildup of pressure
inside the containment, and that in turn reduces the
driving force that might lead to a release to the en-
vironment of fission products that may have been
released from the reactor core.

In the course of performing large scale testing of an
advance design pressure-suppression containment
(Mark III), and during in-plant testing of Mark I con-
tainments, new suppression pool hydrodynamic loads
were identified which had not been explicitly included
in the original Mark I or Mark II containment design
basis. These additional loads result from the dynamic
effects of drywell air and steam being rapidly forced
into the suppression pool during a postulated LOCA,
and from the suppression pool response to various
modes of safety relief valve (SRV) operation generally
associated with operating conditions during an acci-
dent. Since these new hydrodynamic loads had not
been explicitly considered in the original design of the
Mark I and Mark II containments, the NRC staff
determined that a detailed reevaluation of these con-
tainment system designs was required. The affected
utilities formed Mark I and Mark II Owners’ Groups
and drew up both short-term and long-term programs
for resolution of the pool dynamic problems for their
respective containment designs. The programs include
a number of comprehensive experimental and
analytical programs to establish pool dynamic loads,
load combinations, and design criteria.

The NRC staff has identified and initiated a number
of generic tasks to review and evaluate the results of
the industry programs and to develop criteria for
licensing actions on individual plants using the Mark I
and Mark II containment designs. These generic tasks
are included in the NRC Program for Resolution of
Generic Issues. Specifically, they are Task A-6, “Mark
I Short-Term Program”; Task A-7, “Mark I Long-
Term Program”; Task A-8, “Mark II Containment
Program”; and Task A-39, “Determination of Safety
Relief Valve Pool Dynamic Loads and Temperature
Limits for BWR Containment.”

The objectives of the Mark I Short-Term Program
were: (1) to examine the containment system of each
BWR facility with a Mark I containment design to
verify that it would maintain its integrity and func-

tional capability when subjected to the most probable

hydrodynamic loads induced by a postulated design
basis loss-of-coolant accident; and (2) to verify that
licensed Mark 1 BWR facilities may continue to
operate safely, without undue risk to the health and
safety of the public, while a methodical, comprehen-
sive long-term program is conducted.

The NRC determined that, for the Short-Term Pro-
gram, “maintenance of containment integrity and
function” would be adequately assured if a safety fac-
tor to failure of at least two were demonstrated to exist
for the weakest structural or mechanical component in
the Mark I containment system (that is, if the
calculated stresses in all components of the affected
containment structure were shown to be less than one-
half the stress which would cause the component to
lose its structural integrity). The NRC concluded that
the objectives of the Short-Term Program had been
satisfied and documented the basis for this conclusion
in the “Mark I Containment Short-Term Program
Safety Evaluation Report,” NUREG-0408, dated
December 1977. (Thus Task A-6 was completed in
December 1977.)

The objectives of the Mark I Long-Term Program
are: (1) to establish design basis (conservative) loads
that are appropriate for the anticipated life (40 years)
of each Mark I BWR facility, and (2) to make
whatever plant changes may be required to restore the
original intended design safety margins for each Mark
I containment system. The industry program includes
experiments and calculations designed to provide a
detailed basis for hydrodynamic load definition and
structural assessments. The generic aspects of the pro-
gram are described in a Plant Unique Analysis Ap-
plications Guide (General Electric Topical Report
NEDQ-24583), which was submitted by the Mark I
Owners’ Group in February 1979, and a Load Defini-
tion Report (General Electric Topical Report
NEDQ-21888), which was submitted, in two parts, in
December 1978 and March 1979. These reports
described the proposed load definition and assessment
techniques for Mark I containments. They were
reviewed by the NRC staff, who issued a set of accep-
tance criteria for the generic assessment techniques in
September 1979. A Safety Evaluation Report describ-
ing the staff’s review and the bases for the acceptance
criteria was scheduled to be issued in February 1980,
marking the completion of Generic Task A-7.

Subsequently, each utility will be required to per-
form a plant-unique analysis using approved load
definition and structural analysis techniques to
demonstrate conformance with the structural accep-
tance criteria. The scheduled completion date for the
Mark I Long-Term Program—including the issuance
of license amendments and the implementation of any
plant modifications necessary to satisfy the Long-Term
Program structural acceptance criteria—is December
1980. To maintain this schedule, a number of utilities
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The design objective of BWR containment systems is to condense
the steam released during certain. postulated accidents to limit the
release of fission products within the reactor building and to provide
water for emergency cooling systems. NRC’s Generic Task A-39
entails the review and evaluation of an industry-based program to
establish pool dynamic loads for BWR Mark I, 11 and III pressure
suppression containment designs.

have undertaken plant modifications prior to the com-
pletion of their plant-unique analysis. This action has
been considered necessary to minimize the potential
for unduly long extensions of exemptions or extended
plant outages later in the program. Similarly,
modifications to components external to the contain-
ment (e.g., support structures) have and are being
conducted during normal plant operation.

The Mark II Owners” Group developed a program
consisting of a number of analytical and experimental
tasks to support these pool dynamic loads application
methods. They divided the overall program into two
parts: A Lead Plant Program and a Long-Term Pro-
gram. The objective of the Mark II Lead Plant Pro-
gram was to establish design basis (conservative) loads
appropriate for the anticipated life of each Mark II
BWHR facility. The Mark II owners’ specification of the
Lead Plant Program loads are described in Revision 2
of the Dynamic Forcing Function Report, NEDO-
21061-P, and in several application memoranda. The
tasks comprising the Lead Plant Program and Long-
Term Program are listed in NUREG-0487.

The staff has reviewed and evaluated the pool
dynamic loads associated with a postulated large loss-
of-coolant accident proposed by the Mark II Owners’
Group to determine their acceptability for use in
plant-unique analyses for the lead plants. The Mark 11
Lead Plant Program was essentially completed in Oc-
tober 1978 with the publication of NUREG-0487,
“Mark II Containment Lead Plant Program Load
Evaluation and Acceptance Criteria.” The lead Mark
IT plants proposed several exceptions to these criteria.
The staff has reviewed these proposed exceptions and
has found most of them acceptable. A safety evalua-
tion of these exceptions and their bases was to be
discussed by the staff in a supplement to
NUREG-0487.

The purpose of the Mark II Long Term Program is
to refine the load definitions used in the Lead Plant
Program and to support by additional experimental
and theoretical work, a reduction in some of these
loads for use in the evaluation of the Mark II plants
following the lead plants. The Mark II owners
technical program includes a total of 101 tasks. This
program is about 70 percent complete. During the past
year, the Mark II owners have completed a number of
the Long-Term Program tasks and numerous technical
reports have been provided for NRC review. Late in
1979, the Mark II owners modified the Long Term
Program to include several new analytical and test
programs. The addition of these new tasks could delay
the Mark II Long Term Program review beyond the
projected completion date of January 1981.

Under Generic Task A-39, the NRC staff will review
and evaluate the results of industry experimental and
analytical programs to establish and justify the safety
relief valve-related pool dynamic loads for BWR Mark



I, II, and III containment designs. The results of
Generic Task A-39 will be an integral part of the final
acceptability of these designs. The portions of this
generic task related to the Mark I and Mark II con-
tainments are currently scheduled to be completed in
March 1980.

Anticipated Transients Without Scram

Nuclear plants have safety and control systems to
limit the consequences of abnormal operating condi-
tions transients. Some deviations from normal
operating conditions may be minor; others, occurring
less frequently, may impose significant demands on
plant equipment. “Anticipated Operational Occur-
rences” or “Anticipated Transients” are defined (10
CFR Part 50, Appendix A) as “those conditions of nor-
mal operation which are expected to occur one or
more times during the life of the nuclear power unit
and include but are not limited to loss of power to all
recirculation pumps, tripping of the turbine generator
set, isolation of the main condenser, and loss of all off-
site power.” In some anticipated transients, rapidly
shutting down the nuclear reaction (initiating a
“scram”), and thus rapidly reducing the generation of
heat in the reactor core, is an important safety
measure. If there were a potentially severe anticipated
transient and the reactor shutdown system did not
function as designed, then an “anticipated-transient-
without-scram,” or ATWS, would have occurred.

This issue has been discussed throughout the NRC
and AEC and the nuclear industry for a number of
years. Details on the safety significance of the issue
and actions taken by NRC and industry prior to fiscal
year 1979 in response to it may be found in the 1978
NRC Annual Report, pp. 27 and 28.

On the basis of discussions with senior NRC
management, the Advisory Committee on Reactor
Safeguards, and industry representatives, and the
review of the Lewis Committee report on the Reactor
Safety Study, the NRC staff in December 1978 propos-

a combination of preventative and mitigative
means of providing protection from ATWS events. In
this supplement, the NRC staff proposed different
types of plant modifications. The design alternatives
which were proposed take into consideration the status
of the plants—whether operating, under construction
or nearly ready for operation—and questions of prac-
ticability, including the cost of such modifications.

In order to confirm that these alternatives provided
the needed level of safety, the industry was required to
provide the necessary confirmation analyses and the
staff originally intended to make its recommendations
to the Commission in the spring of 1979. The Three
Mile Island Unit 2 accident affected these plans in
several ways. First, both industry and NRC staff man-
power were diverted from ATWS work; second, the

Three Mile Island event scenario indicated that a
number of aspects of the ATWS accident evaluation
required reconsideration, especially for PWRs.

The shortage of available industry manpower
delayed several of the required submittals of confirma-
tion analyses. The result was a substantial slip in the
projected completion date for the ATWS task. NRC
staff manpower was partially restored in June 1979
and meetings were held with industry representatives
in July and August of 1979 to discuss the impacts of the
Three Mile Island Unit 2 accident on their respective
ATWS evaluations. As of January 1, 1980, the NRC
staff planned to propose an ATWS rule to the Commis-
sion by April 15, 1980, with a goal of issuing a final
ATWS rule by December 1980.

BWR Nozzle Cracking

Over the last several years, inspections at 22 of the
31 boiling water reactor (BWR) plants licensed for
operation in the U.S. have disclosed some degree of
cracking in the feedwater nozzles of the reactor vessel
at 18 facilities. One facility has not yet accumulated
significant operating time and has, therefore, not yet
been inspected.

The feedwater nozzles are an integral part of the
primary pressure boundary of the reactor coolant

-system and the second barrier (after the fuel cladding)

to the release of radioactive fission products. All of the
repaired BWR feedwater nozzles met the ASME
pressure vessel code limits, however, and no im-
mediate action was necessary. Because only relatively
small amounts of metal have been removed by repair
operations, there has been no significant reduction in
safety margins. Nevertheless, the cracking is potential-
ly serious because:

¢ Excessive crack growth could lead to impairment
of pressure vessel safety margins.

¢ The design safety margin could also be reduced
by excessive removal of nozzle reinforcement
while grinding out cracks, and repair by welding
would be complicated.

e The exposure to radiation of the personnel
performing inspection and repair tasks can be
considerable.

¢ The repair of these kinds of cracks can result in
considerable shutdown time at the plant affected.

The reactor vendor (the General Electric Company)
and the NRC have concluded from their separate
studies that the cracks are initiated by rapid fluctua-
tions in water temperature on the inside surface of the
nozzles during periods of low feedwater temperature
when flow may also be unsteady and perhaps inter-
mittent. The cracks then grow deeper as a result of
operational startup and shutdown cycles or other
operationally induced transients. The stainless steel
cladding exhibited less resistance to crack initiation
than the underlying low-allow steel.
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Cracks in nozzles of the feedwater and control rod drive lines of
BWR rcactor pressure vessel have been studied by the vendor
(General Electric) and the NRC staff for several vears. Evidence

The vendor has performed extensive analysis and
testing to confirm the suspected cause of the cracking
and to develop possible long-term solutions—a newly
designed sleeve, removal of the stainless steel cladding,
reduction of the temperature differential at the nozzle,
or some combination of these. The licensees involved
have increased the number and extent of in-service in-
spections of feedwater nozzles, with careful repair and
reinspection where cracks were found. The vendor ad-
vised these licensees to closely monitor startup and
shutdown procedures in an effort to substantially
reduce the time during which cold feedwater is being
injected into the hot pressure vessel.

In a closely related area, the NRC was informed in
March 1977 by the General Electric Company that a
crack had been found in the nozzle of the control rod
drive (CRD) return line in a reactor vessel. The CRD
return line nozzles are the openings in BWR pressure
vessels through which the high pressure water in excess
of that needed to operate and cool the CRDs is return-
ed to the pressure vessel. The cracks resembled those
found in the feedwater nozzles and seemed to be the
result of the same kind of cyclic thermal stresses that
were causing feedwater nozzle cracks. The maximum
crack depth has been 0.87 inch.

The NRC staff efforts related to the resolution of
these two similar issues regarding nozzle cracking in
boiling water reactors were consolidated into a single
staff effort, Generic Task A-10, in 1977. Under
Generic Task A-10, the staff issued interim guidance to
operating plants in a report entitled, “Interim
Technical Report on BWR Feedwater and Control
Rod Drive Return Line Nozzle Cracking,” in 1977.

indicates that abl'“l;t and wide fluctuations in water temperatures
(see diagram above) are the initial causes of cracking. Photo above
shows such cracks.

The staff has now completed its review of the
General Electric studies on feedwater nozzle cracking
and has concluded that the new sparger design—in
conjunction with other remedial measures, such as
clad removal and more appropriate operating pro-
cedures—is an effective means of greatly reducing the
probability of crack initiation. The new sparger design
includes flow discharge nozzles, a triple thermal
sleeve, and two piston ring seals in the nozzle bore.
The effectiveness of the new design in minimizing by-
pass leakage and other problems encountered in the
older designs was confirmed by extensive testing and
analyses by General Electric, including vibration,
thermal-hydraulic, materials, and thermal fatigue
evaluations. Other designs may also be acceptable.

Feedwater system changes, necessary on some low
feedwater temperature plants to assure no cracking
over the lifetime of the plant, are being evaluated on a
plant-specific basis. An NRC staff report incorporat-
ing guidance for operating reactors and plants under
licensing review is in preparation and is scheduled to
be issued for comment in February 1980,

The resolution of questions regarding the future
selection of improved inservice inspection techniques
and frequency of inspection has been separated from
the generic task while major industry investigations
continue ‘(including thermal cracking in a full-size
nozzle mockup to be used in ultrasonic evaluation). A
supplement to the NRC staff report cited above may
be necessary upon completion of these studies. In the
meantime, stringent inspection requirements, based
mainly upon dye-penetrating testing, are still in force.
All licensee efforts, such as system and operational



changes, to lengthen the time to crack initiation and to
slow crack growth are taken into account in the deter-
mination of inspection techniques and criteria.

The CRD nozzle issue will be resolved by a com-
bination of actions which includes nozzle inspection
and repairs and some CRD system notifications. Cer-
tain system modifications recommended by General
Electric involved cutting and capping the nozzle and
return line but that action would reduce the capability
to direct high pressure water through the CRD system
when the vessel is otherwise isolated. Although this
system is not normally expected to perform this func-
tion in safety analyses, the capability played a major
role in keeping the core covered during the incident at
Browns Ferry Unit 1 on March 22, 1975. As a result of
its review of these modifications, the NRC has con-
cluded that only a limited number of plants will be
allowed to modify the CRD system in accordance with
the GE recommendations. Unless the licensees of the
remaining plants demonstrate, by testing, that suffi-
cient flow is available to the reactor vessel with the
return line removed, they will be required to retain
the return line, rerouted to the feedwater line or a
similar suitable connection that doesn’t have the
potential for cracking in the reactor vessel nozzle. The

staff’s evaluation, conclusions, and guidance on the

CRD return line nozzle issue will also be included in
the February 1980 NRC staff report referred to above.

Plant-specific implementation of the generic licens-
ing positions developed under this task (with the ex-
ception of future inservice inspection questions) has
already begun.

Reactor Vessel Material Toughness

Nuclear reactor pressure vessels are required to have
an adequate margin of protection against fracture in
the presence of relatively large postulated flaws. This
requirement is imposed for the sake of conservatism,
even though extensive, periodic inservice inspection
programs serve to provide protection against the
presence of such flaws. Fracture mechanics—the
engineering method used to establish the failure
margin—employs a quantitative material property
called fracture toughness to calculate the conditions
under which catastrophically rapid crack propagation
will occur. Fracture toughness has different values and
characteristics depending upon the material being
considered. For steels used in nuclear reactor pressure
vessels, three facts are important. First, fracture
toughness increases with increasing temperature. Se-
cond, fracture toughness decreases with increasing
load rates. Third, fracture toughness decreases with
neutron irradiation.

In recognition of these considerations, the technical
specifications for power reactors set limits on the
operating pressure during heatup and cooldown
operations. These restrictions assure that the combina-

tion of pressure and temperature will remain well
below that which might cause brittle fracture of the
reactor vessel if a significant flaw were present in the
vessel material. The effect of neutron radiation on the
fracture toughness of the vessel material is accounted
for in developing and revising these technical specifi-
cations over the life of the plant.

For the service time and operating conditions
typical of current operating plants, reactor vessel frac-
ture toughness provides adequate margins of safety
against vessel failure. Further, for most plants the
vessel material properties are such that adequate frac-
ture toughness can be maintained over the life of the
plants. However, results from a reactor vessel
surveillance program indicate that up to 20 older
operating pressurized water reactor pressure vessels
were fabricated with materials that will have
marginal toughness after comparatively short periods
of operation. This issue has been incorporated in the

The protective insulation has been pulled aside following the

testing of a weld-repair portion of a six-inch thick pressure vessel.
A flaw more than five inches deep and 18 inches long was created

in the area which was then subjected to pressure overloads more
than double the design pressure, without disruptive failure,
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NRC staff’s program for the resolution of generic issues
as Task A-11.

The fundamental goal of Task A-11 is to provide an
improved engineering method by which to assess the
safety margin in nuclear reactor pressure vessels and to
develop appropriate criteria for the evaluation of nor-
mal, transient, or postulated accident conditions
under the improved method. This method could then
be used to provide such an assessment for those older
reactor pressure vessels that will eventually have
marginal toughness according to the current method.
Because relatively large amounts of prefracture plastic
deformation can be expected at high temperatures
even in pressure vessel steels of low toughness, the new
evaluation method will employ “elastic-plastic” frac-
ture mechanics concepts. The basis for this improved
methodology is described in NUREG-0311, “A Treat-
ment of the Subject of Tearing Instability,” developed
under an NRC-sponsored program at Washington
University. Additional Washington University work
extending the methodology to reactor pressure vessels
was funded by the Department of Energy. The
engineering method developed will account for
radiation-induced material degradation.

Task A-11 also includes or relies on programs spon-
sored by the NRC Office of Nuclear Regulatory Re-
search to provide: (1) an improved evaluation of
material degradation mechanisms resulting from
neutron irradiation, and (2) the development of im-
proved testing methods for use in determining the
elastic-plastic properties of materials.

Since last year’s report, the following has been ac-
complished:

» Although delayed, an elastic-plastic fracture test
method for routine determination of fracture
toughness was developed. Verification of the test
method is underway.

e The elastic-plastic fracture mechanics methods of
NUREG-0311 were confirmed by work supported
by an Electric Power Research Institute program,
“Methodology for Plastic Fracture.”

» The methods developed in these programs were
successfully used by NRC contractors to analyze
two pressure vessel burst tests reported in the
Heavy Section Steel Technology Program, spon-
sored by the NRC Office of Nuclear Regulatory
Research.

¢ The potential for restoring by thermal annealing
the pressure vessel toughness lost by neutron
radiation was shown to be impractical.

Significant delays have developed over the past year
as a result of difficulties encountered in extending the
new engineering methodology to reactor pressure
vessels. There is agreement among experts that the
methodology can be extended, but it will require a
significantly greater effort than that accomplished

under the DOE contract referred to above. The staff
will carry out this additional work by contract with
the Oak Ridge National Laboratory. Because of this
problem, the schedule for completing Task A-11 has
slipped about one year, to December 1980.

Fracture Toughness and Potential for
Lamellar Tearing of PWR Steam Generator
And Reactor Coolant Pump Supports

During the course of licensing review for a specific
pressurized water reactor (PWR) a number of ques-
tions were raised as to (1) the adequacy of the fracture
toughness properties of the material used to fabricate
the reactor coolant pump supports and steam
generator supports, and (2) the potential for failure
due to lamellar tearing of these same supports. The
safety concern is that, although these supports are
designed for worst-case accident conditions, low frac-
ture toughness or lamellar tearing could cause the sup-
port to fail during such accidents. Support failure
could conceivably impair the effectiveness of systems
designed to mitigate the consequences of the accident.
An example of a postulated event sequence of potential
concern would be a large pipe break in the reactor
coolant system which would severely load the sup-
ports, followed by a support failure of sufficient
magnitude that a major component such as a steam
generator would be displaced resulting in failure of the
emergency core cooling system piping needed to pro-
vide cooling water to the core.

Because materials and designs similar to those of the
PWR originally reviewed have been used in other
plants, review of this issue was included in the NRC
Program for Resolution of Generic Issues as Generic
Task A-12.

A consultant was engaged to reassess the fracture
toughness of the steam generator and reactor coolant
pump support materials for all operating PWR plants
and those in the later stages of operation license
review. This reassessment included review of the
materials utilized in the support of 38 potentially af-
fected PWRs. Based on the consultant’s evaluation, it
was determined that there are 21 plants whose sup-
ports are of questionable toughness and, accordingly,
further detailed plant-specific review is required. This
decision concluded the generic study of this subject
under Task A-12. During the plant-specific reviews
that will follow, either the structural integrity of the
supports must be demonstrated, or measures to assure
their structural integrity will be required.

A report describing the NRC staff’s safety evalua-
tion and conclusions and describing its plans for imple-
mentation (i.e., the more detailed plant-specific
reviews referred to above) was issued for comment in
November 1979. It is entitled, “Potential for Low
Fracture Toughness for Lamellar Tearing in PWR
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NRC’s Generic Safety Issues Task A-12 deals with the ability of
certain PWR reactor coolant system component supports to with-
stand accidents. Shown here are typical reactor coolant pump and

Steam Generator and Reactor Coolant Pump Sup-
ports,” dated September 1979 (NUREG-0577). Review
guidelines and acceptance criteria for use in licensing
reviews of new facilities are also being prepared to in-
corporate the results of Task A-12 into the staff’s
Standard Review Plan. A contractor has been chosen
to undertake the plant-specific reviews of operating
plants during the implementation phase.

Lamellar tearing is a cracking phenomenon which
occurs beneath welds and is principally found in rolled
steel plate fabrications. The tearing always lies within
the parent plate, often outside the transformed (visi-
ble) heat-affected zone (HAZ) and is generally parallel
to the weld fusion boundary. Lamellar tearing occurs
at certain critical joints usually within large welded
structures involving a high degree of stiffness and
restraint. Restraint may be defined as a restriction of
the movement of the various joining components that
would normally occur as a result of expansion and con-
traction of weld and metal and adjacent regions dur-
ing welding.
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steam generator support structures at the Prairie Ysland Nuclear
Generating Plant in Minnesota,

The results of an extensive survey by the staff’s con-
sultant revealed that, although lamellar tearing is a
common occurrence in structural steel construction,
virtually no inservice failures due to lamellar tearing
are known. Nonetheless, additional NRC-sponsored
research is being planned to provide a more definitive
and complete evaluation of the importance of lamellar
tearing to the structural integrity of nuclear power
plant support systems. This research will be a follow-
on effort to Generic Task A-12.

Systems Interactions in Nuclear Power Plants

In November 1974, the Advisory Committee on
Reactor Safeguards requested that the staff give atten-
tion to the evaluation of safety systems from a multi-
disciplinary point of view, in order to identify poten-
tially undesirable interactions between plant systems.
The concern arises because the design and analysis of
systems is frequently assigned to teams with functional
engineering specialties such as civil, electrical,
mechanical, or nuclear. The question is whether the
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work of these functional specialists is sufficiently in-
tegrated in their design and analysis activities to
enable them to identify adverse interactions between
and among systems. Such adverse events might occur,
for example, because designers did not assure that
redundancy and independence of safety systems were
provided under all conditions of operation required,
which might happen if the functional teams were not
adequately coordinated.

The NRC staff believes that its current review pro-
cedures and safety criteria provide reasonable
assurance that an acceptable level of redundancy and
independence is provided for systems that are required
for safety. Nonetheless, in mid-1977, this task (Task
A-17) was initiated to confirm that present procedures
adequately take into account the potential for
undesirable interactions between and among systems.
Because systems interactions are potentially of great
significance to plant safety, this issue has been iden-
tified as an “Unresolved Safety Issue.”

The NRC staff’s current review procedures assign
primary responsibility for review of various technical
areas and safety systems to specific organizational
units and assign secondary responsibility to other units
where there is a functional or interdisciplinary rela-
tionship. Designers follow somewhat similar pro-
cedures and provide for interdisciplinary reviews and
analyses of systems. Task A-17 will provide an in-
dependent investigation of safety functions—and

For the puEpose of its Generic Issues Task A-17, “Systems Interac-
tions,” NRC has defined a system as “a set of components or sub-
systems working as a unit to execute a specific function,” Systems
interaction is defined as “a situation where the likelihood of an

systems required to perform these functions—in order
to assess the degree to which the current review pro-
cedures take potential systems interactions into ac-
count. This investigation is being conducted by Sandia
Laboratories under contract assistance to the NRC.

The contractor effort, Phase I of the task, began in
May 1978 and is scheduled to be completed in March
1980. The Phase I investigation is structured to iden-
tify areas where interactions are possible between and
among systems and have the potential of negating or
seriously degrading the performance of safety func-
tions. The investigation will then identify how NRC
review procedures account for these interactions.

The functional investigation of Phase I is being con-
ducted by the method of “fault tree” analysis. As of the
end of the report period, the detailed fault trees were
completed. Analysis of the fault trees, and the com-
parison of the results against the NRC review pro-
cedures was scheduled to be completed by the contrac-
tor by December 31, 1979. A final contractor report
was scheduled to be issued in March 1980. A report
providing the NRC staff’s conclusions based on the
contractor’s work was scheduled to be issued in April
1980.

The Three Mile Island Unit 2 accident caused the
NRC staff to consider reorienting the Task A-17 Phase
I effort so as to include improved treatment of such
matters as operator actions, design errors, and
maintenance procedures. It was decided not to disrupt

undesired event is increased due to the relationship between com-
ponents,” The methodology used to address Phase 1 of this task is
reflected in this flow chart.



the Phase I effort, which is nearing completion, but
rather to consider expanding the Phase II effort to in-
clude treatment of TMI-2 related issues. Scoping of the
follow-on work of Phase II is expected to be completed
in April 1980.

Environmental Qualification of
Safety-Related Electrical Equipment

Safety systems are installed at nuclear plants to
mitigate the consequences of postulated accidents.
Certain of these postulated accidents could create
severe environmental conditions inside the contain-
ment. The most serious of these accidents would be a
high energy pipe break in the reactor coolant system
piping or in a main steam line. In either case, the
release of hot pressurized water and steam to the con-
tainment would create a high temperature environ-
ment (250 to 400°F) at high humidity (including
steam) and pressure (as high as 50 psig). For some ap-
plications, fission product removal chemicals are add-
ed to the containment sprays that are used to reduce
the pressure in the containment. Additionally, some
electrical equipment is predicted to be submerged
following a large pipe break.

In order to assure that electrical equipment in safety
systems will perform its function under accident con-
ditions, the NRC requires that such equipment—prin-
cipally equipment associated with the reactor trip
system, the emergency core cooling system, and the
containment isolation and cleanup systems—be
qualified to perform in the environment associated
with the accident. Although such requirements have
been applied to varying degrees since the early days of
commercial nuclear power, they have come to be
defined in clearer detail over the years.

The process of clarifying the criteria has given rise to
certain questions regarding the adequacy of qualifica-
tion tests or analyses. Generic Task A-24, “Environ-
mental Qualification of Safety-Related Electrical
Equipment,” was established to address this question
for newer plants.

“IEEE Standard for Qualifying Class IE Equipment
for Nuclear Power Generating Stations,” (IEEE std.
323) and its ancillary standards have provided the
focal point for the development of environmental
qualification requirements in recent years. These stan-
dards set forth basic requirements for environmental
qualification of electrical equipment and provide
varying degrees of detail for implementation of these
requirements.

The staff requires in part that, for newer plants
(specifically those for which a construction permit
(CP) safety evaluation report (SER) was issued after
July 1, 1974), the methods and programs developed to
qualify safety-related equipment should conform to
the requirements of IEEE 323-1974 and that this

standard be used as a guide in evaluating these
qualification programs. For plants for which a con-
struction permit SER was issued prior to July 1, 1974,
the staff has required that the qualification programs
be developed in conformance with the guidelines
established in IEEE 323-1971: “IEEE Trial-Use
Standard: General Guide for Qualifying Class IE
Electrical Equipment for Nuclear Power Generating
Stations.” This requirement has been applied on a
case-by-case basis to older plants that have been or are
currently undergoing an operating license OL review.
Several ongoing staff actions related to evaluating the
adequacy of environmental qualification of safety-
related electrical equipment at operating plants are
discussed below under “Other Technical Issues.”

Several aspects of equipment qualification are being
pursued at this time by the NRC staff and the nuclear
industry on a generic basis, in order to achieve a more
uniform implementation of requirements established
in IEEE 323-1974. One such activity is a continuing
process of revising and upgrading industry standards
by providing more detailed guidelines for implement-
ing the basic requirements. Another such activity is the
development of NRC staff positions which address
selected areas of the qualification issue. These posi-
tions are applicable only to plants that are or will be in
the CP or OL review process and that are required to
satisfy the requirements set forth in either the 1971 or
1974 version of the IEEE-323 standard. This activity
was a part of Generic Task A-24, and was scheduled to
be completed with the publication of interim NRC
positions in NUREG-0588, in December 1979. It is an-
ticipated that a supplemental report will be issued
reflecting any changes to these interim positions which
might result from investigations of the Three Mile
Island Unit 2 accident, the staff’s review of the
responses to Bulletin 79-01 on operating plants, and
the resolution of several issues that are currently being
pursued by the NRC and the nuclear industry such as
aging effects, sequential vs. simultaneous testing, etc.
(see Chapter 2).

Further efforts under Generic Task A-24 were
originally planned to involve the review of the en-
vironmental qualification methods actually used for
qualifying safety-related electrical equipment, pur-
suant to the requirements of IEEE-Standard
323-1974. The staff had planned to perform these
reviews on a generic basis, rather than on case-by-case
licensing reviews, since this was likely to save time and
resources for the NRC and the industry. However, the
staff’s initial attempt at performing these generic
reviews indicated that it would be unproductive to
review the methods without, at the same time, review-
ing the way these methods are used when qualifying
specific pieces of equipment. Therefore, these methods
will be reviewed in conjunction with the review of the
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qualification programs submitted as part of the
operating license review of the first plant applications
(lead plants) required to comply with IEEE-323-1974.
Since there will be a considerable gap in time between
the issuance of the interim positions and the initiation
of the first lead plant review, the scope of Task A-24
has been redefined to eliminate the reviews of specific
qualification methods.

Reactor Vessel Pressure Transient

For a number of years, incidents known as “pressure
transients” occurred at various PWR facilities. A
pressure transient occurs when the pressure-tempera-
ture limits included in the facility technical specifica-
tions for the purpose of protecting the reactor vessel
from brittle fracture have been exceeded. There have
been over 30 such events. Half of them occurred before
the plant achieved initial criticality (i.e., before initia-
tion operation of the reactor); the majority occurred
during startup or shutdown operations. In all of these
incidents, fracture mechanics and fatigue calculations
indicated that the reactor vessels were not damaged
and continued operation of the vessels was acceptable.
Nevertheless, the staff concluded that appropriate
regulatory actions were necessary (1) to reduce the fre-
quency of pressure transient events, and (2) to provide
equipment which would restrict future transients to
acceptable pressures. This action was necessary
because reactor vessel safety margins would be reduc-
ed over the lifetime of the vessel by neutron irradia-
tion, which reduces material toughness. This matter is
discussed in more detail above under “Reactor Vessel
Material Toughness.”

Upgraded procedural controls were implemented in
early 1977 at operating PWR facilities to reduce the
likelihood of reactor coolant system pressure tran-
sients. In addition, system design changes, such as
added pressure relief capability during low
temperature conditions, were also being implemented
in the last two years. No pressure transient events oc-
curred at operating PWRs during the report period.

Task A-26 involved the development of acceptable
criteria for system design changes at operating plants
and for use in the review of construction permit and
operating license applications. All operating PWR
licensees have completed an evaluation of their plant’s
reactor coolant system response to potential pressure
transients and, where necessary, have submitted a
description of proposed design changes.

NRC staff review and approval of the proposed
design modifications continues. As of the end of the
report period, 14 facilities have received staff ap-
proval. The remaining reviews are expected to be com-
pleted by mid-1980.

Residual Heat Removal
Shutdown Requirements

The safe shutdown of a nuclear power plant follow-
ing an accident not related to a loss-of-coolant acci-
dent (LOCA) has been typically interpreted as achiev-
ing a “hot-standby” condition (i.e., the reactor is shut
down, but system temperature and pressure are still at
or near their normal operating values). Considerable
emphasis has been placed on the hot-standby condi-
tion of a power plant in the event of an accident or ab-
normal occurrence. A similar emphasis has been plac-
ed on long-term cooling, which is typically achieved
by the residual heat removal (RHR) system. The RHR
system can operate only when the reactor coolant
pressure and temperatures have been reduced to
substantially lower than their hot-standby condition
values.

Even though it may generally be considered safe to
maintain a reactor in a hot standby condition for a
long time, experience shows events sometimes require
eventual cooldown and long-term cooling until the
reactor coolant system is cold enough to perform in-
spection and repairs. For this reason, the ability to
transfer heat from the reactor to the environment after
a shutdown is an important safety function for both
PWRs and BWRs. It is essential that a power plant be
able to go from hot standby to cold shutdown condi-
tions (when this is determined to be the safest course of
action) under any normal or accident conditions,

This issue was included in the NRC Program for
Resolution of Generic Issues as Generic Task A-31,
“RHR Shutdown Requirements.” In accordance with
the Task Action Plan for this task, the staff’s views on
requirements for residual heat removal systems were
translated into proposed changes to Standard Review
Plan Section 5.4.7. These proposals were considered
by the NRC’s Regulatory Requirements Review Com-
mittee (RRRC) during its 71st meeting on January 31,
1978. The RRRC recommended approval of the pro-
posed changes and further recommended that: (1) the
changes be applied on a case-by-case basis to all
operating reactors and all other plants (custom or
standard) for which the issuance of the operating
license is expected before Janaary 1, 1979, and (2) the
changes be backfitted to all plants (custom or stan-
dard) for which construction permit or preliminary
design approval applications were docketed before
January 1, 1978, and for which the operating license
issuance is expected after January 1, 1979. These
recommendations were approved by the Director of
NRR and are being implemented. Accordingly,
Generic Task A-31 has been completed.

Standard Review Plan Section 5.4.7 has been
modified to incorporate the approved changes which
are presently being implemented through CP and OL
reviews.



The staff positions on design requirements for
residual heat removal systems were incorporated into
Regulatory Guide 1.139, “Guidance for Residual Heat
Removal,” which was issued for public comment in
May 1978. Comments were received during the latter
part of 1978. Work on revision of the guide has been
delayed but it is expected that it will be issued in final
form by late 1980.

In addition, the staff has been reviewing 15
operating nuclear power plants to determine how well
they meet the recommendations of Regulatory Guide
1.139. Eleven of these plants are included in the
Systematic Evaluation Program (SEP). The remaining

four plants (one representative plant for each of the

four reactor vendors) are of more recent design than
those included in the SEP. The review for the 11 plants
in the SEP has been completed. Because of possible
design and operational changes based on actions taken
as a result of the Three Mile Island Unit 2 accident, the
review of the other four plants has been postponed.
These reviews are expected to be resumed and com-
pleted during calendar year 1980. On the basis of this
review of representative plants, recommendations for
implementation of Regulatory Guide 1.139 for all
operating plants (except those included in the SEP)
will be presented to NRC management for approval in
calendar year 1980. Implementation of SEP findings,
including those related to Regulatory Guide 1.139,
will begin after the end of the Systematic Evaluation
Program, scheduled for May 1982 as of the end of the
report period.

Control of Heavy Loads Near Spent Fuel

Overhead cranes are used to lift heavy objects,
sometimes in the vicinity of spent fuel, in both PWRs
and BWRs. If a heavy object, such as a spent fuel ship-
ping cask or shielding block, were to fall or tip onto
spent fuel in the storage pool, or in the reactor core
during refueling, and damage the fuel, there could be
a release of radioactivity to the environment. If the
dropped object were large and were assumed to drop
on fuel containing a large amount of fission products
with small decay time, calculated offsite doses could
be high and could exceed the siting guideline values in
10 CFR Part 100.

The NRC staff’s review of this safety issue has been
incorporated in the NRC Program for Resolution of
Generic Issues as Generic Task A-36. The objective of
the task is to develop standard review criteria which
will reduce the possibility that heavy loads might
cause unacceptable damage to spent fuel in a storage
pool or in the reactor core. The review included a
detailed survey of design provisions and procedures
currently used at operating plants and reevaluation of
current NRC requirements.

Operating facilities use a variety of design and ad-
ministrative measures to minimize the potential for
dropping a heavy object over the reactor core or over
the spent fuel pool. These design and administrative
measures have been effective, since no heavy load
handling accidents resulting in damaged fuel rods
have occurred in over 400 reactor-years of U.S.
operating experience. For facilities that have re-
quested increases in spent fuel pool storage capacity,
the NRC has imposed restrictions that prohibit the
movement of any load over the fuel assemblies in the
spent fuel pool that weighs more than the equivalent
weight of one fuel assembly. Also, for those plants
where the review of the cask drop or the crane handl-
ing system is not complete, movement of shielded casks
over or near spent fuel has been prohibited. It is the
NRC staff's view that continued operation during
review of this generic issue, in compliance with the
restrictions cited, presents no undue risk to the health
and safety of the public.

As noted in the 1978 NRC Annual Report, licensees
were requested to examine their current procedures

This cutaway drawing illustrates a typical BWR reactor building
layout, showing the overhead handling system used for movement of
the spent fuel shipping cask and for removal and reinstallation of
the reactor vessel head, moisture separators and steam dryers. Safe
handling of such heavy loads is important to prevent damage to
equipment or fuel. Task A-36 will result in upgraded NRC criteria to
assure safe handling of heavy loads.
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for the movement of heavy loads over spent fuel to
assure that the potential for a handling accident that
could result in damage of spent fuel is minimized
while the generic evaluation proceeds. In addition, the
licensees were requested to provide information on
load handling operations for use in the Task A-36
review. Responses were received from all licensees by
December 1978.

The staff has completed its survey of load handling
operations at operating plants, including design and
procedural measures that prevent or mitigate the con-
sequences of a heavy load handling accident and has
prepared a draft report containing the NRC staff’s
resolution of this issue including revised criteria and
other recommendations. This report is expected to be
issued for public comment in January 1980. The report
will provide the basis for revisions to the Standard
Review Plan (SRP) and Regulatory Guides, if needed,
that can be used in future reviews of new plants and
will provide the basis for implementing additional re-
quirements and procedures,in operating plants.

Although Tasll() A-36 will result in generic criteria,
implementation of these criteria will be dependent on
plant design characteristics and the specific procedures
in effect at each particular plant, and will consequent-
ly require a plant-by-plant review.,

Seismic Design Criteria

NRC regulations require that nuclear power plant
structures, systems and components important to safe-
ty be designed to withstand the effects of natural
phenomena such as earthquakes. Detailed require-
ments and guidance regarding the seismic design of
nuclear plants is provided in the NRC regulations and
in Regulatory Guides. However, there are a number of
plants with construction permits and operating
licenses issued before the NRC’s current regulations
and regulatory guidance were in place. For this
reason, rereviews of the seismic design of various
plants are being undertaken (principally as part of the
Commission’s Systematic Evaluation Program) to
assure that these plants do not present an undue risk to
the public.

The NRC staff is conducting Generic Task A-40 as
part of the NRC Program for Resolution of Generic
Issues. Task A-40 is a compendium of short-term ef-
forts to support the reevaluation of the seismic design
of operating reactors, and to support licensing activity
in general. The objective of the task is, in part, to in-
vestigate selected areas of the seismic design sequence
to determine the conservatism for all types of sites, to
investigate alternative approaches to part of the design
sequence, and to estimate quantitatively the overall
conservatism of the design sequence. In this manner
the program will aid the NRC staff in performing its
reviews of the seismic design of operating reactors.

The NRC Office of Nuclear Regulatory Research is
also undertaking a related, but more comprehensive
and long-term program to develop mathematical
models to realistically predict the probability of
radiactive releases from seismically induced events in
nuclear power plants. This Seismic Safety Margin
Research Program will utilize input from Task A-40 in
a number of areas.

Generic Task A-40 is subdivided into two phases.
Phase I includes a number of subtasks related to the
response of structures, systems, and components to
earthquakes. These subtasks include studies on: (1)
quantifying conservatisms in seismic design, (2)
electro-plastic seismic analysis methods, (3) site-
specific response spectra, (4) nonlinear structural
dynamic analysis procedures, and (5) soil structure in-
teraction. These studies were performed under NRC-
sponsored contracts and all were completed by Oc-
tober 1979. Review of the results of these studies is
underway. The results will support the effort on seis-
mic reevaluation of operating plants, particularly in
the area of site-specific definition of seismic input. As
of January 1, 1980, Phase I was scheduled to be com-
pleted in February 1980, with the issuance of recom-
mendations for changes in the Standard Review Plan
and Regulatory Guides in those seismic design areas
related to response of structures, systems, and com-
ponents to seismically induced events,

Phase II of Task A-40 includes several subtasks
related to numerical modeling of earthquake motion
at the source, analysis of near source ground motion,
and attenuation of high-frequency ground motion.
Studies under these subtasks being conducted by NRC
contractors are scheduled for completion by the end of
1980. Review and implementation of the results of
these studies in terms of recommended revisions to the
Standard Review Plan and Regulatory Guides are
scheduled for March 1981.

Pipe Cracks at Boiling Water Reactors

Pipe cracking has occurred in the heat affected.
zones of welds in primary system piping in BWRs since
the mid-1960s. These cracks have occurred mainly in
Type 304 stainless steel that is being used in most
operating BWRs. The major problem is recognized to
be intergranular stress corrosion cracking (IGSCC) of
austenitic stainless steel components that have been
made susceptible to this failure mode by being “sen-
sitized,” either by welding or by post-weld heat treat-
ment. Although the likelihood is extremely low that
IGSCC-induced cracks will propagate far enough to
create a significant hazard to the public, the occur-
rence of such cracks is undesirable and measures to
minimize IGSCC in BWR piping systems are indicated
to improve overall plant reliability.



“Safe ends” (short transition pieces between vessel
nozzles and the piping) that have been highly sensitiz-
ed by furnace heat treatment while attached to vessels
during fabrication were found to be susceptible to IG-
SCC in the late 1960s. Because they were susceptible
to cracking, the Atomic Energy Commission took the
position in 1969 that furnace-sensitized safe ends in
older plants should be removed or clad with a protec-
tive material, and there are only a few BWRs that still
have furnace-sensitized safe ends in use, Most of these,
moreover, are in small diameter lines and are sub-
jected to augmented inservice inspection.

Earlier reported cracks (prior to 1975) occurred
primarily in 4-inch diameter recirculation loop bypass
lines and in 10-inch diameter core spray lines. More
recently cracks were discovered in recirculation riser
piping (12- to 14-inch) in all foreign plants. All these
crack locations are part of the reactor primary system.
Cracking is most often detected during inservice in-
spection using ultrasonic testing techniques. Some pip-
ing cracks have been discovered as a result of small
primary coolant leaks.

In response to these occurrences of BWR primary
system cracking, a number of remedial actions were
undertaken by the NRC. These actions included:

* Issuance of Regulatory Guide 1.44 on “Control of
the Use of Sensitized Stainless Steel.”

¢ Issuance of Regulatory Guide 1.45 on “Reactor
Coolant Pressure Boundary Leakage Detection
Systems.”

¢ Closely following the incidence of cracking in
BWRes, including foreign experience.

* Encouraging replacement of furnace sensitized
safe ends.

* Requiring augmented inservice inspection of lines
having less corrosion resistant stainless steel,
especially those that have a high potential for
cracking (service sensitive lines).

¢ Requiring upgrading of leakage detection
systems.

More recently pipe cracking and furnace-sensitized
safe end cracking have been reported in larger
(24-inch diameter) lines in a GE-designed BWR in
Germany with over 10 years of service. Because the
safe ends in that facility had been furnace-sensitized
during fabrication, IGSCC was suspected. As a result
of concerns regarding these furnace-sensitized safe
ends, a safe end was removed and subjected to destruc-
tive examination. During laboratory examination of
the removed safe end, including a small section of at-
tached pipe, cracks were discovered at various loca-
tions in the safe end and in the weld heat affected zone
of the pipe. The cracks in the pipe weld area were very
shallow with the maximum depth less than 5 mm
(about 1/8-inch) in a wall thickness of about 1.5
inches. Cracking in the furnace-sensitized safe end,
also having a wall thickness of about 1.5 inches, was
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somewhat deeper. The German experience was the
first known occurrence of IGSCC in pipes as large as
24 inches in diameter.

In June 1978, a through-wall crack was discovered
in an Inconel recirculation riser safe end (10-inch
diameter) at the Duane Arnold facility. The crack has
been attributed to IGSCC, although the material in
this instance is different from the Type 304 stainless
steel that has been historically found to be susceptible
to IGSCC. Prior to safe end removal, ultrasonic ex-
amination showed several indications of possible
cracks. Following their removal, cracking was
discovered in all eight safe ends. The cracking ap-
peared to have originated in a tight crevice between
the inside wall of the safe end and the internal thermal
sleeve attachment. Such crevices are know to enhance
IGSCC. Differences in materials, geometry, stress
levels, and crevices appear to make the problem at
Duane Arnold unique to a particular type of recircula-
tion riser safe end (Type I). As a result of this event,
ultrasonic examination of the other Type I safe ends in
U.S. BWRs (i.e., at the Brunswick 1 and 2 facility) was
conducted. No significant indications of possible
cracks were found in Unit 2 and one indication was
identified at Unit 1. Although this latter indication
was relatively minor and too small to be reportable
pursuant to the NRC Regulations, periodic reevalua-
tion of the Unit was deemed necessary. This ultrasonic
indication at Brunswick Unit 1 was remeasured and
reevaluated in the presence of NRC ultrasonic testing
consultants at another plant shutdown in January
1979. It was concluded that: (1) there is no apparent
change of this indication between inspections, and (2)
although the existence of a very small localized area of
cracking cannot positively be ruled out, the most likely
cause of this indication is irregularities at the weld-to-
base metal interface of the first bead weld at the ther-
mal sleeve to safe end weld. This indication will be
reexamined during the next refueling outage.

General Electric (the reactor vendor) has been asked
to provide an in-depth report on the significance of re-
cent events, including current inspection, repair, and
replacement programs. They were also asked to ad-
dress any new safety concerns related to the occur-
rence of cracking in large main recirculation piping.
Based on information presented by General Electric to
date and on extensive staff evaluation, the staff con-
cluded that the recent occurrences do not constitute a
basis for immediate concern about plant safety, nor re-
quire any new immediate actions by licensees.

Based on the earlier incidents of pipe cracking dis-
cussed above, the NRC formed a Pipe Crack Study
Group to: (a) investigate the cause of cracks, (b) make
interim recommendations for operating plants, and (c)
recommend corrective actions to be taken for future

plants. The Study Group published its report
(NUREG-75/067) in October 1975, containing recom-
mendations to reduce the incidence of IGSCC in sen-
sitized stainless steel piping. Following staff review of
the Study Group’s recommendations, the staff issued
an implementation document (NUREG-0313) which
established staff positions consistent with the recom-
mendations of the Study Group.

As a result of the more recent incidents, the NRC re-
established a second Pipe Crack Study Group on Sep-
tember 14, 1978. The new Study Group specifically
addressed the following issues:

¢ The significance of the cracks discovered in large
diameter pipes relative to the conclusions and
recommendations set forth in the referenced
report and its implementation document,
NUREG-0313.

¢ Resolution of concerns raised over the ability of
ultrasonic techniques to detect cracks in
austenitic stainless steel,

® The significance of the cracks found in large
diameter sensitized safe ends, and any recommen-
dations regarding the current NRC program for
dealing with this matter.

¢ The potential for stress corrosion cracking in
PWRs.

e The significance of the safe end cracking at
Duane Arnold relative to similar material and
design aspects at other facilities.

The new Study Group completed its evaluation in
February 1979 and issued a report, “Investigation and
Evaluation of Stress-Corrosion Cracking in Piping of
Light Water Reactor Plants” (NUREG-0531). The
new Study Group not only reaffirmed the conclusions
and recommendations reached by the previous group
in NUREG-75/067, but also presented some new ideas
to reduce the potential for IGSCC and addressed the
subject of IGSCC in safe ends. On March 13, 1979,
NRC issued a Notice in the Federal Register soliciting
public comments on NUREG-0531. After expiration of
the public comment period and review of the Study
Group’s conclusions and recommendations, the staff
initiated Task A-42. The work to be performed under
Task A-42 was defined at that time as the development
of an update to the implementation document,
NUREG-0313, to incorporate the new Study Group’s
conclusions and recommendations and public com-
ments received on NUREG-0531.

Revision 1 to NUREG-0313 was issued in October
1979, and public comments have been solicited on the
report. Revision 1 sets forth the NRC staff’s revised
guidelines for reducing the IGSCC susceptibility of
BWR piping. The guidelines describe a number of
preventive and corrective measures acceptable to the
NRC, including guidelines for: (1) corrosion resistant
materials for installation in BWR piping, (2) methods



of testing, (3) processing techniques, (4) augmented in-
service inspection, and (5) leak detection. The report
also included recommendations for developmental
work to provide future improvements in limiting the
extent of IGSCC or detecting it when it occurs.

Containment Emergency Sump Reliability

Following a postulated loss-of-coolant accident,
i.e., a break in the reactor coolant system piping, the
water flowing from the break would be collected in
the emergency sump at the low point in the contain-
ment. This water would later be recirculated through
the reactor system by the emergency core cooling
pumps to maintain core cooling. This water would
also be circulated through the containment spray
system to remove heat and fission products from the
containment. Loss of the ability to draw water from
the emergency sump could therefore disable the
emergency core cooling and containment spray
systems. The consequences of the resulting inability to
cool the reactor core or the containment atmosphere
could be melting of the core and/or loss of integrity in
the containment.

One potential way the ability to draw water from
the emergency sump can be lost is from blockage by
debris. A principal source of such debris could be the
thermal insulation normally installed on the reactor
coolant system piping. In the event of a piping break,
the subsequent violent release of the high pressure
water in the reactor coolant system could rip off the
insulation in the area of the break. The loose insula-
tion material could then be swept into the sump and
block it.

A Task Action Plan was under development in
March 1979 when the Three Mile Island Unit 2 acci-
dent disrupted work on it. As of January 1, 1980, the
Task Action Plan was nearing completion. Nonethe-
less, several technical studies related to sump reliabili-
ty which were already underway will either be incor-
porated into Task A-43 or will provide input into
Task A-43 ctforts.

A study program investigating PWR vortex
technology has been completed by the Iowa Institute
of Hydraulic Research and a technical report issued. A
summary report of NRC experience with containment
sump testing is being prepared. This summary will be
issued as a NUREG report in 1980. Based on the Iowa
study program and the review of tests, NRR expects to
draft interim positions on sump design guidelines and
preoperational test requirements in early 1980.
Criteria for the evaluation of operating containment
sumps will be formulated at about the same time.

Finally, a program is being sponsored by the
Department of Energy, in cooperation with NRC, to
aid in resolving this issue as part of their Light Water
Safety Research Program. This is an experimental pro-

NRC staff members traveled to the North Anna Power Station
Unit 1 in Virginia to conduct evaluations of the emergencey recir-
culation sump as part of its work on Generic Issues Task A-43. The
photo at the top shows project personnel looking down into the
recirculation sump arca. Above, the reactor containment area was
deliberately flooded to permit obscrvation of flow patterns,
blockage of pipes, types of debris. ete.
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gram, begun in July 1979 at Alden Research
Laboratory, Worcester Polytechnic Institute, to study
the hydraulic aspects of containment sump operation.
The program will continue through February 1981.

It is anticipated that this task can be completed in
1982.

Station Blackout

Electrical power for safety systems at nuclear power
plants is supplied by at least two redundant and in-
dependent divisions. The systems used to remove
decay heat to cool the reactor core following a reactor
shutdown are included among the safety systems that
must meet these electric power supply requirements.
Each electrical division for safety systems includes an
offsite alternating current (a.c.) power connection, a
standby emergency a.c. power supply (usually one or
more diesel generators), and direct current (d.c.)
sources.

The issue of station blackout involves a study of
whether or not nuclear power plants should be
designed to accommodate a complete loss of all a.c.
power, i.e., a loss of offsite a.c. sources and all onsite
emergency diesel generator sources. Loss of all a.c. for
an extended period of time in pressurized water reac-
tors, accompanied by loss of the auxiliary feedwater
pumps (usually one of two redundant pumps is a steam
turbine driven pump that is not dependent on a.c.
power for actuation or operation), could result in an
inability to cool the reactor core, with potentially
serious consequences. If the auxiliary feedwater
pumps are dependent on a.c. power to function, then
a loss of all a.c. power for an extended period could of
itself result in an inability to cool the reactor core.
Although this is a low probability event sequence, it
could be a significant contributor to risk.

Current NRC safety requirements require as a
minimum that diverse power drives be provided for
the redundant auxiliary feedwater pumps. As noted
above, this is normally accomplished by utilizing one
or more a.c. power electric motor driven pumps and
one or more redundant steam turbine driven pumps.
One concern is the design adequacy of plants licensed
prior to adoption of the current requirements.

The degree of dependence of decay heat removal
systems on a.c. power supplies and their reliability
with a total loss of a.c. power has recently been
reviewed for a large number of plants. For some
plants, modification in design and/or operating pro-
cedures were recommended in the short term. This
evaluation was carried out using simplified analytical
techniques.

A Task Action Plan for Task A-44 was under
development in March of 1979 when the Three Mile
Island Unit 2 accident disrupted work on this task. As
of January 1, 1980, the Task Action Plan was still

under development. It is anticipated that the task
can be completed in 1982,

Under Task A-44 a more detailed and comprehen-
sive assessment will be performed for both PWRs and
BWRs. Preliminary scoping work indicates that this
should include consideration of: (1) the failure modes
that can result in a station blackout, (2) the proba-
bility and frequency of occurence of a blackout in-
cluding site variability and time dependence, (3) the
potential consequences of a blackout, and (4) potential
preventative and mitigating actions. The results of this
effort will be used to determine if changes to licensing
criteria are necessary and, if so, to develop criteria for
use in the review of CP and OL applications and for
evaluating operating plants.

OTHER TECHNICAL ISSUES

Design Errors in Control Building

In the spring of 1978, Portland General Electric
Company (PGE), operator of the Trojan Nuclear
Plant, reported design errors in the control building
walls, i.e., conditions at variance with the design
criteria set forth in the Final Safety Analysis Report for
the facility and incorporated into its operating license.

A detailed NRC staff review of PGE’s investigation
and analysis of the design revealed the following er-
Tors:

e The steel reinforcement in the reinforced concrete
core of the walls was permitted to be generally
discontinuous and, therefore, the concrete core
could not be relied upon to resist shear (in case of
an earthquake) to the extent assumed in the ap-
proved design.

o The shear capacity of the reinforced concrete and
_ grouted masonry block was not correctly com-
puted.

o The steel reinforcement needed to resist shear
beyond the capacity of the concrete and grouted
masonry block was computed incorrectly,
resulting in a lower level of conservatism than in-
tended.

A detailed reevaluation of the control building in its
existing configuration was performed by PGE to assess
the capability of the structure to withstand the
Operating Basis Earthquake and the Safe Shutdown
Earthquake. The NRC staff determined that there had
been a significant reduction in conservatism and
design margins, with respect to the control building
seismic capability, below the level intended and
desired for the 33 years remaining in the expected
plant life and that the margins should be appropriately
restored by plant modification. PGE indicated its in-
tent to make such modifications.



The NRC staff also determined that, despite the
design errors, the affected structures remained
qualified to withstand the licensed safe shutdown
earthquake and that there was adequate assurance of
safety to permit continued operation in the interim
without endangering the health and safety of the
public, provided that no modifications were made that
would in any way reduce the strength of the existing
shear walls. The NRC staff also concluded that, since
the OBE capability had been reduced, actions that
would otherwise be required for a 0.15g earthquake
would have to be taken in the event of an 0.11g earth-
quake.

On May 26, 1978, the NRC issued an Order dealing
with this matter. The Order called for:

® Design modifications to restore the seismic design
margins originally intended to the control
building.

The Trojan Nuclear Plant, situated on the Oregon side of the Col-
umbia River, has been the subiect of an NRC staff review concern-
ing the abilitilof its control building to withstand earthquakes.
Based on an NRC order, Portland General Electric Company

¢ An implementation schedule, to be reviewed and
approved by the NRC.

¢ Detailed design information for NRC staff review
and approval, together with supporting analyses
and application for license amendments as
necessary to implement these modifications.

o Conditional license waiver of the areas of non-
conformance noted above until the control
building has been brought into substantial com-
pliance in these areas. The conditions spelled out
were that no modifications affecting the strength
of the control building shear walls were to be
made without NRC approval and the facility
should be brought to cold shutdown in the event
of a 0.11g earthquake at the site and that subse-
quent restart would require prior NRC approval.

Numerous requests tor a hearing were received, and

a hearing was ordered by an Atomic Safety and Licen-
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(PGE), Trojan owners, submitted plans to modify the building
during 1979, and a hearing was set for April 1980. PGE had
notified NRC of the deficiencies in the spring of 1978.
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sing Board (ASLB). Accordingly, a hearing on interim
operations was held October 23 to November 3, and
December 11 to 14, 1978. On December 21, the ASLB
issued a Partial Initial Decision that authorized in-
terim operation, with conditions, pending further
hearings on the nature of modifications to the control
building to bring it into substantial compliance with
the requirements of the operating license. The condi-
tions prohibited any modification that would reduce
the strength of existing shear walls; required plant
shutdown in the event an earthquake exceeding 0.08g
should occur at the site; and required modifications to
some pipe supports and restraints prior to resuming
operation in order to ensure qualification of related
piping systems to earthquake levels up to the Safe
Shutdown Earthquake (0.25g).

A conforming amendment was issued on December
22, and plant operation resumed on December 30,
1978.

On January 17, 1979, PGE filed a report describing
the proposed modifications to the control building.
These changes consist of the addition of three shear
walls in the existing railroad bay, and the strengthen-
ing of the west shear wall by the addition of three-inch
thick steel plate. The design report submitted by the
company proved to be preliminary in nature and in-
complete in some respects. Because of this, extensive
staff questions seeking design details, supporting
analyses and justification for design assumptions were
submitted to the licensee in March, May, July and
August of 1979. Less than adequate responses to some
of these questions caused a delay in issuance of the
staff’s Safety Evaluation Report on the modification
(scheduled for issuance in September 1979) and
postponement of hearings on the modification which
had been scheduled for October. It also prompted ad-
ditional staff questions to the licensee in September
and October. The hearing on the acceptability of these
modifications has been scheduled to commence on
April 1, 1980.

While not directly connected with the original con-
trol building design deficiencies described above,
another problem in masonry wall design was iden-
tified by PGE in their Licensee Event Report 79-15 of
November 4, 1979. Some walls were found to have in-
adequate structural strength to sustain support reac-
tions from attached piping. This led to concerns over
the load-carrying capability not only of the wall sup-
porting significant piping loads but also of other walls,
and other elements supporting piping and equipment.
A detailed investigation of all masonry walls and other
structural elements was conducted, which resulted in
modifications to 127 piping supports attached to block
walls and several modifications to other structural
elements. These corrective actions were completed on
December 27, 1979, and NRC review of the matter
was concluded on December 31, 1979.

PWR Feedwater Line Cracks

On May 20, 1979, Indiana and Michigan Power Ser-
vice informed the NRC of cracking in two feedwater
lines at the D. C. Cook Unit 2. Leaking circumferen-
tial cracks were identified in the 16-inch lines in the
immediate vicinity of the steam generator nozzles.
Subsequent volumetric examination (by radiography)
revealed crack indications at similar locations in all
feedwater lines of both Units 1 and 2. As a result of a
letter sent to all PWR licensees and the issuance of
Bulletin 79-13, inspections have disclosed piping
cracks, crack-like indications or fabrication defects re-
quiring repair in the vicinity of the feedwater nozzles
at 16 out of 25 Westinghouse PWR facilities. To date,
eight Combustion Engineering (CE) and two Babcock
& Wilcox facilities have been inspected. The two
B&W facilities were found to be free of cracks in the
feedwater piping to steam generator nozzle weld
vicinity. Cracks were found on two of the eight CE
facilities inspected.

The mode of failure at the majority of facilities
where cracking has occurred has been identified as
fatigue assisted by corrosion. The principal cracking at
these facilities has been located in counter-bored areas
of the piping at which stress risers, caused by machin-
ing to obtain fit-up for welding, are present. Very
shallow cracks have also been identified in the nozzle
at several units.

Repairs at the affected facilities have been made in
accord with improved design and fabrication prac-
tices. In addition, the NRC staff has required that
preservice and augmented inspections be performed.

The NRC staff concluded that these measures were
adequate pending the outcome of test programs in pro-
gress. The staff has advised licensees that other
remedial measures may be required at a later date, if
results from test programs and/or from further evalua-
tions by the staff show them to be warranted.

Reanalyses of normal piping system stresses and
visual inspections of the feedwater lines have not, to
date, uncovered any anomolies that would be expected
to cause cracking. No significant deviations from pro-
per feedwater chemistry control have been discovered.
Thermal stresses, both high- and low-cycle, which
could occur because of the mixing of hot and cold
water in the nozzle region during hot functional
testing, hot standby, start-up and shutdown are
suspected as major factors contributing to the in-
cidence of cracking. Test results from the instrumenta-
tion placed on the affected plants have shown that
thermal stratification does exist at start-up, hot-
standby and shutdown conditions. A Utilities Owner’s
Group has been formed to conduct test programs to
identify the cause or causes of cracking and to find a
long-term solution to the problem.



The NRC has instituted an Action Plan regarding
the PWR Feedwater Cracking problem. The following
items are included in the Action Plan:

(1) Consequence of Cracks—This item included
identification of possible challenges to pipe
integrity, and consideration of system effects in
terms of the health and safety of the public.

Failure Investigation: Cause of Cracking— This
item included (a) independent metallurgical
analyses to identify the mode of failure; and (b)
review and independent stress analyses to verify
the licensees’ conclusions.

Review PWR Designs and Operations— This
item includes review of the piping layout,
fabrication and inspection history, preservice
and inservice performed, and evaluation of the
operating histories,

Evaluation of the Remedial and Corrective
Actions—This item includes review of the
repairs effected; the evaluation of the efficacy of
the repairs in light of the results of the test
results from the Westinghouse PWR facilities;
and evaluation of design changes and operating
procedures as a long term solution to the prob-
lem.

The NRC staff has considered the safety significance
of the feedwater piping cracks and has concluded,
based on the available information, that the most
severely degraded piping found to date (D. C. Cook
Unit 2) would be unlikely to rupture in the event of an
earthquake, though it might leak. The staff considers
it conceivable that a severely degraded feedwater line
may rupture from a severe water hammer event.
However, it is considered unlikely that a severe water
hammer event would occur in two or more feedwater
lines simultaneously. Thus, the worst consequence to
be reasonably expected in a facility with degraded
feedwater piping which experienced a severe water
hammer would be the rupture of a single feedwater
line. Because this event has been considered as a design

(2)

3)

basis accident, the facilities are designed to protect:

against the occurrence and to contain and control its
consequences.

Mechanical Operability of
Containment Purge Valves

In November 1978, the NRC requested that all
licensees of operating reactors respond to generic con-
cern about containment purging or venting during
normal plant operation. The generic concerns
involved both electrical and mechanical aspects of
containment purge valve operability. First, events had
occurred in which licensees overrode or bypassed the
saftey actuation isolation signals to the containment

»

isolation valves. These events were determined to be
abnormal occurrences and reported to Congress in
January 1979. Second, recent licensing reviews have
required a demonstration, by test or analyses, that
containment purge or vent valves would shut without
degrading containment integrity during the dynamic
loading imposed by a postulated design aecident, a loss
of coolant accident (LOCA).

The November 1978 request emphasized the impor-
tance of the mechanical qualification of purge and
vent valves. For quick closing capability most facilities
use butterfly valves for containment isolation.

The concern centered around the capability of the
containment isolation valves in the purge and vent
systems—after being opened during hot standby, hot
shutdown, startup or power operation modes—to have
the capability to close against the fluid dynamic condi-
tions of a LOCA upon receipt of an isolation signal.
These fluid or aerodynamic forces originate from the
pressure drop imposed across the closing valves by the
ascending pressure in containment following a LOCA.
Typically these valves will receive an isolation signal
to close either from high radiation monitors, high
pressure monitors, or low reactor water level for
BWRs.

Potential failures affecting the purge and vent
valves could lead to degradation in the containment
integrity and, for PWR’s, a degradation in ECCS per-
formance.

From staff studies and discussions with manufac-
turers involved in supplying these valves, the following
conclusions can be made:

(1) Most valves of this type will tend to close under

the dynamic forces of a LOCA.

(2) Partial opening of the valves between 30° and
50° of full open will in most cases significantly
reduce dynamic loads put on valve components.

(3) Demonstration of operability for most valves of
this type can be obtained through analysis and
previous testing data.

Guidelines for demonstration of purge and vent
valve operability have been developed and issued to all
licensees and will be used to assess the valves installed
in operating plants. This effort is scheduled to be com-
pleted by mid-fiscal year 1981. In the interim,
licensees have been asked to limit the opening of their
valves to between 30° and 50° of full-open and to limit
the use of these valves until such time as long term
operability can be demonstrated. It is anticipated that
some systems modification may be required in attain-
ing these goals.

Environmental Qualification of
Safety-Related Electrical Equipment
At Operating Plants

In the fourth quarter of calendar year 1978, the staff
conducted inspections of the activities of licensees of
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all operating reactors, in response to a staff issued cir-
cular, dated May 31, 1978, concerning the qualifica-
tion of safety-related electrical equipment. The
inspections disclosed that the review and resolution of
problem areas encountered by the licensees in this
effort were not receiving sufficient attention. Also
identified were certain components for which
documentation was lacking as to which were found
qualified and which were found unqualified for their
intended service. In order that this subject be given the
proper emphasis, the staff issued Bulletin 79-01, dated
February 8, 1979, to licensees of all operating reactors
facilities. The bulletin required written responses from
the licensees, within 120 days, regarding the results of
their reviews of environmental qualification of all
safety-related electrical equipment. Further, it
required that the licensees report to the staff, within
24 hours of discovery, any equipment determined to
be unqualified for its service conditions. A supplement
to this bulletin, dated June 6, 1979, was also issued
providing feedback to the licensees regarding
deficiencies in the environmental qualification of cer-
tain pilot solenoid valves.

In response to the bulletin and its supplement the
staff has received several “24-hour reports” (23
separate reports from 29 different nuclear plants)
involving seven different types of equipment—(1)
limit switches mounted on safety-related valve stems
to indicate stem position; (2) containment isolation
valve motor operators; (3) instrument and control
cable insulated terminal lugs; (4) aluminum limit
switch housings on containment isolation valves; (5)
ASCO pilot solenoid valves for miscellaneous valve air
operators; (6) terminal blocks enclosed in boxes; and
(7) interconnecting wires. In each instance where an
item of equipment was determined to be unqualified,
the staff immediately evaluated the impact on the
health and safety of the public and the adequacy of the
remedial steps proposed by the licensees. In some
cases, the licensees elected to replace the unqualified
equipment immediately; in others, a basis for con-
tinued operation pending corrective action at a future
date was provided. In those cases where the licensees
proposed to continue to operate the plant for a period
of time before shutting down and replacing the
affected equipment, the following factors were con-
sidered in the staff evaluations of whether the plants
could contiaue to be operated safely: (1) redun-
dant/diverse components available to perform the
required safety functions; (2) locking of the affected
component in its safety position; (3) administrative
actions and revised operating procedures; (4) addi-
tional operability tests and inspections; (5) post-
accident mitigating actions available; and (6) fail safe
design features. In all cases where continued operation
was requested by the licensees, based on a plant-
specific safety evaluation, the staff has concluded

(contingent, in some cases, upon additional staff re-
quirements being satisfied) that the plants could con-
tinue to be operated safely.

An NRC task group has been formed to review in
detail the licensees’ responses to Bulletin 79-01. The
reviews will be conducted in accordance with
guidelines being prepared specifically for evaluating
the qualification of Class IE equipment in operating
reactors. The guidelines will address all of the signifi-
cant aspects of the most current industry standard for
Class IE electrical equipment qualification, IEE Std.
323-1974.

The Office of Nuclear Reactor Regulation has
prepared guidelines for the Office of Inspection and
Enforcement to use in identifying safety-related elec-
trical equipment installed in operating reactors whose
documentation does not provide reasonable assurance
of environmental qualification.

Pipe Support Base Plate Problem

During the review of pipe support designs at the
North Anna Units 1 and 2 and Shoreham Unit 1, a
potential design deficiency was discovered in the
modeling assumptions used to calculate pipe support
anchor bolt loads. Inspections at Shoreham also
revealed deficient installations of a large number of
the anchor bolts. During June 1978, the NRC initiated
audits of engineering firms involved in the design of
pipe supports to determine the potential generic extent
of the problem in operating plants. As a result of these
audits and the review of operating experience related
to pipe support failures, the NRC issued Bulletin 79-02
on March 8, 1979, to all operating plants and to all
plants with construction permits. The bulletin
requires all licensees to re-calculate anchor bolt loads
using appropriate modeling assumptions and to
inspect the anchor bolt installations to insure that
anchorage systems have an adequate margin of safety
for the imposed loads.

"Preliminary review of licensee responses has been
completed. Modifications to most plants should be
completed by March 1980. Several operating plants
are making substantial modifications to their existing
anchor bolts to meet the requirements of the bulletin.
The staff has reviewed the existing design margins and
has determined that sufficient margin exists with
respect to the functional capability of the affected
safety systems during a seismic event to allow opera-
tion while these modifications are being made.

Nonconformance of Actual Installation of
Safety-Related Piping Systems
To Design Documents

During seismic reanalyses of safety-related piping
with acceptable computer codes (see “Shutdown and



Seismic Reanalysis of Five Operating Reactors”
below), inspection of several piping systems by NRC
and its licensees identified substantial differences bet-
ween design documents and the as-built condition of
the piping and supports. Some examples are:
¢ Surry 1—Mislocated supports, wrong support
type, and different pipe geometry.

* Fitzpatrick—Supports installed which were not
accounted for in the analyses, cracked welds on
support components, and bent rod hangers.

¢ Brunswick 1 and 2—Undersized pipe supports.

¢ St. Lucie l-—Missing seismic supports and
mislocated supports.

In order to obtain accurate and valid results, the
data used as input to the required pipe stress analyses
and associated support evaluations, e.g., pipe size,
geometry, support location and type, must reflect,
within construction tolerances, the “as-built” condi-
tion of the plant. Specific seismic reanalysis results for
Surry 1, Fitzpatrick, and Beaver Valley 1
demonstrated that when the analyses reflected the as-
built condition of the facilities, piping stresses, nozzle,
penetration, and support loads exceeded their
allowable values. Several support modifications, addi-
tions, and deletions were necessary to the facilities’
piping and supports in order to show compliance with
the originally intended design criteria.

The magnitude and type of discrepancies discussed
above were discovered at 11 power reactors, in-
dicating that the problem may be generic and could
substantially lessen the ability of a large number of
facilities to adequately withstand the effects of a
seismic event. Therefore, on July 2, 1979, the NRC
issued Bulletin 79-14, addressing seismic analyses for
as-built safety related piping systems. Revision 1,
which exempts from the requirements of this bulletin
all two-inch and smaller piping not computer analyz-
ed, was issued July 18, 1979. Additional guidance was
provided by the issuance of supplements to the bulletin
on August 15 and September 7, 1979,

Bulletin 79-14 requests that all licensees verify that
the seismic analysis input information accurately
reflects the facility as actually constructed. Licensees
were requested to inspect piping geometry, piping
support and restraint designs, pipe attachments, and
valve and valve-operator locations and weights. The
bulletin requests that licensees establish an ad hoc
inspection program to be completed within 120 days.
Further, the bulletin requires that licensees resolve
specific nonconformances by either making changes to
the system so that it conforms to design or by correc-
ting the erroncous seismic analyses to demonstrate
conformance of the as-built system to design criteria.
It also requires that licensees take action to correct
administrative problems which could allow this prob-
lem to recur.

Because of the extensive effort required—involving
highly qualified stress analysts and related engineering
disciplines—the time for completion of the re-
quirements of the bulletin has been extended beyond
120 days. Most facilities are scheduled to complete the
requirements by April 1980,

The NRC is assessing the results of the continuing in-
spections by licensees. Although not yet complete, the
inspections conducted to date indicate that most
facilities will be required to make some equipment
changes. Most of the operating plants have already
modified or added piping supports because of devia-
tions found between the existing, as-built, equipment
and design documents. Several plants, including Fort
St. Vrain, Millstone Unit 2, D.C. Cook Unit 1 and
Rancho Seco, have shut down for various lengths of
time, in compliance with technical specification re-
quirements, as a result of discrepancies discovered
during the inspections.

Several architect-engineer firms and licensees have
been audited to discuss and examine their procedures
in the implementation of bulletin requirements, and
more audits are planned for the future.

Shutdown and Seismic Reanalysis of
Five Operating Reactors

The Nuclear Regulatory Commission staff ordered
five plants to shut down on March 13, 1979, until
reanalysis and necessary modifications were made to
safety-related piping systems, in order to bring them
into conformance with requirements for withstanding
earthquakes. The plants ordered shutdown were;
Beaver Valley Unit 1, James A. FitzPatrick, Maine
Yankee and Surry Units 1 and 2.

Stone and Webster Engineering, the architect-
engineer for these five plants, and Duquesne Light
Company, the licensee for the Beaver Valley facility,
had earlier reported to the NRC, during a meeting on
March 8, 1979, that they had discovered that an
algebraic summation method has been used to com-
bine seismic forces in the computer code called
SHOCK II. The algebraic summation method can
result in cancellation of seismic forces and thus may
result in the prediction of stresses significantly lower
than would be predicted by NRC-approved tech-
niques. Following the meeting on March 8, members
of the NRC staff met for three days with Stone &
Webster Engineering officials in Boston, Additional
analyses of piping systems for the Beaver Valley facili-
ty were performed. These analyses indicated signifi-
cant overstress in the piping systems under postulated
earthquake conditions when computer codes were
used which did not combine seismic loads algebraical-
ly. Piping systems involving the integrity of the reactor
coolant pressure boundary, emergency core cooling
systems and safe shut down systems were involved. It
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The Virginia Electric Power Co. began repairs on the steam
generator of Surry Power Station, Unit 2, including the replace-
ment of the lower sections of all three steam generators with new,
improved sections. The effort will take about one year to com-
plete. Shown in this photograph is one of the sections being remov-
cd through the equipment hateh of the reactor containment. NRC
is arranging to obtain one of the steam generator sections for use in
its research and development programs.

was also determined that the same computer code
(SHOCK 1II) was used in the design of four other
facilities. The NRC staff ordered all five plants shut-
down because there was no assurance that a severe
earthquake at any of these facilities would not cause
an accident, damage emergency core cooling systems,
and prevent safe shutdown of the plant.

The required reanalysis and necessary modifications
were completed for Maine Yankee and Beaver Valley
and orders were issued permitting resumption of
operation, on May 24, 1979 and August 8, 1979,
respectively. Sufficient reanalysis and modifications
were completed for FitzPatrick and Surry Unit 1 to
permit orders, issued on August 14, 1979, and August
24, 1979, respectively, allowing resumption of opera-
tion for 60 days while some remaining pipe support
analyses were completed.

Surry Unit 2 was shut down for steam generator
repair and replacement prior to the March 13, 1979,
shutdown order. Because of the long shutdown for
steam generator work, the seismic reanalysis required
by the order was delayed by the licensee. It was not

anticipated that the required seismic reanalysis would
lengthen the plant shutdown.

Several actions have been taken by the NRC staff
related to review, evaluation and approval of com-
puter codes used for seismic analysis of saftey-related
piping. Following issuance of the show cause orders, a
computer code verification program was initiated by
the staff, with three principal parts: (1) review of
actual computer code listings, (2) solution of NRC
benchmark problems to compare results to known
values, and (3) independent check analyses of piping
problems using NRC’s own computer code. In addi-
tion, the NRC staff reviewed the development of the
mathematical model which represents the piping
system.

On April 13, 1979, the Florida Power and Light
Company, licensee for Turkey Point Units 3 and 4,
reported that algebraic summation techniques had
been used by Westinghouse in the design of the main
reactor coolant system piping. The NRC reviewed the
results of Westinghouse’s reanalysis, determined that
piping design was acceptable, and permitted resump-
tion of operation of both Turkey Point units.
However, as a result of this information, an IE
Bulletin was issued on April 14, 1979, requiring all
licensees to review the computer codes used in the
design of safety-related systems to determine if
algebraic summation had been used. A total of 24 ad-
ditional plants had used an algebraic summation tech-
nique. Four of these plants were still under construc-
tion and had not yet been issued operating licenses.
The computer codes identified were:

SHOCK II—Stone & Webster Engineering
WESTDYN— Westinghouse
DAPS—General Electric

PIPDYN II—Franklin Institute
ADLPIPE—Arthur D. Little Company

The NRC staff has required reanalysis of all affected
piping, with modification as necessary, and computer
code verification for those codes used for reanalysis.
The majority of the 25 operating reactors used
algebraic summation methods on very few piping
systems and had reanalyzed these systems prior to
responding to the bulletin. In a few cases (Pilgrim 1,
Brunswick 1 and 2, Indian Point 3 and Salem 1) the
use of algebraic summation was more extensive. One
unit, Salem 1, shut down since March 31, 1979, for
refueling and other modifications, did not resume
operation until November 13, following resolution of
the algebraic summation issue. All other units have
been resolved completely or, based upon NRC staff
evaluation, have been permitted to continue operation
during reanalysis. In each case where continued
operation was permitted (Brunswick 1 and 2 and
Indian Point 3), the analysis methods used and the
margin allowed in the piping design were such that
modification to piping systems was unlikely. The staff,



however, required detailed reanalyses to confirm that
the designs were acceptable.

Petition for the Seismic Reanalysis
Of Operating Reactors

On March 28, 1979, the Union of Concerned Scien-
tists (UCS) filed a petition which proposed that the
NRC require all plants with an operating license to
perform a seismic reanalysis within a 120-day time
period. The proposed reanalysis consisted of reevalua-
tion of: (1) the magnitude of the safe shutdown earth-
quakes; (2) the free-field ground motion at the site; (3)
the motions of the structures during a seismic event;
(4) the plant equipment motions during a seismic
event; (5) the seismic loads on structures, systems and
components in appropriate combinations with other
loads, and the corresponding allowable loadings; and
(6) the conformance of the “as-built” plant to the
design specifications. This petition was issued based
upon concerns arising from issues surrounding the
five-plant shutdown, including the lack of rigorous
computer code verifications, and concerns regarding
the evolution of seismic design criteria through the
years.

Currently acceptable seismic design requirements
for nuclear plants are delineated in Title 10 CFR, the
NRC Standard Review Plan, and associated
Regulatory Guides and engineering codes and stand-
ards.

There are many variations in the parameters used to
define the ground motion imparted by an earthquake.
In evaluating the seismic hazard to a plant for a given
definition of the ground motion, a detailed engineer-
ing evaluation is conducted considering ground
motion, foundation/structure interaction, piping
system equipment, and component response. The
uncertainties in the various steps of the overall analysis
and design lead to conservative assumptions being
made in each step.

The NRC has four programs underway to assess the
seismic design adequacy of operating nuclear plants:

¢ Bulletins have been issued to each licensee requir-
ing evaluations and, if needed, hardware
modifications to affected plant systems. These
items to be evaluated include: (1) verification of
the desired safety margins in piping supports an-
chored by expansion bolts to concrete structures;
(2) verification that the seismic analysis of safety-
related piping systems was based on acceptable
summation methods of seismic loading com-
ponents; (3) verification that as-installed piping
systems and supports are essentially the same as
used in seismic analysis and design.
As the reviews proceed, the NRC will take any
necessary actions deemed appropriate. The

review to date indicates that some installation
and design deficiencies exist; these are being
resolved in a timely manner.

® The Systematic Evaluation Program (see discus-
sion later in this chapter) includes review of the
seismic design of 11 older operating plants. No
major deficiencies in the seismic design which
would affect public safety have been identified.
Several issues have been identified which will re-
quire more detailed studies, and possibly retrofit-
ting, to verify the adequacy of the seismic design
to meet the intent of current design criteria.

® The Seismic Design Criteria study (Task Action
Plan A-40) is a short-term program to provide
generic, quantitative estimates of the conser-
vatisms in selected individual parts of and the
overall seismic design when following current
criteria.

® The Seismic Safety Margins Research Program,
expected to continue for about six years, is
oriented toward improvements in seismic design
methodologies. These studies are being carried
out concurrently with and will extend beyond the
Seismic Design Criteria short-term effort.

The NRC response addressing in detail the concerns
voiced in the UCS petition was in preparation at the
close of the report period. (The UCS petition was
denied by the Director of Nuclear Reactor Regulation
in January 1980.) '

Humboldt Bay

(The background to licensing problems associated
with this facility can be found in the 1977 NRC An-
nual Report, pp. 26-27, and the 1978 NRC Annual
Report, pp. 49-50.)

The Humboldt Bay Power Plant (Cal.) has been
shut down since July 2, 1976, because of unresolved
geologic/seismic concerns regarding local geologic
fault definition and the potential for surface faulting
at the site. Since 1976, the Pacific Gas and Electric
Company (PG&E) licensee for the facility, has con-
ducted extensive geologic investigations and plant
seismic modifications.

A request for hearing with respect to resumption of
operation of the facility was submitted by represen-
tatives of individuals from the Humboldt Bay area.
The NRC Atomic Safety and Licensing Board (ASLB)
has directed that such a hearing be held. On May 7
and June 19, 1979, the ASLB issued separate but
related orders to the licensee requiring that it provide
the board and interested parties progress reports on
the status of ongoing geologic investigations. The
licensee is providing such information bi-monthly and
estimates that the earliest practicable date for pro-
ceeding with a hearing is October 1, 1980. At the close
of the report period, the ASLB was considering the
licensee’s motion to hold the proceeding in abeyance
until October 1980.
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Possible Faulting Near Reactor

On October 24, 1977, the NRC staff ordered that
the General Electric Test Reactor (GETR) at the
Vallecitos Nuclear Center in California be shut down.
This action was based on evidence, revealed by field
investigations, of possible faulting (Verona Fault) at
the GETR site. Since surface faulting was not a design
basis for the GETR facility and the appropriate
seismic design ground acceleration was in question,
the licensee was directed to show cause why the
suspension of operation should not be continued.

Following attempts to argue that the Verona Fault
did not exist, the licensee conducted an extensive field-
trenching investigation. This investigation revealed
additional evidence of faulting at the site. In its report
on these investigations, submitted February 28, 1979,
the licensee concluded that the origin of observed off-
sets was probably large-scale landsliding but could
also be the result of earthquake faulting. Furthermore,
the licensee proposed a zero surface offset design basis
for the reactor building and no more than three feet
displacement on observed offsets.

By letter dated September 27, 1979, the NRC staff
issued its evaluation of the seismology and geology of
the GETR site. The NRC staff concluded that a sur-
face offset of two and a half meters could occur
beneath the GETR. This is in excess of the one meter
surface offset to which the GETR facility has been
analyzed by the licensee.

This issue will be subject to further reviews by the
NRC Advisory Committee on Reactor Safeguards and
the Atomic Safety and Licensing Board.

Fire Protection

Following the fire at the Brown’s Ferry Plant in
March 1975, the NRC initiated a review of the fire
protection programs for all operating plants and for
plants not yet operational. Improved guidelines have
been developed and are being implemented.
Minimum requirements for specific aspects of fire pro-
tection for operating plants are being added to 10 CFR
50. The fire protection program reviews have been
completed for the 70 licensed power plants and
modifications to improve plant capabilities are being
implemented. The modifications to most plants will be
made by late calendar year 1980.

On November 4, 1977, the Union of Concerned
Scientists (UCS) filed a Petition for Emergency and
Remedial Action. Part of this petition dealt with fire
protection concerns at plants under construction and
at operating plants,

The Commission issued an order on April 13, 1978,
denying the UCS petition on the basis that plants
under construction or in operation are in compliance
with General Design Criterion 3—Fire Protection.

On May 2, 1978, the UCS submitted a petition
requesting that the Commission reconsider its April
13, 1978, decision on the earlier petition filed on
November 4, 1977. The Commission took this petition
under consideration, and was reviewing public and
staff comments, developed as a result of the recon-
sideration, at the close of the report period.

Control Rod Guide Tube Integrity

In December 1977, extensive wear and some holes
were observed in the upper section of numerous con-
trol rod guide tubes at Northeast Nuclear Energy
Company’s Millstone Unit 2 facility (Connecticut).
Subsequent inspections at other facilities with reactors
designed by Combustion Engineering (CE) disclosed
similar indications of guide-tube wear. The cause was
found to be flow-induced vibration of fully withdrawn
control rods. The rod tips, vibrating against the guide
tubes, induced degrading wear, probably aided by
corrosion. :

The safety significance of the incidents is related to
the functions of the guide tubes. They serve both as
fuel assembly structural members and as channels for
control rod movement. Thus, a guide-tube failure
could adversely affect either the preservation of a
coolable core geometry or the scram (shutdown)
capability of the control rods, or both.

The observed wear of the guide tubes thus far has
been confined to facilities designed by Combustion
Engineering (CE). There are basic differences
between the CE design of the control rod systems,
which insert into the guide tubes of the fuel
assemblies, and the other designs (Westinghouse and
Babcock & Wilcox). These design differences appear
to have reduced the severity of wear on the guide tubes
in the latter vendors’ facilities. However, such wear in
Westinghouse and Babcock & Wilcox plants and in
Exxon Nuclear fuel assemblies is under investigation
by the NRC staff.

To overcome the susceptibility to wear of the guide-
tube material (Zircaloy-4) and to recover the design
margin lost by wear, CE designed stainless steel sleeves
for use in the guide tubes. Prior to installation of
stainless steel sleeves during a refueling outage,
operators of CE reactors instituted the practice of
inserting the control rods three inches further into the
core than the normal fully withdrawn position. That
action both reduced the local wear intensity and pro-
vided added assurance of scram capability. NRC
approval was granted for this short term admin-
istrative procedure allowing continued operation.

The use of sleeved guide tubes was approved by the
NRC as an interim repair to mitigate the guide-tube
wear on a cycle-specific basis. In conjunction with the
use of the stainless steel sleeves, the staff required that
inspection programs be submitted for review and
approval well in advance of refueling shutdowns.



Additional out-of-reactor hot loop testing by CE
showed the important role of flow-induced vibration
of the control rods in the guide-tube wear problem.
The vibration and, hence, the wear, was reduced by
decreasing some of the guide-tube coolant (water)
flow. Two fuel assembly modifications were designed
to reduce the coolant flow. One involved inserting a
splined cylinder in the top of the guide tube. The sec-
ond involved reducing the size and number of flow
holes in the bottom of the guide tube. Both modifica-
tions, in limited number, are being tested in currently
operating cores to confirm the loop test results.

The NRC has closely followed the analyses and
experiments performed by CE and is in substantial
agreement with the vendor that the results point to
control rod flow-induced vibration as the principal
factor in guide-tube wear. Therefore, design modifica-
tions intended to alter flow in the guide-tubes were
judged appropriate. The NRC has approved the
modified designs for limited operation on the basis
that they will mitigate the wear problem. Approval of
either design modification as a final solution to the
problem will be contingent upon the results of further
out-of-reactor experiments and examination of the
modified assemblies which are currently subject to in-
reactor operations.

The first opportunity to evaluate the performance of
the sleeved guide tubes after reactor operations occur-
red during the Millstone Unit 2 refueling outage in the
spring of 1979. Subsequent to the Millstone 2 refuel-
ing, the St. Lucie Unit No. 1 (Florida) and the Calvert
Cliffs Unit No. 1 (Maryland) also provided evidence
on the performance of the sleeved guide tubes. These
inspections indicate that the sleeving modification has
performed well as an interim solution to mitigate the
guide-tube wear but that it does not eliminate the
cause of the wear. (During the October-November
1979 refueling outage Calvert Cliffs Unit 2 was
scheduled to undergo inspections of modifications
made as interim solutions to guide tube wear.)

The NRC staff will continue to maintain close
liaison with representatives of the licensees and ven-
dors on this issue and any related problems. Approvals
have been granted to allow operaton of the CE plants
on a cycle-specific basis with the stainless steel inserts.
All proposed programs have been reviewed prior to
taking action at any facility, and the staff has required
that all inspection programs continue to be submitted
for review well in advance or refueling shutdowns.

- PROGRESS IN STANDARDIZATION

The NRC believes that standardization of the design
of nuclear power plants is in the interest of public
health and safety, and of effective and efficient regula-
tion. Thus, the NRC is committed to the support and
expanded use of standardization within the Commis-
sion’s regulatory activities.

Four procedural options are available (see 1976
NRC Annual Report, p. 36, for details) to applicants
for standardization of nuclear power plants:
“Reference Systems” (approved design used repeatedly
by reference), “Duplicate Plants” (approved design for
several identical plants), ‘“License to Manu-
facture”(approved design for manufacture of identical
units at the central location), and “Replicate Plants”
(reuse of recently approved custom design).

Since June 1973, when applications were first ac-
cepted which included a standardization option, the
standardization program has realized substantial pro-
gress. Overall, approximately two-thirds of the ap-
plications received in the 1974-1978 time frame have
employed one or more options of the standardization
program. See Table 3 for a listing of the status of ap-
plications.

In August 1978, the Commission approved a
number of changes to the program to encourage its ex-
panded use, as well as to incorporate both industry
and regulatory changes introduced since the program
was first announced in 1972. The revised program
adopted a good many such changes, some of which are
as follows:

(1) The term of holders of all new preliminary design
approvals (PDAs) for reference system designs was
extended from three to five years. Holders of all
issued PDAs were given the opportunity to extend
them to a full 5-year term.

(2) Final design approvals (FDAs) for reference
system designs were eligible for reference in ap-
plications for construction permits. Two types of
FDAs were established. The first, denoted FDA-1,
can be referenced from the time it is docketed to 3
years after expiration of the PDA on which it is
based. The second, denoted FDA-2, can be
referenced from the time it is docketed to 5 years
after it is approved.

(8) A qualification review was devised to permit the
duplicated plant concept to be used in a manner
similar to the reference system concept. In this
regard, five-year preliminary duplicate design
approvals (PDDAs) and final duplicate design
approvals (FDDAs) were established which can be
used in new applications for construction permits
in a manner similar to the use of PDAs and FDAs
under the reference system concept.

(4) A qualification review was defined for replicate
plants and the period for replication was establish-
ed as 3 years after publication of the base plant
Safety Evaluation Report.

(5) A 5-year period of design approval was established
for manufacturing licenses and an uppper limit of
10 units was established.
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PROJECT

Reference Systems

Nuclear Island
GESAR-238(NI)

Turbine Island
C F BRAUN SSAR

Table 3. Standardization Applications

(as of August 31, 1979)

APPLICANT

General Electric

C.F. Braun

Nuclear Steam Supply System (NSSS)

BSAR-205
BSAR-241
CESSAR
GASSAR

GESSAR-238
GESSAR-251
RESAR-3S
RESAR-41
RESAR-414

Balance of Plant (BOP)
BOPSSAR/BSAR-205
BOPSSAR/RESAR-41

ESSAR/BSAR-205
ESSAR/CESSAR
ESSAR/RESAR-414
GAISSAR/BSAR-205
GAISSAR/CESSAR
GAISSAR RESAR-414
GIBBSSAR
SWESSAR/BSAR-205
SWESSAR/CESSAR

SWESSAR/RESAR-3S

SWESSAR/RESAR-41

Babcock & Wilcox
Babcock & Wilcox
Combustion Engineering

General Atomic

General Electric
General Electric
Westinghouse
Wesinghouse

Westinghouse

Fluor Power

Fluor Power

Ebasco

Ebasco

Ebasco

Gilbert Commonwealth
Gilbert Commonwealth
Gilbert Commonwealth
Gibbs & Hill

Stone & Webster

Stone & Webster

Stone & Webster

Stone & Webster

DOCKET DATE

7/30/73

12/21/74

3/01/76
5/14/74
12/19/73
2105/75

10/16/75
2/14/75
713115
3/11/74
12/30/76

10/31/77
1/27/76

5/19/78
2/02/78
11/23/77
8/21/78
8/21/78
8/21/78
5/10/77
12/22/75
10/21/74

10/02/75

6/28/74

COMMENTS

Nuclear Island, PDA-1

(Preliminary Design Approval) issued

12/22/75

Turbine Island Matched

TO GESSAR-238(NI). PDA-5 Issued

5/07/76

PDA-12 issued 5/31/78
(withdrawn)
PDA-2 issued 12/31/75

Review suspended at request of appli-

cant.

PDA-10 issued 3/10/77
PDA-9 issued 3/31/77
PDA-7 issued 12/30/76
PDA-3 issued 12/31/75
PDA-13 issued 11/14/78

BOP matched to BSAR-205

PDA-11 issued 8/17/77
BOP matched to RESAR-41

BOP matched to BSAR-205
BOP matched to CESSAR
BOP matched to RESAR-414
BOP matched to BSAR-205
BOP matched to CESSAR
BOP matched to RESAR-414
BOP matched to RESAR-414
BOP matched to BSAR-205

BOP matched to CESSAR
PDA-6 issued 8/16/76

BOP matched to RESAR-3S
BPDA-8 issued 3/31/77

BOP matched to RESAR-41
PDA-4 issued 5/05/76
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PROJECT APPLICANT DOCKET DATE COMMENTS
Utility Applications Using Reference Systems
Cherokee 1,2&3 Duke Power 5/24/74 References CESSAR. CP issued 12/30/77
Perkins 1,2&3 Duke Power 5/24/74 References CESSAR
South Texas 1&2 Houston Light and Power Co.  7/05/74 References RESAR-41 CPs issued 12/22/75
WPPSS 3&5 Washington Public Power 8/02/74 References CESSAR
Supply System ‘ CPs issued 4/11/78
Palo Verde 1,2&3 Arizona Public Service 10/07/74 References CESSAR. CPs issued 05/25/76
Hartsville 1,2,3&4 Tennessee Valley Authority 11/22/74 References GESSAR-238(NT)
CPs issued 05/09/77
Palo Verde 4&5 Arizona Public Service 03/31/78 References CESSAR
Black Fox 1&2 Public Service of Oklahoma 12/23/75 References GESSAR-238 (NSSS)
Phipps Bend 1&2 Tennessee Valley Authority 11/07/75 References GESSAR-38
CPs issued 1/16/78 (NI)
Erie 1&2 Ohio Edison Co. 310177 References BSAR-205
Yellow Creek 1&2 Tennessee Valley Authority 3/16/76 References CESSAR

Duplicate Plants

Byron 1&2 Commonwealth Edison 9/20/73 Two units at each of two sites.
CPs issued 12/31/75

Braidwood 1&2

Cherokee 1,2&3 Duke Power 5/24/74 Three units at each of two sites. Also
references CESSAR. Cherokee CPs
issued 12/30/77.

SNUPPS Five units at four sites.
Wolf Creek Kansas Gas & Electric Co. 5/17/74 CP issued 5/17/77
Kansas City Power & Light
Callaway 1&2 Union Electric 6/21/74 CPs issued 4/14/76
Tyrone 1 Northern States Power 6/21/74 CPs issued 12/27/77
Sterline Rochester Gas & Electric 6/21/74 CP issued 9/01/77
WNP
Koshkonong 1&2 Wisconsin Electric Power 8/09/74 Initially submitted under duplicate plant

option with intent for as many as

six total units at three sites. Utility’s
change in plans led to removal from
standardization program by staff. Review
discontinued because of site problems

Madison Gas & Electric
Wisconsin Power & Light
Wisconsin Public Service

License to Manufacture

Floating Nuclear Offshore Power Systems 7/105/73 Entire plant design
Plant (FNP) 1-8

- Replication
Jamesport 182 Long Island Lighting 9/06/74 Replicates Millstone 3
Marble Hill 182 Public Service of Indiana 9/17/75 Replicates Byron 1&2
New England 1&2 New England Power & Light  9/09/76 Replicates Seabrook 1&2
Palo Verde 4&5 Arizona Public Service 3/31/78 Replicates Palo Verde 1,2&3

Haven 1 Wisconsin Electric Power 4/05/78 Replicates Koshkonong 1&2
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Staff studies (NUREG-0427) have shown that the

NRC standardization program is about at the break-
even point, that is, the staff resources spent on the
review of standardization plants and design approval
applications is about equivalent to the resources that
would have been used if only custom plants had been
involved. To the extent that utilities reference approv-
ed designs in the future, the balance will become more
and more favorable for the standardization program.
On the other hand, should the staff be requested to
review additional PDA’s and new applications that do
not reference PDA’s, FDA’s, or ML’s (Manufacturing
Licenses), the use of standardization to reduce the use
of staff resources would not be realized.

Staff studies also have revealed that use of the stan-
dardization options have not, to date, resulted in a
reduction of schedules. These studies show that the
potential exists for significant schedule reductions only
when there is preapproval of the Nuclear Steam Sup-
ply System (NSSS), the Balance of Plant (BOP), and
the site, the three review areas that separately can
define the critical path. Thus, a strong incentive exists
for pursuing site approvals via the Early Site Review
Program, since approved PDAs now exist for the NSSS
and BOP portions of the plant. Utility-related matters
of the application, such as the quality assurance pro-
gram or the financial qualifications, generally do not
control the overall review schedule.

Program actions completed during fiscal year 1979
included: (a) extending Balance-of-Plant PDAs to a
full 3-year term; (b) extending six PDAs to a full 5-year
term based upon a completeness review; and (c) issu-
ing a PDA for RESAR-414. Additional reviews and
policy initiatives were temporarily suspended in April
1979 as a result of the TMI-2 accident. Staff resources
were re-directed to high priority activities associated
with the accident-related studies.

ADVANCED NUCLEAR POWER PLANTS

On April 7, 1977, President Carter issued a state-
ment on Nuclear Power Policy which restated the role
that nuclear energy was to have in the total energy
prospects of the country. The President’s policy would
defer indefinitely the commercial reprocessing and
recycling of plutonium produced in nuclear power
reactors, restructure the U.S. breeder reactor program
to give high priority to alternative designs, and defer
the time when breeder reactors are to be commer-
cialized.

During this reporting period, the NRC has con-
tinued its participation in the review and assessment of
a variety of reactor types and fuel cycles being con-
sidered by the Department of Energy (DOE) as part of
the Nonprolifereation Alternative Systems Assessment
Program (NASAP); it also continued performing

reviews and providing comments on the studies and
assessments being performed under the International
Nuclear Fuel Cycle Evaluation (INFCE) program. In
its reviews and comments, the staff focused on the
potential licensability of these reactor types and
associated fuel cycles, with respect to safety and safe-
guards concerns and environmental acceptability.

Based on advanced reactor licensing experience and
preliminary safety documents supplied by DOE, the
staff prepared its initial comments on alternative reac-
tors and fuel ¢ycles and forwarded them to DOE in
June 1979. These initial findings are summarized in
the first of a series of reports to Congress published in
October 1979.

Clinch River Breeder Reactor

The status of the staff review of the Clinch River
Breeder Reactor remained inactive throughout the
year and will remain so pending enactment of legisla-
tion clarifying the status of the facility.

Fast Flux Test Facility

The Fast Flux Test Facility (FFTF) is a major
LMFBR test facility which, with a power of 400
megawatts (thermal), will provide an intense field of
fast neutrons for irradiating fuels and materials in con-
nection with advanced reactor research and develop-
ment. The facility, which is located about 10 miles
north of Richland, Washington, is owned by the
Department of Energy (DOE) and is not subject to
licensing by the NRC. An NRC staff safety review was
performed, however, under terms of an interagency
agreement with DOE. The staff completed the major
part of its review effort and, in August 1978, issued its
Safety Evaluation Report (NUREG-0358). A supple-
ment to the SER (NUREG-0358, Supplement No. 1)
was issued in May 1979. Sodium filling of one second-
ary sodium loop took place in July 1978. Fuel loading
was expected in October 1979. Prior to full power
operation, now scheduled for early 1980, a series of
tests was to be performed to determine whether
natural circulation is a viable method of removing
decay heat as predicted by analyses.

The Advisory Committee on Reactor Safeguards
(ACRS) was extensively involved in the review of
FFTF and meetings addressing that review were held
in July, August, September and November 1978. The
ACRS concluded that the startup and operation of the
FFTF is acceptable, provided that due regard is given
to NRC consequences of certain low probability
accidents, and other specified matters. DOE is
presently evaluating the NRC staff recommendations
regarding containment adequacy for low probability
accidents.



Gas-Cooled Reactors

As a consequence of the withdrawal of the General
Atomic Company from the commercial nuclear power
market in late 1975, regulatory activities related to
gas-cooled reactors have been confined primarily to
the Fort St. Vrain reactor. Limited reviews of
advanced high-temperature gas-cooled reactors and of
a gas-cooled fast breeder reactor have been under-
taken in conjunction with the NRC’s participation in
the NASAP study.

Fort St. Vrain. Fort St. Vrain, a 330-MWe high-
temperature gas-cooled reactor (HTGR), was designed
by the General Atomic Company and is operated by
the Public Service Company of Colorado near
Platteville, Colorado. Transfer of ownership to Public
Service was made in June 1979. Power level is
restricted to 70 percent of initially rated power pend-
ing resolution of the fluctuation problem described on
page 40 of the 1978 NRC Annual Report.

Advanced High-Temperature Gas-Cooled Reactors.
In early 1978, a group of utilities formed an organiza-
tion, Gas Cooled Reactor Associates (GCRA), for the
purpose of developing a commercially viable advanced
HTGR. GCRA manages the DOE funds supporting
the project and is responsible for carrying out initial
phases of the licensing review. In early 1979, a deci-
sion was made to terminate work on a standardized
900 MWe steam cycle plant in favor of working
toward the demonstration of the gas turbine cycle in
the mid-1990’s. NRC review of this concept is being
performed under NASAP auspices.

Gas-Cooled Fast Breeder Reactor. In late 1976, an
organization of utilities, Helium Breeder Associates
(HBA), was formed to work with both the General
Atomic Company and DOE (then the Energy
Research and Development Administration) toward
the development and demonstration of the Gas-Cooled
Fast Breeder Reactor (GCFR). The GCFR demonstra-
tion unit would produce 330 MWe. Both DOE and
HBA have accented General Atomic’s revised reactor
design that would permit emergency core cooling by
means of natural convection. This concept is now
being reviewed under NASAP auspices.

Floating Nuclear Power Plants

Floating nuclear power plants (FNPs) are electrical
generating stations of a standardized design which
would be constructed at a shipyard facility using
assembly line techniques. The proposed FNPs would
utilize a conventional pressurized light water reactor
system design mounted on floating platforms, similar
to the hull of a barge, and can be sited at offshore or
nearshore sites in the ocean or in estuaries and rivers.
Offshore Power Systems (OPS), a subsidiary of
Westinghouse Electric Corporation, filed an applica-
tion with the NRC in 1973 for a license to manufacture

up to eight identical floating nuclear power plants at
Blount Island near Jacksonville, Fla.

An NRC staff Safety Evaluation Report
(NUREG-75/100) was issued in September 1975; Sup-
plement No. 1 (NUREG-0054) was issued in March
1976 and Supplement No. 2 in October 1976. It was
anticipated that Supplement No. 3 will be issued in
early 1980.

The staff has also prepared a three-part Final En-
vironmental Impact Statement (FES) to assess the
potential impacts from the construction, siting and
operation of FNPs. Part I, issued in October 1975,
relates to the construction and nonnuclear testing of
the FNPs at the manufacturing site in Florida. Part I
concluded that foreseeable adverse impacts from
manufacturing the FNPs would be acceptable in con-
sideration of the benefits expected from the plants and
therefore recommended that a manufacturing license
be issued, subject to certain license conditions. Part II,
issued in September 1976, relates to the potential im-
pacts associated with siting, constructing, and
operating FNPs at generalized unspecified locations
offshore in the Atlantic Ocean, Gulf of Mexico and in
certain rivers and estuaries. At the request of the
Council of Environmental Quality, the NRC issued an
Addendum to Part II of the Final Environmental
Statement, in June 1978, which elaborated upon the
data and analyses presented in Part II with respect to
the estuarine and riverine siting of FNPs. The staff
concluded there was reasonable assurance that eight
FNPs could be sited, constructed and operated with
acceptable environmental impact at offshore sites
along the Atlantic Ocean and Gulf of Mexico and at
carefully selected shoreline locations, including
estuarine waters. The U.S. Environmental Protection
Agency, however, believes that it will be difficult to
find environmentally acceptable sites in any of the
estuarine or barrier island areas along the East and
Gulf Coasts.

Part III of the FES, issued in December 1978, com-
pared the total risk to the environment from acciden-
tal releases of radjoactivity for both floating and land-
based nuclear power plants. A wide spectrum of ac-
cidents were considered including, for the first time,
low-probability, core-melt accidents (Class 9) in the li-
quid pathway. Part III also included an overall cost-
benefit analysis for all elements of the environmental
statement and concluded that a manufacturing license
should be issued subject to several license conditions,
including a specific license condition to mitigate the
potential environmental impacts from a core-melt ac-
cident at an FNP. This involves the use of a material
such as magnesium oxide beneath the reactor vessel in
order to retard the penetration by the melting core
through the bottom of the FNP hull.

Part III also listed NRC generalized requirements
for compliance by a utility/operator of an FNP when
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an application is made to the NRC for locating an FNP
at a specific site. These include modification of FNP
sites in estuaries, rivers or near barrier islands so as to
limit the release of radioactive materials into the sur-
rounding water body following the unlikely event of a
core-melt accident. A principal reference used in the
preparation of the FES, Part III was the Liquid
Pathway Generic Study (NUREG-0440), issued in
February 1978.

Public hearings on safety and environmental issues
were started in March 1975 and continued through
1979. Offshore Power Systems appealed the staff’s
precedent-setting decision to include Class 9 accidents
in the comparative analyses of the FES. In December
1978, the Commissioners agreed to review whether
Class 9 accidents were a proper subject for treatment
in the environmental impact statement. On September
14, 1979, the Commission issued a Memorandum and
Order in the Matter of Offshore Power Systems which
stated the Commission’s position that the staff’s
analysis of the Class 9 accident question is properly in-
cluded in the environmental impact statement in this
proceeding in order to meet NRC’s NEPA respon-
sibilities. Both the applicant and the staff have submit-
ted partial proposed findings of fact to the licensing
board and all safety and environmental contentions
have been addressed during the hearing process. Addi-
tional hearings were held in late 1979 in order to
discuss the licensing board’s questions regarding the
staff’s Class 9 analysis.

The first application for a permit to construct and
operate an offshore floating nuclear power station was
filed in 1973 by the Public Service Electric and Gas
Company (PSE&G) of New Jersey. The proposed
Atlantic Generating Station (AGS) consisted of two
floating units (1150 MWe each) located approximately
three miles off the coast of New Jersey and about 11
miles northeast of Atlantic City. In December 1978,
PSE&G cancelled its contract with OPS, citing among
its reasons the lower than anticipated electricity
growth rate in its generating area. The application has
been withdrawn and the licensing proceeding dis-
missed.

PROTECTING THE ENVIRONMENT

Health Effects of the
Coal and Nuclear Fuel Cycles

As noted in the 1978 Annual Report, the NRC is ac-
tively involved in developing estimates of potential ef-
fects of the coal and nuclear fuel cycles to aid in the
analysis of alternative energy sources for generating
electricity. Final revision of the draft report, “Health
Effects Attributable to the Coal and Nuclear Fuel
Cycles” (NUREG-0332), is being held in abeyance

pending release of the latest National Academy of
Sciences Report of the Committee on Nuclear and
Alternative Energy Sources (CONAES). A contracted
study with the Argonne National Laboratory on health
effects models for the nuclear and coal fuel cycle alter-
natives is nearing completion.

In November 1979, the staff issued a report
prepared under contract by Teknekron, Inc., entitled,
“Activities, Effects and Impacts of the Coal Fuel Cy-
cle” (NUREG-CR-1060). The report provides a cur-
rent data base related to the health, ecological,
economic and social impacts of the coal fuel cycle. The
report considers the impacts resulting from the various
phases of the coal fuel cycle: resource extraction, coal
cleaning, transportation, storage, power production
and waste disposal.

Assessment of Radiological Consequences
Of Radionuclide Releases

By means of Federal Register notice of January 13,
1977 (42 FR 2858), the Environmental Protection
Agency officially issued 40 CFR Part 190, En-
vironmental Radiation Protection Standards for
Nuclear Power Operations. The standards require that
operations covered by the subpart B, Environmental
Standards for the Uranium Fuel Cycle, shall have no
planned discharges that will result in an annual dose
equivalent to any member of the public that will be in
excess of 25 millirems to the whole body. Other re-
quirements involve organ doses and releases of specific
radioisotopes. The standards are effective as of
December 1, 1979, except that for doses arising from
operations associated with the milling of uranium ore,
the effective date is December 1, 1980. For releases of
iodine-129 and krypton-85, the standard will be effec-
tive January 1, 1983. The standards may be exceeded
during a given year of operation only if the regulatory
agency has granted an exemption based on a determi-
nation that a temporary and unusual operating condi-
tion exists and that continued operation is in the public
interest.

The NRC has been developing provisions to be in-
corporated in license conditions requiring that NRC
licensees meet the conditions of Part 190. Most nuclear
power plants that meet the requirements on radioac-
tive effluents promulgated by Appendix I to 10 CFR
Part 50 have been shown generically to meet Part 190.
To assure full compliance, the model Radiological Ef-
fluent Technical Specifications (RETS), contained in
NUREGs-0482 and -0473, have been modified to in-
clude Part 190 requirements as a limiting condition for
operation. Staff documents (NUREGs) further
describing acceptable methods for demonstrating
compliance with Part 190 are in progress. The Office
of Nuclear Material Safety and Safeguards is develop-



ing license conditions for the uranium fuel cycle
facilities under its cognizance. The Office of Standards
Development is preparing modifications for Title 10
regulations and for regulatory guidance documents
that will further identify the requirements that Part
190 places on NRC licenses.

Control of Effluents

Standard Technical Specifications. As a result of the
staff’s continuing review and discussions with the
Atomic Industrial Forum and other parties of interest,
substantive revisions were made to the NRC draft
reports on “Radiological Effluent Technical Specifica-
tions” (NUREG-0472 for PWRs, and NUREG-0473 for
BWRs). The revised reports still incorporate the fun-
damental requirements and concepts contained in the
original, but equations for dose calculations, setpoint
determination, and meteorological dispersion factors
have been eliminated. These equations, among other
items, are now required to be included in an Offsite
Dose Calculation Manual (ODCM) that is to be pro-
vided by each licensee to NRC for review and approval
along with the proposed Technical Specifications.
Regional seminars were held in late 1978 to provide
guidance in the preparation of the Technical
Specifications. All affected utilities were invited to
send representatives to these seminars. Licensees are in
the process of submitting their proposed Technical
Specifications and review of these by the staff was in
progress at the close of the report period. Licensee sub-
missions and NRC reviews should be completed by
mid-1980.

In-Plant Measurements Program. In order to assure
that the best available data is employed in improving
the calculational models used to appraise conformance
of licensees with Appendix I to 10 CFR Part 50, the
NRC contracted with Idaho National Engineering
Laboratory to perform in-plant measurements on
pressurized water reactors (PWRs). The measurements
will provide a data base for radidoisotope inventories
in plant systems, radioactive waste management
systemn performance, and source term for both liquid
and gaseous systems. As of the end of the report
period, measurements had been completed at four
plants (Zion, Fort Calhoun, Turkey Point, and
Rancho Seco).

Three Mile Island Accident Response. The perform-
ances of the effluent treatment systems following the
onset of the TMI accident were evaluated and the
amounts of released radioactivity have been assessed.
Recommendations were made for operating proced-
ures involving the use of existing equipment and the
installation of new equipment needed to assure that
releases of radioactivity during this emergency period

would be kept at levels as low as possible under the cir-
cumstances and to remain within established NRC
effluent standards (see Chapter 2).

During the long-term recovery period for the TMI
plant, the TMI-2 Support Task Force of the NRC will
continue to review all matters related to maintenance
of the reactor in a safe shutdown condition, decon-
tamination of equipment and buildings, installation of
new equipment and systems, the processing of liquids
contaminated from the accident for removal of radio-
activity, the storage and shipment of radioactive
wastes, and releases of low levels of radioactivity to the
environment. Safety evaluations and environmental
assessments for the more significant recovery opera-
tions are being prepared. These activities are being
coordinated with local, State, and other Federal
officials. '

Site-Related Problems

Rejection of Greene County Site Due to Esthetic Im-
pacts. It was during 1979 that the NRC for the first
time rejected a proposed nuclear site primarily
because of adverse socioeconomic impacts. The staff
concluded that the proposed Greene County plant at
the Cementon, New York site would result in unaccep-
table esthetic impacts on certain local, regional, and
national historic, scenic, and cultural resources. The
major reason for that judgment was the visual intru-
sion of plant facilities—primarily the natural-draft
cooling tower and its plume—into the central view
from Olana, the home of 19th Century painter
Frederick Church, which had been designated as a
National Historic Landmark. Other visually sensitive
areas that could be adversely affected were also iden-
tified. The staff analyzed the esthetic impacts from
alternative cooling systems but determined that even
the least visually obtrusive alternative would still be
likely to have undesirable effects. The staff also iden-
tified severe (although generally mitigable) socio-
economic impacts arising from the potential loss of a
local industry because of the facility’s land needs and
from the need to substantially change the local
transportation network to serve the facility. The staff
concluded that there are several alternative sites in
New York State that, on the basis of environmental
considerations, are obviously superior to the proposed
site.

Mass Mortality of Biota. NRC continues to monitor
potential environmental problems arising from
operating nuclear power plants. In the summers of
1978 and 1979, a sizeable number of weakfish (also
known as sea trout) were drawn onto the intake
screens at the Salem Nuclear Station. At the Oyster
Creek Station in August 1979, unusually high temp-
eratures resulted in the apparent loss of a small but still
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significant number of several species of fish. The staff
is working closely with EPA in reviewing the facts
associated with these occurrences to determine
whether corrective action should be taken,

Water Quality Monitoring Requirements. In order
to ascertain the environmental consequences of power
plant licensing, NRC is placing increasing reliance on
EPA’s permit system, a result of the National Pollution
Discharge Elimination System (NPDES). A major step
to avoid the confusion and inequity resulting from
regulation of the aquatic environment by two Federal
agencies was taken with the closely coordinated
review of TVA’s Yellow Creek Nuclear Station Con-
struction Permit Application. As a consequence of the
Yellow Creek Proceeding, which suggested that this
approach was not only desirable but legally necessary,
the NRC staff is striving to obtain EPA or State agency
resolution of questions pertaining to water quality that
may arise during NRC’s environmental review.

Implementation of Executive Order 11988 on
Floodplains. By an Executive Order issued in May
1977, President Carter called upon Federal agencies to
consider any action they undertake affecting the
nation’s floodplains as an opportunity to reduce the
impact of floods on human safety, health and welfare,
and to restore and preserve the natural and beneficial
values served by floodplains. The NRC staff developed
procedures for reviewing reactor sites in a manner
consistent with the intent of the Executive Order and
published these in the Federal Register on October 6,
1978. In addition, licensing procedures and Environ-
mental Standard Review Plans were revised to address
floodplain issues more explicitly. During 1979 the staff
undertook the evaluation of several reactor sites with a
view to improving floodplain management. Most sites
for nuclear power plants require placement of some
type of facilities in floodplains, such as auxiliary
buildings, pipelines, and roadways associated with in-
take and discharge structures. Usually they are small
in size, relative to the floodplain cross-sectional area,
and do not interfere significantly with its flood-
handling capability. If significant impacts are iden-
tified, it is generally required that structures be
relocated or redesigned, or that other measures be
taken to preserve the floodplain function.

The Executive Order on Floodplain Management
also requires that floodplain considerations be address-
ed in NRC environmental impact statements and that
guidance be afforded to applicants so that they can
evaluate the effects of their proposals on floodplains
prior to submitting their applications. The NRC‘s En-
vironmental Standard Review Plans, published in May
1979 as NUREG-0555, satisfy these requirements for
environmental concerns. Specific instructions are
given for the NRC staff analysis of potential floodplain

impacts and the discussion of these impacts in the
Commission’s Environmental Statements. A separate
portion of each environmental standard review plan,
describing data and information sources needed to
conduct the environmental review, may be used by
applicants as a guide for the treatment of floodplain
concerns in their environmental reports.

Evaluation of Breakwaters for Coastal Nuclear
Plants. Breakwaters made up of massive rocks or con-
crete armor units are often used to protect nuclear
power plants from the effects of damaging waves. In
1979, the staff studied two special cases involving
breakwaters and related to both safety and environ-
mental issues. The breakwater at Pilgrim Nuclear
Generating Station near Plymouth, Massachusetts had
been damaged by the same storm which produced
record snowfalls in the Boston area in February 1978,
The breakwater was damaged again during the winter
and early spring of 1979. The staff evaluated the prob-
able causes of the damage, inspected the repair of the
structure, and is currently evaluating the possible
redesign of the breakwater to assure that the plant
safety systems are not compromised.

Breakwater designs for floating nuclear plants were
also studied with a view to assuring safety of the plant
and to minimizing environmental impacts to oceans
and estuaries. For estuarine siting, the staff identified
a special problem which might occur in the event of an
accidental release of radiation through an open
breakwater. In estuaries, the mixing and dispersion of
radioactive liquid from the accident would be slow
and would produce long-term radioactivity levels with
severe effects on the biota. The staff has recommended
that estuary sites be such that the consequences of
postulated accidents will not be worse than they would
be at comparable land-based sites.

Modification of Environmental Technical Specifica-
tions for Operating Reactors. In accordance with pro-
visions of the National Environmental Policy Act
(NEPA), NRC has included in operating licenses a re-
quirement for environmental monitoring programs. A
number of fully licensed operating stations have com-
piled five years or more of data, and the staff has
found, in reviewing the records of several such sta-
tions, that actual environmental impacts are generally
within the range of expectations set out in the
Environmental Impact Statement prepared prior to
licensing. Review of other stations’ results is expected
to provide significant feedback to the license applica-
tion review process.

Adequacy of Analysis of Alternative Sites. An im-
portant means of protecting the environment against
undue adverse impacts is an appropriate screening of
the area, as part of the site selection and evaluation
process. Sufficient effort must be made by the utility
applicant and the NRC review team to identify those



alternative sites which are among the best which
reasonably could have been found and to identify and
properly assess the major potential environmental im-
pacts. Such an effort is essential to a staff determina-
tion that no alternative site is obviously superior to the
site proposed by the applicant. Without that
reasonable assurance on the part of the staff, the site is
to be rejected. In the Limited Early Site Review for
the proposed Perryman nuclear plant site about 20
miles northeast of Baltimore, the NRC staff determin-
ed that the applicant’s site selection and evaluation
methods were inadequate and also concluded, on the
basis of its own reconnaissance-level investigations,
that there were obviously superior alternative sites.
The staff conclusion that there are sites which are ob-
viously superior to the Perryman site was based on
considerations of population density, risks posed by
the proximity of potentially hazardous activities and
the overall project costs.

The review of the Perryman and other sites con-
sidered by the applicant failed to identify any en-
vironmental considerations that would suggest that
Perryman offers significant advantages over alter-
native sites. The applicant did provide information to
support his view that there were economic advantages
in locating at Perryman, primarily resulting from
lower transmission costs. In the staff’s view, this cost
avantage would be more than offset by the special
design provisions which the staff expects will be re-
quired to protect against nearby external hazards.
Among other reasons, the staff concluded that the ap-
plicant’s alternative site analyses were inadequate
because important siting parameters were omitted. In
particular, no demographic or safety-related
characteristics were used in the comparisons among
sites. The process used to select, and the scoring
scheme used to compare, the relative merits of the can-
didate sites have a number of deficiencies which
render the results unreliable. Together, these factors
cast doubt as to whether the submitted candidate sites
represent the realistic siting resources available to the
applicant. Following this review, the staff has made
substantial progress during 1979 in formulating review
policies to improve the adequacy of analysis of alter-
native sites.

Progress in the staff’s reevaluation of considerations
which are important to a determination of the ade-
quacy of alternative site analyses was also stimulated
by licensing actions involving Seabrook Units 1 and 2
and Pilgrim 2. During 1978, the NRC staff was
ordered by the Atomic Safety and Licensing Appeal
Board (ASLAB) to reexamine the question of altern-
ative sites to the Seabrook Station located in Seabrook,
N. H. The study was conducted under the assumption
that the Environmental Protection Agency might
order the construction of cooling towers for that sta-
tion rather than permit once-through cooling; a valid

alternative site analysis had already been done for the
latter design and it had been determined that the
Seabrook site was the environmentally superior site if
cooling towers need not be used. The staff studied 22
candidate sites located throughout New England. Us-
ing a coarse screening process, the staff reduced this
number of alternative sites to eight, and these were
then compared in considerable detail to Seabrook. The
analysis involved the contributions of eight different
environmental disciplines. In addition, assistance was
obtained from Argonne National Laboratory and Oak
Ridge National Laboratory in computer modeling of
cooling towers. Assistance from the Federal Energy
Regulatory Commission was obtained for the analysis
of transmission stability and reliability at each site, in
comparison with Seabrook. After extensive com-
parative analyses, the staff concluded that five sites
were environmentally equivalent to Seabrook and one
had minor environmental advantages, while the re-
maining sites were environmentally disadvantageous.
None of the alternative sites was found to be “obvious-
ly superior” to Seabrook under an assumption that
Seabrook Station would be required to have cooling
towers. The staff presented its testimony in a three-day
hearing before the ASLAB in January 1979. Subse-
quently, the EPA reached a final decision that once-
through cooling at the Seabrook Station was en-
vironmentally acceptable and the issue of alternative
sites with cooling towers at Seabrook became moot.

As for Pilgrim 2, on December 1, 1977, the Atomic
Safety and Licensing Board issued a partial initial
decision regarding only the alternative site analysis
section of the environmental review. The board’s deci-
sion denied the Limited Work Authorization requested
by the Boston Edison Company, citing as its reason the
inadequacies of the NRC staff’s review of alternative
sites. This decision necessitated a reevaluation of
alternative sites by the staff which, in turn, led to a re-
quest of the applicant to provide supplemental infor-
mation on alternative siting. The staff conducted a
detailed review of 13 sites located in Massachusetts,
New Hampshire, and Connecticut. Each alternative
site was evaluated against the Pilgrim site with respect
to prospective impacts in the area of aquatic biology
and water quality; terrestrial ecology and land use;
demography; adjacency to industrial, transportation
and military facilities; hydrology; socioeconomics;
project economics; geology, seismology and
geotechnical engineering; and meteorology. The staff
analysis was presented in a Final Supplement to the
Final Environmental Statement, issued in May 1979.
As a result of this more detailed analysis, the staff con-
cluded that none of the alternative sites was obviously
superior to the proposed Pilgrim site and therefore
recommended acceptance of the proposed site for the
second unit.
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Reasonably close proximity to an adequate water
supply and the likely extent of water-related en-
vironmental impacts are generally regarded as among
the more important factors in the identification of a
superior site for large baseload electrical generating
facilities. The cost and effectiveness of controls for
mitigating such impacts is also examined. In both the
Seabrook and Pilgrim 2 reviews, a number of water-
related aspects were given detailed analyses for the
proposed and alternative sites: local drainage con-
siderations; erosion control; flood protection; pipeline
location for coolant water; location of intake and
discharge structures; water supply availability; and
possible contamination of water supplies. In both
cases, reviews of these considerations revealed that
most were not critical to a demonstration of obvious
superiority among the final group of candidate sites.
This was so because site-screening criteria had already
eliminated the most objectionable sites in terms of
adverse water-related impacts, and because a number
of the adverse water-related impacts for the final
groups of candidate sites analyzed in detail could
readily be mitigated at reasonable cost.

The major exception to this conclusion was that
water availability remained a key siting issue. In par-
ticular, for inland sites on rivers or streams where
flows may be seasonably very low, careful considera-
tion will be required to assure that an adequate and
dependable supply can be provided to meet the
coolant water needs of the generating plant and of
other users in the region.

NRC has asked for formal consultation with the National Marine

INTERAGENCY COORDINATION

Compliance with Regulations
Of Other Agencies

Cooperation with EPA and DOE on Occupational
Radiation Dose Limits. NRC staff members are par-
ticipating in an Environmental Protection Agency
(EPA) Interagency Committee on Federal Guidance
for Occupational Exposures to Ionizing Radiation.
The objective is to assist the EPA in developing
guidance on occupational dose limits, responding in
part to the recommendations in Publication No. 26 of
the International Commission on Radiological Protec-
tion. In a related development, the NRC staff is work-
ing with EPA and the Department of Energy (DOE) in
response to petitions by a private citizen and the
Natural Resources Defense Council. Among other
matters, these petitions request significant reductions
in the occupational dose limits. EPA and NRC are con-
sidering joint hearings on these subjects to provide an
opportunity for interested parties and members of the
public to participate and to make their views known,

Floodplain Management. In accordance with the
provisions of Executive Order 11988. “Floodplain
Management,” NRC has consulted with the Federal
Interagency Panel on Floodplain management concer-
ning procedures for floodplain management associated
with power plant licensing applications (see discussion
earlier in this chapter).

Endangered Species Act (ESA). This Act was
amended in 1978 to require Federal agencies to consult

system of the Salem Nuclear Generating Station, Unit 1, in New
Jersey. Recent surveys indicated that the species, once threatened,

Fisheries Service concerning the possible impact of nuclear power
may be making a comeback.

E_lams on populations of shortnose sturgeon in the Delaware River.
he sturgeon shown here was recovered from the water intake



with the Fish and Wildlife Service or the National
Marine Fisheries Service (NMFS) to determine the
possible existence of any endangered species in the
locality of proposed projects prior to their initiation. If
listed species are in the project location, biological
analysis and further consultation are required.
However, if none is found, no further interagency con-
sultation is needed.

In 1978 two shortnose sturgeon had been found on
the intake structure at Salem 1, and, in 1979, the NRC
requested formal consultation with the NMFS to
determine whether operation of the plant jeopardized
the continued existence of the species in the Delaware

River. Increasing numbers of reports of shortnose:

sturgeon in recent years indicate that the species may
be making a comeback, not only in the Delaware, but
in other Atlantic coast riverine systems as well. Formal
consultation has also been requested on the shortnose
sturgeon at Salem 2 and Hope Creek 1 and 2.

Shortnose sturgeon are also found at the Indian
Point (New York) and Hatch (Georgia) plants. At In-
dian Point, the status of the shortnose sturgeon is
under review by the NMFS. At Hatch, the NRC has in-
itiated actions required by Section 7 of the ESA.

For other operating facilities, consultation under
the ESA will be initiated when the staff becomes
aware of the existence of threatened or endangered
species in the plant vicinity.

Fish and Wildlife Coordination Act. During 1979,
the staff reviewed proposed regulations of the Fish and
Wildlife Service for implementation of the Fish and
Wildlife Coordination Act. The regulations, if
adopted, would require Federal agencies to mitigate
significant impacts on fish and wildlife in all water-
related projects and to compensate for significant
wildlife losses or enhance wildlife values for all
Federally licensed projects. Consultation between
NRC and the Fish and Wildlife Service would be re-
quired by the regulations in all reactor licensing.

Coastal Zone Management Act. Under this legisla-
tion the siting of a nuclear plant in a region bordering
the seacoast or the Great Lakes must be consistent
with the Coastal Zone Management Plan developed by
each State, commonwealth or territory in which the
site is located. The State or commonwealth (e.g., Puer-
to Rico) makes this determination. As of the end of
fiscal year 1979, over half of the 30 affected States
have completed or made substantial progress in
developing management plans for their coastal zones.

Clean Water Act. The environmental review of
NRC licensing actions involves extensive coordination
with other Federal and State agencies concerning pro-
visions under the Clean Water Act. A principal area of
coordination is with the EPA or delegated State agen-
cies under the National Pollutant Discharge Elimina-
tion System Permit Program. NRC’s relationship to

EPA was modified in 1978 by the Yellow Creek deci-
sion of an NRC licensing Board which required that
NRC coordinate its nuclear plant water quality
monitoring needs through the EPA or “permitting”
State, rather than impose water monitoring re-
quirements of its own directly on applicants. EPA is
revising its Effluent Limitation Guidelines in conjunc-
tion with quality standards, which will regulate the
concentrations of non-radiological contaminants in-
nuclear power plant effluents.

Toxic Substances Control Act. Guidelines developed
under the Toxic Substances Control Act may result in
the imposition of limitations by EPA on certain
substances found in power plant cooling water
discharges. On the list of substances currently being
evaluated by EPA are several which are produced by
chlorination of natural surface waters used for power
plant cooling,

Interagency Topical Studies

Interagency Committee on Ocean Pollution
Research, Development, and Monitoring. This com-
mittee was created by Public Law 95-273 to prepare
for fiscal years 1979-1983 a Federal Plan for Ocean
Pollution Research, Development and Monitoring.
The final draft of the plan was completed in August
1979 and submitted to the Executive Office of the
President by NOAA, the study coordinator. The study
identified current Federal ocean pollution research ac-
tivities and established a prioritized program for
research and development. The study also initiated
planning for coordination of future ocean pollution
research and for dissemination of the information
resulting from the research and monitoring programs.
The NRC funded approximately $1.2 million of ocean
pollution research in fiscal year 1979 to support its
licensing actions. In addition, considerable monitor-
ing of the ocean environment has been performed by
applicants for nuclear power plant construction per-
mits and licensees of operating nuclear plants. The
next version of the Federal Plan on Ocean Pollution
Research will include work being done by private and
State organizations as well.

Interagency Committee on Environmental Monitor-
ing. At the direction of the President, the Council on
Environmental Quality established the Interagency
Task Force on Environmental Data and Monitoring.
Its function is to review environmental monitoring
and data programs and to recommend improvements
that would make these programs more effective.
Specific activities of the Task Force in which NRC par-
ticipates consist of assessing the manner in which the
various Federal agencies accumulate and disseminate
water and air data, developing a catalog of agency
monitoring, and otherwise coordinating the use of this
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information among other Federal agencies. Recom-
mendations were made in a report to CEQ that is to be
forwarded to the President. The primary purpose of
these recommendations is to minimize overlapping
responsibilities among the Federal agencies and to pro-
vide for communication and coordination of data-
collection efforts related to water and atmospheric
properties and constituents.

TVA/EPRI Workshop on Waste Heat Utilization.
During the report period, the NRC staff participated
in this workshop sponsored by the Tennessee Valley
Authority and the Electric Power Research Institute
by chairing the session on nuclear and public health
aspects of waste heat utilization, and by presenting an
analysis of the specific factors that would be of con-
cern to NRC in the use of effluents from nuclear power
plants. The results of this workshop will be applicable
during the Watts Bar licensing process because of the
applicant’s plan to provide for a large waste heat
utilization facility associated with the power plant.

Water Resources Council. During the report period,
the staff participated in activities of the Hydrology
Committee of the Water Resources Council. The ac-
tivities of the committee centered on coordinating the
various participating agencies working to assess the
state-of-the-art in various subject areas and to recom-
mend standardization. The staff participated in
several activities in this area, including an assessment
of the state-of-the-art in hurricanes surge modeling
(i.e., induced flooding), reassessment of groundwater
study requirements, assessment of the state-of-the-art
in low flow considerations, and in identifying stand-
ardization of flood frequency determinations for
ungaged water sheds.

Interagency Advisory Committee on Water Data.
The staff participated on the Interagency Advisory
Committee on Water Data chaired by the U.S.
Geological Survey. During fiscal year 1979, the staff
identified NRC’s water data uses and needs and
cooperated with other Federal agencies under the pro-
visions of OMB Circular 67 on water data.

Interagency Committee on Dam Safety. In April
1977, President Carter requested a review of pro-
cedures and criteria issued by Federal agencies involv-
ed in the design, construction, operation, and regula-
tion of dams, and the preparation of guidelines for
management procedures to ensure dam safety. The
guidelines, published in June 1979, are based on an in-
tensive review of agency practices conducted by three
department groups: the departments and agencies
themselves; an ad hoc interagency committee of the
Federal Coordinating Council for Science, Engineer-
ing and Technology (FCCSET); and an Independent
Review Panel of recognized experts from the academic
and private sectors. NRC was requested to join in the

FCCSET review and guideline development activity.
The guidelines—which address organization, manage-
ment, and the management of technical activities, in-
cluding site investigation and design, construction,
and operation and maintenance-—await Presidential
direction for implementation.

Interagency Committee on Seismic Safety in Con-
struction. NRC staff participated principally on a sub-
committee of the Interagency Committee dealing with
the problems of tsunami (seismic sea wave) protection.
This subcommittee’s purpose is to identify methods
and criteria for assessing tsunami and other
seismically-induced flood wave threats for the protec-
tion of Federal facilities. State-of-the-art in assessing
tsunami threats and design criteria were drafted in
fiscal year 1979.

The National Weather Service Study on Emergency
Response. Subsequent to the accident at Three Mile
Island, the staff coordinated with its consultants, the
National Weather Service of the National Oceanic and
Atmospheric Administration (NOAA), and DOE in an
attempt to determine the actions taken by NOAA and
DOE during the TMI accident. The NRC staff
response was independent of both NOAA and DOE,
and it was only subsequent to the accident that the
staff learned of the extent of both NOAA’s and DOE’s
participation. These facts exposed the need to coor-
dinate future agency responses to any accidents involv-
ing core melt with significant offsite radiation releases
(Class 9). Moreover, the staff has requested NOAA’s
participation in a study of portable meteorological in-
strumentation and of an assessment of meteorological
models for use during any such future accidents. The
purpose of the instrumentation and models would be
to supplement on-site and regional meteorological
data and models to provide prompt and accurate
estimates of the location and concentrations of
radioactive releases.

Interagency Committee on Electric Field Effects
from High Voltage Transmission Lines. NRC par-
ticipates as a permanent member on the Interagency
Advisory Committee on Electric Field Effects and aids
in the identification, review, and coordination of
Federal research programs investigating potential pro-
blems associated with the operation of electrical
transmission systems. The Committee’s primary em-
phasis has been on the study of potential short and
long term health effects from the operation of high
voltage transmission systems. These effects are
routinely considered by NRC staff in its environmental
reviews.

National Ecological Assessment Workshops. NRC
participated in a workshop sponsored by the U.S.
Department of Energy for the purpose of identifying



the ecological concerns, methods and problems of per-
forming non-site-specific ecological assessments of
energy development. The workshop which was at-
tended by prominent ecologists and government plan-
ners deliberated for three days on the possible
ecological and human environmental impacts of
energy development alternatives. Concerns about ad-
ditions of carbon dioxide, sulfur dioxide, and nitrogen
oxides to the atmosphere and widespread acid rainfall
were among the serious problems identified and
discussed. Although nuclear plants produce none of
these atmospheric pollutants, the impacts of
generating electricity from fossil or other organic fuels
include such pollutants and fall within the scope of
NRC reviews of the comparative impacts of alter-
native sources of energy for baseload generation of
electricity.

Third Conference on Water Chlorination—En-
vironmental Impact and Health Effects. The NRC has
joined the Department of Energy, the Environmental
Protection Agency, the National Cancer Institute, The
Tennessee Valley Authority, and Oak Ridge National
Laboratory in sponsoring the Third Conference on
Water Chlorination. The intentional use of toxic
substances to control biological growth within power
plant condenser cooling systems is carefully examined
during NRC's review of a power plant license applica-
tion and the preparation of an environmental impact
statement. The series of conferences on chlorination
provide current information necessary for the better
understanding of environmental effects and of alter-
native “bio-fouling” control practices.

COOPERATION WITH STATES

State Participation in NRC’s
Environmental Impact Statements

During the past year, NRC and the State of New
York took steps which led to the signing of an agree-
ment that allows State participation in the preparation
of NRC’s environmental impact statements. By terms
of the agreement the technical staff of the New York
State Public Service Commission will write specific
sections of the Draft and Final Environmental
Statements, The sections involved are mainly concern-
ed with environmental description and impact, alter-
natives to the proposed action, and the need for the
facility. In the past, these sections have been prepared
through environmental assistance agreements with the
Department of Energy’s National Laboratories. In ad-
dition to the staff of the Public Service Commission,
the technical staff of the New York State Department
of Environmental Conservation has agreed to provide
technical support to the Public Service Commission in
the form of review and comments on the write-ups for
the environmental statements. State participation of

this kind in the preparation of NRC’s Environmental
Impact Statements will require close coordination
with the relevant review functions of the NRC
regulatory staff.

IMPROVING THE LICENSING PROCESS

Generic Rulemaking to Improve Licensing

In June 1977, an NRC study group seeking to iden-
tify ways to improve the effectiveness of NRC Nuclear
power plant licensing procedures recommended,
among other things, that rulemaking should be con-
sidered for the generic resolution of certain major
issues that are presently litigated in individual licens-
ing proceedings. The study groups recommendations
are presented in a report, “Nuclear Power Plant Licen-
sing: Opportunities for Improvement” (NUREG-
0292). In response to a Commission directive, the staff
prepared an interim statement of general policy and
plans for rulemaking, which the Commission approv-
ed for publication in the Federal Register (December
14, 1978). This interim policy statement fully supports
Executive Order 12044 of March 23, 1978, requesting
improvement of existing Federal government regula-
tions, so as to make them as simple and clear as possi-
ble and to avoid imposing unnecessary burdens on the
economy, on individuals, on public and private
organizations, or on State and local governments. The
interim policy statement and supporting discussions
are presented in an NRC report, “Preliminary State-
ment on General Policy for Rulemaking to Improve
Nuclear Power Plant Licensing” (NUREG-0499).

Ten candidate issues were identified by the staff for
generic rulemaking: (1) future availability and price of
uranium, (2) alternative energy sources to the nuclear
option, (3) need for adding baseload generating
capacity, (4) methodological and information re-
quirements in the analysis of alternative sites (5)
criteria for the assessment of nuclear plant impacts
and mitigative measures; (6) generic procedural
criteria to define more concretely NRC responsibility
in assessments and decisions regarding certain water-
related impacts in relation to the statutory authorities
of EPA and permitting States, (7) NEPA decision
criteria for OL reviews, (8) occupational radiation ex-
posure control, (9) generic radiological impact for nor-
mal light water reactor radionuclide releases, and (10)
threshold limits for generic disposition of cooling
tower effects. Criteria developed by the Steering Com-
mittee on Reactor Licensing Rulemaking to aid in
identifying suitable candidate issues for rulemaking
include the following: the issues must be generic; there
must be a likelihood that a useful, definitive rule can
be formulated and there must be a likelihood that a
stable rule can be formulated. Value-impact criteria
for appraising the desirability of, and the priorities
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associated with, specific proposals for generic rules in-
clude:

¢ Achievement of more effective public input and
improved public understanding of NRC’s
analytical procedures and decision criteria in
treating potential environmental and safety issues
in the licensing process for nuclear power plants.

* Improvement of the stability and predictability of
the licensing process, including the provision of
orderly and clear procedures for State-Federal
cooperation in treating generic licensing issues.

* Accomplishment of an overall savings of man-
power and financial resources of the NRC, the
public, the utility industry, and other local,
State, and Federal agencies involved in the
nuclear licensing process.

¢ The short-term increase in dollar costs of the
various participants in the rulemaking action, in-
cluding contractual support.

¢ The additional impacts (i.e., opportunity costs) of
diverting manpower and other resources to the
rulemaking process and away from other produc-
tive uses for a temporary period.

Public comment was invited on the merits of the
candidate issues for generic rulemaking and related
decisions criteria, and additional suggestions for can-
didate subjects for generic rulemaking were solicited.
Fifty-eight comments were received but, except for
Issue No. 4 on alternative siting methodology, further
NRC activity on generic rulemaking was temporarily
suspended because of the diversion of staff effort to
studies related to the Three Mile Island nuclear acci-
dent and related remedial measures.

Evaluation of Alternative Sites

As noted above, one of the ten issues identified for
possible generic rulemaking was that of alternative site
methodology and information requirements. In order
to refine and clarify this issue, the staff, on December
14, 1978, issued for comment a report entitled,
“General Considerations and Issues of Significance on
the Evaluation of Alternative Sites for Nuclear
Generating Stations under NEPA” (NUREG-0499,
Supplement 1). In addition to receiving public com-
ments on the report, the staff conducted a three-day
public workshop in March 1979 to actively seek com-
ments and ideas on rulemaking for alternative sites.
Representatives from industry, State and Federal
government, public interest groups and others par-
ticipated. Utilizing public comments and the results of
the workshop, the staff drafted proposed amendments
to 10 CFR Part 51 which pertain to the evaluation of
alternative sites. These amendments were submitted to

the Commission in July 1979 for their consideration.
The results of the staff deliberations on generic
rulemaking and public comments received in response
to the Federal Register notification of December 14,
1978 as well as the March workshop have already
yielded benefits in staff review practices and the revi-
sion of environmental standard review plans to deal
more effectively with alternative siting issues.

Siting Policy Task Force

The essential elements of nuclear power plant siting
policy are derived from the Atomic Energy Act of 1954
and are contained in 10 CFR Part 50, “Domestic
Licensing of Production and Utilization Facilities,”
and in 10 CFR Part 100, “Reactor Site Criteria.”
These regulations were promulgated by the Atomic
Energy Commission in 1962 and have remained essen-
tially unchanged since that time. The authors of Part
100 recognized that experience with siting nuclear
power plants was at that time limited and, in anticipa-
tion of subsequent changes as experience was gained,
included in Paragraph 100.1 the statement that:

“(b) Insufficient experience has been accumulated to
permit the writing of detailed standards that
would provide a quantitative correlation of all
factors significant to the question of acceptability
of reactor sites. This part is intended as an in-
terim guide to identify a number of factors con-
sidered by the Commission in the evaluation of
reactor sites and the general criteria used at this
time as guides in approving or disapproving pro-
posed sites.”

In the time since Part 100 was promulgated, the
NRC has issued additional siting-related pro-
nouncements in the form of siting decisions on specific
cases, General Design Criteria, Regulatory Guides,
Standard Review Plans, Licensing and Appeals Board
decisions, and advice from the Advisory Committee on
Reactor Safeguards (ACRS). All of these sources have
contributed to the formulation of the Commission’s
current siting policy and practice. During this evolu-
tionary period, the nuclear industry experienced a
rapid expansion, the use of nuclear power plants
became commonplace, and the size of such plants in-
creased significantly. As a consequence of this expan-
sion, some in staff practice and in the implementation
of the siting regulations have evolved. In addition, the
Commission’s implementation of the National En-
vironmental Policy Act of 1969 (NEPA) has added new
dimensions to siting policy.

In August 1978, the Nuclear Regulatory Commis-
sion directed the staff to develop a general policy state-
ment on nuclear power reactor siting and a Task Force
was formed for the purpose. The Report of the Siting
Policy Task Force (NUREG-0625) was issued in
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August 1979, The report provides a review of current
NRC policy and practice and recommends a number
of changes to achieve the following goals:

® To strengthen siting as a factor in defense-in-

sion area that are dependent on the
average population of the region.

Remove the requirement to calculate
radiation doses as a means of establishing
minimum exclusion distances and low

(iv)

depth by establishing requirements for site ap-
proval that are independent of plant design con-
sideration. The present policy of permitting plant
design features to compensate for unfavorable site
characteristics has resulted in improved designs
but has tended to deemphasize site isolation.

To take into consideration in siting the risk
associated with accidents beyond the design basis
(Class 9) by establishing population density and
distribution criteria. Plant design improvements
have reduced the probability and consequences of

(2)

population zones.

Revise Part 100 to require consideration of the
potential hazards posed by man-made activities
and natural characteristics of sites by establishing
minimum standoff distances for:

(i) Major or commercial airports

(i) LNG terminals

(iii) Large propane pipelines

(iv) Large natural gas pipelines

(v) Large quantities of explosive or toxic

design basis accidents, but there remains the . materials
residual risk from accidents not considered in the (vi) Major dams
design basis. Although this risk cannot be com- (vii) Capable faults.

pletely reduced to zero, it can be reduced by
selective siting.

To require that sites selected will minimize the
risk from energy generation. The selected sites
should be among the best available in the region
where new generating capacity is needed. Siting
requirements should be stringent enough to limit
the residual risk of reactor operation but not so
stringent as to eliminate the nuclear option from
large regions of the country. This is because
energy generation from any source has its
associated risk, with risks from some energy
sources being greater than that of the nuclear op-
tion.

©)

4)

(5)

Revise Part 100 by requiring a reasonable
assurance that interdictive measures are possible to
limit groundwater contamination resulting from
Class 9 accidents within the immediate vicinity of
the site.

Revise Appendix A to 10 CFR 100 to better reflect
the evolving technology in assessing seismic
hazards.

Revise Part 100 to include consideration of post-
licensing changes in offsite activities:

(i) The NRC staff shall inform local
authorities (planning commission, coun-
ty commissions, etc.) that control ac-

tivities within the emergency planning
zone (EPZ) are the basis for determining
the acceptability of a site.

The NRC staff shall notify those Federal

Nine changes were recommended by the Siting
Policy Task Force for consideration by the Commis-
sion (NUREG-0625, pp. 46-63):

(1) Revise Part 100 to change the way protection is

provided from accidents by incorporating fixed ex-
clusion and protective action distances and
population density and distribution criteria.

(i) Specify a fixed minimum exclusion
distance based on limiting the individual
risk from design basis accidents. Further-
more, the regulations should clarify the
required control by the utility over ac-
tivities taking place in land and water
portions of the exclusion area.

Specify a fixed minimum emergency
planning distance of 10 miles. The
physical characteristics of the emergency
planning zone should provide reasonable
assurance that evacuation of persons, in-
cluding transients, would be feasible if
needed to mitigate the consequences of
accidents.

Incorporate specific population density
and distribution limits outside the exclu-

(i)

(i)

agencies, as in Item (i) above, that may
reasonably initiate a future Federal ac-
tion that may influence the nuclear
power plant.

The NRC staff shall require applicants to
monitor and report potentially adverse
off-site developments,

If, in spite of the actions described in
Items (i) through (iii), there are off-site
developments that have the potential for
significantly increasing the risk to the
public, the NRC staff will consider
restrictions on a case-by-case basis.

(6) Continue the current approach toward site selec-

tion from a safety viewpoint, but select sites so that
there are no unfavorable characteristics requiring
unique or unusual design to compensate for site in-
adequecies.

(7) Revise Part 100 to specify that site approval be

established at the earliest decision point in the
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review and to provide criteria that would have to
be satisfied for this approach to be subsequently
reopened in the licensing process.

(8) Revise Part 51 to provide that a final decision
disapproving a proposed site by a State agency
whose approval is fundamental to the project
would be a sufficient basis for NRC to terminate
review. Such termination of a review would then
be reviewed by the Commission.

(9) Develop common bases for comparing the risks for
all external events.

Early Site Reviews

Utilities are continuing to use the early site review
process adopted by the NRC in 1977 to improve reac-
tor licensing. Two additional applications have been
tendered under these procedures—the Carroll County
Station (Ill.) and the Fulton Station (Pa.). The Fulton
application is an amendment to the utility’s previous
application for construction permits. In addition, the
staff has completed site environmental and safety
documents for the North Coast (Puerto Rico) applica-
tion and submitted these documents to the Atomic
Safety and Licensing Board and the Advisory Commit-
tee on Reactor Safeguards. The review is being
delayed awaiting notification from the utility as to
whether it wishes NRC to continue the review. Three
other applications are in various stages under the early
site procedures—Blue Hills, Texas; Douglas Point,
Maryland; and Fort Calhoun, Nebraska.

Environmental Standard Review Plans

Environmental standard review plans (ESRPs) con-
stitute a series of instructions developed for the NRC
staff’s environmental review of applications for
nuclear power plant construction permits. Their main
purpose is to improve the quality of staff reviews of en-
vironmental issues. The plans also provide guidance to
applicants regarding the information and criteria con-
sidered essential to the staff’s environmental review
process. The ESRPs, 93 in number, were issued
throughout 1977 for draft review and public comment
as NUREG-0158, Parts I, IT and III. In May 1979 the
revised Environmental Standard Review Plans were
issued as NUREG—0555. As internal procedures and
positions or Commission policies change, the ESRPs
will be modified to keep them current with these
changes.

Environmental Impact Statements

During 1979, the staff had undertaken to revise the
format used for the Commission’s environmental im-
pact statements for the construction and operation of
nuclear power plants. This effort was performed
within the framework of the requirement to revise the

Commission’s regulations covering licensing and
regulatory policy and procedures. Such revision was
undertaken in compliance with new regulations
published by the Council on Environmental Quality
(CEQ) in the National Enviromental Policy Act: Im-
plementation of Procedural Provisions (Federal
Register, Vol. 43, No. 230, November 29, 1978).

Social and Economic Issues

Forecasting Socioeconomic Impacts. Hearing issues
on socioeconomic impacts have led to a heightened ap-
preciation of the importance of empirical studies of
these impacts at regionally and environmentally
diverse locations of nuclear power plants as an aid to
improving the analytical basis for forecasting such im-
pacts in new licensing actions. The first of these
retrospective studies analyzed socioeconomic impacts
on the communities surrounding the Pilgrim I Nuclear
Station (Massachusetts) and the Millstone 1 and II
Nuclear Station (Connecticut). Performed for the
NRC under contract by the Oak Ridge National
Laboratory (ORNL), it was issued in September 1977
under the title, “A Post Licensing Study of Community
Effects At Two Operating Nuclear Power Plants”
(ORNL/NUREG/TM-22). A continuation of this type
of post-licensing study of socioeconomic impacts has
led to two additional NRC-funded studies, the first
focusing on the nuclear plant sites at Brunswick 1 and
2 (North Carolina) and Hatch 1 and 2 (Georgia), and
the second at the Trojan plant (Oregon):

(1) “Socioeconomic Impacts of Nuclear Power Plants:
A Paired Comparison of Operating Facilities”
(NUREG/CR-0916), ORNL, July 1979.

(2) “Social and Economic Impacts of the Trojan
Nuclear Power Plant: A Confirmatory Technology
Assessment” (NUREG/CR-0973), University of
Woashington, Program in the Social Management
of Technology, October 1979.

A socioeconomic study of specialized scope was per-
formed for the NRC by the Pennsylvania State Univer-
sity on the “ Effects of Nuclear Power Plants on Com-
munity Growth and Residential Property Values”
(NUREG/CR-0454). Issued in April 1979, this study
concluded that the four northeastern plants (Pilgrim,
Millstone, Oyster Creek, and R.E. Ginna)
demonstrated no significant influence on the price of
housing and that growth rates for the years following
plant construction were higher than the period prior to
construction.

Contract research is continuing in the development
of analytical tools to evaluate visual esthetic impacts of
alternative closed-cycle cooling systems and to im-
prove the forecasting of the number of incoming con-



struction workers, their family characteristics and pro-
bable residential location, in order to assess the likely
degree of stress on community services and housing.

A new contractual effort was initiated with Moun-
tain West Research, Inc., in late 1978 to study the
social and economic consequences of siting, construc-
ting, and operating nuclear power stations in the
United States. Fourteen stations at 13 sites weré
selected for study: Surry 1 and 2 (Va.); Three Mile
Island 1 and 2 (Pa.); Peach Bottom 2 and 3 (Pa.); Zion
1 and 2 (Il1.); Cook 1 and 2 (Mich.); Oconee 1-
(S.C.); Rancho Seco (Cal.); Fitzpatrick/Nine Mile
Point (N.Y.); Calvert Cliffs 1 and 2 (Md.); Crystal
River 3 (Fla.); St. Lucie 1 and 2 (Fla.); Arkansas 1 and
2 (Ark.); and Diablo Canyon 1 and 2 (Cal.). Selection
criteria prescribed that plant sizes be in excess of 800
MWe, with an expected operating period of at least 12
months; regional diversity and an appropriate spec-
trum of variations in the rates of population growth in
the host county were provided for in the selection, as
were plant locations at varying distances from popula-
tion centers of 50,000 or more. Specific socioeconomic
effects at the local and regional level being studied in-
clude: employment, retail sales, public services, hous-
ing, public finance (especially tax benefits), communi-
ty participation and conflict, and community percep-
tion of social well-being. Work on the methodology
phase of the study was completed in June 1979, and
detailed case study work was undertaken at four sites
in July 1979, with completion of the study of all 13 sites
expected by December 1980.

As would be expected, the accident at Three Mile
Island (TMI) on March 28, 1979, substantially af-
fected the study plan underway at that time. Not only
was TMI one of the case study sites, but there was con-
jecture that TMI might affect the way in which other
stations would be evaluated by local residents. The
original design had to be modified, therefore, to
include four analytic time periods: siting, construc-
tion, operation, and the post-accident period. For
TMI there was yet a fifth period, the two-week period
following the accident, that must be studied. In order
to be able to document both the accident and the post-
accident social and economic effects at TMI, it became
clear that primary data would have to be collected
from area residents. This data requirement led to the
Three Mile Island Telephone Survey, which included
1500 households within 55 miles of the plant site. The
scope of the survey included: evacuation behavior; the
decision-making process regarding evacuation; the
evaluation of the quality of information resources;
general attitudes about nuclear power and the com-
munity’s economic and social outlook following the ac-
cident; the direct and indirect social and economic
costs of evacuation; and demographic descriptors. In
October 1979, a preliminary report, Three Mile Island
Telephone Survey (NUREG/CR-1093), was published

which presented procedures and findings of the
survey. The magnitude of community anxieties raised
by the TMI accident is evident in the report’s estimate
that about 144,000 persons temporarily moved out of
the zone within 15 miles of the plant site, travelling an
average distance of 100 miles to a total of 21 States,
mainly to stay with friends and relatives.

A separate contract study is in the planning stages
within NRC that would seek to determine the effect of
the TMI accident on property values as a function of
distance from the plant and of time through 1982, not
only for the TMI site but also for the four sites studied
in NUREG/CR-0454.

Independent Analysis of Need For Facility. Progress
has continued in 1979 in improving the analytical tools
for independent assessment by the staff of need-for-
facility. In October 1978, the NRC published the con-
tract study by the Oak Ridge National Laboratory
(ORNL) on “Regional Econometric Model for
Forecasting Electricity Demand by Sector and by
State” (NUREG/CR-0250). The sectors for which total
electrical energy demand are forecasted by the model
include residential, commercial, industrial, and other.
The model provides flexibility for deriving separate
forecasts for comparative purposes by making dif-
ferent scenario assumptions regarding such basic
causal factors as population growth, per capita income
and value added in manufacturing. Related contract
studies underway by the ORNL are expected to be
published in 1980 which will extend, update, and im-
prove the model for staff reviews in dealing with a
variety of controversial hearing issues associated with
the need-for-power issue. The titles of these studies
reflect the added dimensions of model improvement:

® Comparison and Projection of Electricity Cost by
State.

¢ Econometric Model for the Disaggregation of
State-Level Electricity Demand Forecasts to the
Service Area.

¢ Peak Electricity Demand Predictions Using Hour-
ly Variations.

An additional improvement not reflected in these
titles is the disaggregation of the industrial demand
through the use of 2-digit Standard Industrial
Classification Codes (SICs).

Economic Comparison of Coal and Nuclear Energy
for Generating Electricity. Controversial hearing
issues in the licensing of nuclear power plants fre-
quently involve the question as to whether coal or
nuclear energy is the more economical method of
generating electricity at a particular location. To im-
prove the basis for the staff’s independent analysis of
the comparative economic evaluations provided by the
applicant for a construction permit, the NRC issued a
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staff report in December 1978 on the subject, “Coal
and Nuclear: A Comparison of the Cost of Generating
Baseload Electricity by Region” (NUREG-0480).

The study compares the economics of a 2400 MWe
nuclear and coal electric generating station in 10 dif-
ferent regions of the United States. Delivered coal costs
are the primary cause of regional generating cost
variations; therefore, the regions were based on the
Department of Energy’s (DOE) regions for delivered
coal costs. The capital cost for coal-fired generating
units includes the cost of sulfur removal. The
economics are based on a station beginning operation
about 1990 for an investor-owned utility.

The study is based on data inputs from numerous
sources, and it avoids the pitfalls of cost analyses based
on national averages by highlighting regional dif-
ferences which—in addition to the transportation costs
of coal affecting the delivered cost of coal to different
regions—include variations in coal characteristics,
and construction costs for labor and materials, as well
as labor productivity.

A computer program called CONCEPT, developed
by the Oak Ridge National Laboratory, was used to
generate capital cost estimates by region.

The study results indicate that nuclear generating
units are either more economical or about equal to
coal generating costs for each of the 10 regions, even
using an assumption of no recycle of plutonium or
uranium in the nuclear option. However, the study
results are regionally generic and applied to individual
licensing cases by an evaluation of the site-specific and
other causal factors, if any, which would cause the
comparative cost estimates to depart significantly
from the generic assumptions and data inputs. For ex-
ample, air quality standards at one site may affect the
cost of coal-fired generating units differently than
nuclear; also seismic conditions at another site may af-
fect nuclear generating costs differently than coal.
Moreover, given that forecasting is an imprecise art,
the methodology provides flexibility in facilitating the
computation of other forecasts based on assumptions
of cost-related inputs different from those used in the
study. Among the latter are such assumptions as a
plant capacity factor for both coal and nuclear plants
of 65 percent, a 30-year operating life, a 10 percent
discount rate, a 5 percent general inflation rate during
the operating period, and fixed charge rates varying
from 11 to 17 percent.

Information Base for Licensing Decisions

Demographic Data for Nuclear Sites. A draft report
was issued by the NRC in December 1977 on the sub-
ject, “Demographic Statistics Pertaining to Nuclear
Power Reactor Sites” (NUREG-0348). The staff has
prepared a revised and expanded version of this docu-

ment, increasing from 104 to 145 the number of sites
treated, and including additional tables of population
and population center information. This improved
data for siting policy and practice was published in
October 1979 (NUREG-0348).

Data Base for Aircraft Risk Assessment. Recent
licensing hearings have experienced an increasing
scrutiny of reliability factors, such as crash densities
used to estimate aircraft-impact likelihoods for
nuclear stations which have a commercial airport
within 5 miles of the site. In response to the need for
reliable historical data for aircraft accidents, the NRC
has issued a report in June 1979 on “Aircraft Impact
Risk Assessmeent Data Base for Assessment of Fixed
Wing Air Carrier Impact in the Vicinity of Airports”
(NUREG-0533).

Hudson River Fish Impact Study. In support of
testimony at EPA’s hearing on Hudson River power
plant cooling systems, NRC funded the development
of an investigation resulting in a report on “Fish Pro-
tection at Steam-Electric Power Plants: Alternative
Screening Devices,” pubished by Oak Ridge National
Laboratory as Report No. ORNL/TM-6472, July 1979.
This report, discussing applications and limitations of
alternative intake designs, has general applicability to
power plant siting and design where potential loss of
early life stages of fish is of concern.

Predicting Fishery Impacts. Because of the pro-
liferation of complex mathematical models describing
fish population dynamics, NRC has contracted with
the University of Wahington College of Fisheries to
undertake a comparison of existing models to provide
the staff with guidance for use of models in evaluating
the impact of power plants on fisheries. The first pro-
ject report, “Comparison of Simulation Models Used
in Assessing the Affects of Power-Plant-Induced Mor-
tality on Fish Populations” (NUREG/CR-0474), was
published in October 1978. This study concludes that
existing models are limited in usefulness for making
quantitative predictions of population impacts.
Specific deficiencies and recommendations for future
efforts of modelers are presented. A continuation of
this study will result in a comparison of the cost-
effectiveness of various modeling approaches. A
related study at the Battelle Pacific Northwest
Laboratory has resulted in the publication in March
1979 of a report, “The Application of Fisheries
Management Techniques to Assessing Impacts: Task I
Report” (NUREG/CR-0572). This study was under-
taken to learn whether existing fisheries management
techniques, which usually require significantly less
data than do mathematical models, can be used to
document the impact of a power plant on a fishery
resource.



Generic Study on Asbestos Fibers. Because of na-
tional concern over the potential carcinogenicity of
airborne asbestos fibers, NRC sponsored a study by the
Argonne National Laboratory to determine more
precisely the basis of concern over the use of asbestos
fill material in power plant cooling towers. The final
report, ‘“Asbestos in Cooling-Tower Waters”
(NUREG/CR-0770), was published in March 1979.
The study concluded that the concentration of fibers
found in a number of power plant effluents would not
constitute a health hazard.

Other Information on Ecological Impacts. Other
NRC studies under way which will improve the infor-
mation base for assessing ecological impacts are:

e The relationship between shipworm abundance
and distribution at Barnegat Bay in New Jersey
and changes in temperature and salinity caused
by the operation of the Oyster Creek Nuclear Sta-
tion.

¢ The ecological significance of fish impingement
on the intake screens of the Arkansas Unit One
Nuclear Station.

® The toxicity and environmental importance of
chlorine and heavy metal discharges in the ef-
fluents of nuclear power plants, the frequency
and significance of pathogenic amoebae in cool-
ing systems, and quantification of mortality by
entrained organisms in once-through condenser
cooling systems.

¢ The application of aerial remote sensing techni-
ques to routine terrestrial monitoring, and the use
of reconnaissance level information for evaluating
potential impacts of alternative sites.

Meteorological Measurement and Prediction. Dur-
ing 1979, a survey study sponsored by the NRC was
completed by the Brookhaven National Laboratory on
the state-of-the-art in assessing atmospheric diffusion
conditions in coastal regions. The study identified
meteorological measurement programs, test condi-
tions, and needs for additional research to avoid
underestimating concentrations in the event of ac-
cidents at reactor sites in the coastal zone.

The staff also sponsored a state-of-the-art survey of
the transport and diffusion of hazardous materials at
the Los Alamos National Laboratory. The purpose of
the study was to identify modeling requirements of
either buoyant or sub-buoyant plumes resulting from
releases, including explosions, of hazardous materials.
The summary also indicated research needs.

The staff sponsored technical assistance by the
Naval Surface Weapons Center on the assessment of
the state-of-the-art regarding the potential for missiles
to become airborne in tornadoes. The principal pur-
pose of this study was to determine whether the types
of missiles the staff routinely postulates for purposes of
assessing reactor design are adequate. The study con-

cluded that several missiles specified by the staff would
be unlikely to fly in the event of a severe tornado. As a
result of these studies, the staff is reconsidering its pre-
sent criteria.

Improved Interfacing with Utilities Regarding
Meteorological Data. The staff has standardized the
format for reporting meteorological data collected at
reactor sites for reactor licensing. In the past, sum-
marized data were required for consideration in reac-
tor licensing, but the format for such information was
not specified. Improved data acquisition recording
systems in the private sector, and the need for stand-
ardization in the NRC’s consideration of meteor-
ological data, prompted the specification of a standard
format for reporting on-site meteorological data on
magnetic tape. Subsequent to the specification of the
standard format, receipt of magnetic tape from in-
dividual reactor sites has expedited evaluations by the
staff and has reduced errors in data handling.

Standardization of Meteorological Assessments for
Accidental Releases and Routine Releases. During
1979, the staff developed and promulgated computer
codes for assessing meteorological conditions following
an accident and for routine releases. The publication
of these computer codes and reference to them in NRC
standards is expected to facilitate both the industry
and staff’s efforts in future licensing situations.

Improved Access to Agenciess Water Data. During
1979, the staff established and implemented direct
computer access to EPA’s STORET and the USGS’s
WATSTORE computer information and retrieval
systems. Both of these systems allow rapid access to
significant water-related data collected at many loca-
tions around the country. The access to these systems
by NRC has allowed more speedy and accurate
evaluations of both safety-related and environmental
subjects.

Installation of Computer Information Retrieval
System for Environmental Data. During the past year,
a computerized document control system (known as
TERA) was installed in NRC. This system will allow
the professional and administative staff to search for
and retrieve NRC documents, including environmen-
tal data from the files more efficiently than before (see
Chapter 14.)

Quality Assurance

The application of disciplined engineering practices
and thorough management and programmatic con-
trols to the design, fabrication, construction, and
operation of nuclear power plants is essential to the
protection of public health and safety and of the en-
vironment., Quality Assurance (QA) provides this
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necessary discipline and control. Through a QA pro-
gram that meets NRC requirements, all organizations
performing work that is important to safety are re-
quired to conduct work in a preplanned and
documented manner; to independently verify the ade-
quacy of completed work; to provide records that will
confirm the acceptability of work and manufactured
items; and to assure that all individuals are properly
trained and qualified to carry out their respon-
sibilities.

Each NRC licensee is held responsible for assuring
that its nuclear power plants are built and operated
safety and in conformance with the NRC regulations.
In addition, the NRC has several specific QA respon-
sibilities. First, it has a responsibility for developing
the criteria and guides for judging the acceptability of
nuclear power plant QA programs. Second, it has a
responsibility for reviewing the QA programs of each
licensee and its principal contractors to assure that suf-
ficient management and program control exist. Final-
ly, NRC inspects selected activities to determine that
the QA programs are being implemented effectively.

Where QA programs are found deficient, the NRC
requires appropriate upgrading. In those cases where
the QA program is not being properly implemented,
the NRC uses enforcement authority as necessary to
achieve proper implementation. If a generic QA pro-
blem develops, improvements in QA programs are
made industry wide.

Through the NRC topical report program, the in-
dustry has widely adopted standardized QA programs
which can be used on new projects without a new
review. As of the end of the fiscal year, a total of 38
topical reports on quality assurance from manufac-
turers of nuclear steam supply systems, architect-
engineering firms, constructors, and utilities have
been found acceptable by the NRC and other reports
are under review.

NRC is engaged in activities, also under the topical
report program, that are intended to minimize or
eliminate the need for redundant audits of suppliers
without reducing the confidence that work is pro-
ceeding satisfactorily in accordance with regulations.
NRC is in the process of reviewing a topical report
describing the ASME certification and inspection pro-
gram which, if found acceptable, could be endorsed as
a “third party” audit program. Successful achievement
of this objective should further reduce the need for
pre-award audits and for yearly programmatic audits
by purchasers.

In an effort to improve QA, the acceptance criteria
contained in Section 17, “Quality Assurance,” of the
Standard Review Plan, NUREG-75/087, which serves
as the basis for determining the acceptance of QA pro-
grams, were updated to provide additional QA con-
trols to give further confidence in the acceptability of
QA programs.

Since TMI and other incidents, the overall structure
for determining and acceptable QA program, in-
cluding the capabilities and qualifications of individ-
uals performing quality-affecting activities, are
undergoing a review and evaluation to identify areas
where further improvements can be made.

Systematic Evaluation of Operating Reactors

The Systematic Evaluation Program (SEP) staff is
responsible for the review of 11 older licensed
operating power reactors, applying current licensing
criteria, and for documenting the results—including
the need for any necessary plant changes. The major
objectives of the SEP are set forth in the 1978 NRC An-
nual Report, pp. 59 and 62.

Phase I of the SEP, the development of a list of
topics to be used in performing the systematic evalua-
tions, has been completed. As a result, a comprehen-
sive list of topics and definitions of staff saftey objec-
tives, together with a review procedure that considers
the effect of these topics on Design Basis Events, were
developed. Phase II of the SEP, the actual evaluation
of the eleven older facilities, was approved by the
Commission in November 1977 and is now scheduled
for completion by May 1982. The original completion
date had been January 1981. The principal reasons for
the slippage is the fact that the level of effort was
underestimated and the other, higher priority
efforts—such as response to the TMI-2 accident and
equipment qualification reviews—have diverted
significant manpower from the SEP effort. Steps have
been taken to address these concerns by establishing an
Assistant Director for SEP and by the dedication of ad-
ditional manpower to the program.

Topics not applicable to a plant design or under
generic review have been deleted from the plant topic
lists. Of the remaining topics for each plant, more
than 50 percent are in various stages of review. This
effort has progressed to the point where facility Design
Basis Event (DBE) reviews, which directly constitute
another 25 percent of the topics, have been started
concurrent with the review of the remaining plant-
specific topics.

The DBE reviews will become the basis for deter-
mining the capability of a plant to properly respond to
postulated accident/incident scenarios and the need
for conformance to current licensing criteria. Most
topics and all DBEs will be integrated into a final
assessment for each facility to determine the overall
requirements for facility upgrading.

One of the major topics in the SEP involves seismic
design considerations. Seismic design criteria evolved
significantly during the period 1956 to 1967, during
which the 11 SEP facilities received their Construction
Permits. Consequently, the seismic designs of these
plants vary considerably.



The SEP facilities follow two groups based upon the
degree to which seismic design was originally con-
sidered. The licensees of the earlier SEP facilities are
embarking on seismic re-evaluation programs of their
own to supplement the existing data base which is for
the most part far less rigorously developed than would
be expected today. These programs are being
developed such that they are comprehensive enough to
provide the staff with sufficient data to enable an
overall assessment of the seismic safety of these
facilities.

The NRC staff is currently reviewing the original
seismic design documentation of the later facilities. In
some cases, the existing information has been sup-
plemented by NRC staff studies to verify staff
judgments. All of these plants have been visited to date
by specially staffed seismic teams to gain first hand
knowledge of facility geometry and to visually identify
any anomalies.

In September 1978, a team of expert seismic con-
sultants was formed to assist the staff in reviewing the
plant designs, The team had completed a review of
Dresden 2 and the printed version of the evaluation
report from the team on that review was pending at
the close of the report period. No major deficiencies in
the seismic design of this facility which would affect
public health and safety have been identified, but
several issues have been identified which will require
more detailed studies, and possibly retrofitting, to
verify the adequacy of the seismic design to meet the
intent of current design criteria.

ANTITRUST ACTIVITIES

As required by law since December 1970, the NRC
has conducted prelicensing antitrust reviews of all ap-
plications for nuclear power plants and certain other
commercial nuclear facilities. These reviews assure
that the issuance of a particular license will neither
create nor maintain a situation inconsistent with the
antitrust laws. The NRC holds a hearing whenever one
is recommended by the Attorney General and also con-
siders whether antitrust issues raised by the NRC staff
or intervenors should be subject to a hearing.
Remedies to antitrust problems usually take the form
of conditions attached to licenses. Such license condi-
tions may result either from hearings or from non-
hearing negotiated settlements.

Antitrust hearings are held separately from those on
environment, health and radiological safety matters.
So that antitrust reviews do not delay NRC licensing
decisions, applicants are required to submit specified
antitrust information to the NRC at least nine months,
but not earlier than 36 months, before other parts of
the construction permit applications are filed for ac-
ceptance review. Additionally, NRC performs an-

titrust reviews prior to issuing operating licenses to
determine whether significant changes in applicants’
activities have occurred since the construction permit
antitrust reviews which would necessitate an antitrust
hearing.

Since the inception of NRC’s antitrust program, 90
initial construction permit antitrust reviews have been
performed and one is pending. Based on these reviews,
the Department of Justice recommended 17 for hear-
ing, 24 for “no hearing” because applicants agreed to
antitrust license conditions, and 49 for “no hearing,”
without need for conditions. In addition to these
reviews, NRC has reviewed and sought advice from
the Department of Justice in 34 cases in which addi-
tional applicants are seeking part ownership participa-
tion in nuclear plants for which the initial applications
had been reviewed previously. No hearings have been
recommended for these additional applicants.

The NRC has also sought the Attorney General’s ad-
vice for two applications for operating licenses where
the Commission determined that significant changes
in the applicants’ activities have occurred. The At-
torney General recommended hearings in both cases.
Additionally, the NRC staff has completed operating
license reviews of twelve applications in which it
found no significant changes to have occurred and is
currently reviewing twelve others.

In its antitrust program, NRC has reviewed over
170 private, public and cooperative utilities, which ac-
counted for approximately 84 percent of total kilowatt
hour sales in the United States in 1977. The NRC has
reviewed 72 of the top 100 utilities, ranked by kilowatt
hour sales, in the United States.

Significant developments have occurred during
fiscal year 1979 in several antitrust proceedings. These
developments include the following:

* On September 6, 1979, an Atomic Safety and
Licensing Appeal Board issued its decision on the
antitrust hearing conducted for the application
by five Ohio and Pennsylvania utilities to con-
struct and operate the Davis-Besse Nuclear Power
Station, Units 1-3, and the Perry Nuclear Power
Plant, Units 1-2. The appeal board’s decision
essentially affirmed the initial decision of the
licensing board and supported the position of the
NRC staff that issuance of licenses to the ap-
plicants of these facilities would tend to maintain
a situation inconsistent with the antitrust laws.
The appeal board also affirmed, with some
modifications, the license conditions believed
necessary to remedy the situations inconsistent
with antitrust laws found by the licensing board.

¢ In June 1978, the NRC issued a Notice of Viola-
tion to the Cleveland Electric Illuminating Com-
pany (CEI) regarding non-compliance with anti-
trust conditions imposed on the Davis-Besse Unit
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1 license pertaining to transmission services for
the City of Cleveland. Since that time, the NRC
has issued an order modifying the license, the
Cleveland Electric Illuminating Company has re-
quested a hearing, and the Department of Justice
has requested NRC to impose civil penalties on
CEI. These matters are currently under con-
sideration.

® On June 28, 1978, the Commission ordered an
antitrust hearing with respect to Florida Power
and Light Company’s application to construct
and operate the St. Lucie, Unit 2, Nuclear Power
Plant. The Commission’s decision was in response
to a late petition to intervene and request a hear-
ing filed by the Florida Municipal Utilities
Association and several Florida cities. During
1979, discovery procedures were initiated but
were subsequently delayed pending possible set-
tlement. Settlement negotiations are continuing.

¢ In 1978, the Attorney General advised the Com-
mission that “significant changes” had occurred
since the construction permit antitrust reviews for
both the South Texas and Comanche Peak
facilities. Consequently, the Attorney General
recommended hearings in both cases. During
fiscal year 1979, the discovery phases of both an-
titrust proceedings have been consolidated
because of overlapping issues and parties. Hear-
ings are scheduled to begin in 1980.

¢ Discovery has been progressing in the antitrust
proceeding for the Pacific Gas and Electric Com-
pany’s application for its Stanislaus nuclear
power plant.

e The Commission has put in effect and published
in the Federal Register two changes in its antitrust
review procedures. The first is an effective rule
that reduces or eliminates the burden of reporting
antitrust information by license applicants who
own small amounts of generating capacity. The
second is a revised procedure by which the Com-
mission has delegated to the staff the authority to
determine during the operating license antitrust
review whether, since the construction permit
antitrust review was completed, “significant
changes” have occurred in an applicant’s
activities which would raise antitrust concerns.

INDEMNITY AND
FINANCIAL PROTECTION

Increase in Levels
Of Required Financial Protection

In January 1979, the two nuclear energy liability in-
surance pools, American Nuclear Insurers (ANI) and
Mutual Atomic Energy Liability Underwriters
(MAELU), informed the Commission that effective

January 1, 1979, the combined maximum amount of
primary liability insurance available from the pools
would be increased from $140 million to $160 million.

Subsection 170b. of the Atomic Energy Act of 1954,
as amended, requires licensees of commercial nuclear
power plants having a rated capacity of 100,000 elec-
trical kilowatts or more to provide proof to the Com-
mission that they have financial protection in an
amount equal to the maximum amount of liability in-
surance available at reasonable cost and on reasonable
terms for private sources. In view of the increase, the
Commission amended Part 140 of its regulations to in-
crease that amount of primary financial protection re-
quired for certain reactor licensees effective May 1,
1979, to give these licensees adequate time to purchase
this insurance. In addition, in compliance with 10
CFR Part 140, those persons licensed to possess
plutonium in the amount of five kilograms or more
and persons licensed to process plutonium in the
amount of one kilogram or more for use in plutonium
processing and fuel fabrication plants were also re-
quired to provide financial protection in the amount of
$160 million.

Subsection 170c. of the Act provides that (a) the ag-
gregate indemnity for all persons indemnified in con-
nection with each nuclear incident shall not exceed
$500 million, and (b) that this amount of indemnity
shall be reduced by the amount that the financial pro-
tection required exceeds $60 million. The aggregate
liability for each nuclear incident is limited to $560
million. Presently, the secondary financial protection
layer is $335 million, (i.e., 67 licensed operating
power reactors over 100 MW(e) x $5 million). As a
result of the increase in the pools’ underwriting capaci-
ty, Government indemnity will be $65 million for
facilities required to maintain the maximum amount
of financial protection, i.e, $560 million less financial
protection of $495 million ($160 million plus $335
million). Government indemnity for large power reac-
tors will be phased out when the sum of the first and
second layers provides liability coverage of $560
million. Under the current level of primary financial
protection required by the Commission, this will occur
when 80 commercial reactors have been licensed.
After that point, the limit of liability for a single
nuclear incident would increase without limit in in-
crements of $5 million for each new commercial re-
actor licensed.

Financial Protection for
Three Mile Island Units 1 and 2

On May 1, 1979, ANI and MAELU informed the
Commission and Metropolitan Edison Company,
Jersey Central Power and Light Company and Penn-
sylvania Electric Company, the holders of licenses



authorizing operation of the Three Mile Island (TMI)
Nuclear Station, Units 1 and 2, that because of the
March 28, 1979, accident at TMI, (see Chapter 2) the
pools were unwilling at that time to make $160 million
in nuclear liability insurance available for the TMI
site, despite the licensee’s request for such increased
coverage. The pools’ principal reason for not increas-
ing the primary insurance available (from $140
million to $160 million) for TMI was their desire to
limit clearly to $140 million their potential liability for
claims and claims expenses arising out of the March 28
accident. The pools were opposed to increasing the
primary insurance layer to $160 million because they
could not be assured that the additional $20 million
would not be used to satisfy public liability claims
associated with the March 28 accident which arise
either prior to or subsequent to May 1, 1979,

The Commission notified the licensees for TMI that
it will be necessary for them to demonstrate that they
are in compliance with NRC regulations by providing
to the Commission evidence that $160 million in
primary financial protection for both Units 1 and 2 is
in place as of May 1, 1979, i.e., is effective as of that
date. At present, the primary financial protection be-
ing provided for the Three Mile Island site is $140
million. The insurance pools have proposed an en-
dorsement, which the Commission staff has reviewed
and finds to be acceptable, that would provide $140
million in primary insurance to both Three Mile
Island, Units 1 and 2, with an additional $20 million
for Unit 1. The licensee is presently trying to obtain
additional insurance coverage of $20 million apart
from the present policy maintained by the licensee
with the insurance pools.

On a related matter, the indemnity agreement ex-
ecuted by the licensee and the Commission requires
that, in the event of payments made by the insurers
under an insurance policy used as financial protection
which reduces the aggregate limit of the policy, the
licensee must apply to its insurers for reinstatement of
the amount of these payments. The licensee has re-
quested reinstatement of the approximately $1.3
million paid out for claims and claims expenses arising
out of the March 28 accident. Insurance pools
representatives have informed the Commission staff
that they have decided not to reinstate these funds for
Unit 2, although they will reinstate them for Unit 1
through a separate supplementary insurance policy.
The practical effect of not reinstating that funds paid
out for the March 28 accident is that, if there were
another accident at Unit 2, there would not be the full
amount of primary liability insurance to pay public
liability claims resulting from such an accident.

If damages in a new accident exceed $140 million
and the secondary financial protection layer is utiliz-
ed, then other power reactor licensees will make up
both the $20 million and $1.3 million claims expenses

differences through the retrospective premium assess-
ment, by contributing at an earlier point to their share
of the damages than would be the case if the accident
had occurred at some other site with $160 million in
primary insurance. If the damages exceed both
primary and secondary financial protection layers,
then government indemnity would make up for the in-
crement of $20 million and would be a maximum of
$85 million instead of $65 million. The limitation of
liability would remain at $560 million. Total protec-
tion for the public would be unchanged.

Indemnification of Storage of Spent Fuel
At Distant Reactor Locations

In November 1977, after public notice, the Com-
mission issued amendments to the operating licenses of
Carolina Power and Light Company’s (CP&L)
Brunswick Steam Electric Plants, Units 1 and 2, and
H. B. Robinson Steam Electric Plant, Unit 2, to
authorize CP&L to store irradiated fuel from the
Robinson reactor in either of the spent fuel storage
pools at the Brunswick facility and to have this storage
indemnified. On January 8, 1979, the Commission
published a notice in the Federal Register (44 FR 1751)
requesting public comment on specific requests by two
other utilities, Duke Power Company and Com-
monwealth Edison Company, to indemnify spent fuel
stored at a reactor site different from the one where it
was generated, as well as the generic issue of indem-
nification of spent fuel generated at one reactor but
stored at another. Sixteen comments were received by
the Commission and evaluated by the staff. The ques-
tions relating to the storage of spent fuel are presently
under consideration by the staff.

Claims Handling Procedures Following
T™MI

Representatives of American Nuclear Insurers (ANI)
arrived at Harrisburg, Pa., on March 29, 1979, the
day after the Three Mile Island accident and began to
assess the desirability of establishing a claims office.
Following the advisory by the Governor of Penn-
sylvania that pregnant women and pre-school aged
children living within a five mile radius of the plant
should leave the area, ANI established a claims office
to pay claims for living expenses for these people, as
well as others who had special medical problems.

On March 31, 1979, the first day of operation at the
emergency claims center, ANI made payments of
almost $12,000. The payments increased daily and
reached a peak of $167,286 on April 9, 1979. As of the
end of 1979, cumulative payments for evacuation ex-
penses and lost wages made to approximately 12,000
individuals were $1,306,495.
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A total of over 4,200 claims were received by ANI in
1979, including 116 economic consequence claims.
Not included in the total payments were the expenses
incurred by the insurance pools, totaling approximate-
ly $160,000 at year’s end.

Determination of an
Extraordinary Nuclear Occurrence

On July 23, 1979, the Nuclear Regulatory Commis-
sion published a notice in the Federal Register (44 FR
43128) that the Commission was undertaking a deter-
mination as to whether the March 28, 1979, accident
at the Three Mile Island Unit 2 reactor (TMI-2) con-
stituted an “extraordinary nuclear occurrence” (ENO)
as defined in the NRC regulations, 10 CFR Part 140,
subsections 140.84 and 140.85. On August 17, 1979,
the Commission directed that a panel composed of
members of the principal staff be formed to evaluate
public comments received in connection with our July
23 notice and other technical information assembled
by the Commission from its own and other sources. In
late December 1979, the panel completed its investiga-
tion, evaluation, and analysis and reported to the
Commission its findings and recommendation. The
panel recommended that the Commission determine
that the Three Mile Island accident did not constitute
an ENO as defined in the Commission’s regulations.
This recommendation is advisory only. The Commis-
sion will make the final determination as to whether
the accident constitutes an ENO. If the Commission
accepts the panel’s recommendation, defendants in
Three Mile Island lawsuits would not be required to
waive certain traditional defenses available to them
and claimants would have the same rights that they
normally have under existing negligence law.

Indemnity Operations

As of September 30, 1979, 134 indemnity agree-
ments with NRC licensees were in effect. Indemnity
fees collected by the NRC from October 1, 1978,
through September 30, 1979, totaled $1,068,175.
Total fees collected since the inception of the program
are $20,103,254. Future collection of indemnity fees
will continue to decrease as the indemnity program is
phased out for commercial reactor licensees. No
payments have been made under the NRC’s indemnity
agreements with licensees during the 22 years of the
program’s existence.

Insurance Premium Refund

The two private nuclear energy liability insurance
pools, American Nuclear Insurers and the Mutual
Atomic Energy Liability Underwriters paid to
policyholders the thirteenth annual refund of
premium reserves under their Industry Credit Rating

Plan. Under the plan, a portion of the annual
premiums is set aside as a resrve for either payment of
losses or ultimate return to policyholders. The amount
of the reserve available for refund is determined on the
basis of loss experience of all policy holders over the
preceding 10-year period. Refunds paid in 1979
totaled, $2,054,989, which is approximately 60 per-
cent of all premiums paid on the nuclear liability in-
surance policies issued in 1969 and cover the period
1969-1978. The refunds represent 84.9 percent of the
premiums placed in reserve in 1979.

ADVISORY COMMITTEE ON
REACTOR SAFEGUARDS

The Advisory Committee on Reactor Safeguards is
an independent panel of advisors statutorily establish-
ed to review construction permit and operating license
applications for nuclear power reactors and other
nuclear facilities and to report its findings to the
Nuclear Regulatory Commission (NRC) which are
made part of the public record. The Committee also
provides advice to the Commission on a wide variety
of safety-related issues such as the adequacy of propos-
ed reactor safety standards, reactor safety research,
specific technical issues of a topical nature, and the
safety of operating power reactors. Topical reviews
are performed by the Committee upon request by the
NRC Commissioners or upon its own initiative. Upon
request by the Department of Energy (DOE), the
Committee reviews and provides reports with regard
to the possible hazards of DOE nuclear activities and
facilities. An expansion of the Committee’s statutory
responsibilities (Public Law 95-209) also requires
Committee review of the NRC’s Reactor Safety
Research Program and submittal of an annual report
to the Congress regarding its adequacy.

During fiscal year 1979, the Committee reviewed
construction permit applications for two nuclear
power units and operating license applications for four
nuclear power units. The Committee also completed
its review of the request for Preliminary Design Ap-
proval for a balance-of-plant standard safety analysis
(BOPSSAR) for Fluor Pioneer Services Incorporated
Balance-of-Plant design as applied to the Babcock-205
Standard Nuclear Steam Supply System (SNSSS). The
Committee took note of and took no exception to the
NRC Staff recommendations to license the Millstone
Nuclear Power Station Unit 2 to operate at an increas-
ed power level of 2700 MWt.

The Committee completed its review of proposed
operation of the DOE Fast Flux Test Facility (FFTF),
a 400 MWt sodium cooled fast reactor located at
DOE’s Hanford Reservation in Benton County,
Washington. The FFTF design and its use of sodium as
a coolant make this reactor considerably advanced in



The DOE Fast Flux Test Facility (FFTF) at Hanford,
Washington, will be an important test bed for determining the
hehavior of fuels, alloys and other materials under breeder-reactor
operating conditions. Both the NRC staff and the ACRS were in-

comparison to light-water-cooled reactors (LWRs)
and, consequently, require standards and operating
limits which differ from those applied to LWRs.

At the request of the NRC, the Committee prepared
and in July 1979 submitted to the Commissioners
“Comments on the NRC Safety Research Program
Budget,” NUREG-0603. This report included com-
ments on the budget levels and program plans for the
supplemental request for fiscal year 1980 to support
research related to the accident at Three Mile Island
Nuclear Station Unit 2 (TMI-2) as well as for the fiscal
year 1981 budget. Special attention was focused on
both the short- and long-term implications of the
TMI-2 accident.

As a result of the accident at Three Mile Island Unit
2 (TMI-2), the Committee met on several occasions to
inquire into the event and the effects of this accident

2

volved in safety reviews for this unique facility, under agreement
with the DOE. The FFTF was completed late in the year and
expected to go critical early in 1980.

on other reactor systems. Eleven subcommittee
meetings were held to investigate accident implica-
tions, assessments, and lessons learned, and a visit was
made to the Babcock and Wilcox (B&W) simulator at
Lynchburg, Va., to observe simulator training for
reactor operators. Several members of the Committee
visited the NRC Emergency Operations Center and
TMI-2 site shortly after the accident to gain first-hand
information regarding the status of plant conditions.
As a result of this concentrated effort, the Committee
prepared and submitted to the Commission five
reports in which the Committee recommended a
number of nuclear power plant studies and changes.
The Committee also reviewed and reported to the
Commission on NUREG-0578, “TMI-2 Lessons
Learned Task Force Status Report and Short-Term
Recommendations.” At the request of the NRC/TMI
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Special Inquiry Group, the Committee has provided
information regarding significant recommendations
applicable to B&W and non-B&W reactors.

During the latter part of the year, the Committee
began a discussion of the basic, underlying causes
which may have contributed to the accident at TMI-2.
This evaluation is to be continued during the forth-
coming year.

In other activities, the Committee generated and
provided reports to the NRC on the following topics:

¢ Transportation of Radioactive Materials

* Combination of Dynamic Loads (Interim Report)
Status of Generic Items Relating to LWRs
Quantitative Safety Goals

Proposed Rules on the Shipment of Spent Fuel

¢ Summary Comparison of Stainless Steel and Zir-
caloy Fuel Rod Cladding

e Bailly Generating Station, Nuclear 1 Piling
Modifications

* Pipe Cracking in Light Water Reactors
¢ Studies to Improve Reactor Safety
¢ Licensee Event Reports

During the fiscal year, the Committee prepared the
following special reports to the Congress and Congres-
sional Oversight Committees:

* The Committees Second Annual Report to the
Congress, 1978 Review and Evaluation of the
Nuclear Regulatory Commission’s Safety
Research Program (NUREG-0496). This report
focused on the NRC Safety Research Program
with particular attention directed to Loss-Of-
Coolant Accident/Emergency Core Cooling
Systems, Fuel Behavior, Primary System Integri-
ty, Operational Safety, Advanced Reactor Safety,
Extreme External Phenomena, Radiological Ef-
fects, Waste Management, Safeguards and
Security, Risk Assessment, and Improved Reactor
Safety.

® Report to Hon. Morris K. Udall, Chairman,
Committee on Interior and Insular Affairs, House
of Representatives, on the use of Licensee Event
Reports to identify those events which have im-
plications for improved reactor safety.

Advice to the NRC was provided on 18 proposed
Regulatory Guides and Standards, which dealt with
topics such as the following:

¢ Loose Parts Detection

® Medical Evaluation of Personnel Requiring
Operator Licenses

¢ Quality Assurance Program Requirements

e Containment Isolation Provision for Fluid
Systems

* Fuel Oil Systems for Standby Diesel-Generators

® Design Guidance for LWR Plant Radioactive
Waste Management Systems

¢ Design, Testing, and Maintenance Criteria for
Normal Ventilation Exhaust System Air Filtration
and Adsorption Units in LWRs

¢ Selection, Design, and Qualification of Diesel-
Generator Units Used as Standby (Onsite) Elec-
tric Power Systems

The Committee reviewed proposed amendments to
Appendices to 10 CFR Part 50, Domestic Licensing of
Production and Utilization Facilities, on the
following:

¢ Fracture Toughness Requirements

* Reactor Vessel Material Surveillance Program
Requirements

* Modification of Emergency Core Cooling Systems

In addition, the Committee reviewed plans to im-
plement 40 CFR 190, “Environmental Radiation Pro-
tection for Nuclear Power Operation.”

Many other safety-related matters concerning
nuclear power facility operations were considered by
the Committee. Some of these are as follows:

¢ Upgraded seismic design bases
* Anticipated transients without scram (ATWS)
* Seismic design for nuclear power plant piping

* Use of probabilistic assessment in the licensing
process

The Committee also began activities during the
fiscal year related to the probabilistic assessment of
selected nuclear power plant incidents, the develop-
ment of quantitative safety criteria for nuclear
facilities, and development of failure rate data for
nuclear plant systems and components. These ac-

tivities will continue into the forthcoming year.

In performing the reviews and preparing the reports
referenced above, the Committee met in 12 regular
and one special full-session meetings. In addition, 73
subcommittee and working group meetings were held
and a total of 7 site-facility visits were made. Com-
ments were received from members of the public with
respect to several matters evaluated by the Commit-
tee.

Members of the Committee met in Japan with
representatives of Japanese nuclear safety agencies to
discuss reactor safety policy and practice and the
cooperative Emergency Core Cooling System pro-
gram. Members of the Committee also participated in
an NRC Staff meeting with the German Reactor Safe-
ty Commission (Gesellschaft Fur Reaktorsicherheit) to
exchange experience and knowledge in the areas of
waste management and interim spent fuel storage.



Materials
Regulation

Planning for the decontamination of former
materials sites included this Kerr-McGee plant
in West Chicago, Ill.

The NRC’s responsibilities for regulating the posses-
sion, use and disposition of nuclear materials, and the
safeguarding of nuclear materials and facilities, are
carried out by the Office of Nuclear Material Safety
and Safeguards (NMSS) under three major programs:
the fuel cycle and material safety program, discussed
below; the safeguards program, discussed in Chapter
5; and the waste management program, discussed in
Chapter 6. Qualified States in the NRC’s State
Agreements Program have assumed regulatory
authority within their borders over byproduct and
source material and small quantities of special nuclear
material, and the NRC exercises oversight respon-
sibilities concerning these programs (see Chapter 8).

The fuel cycle and material safety program includes
licensing and other regulatory activities associated
with (1) the purification and conversion of uranium
ore concentrates (after mining and milling) to
uranium hexafluoride; (2) the conversion of the
uranium hexafluoride (after enrichment in
Government-owned diffusion plants) to ceramic
uranium dioxide pellets and their fabrication into fuel
for light water nuclear reactors; (3) storage of “spent”
reactor fuel; (4) transportation of nuclear materials;
and (5) production and use of reactor-produced
radioisotopes. Among actions in these areas during

1979, the NRC:

* Completed 14 major licensing actions concerning
uranium fuel.

¢ Completed actions on more than 5,100 applica-
tions for new materials licenses, license amend-
ments and license renewals.

e Completed reviews of terminated AEC licenses
involving source and special nuclear material
operations to assist in uncovering indications of
possible residual contamination at former licensee
sites.

¢ Implemented Environmental Protection Agency

regulations limiting environmental radioactivity
from reactor fuel production plants and exposure
to the public therefrom.

o Issued the final “Generic Environmental Impact
Statement on Handling and Storage of Spent
Light Water Power Reactor Fuel”
(NUREG-0575).

¢ Prohibited the use of seven spent fuel shipping
casks which did not meet fabrication require-
ments until an assessment could be made of their
safety performance.

¢ Ordered medical licensees to perform tests for ex-
cessive molybdenum-99 levels in technetium-99
produced in generators at medical facilities, and
to refrain from administering technetium-99 con-
taining excessive amounts of Mo-99,

e Took a number of steps, in conjunction with the
Department of Transportation, to strengthen
regulation and inspections of shipments of low-
level radioactive wastes to the three commercial
burial facilities in the States of South Carolina,
Nevada and Washington.

'Fuel Cycle Activities

Analyses of all light water reactor fuel production
plants have been completed in order to implement
EPA regulations (40 CFR Part 190, effective
December 1, 1979) requiring control of environmental
radioactivity so that the maximum potential exposure
of any member of the public will be limited to 25
millirems. Each license will be conditioned to limit
radioactivity in effluents to meet the requirements.

NRC has completed environmental impact apprais-
als for all uranium fuel cycle production plants. Such
appraisals are updated before any license is renewed,
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OPEN PIT MINING OF URANIUM, In this view of an open pit
mine, the shovel and high-lift in the foreground remove over-
burden (usually crumbly sandstone) to expose the uranium ore.
The pit in the {mckground has reached the depth where the
uranium ore can be identified‘:i’ scanning with a Geiger Counter.
It is then marked with small red flags for excavation and hauling.

At this mine-mill complex, the short hauling distance from mine to
mill is an added advantage. Open pit mines sometimes reach
depths of 400 feet.

and they are also prepared before issuance of major
amendments to existing licenses if any significant en-
vironmental impact can be anticipated.

URANIUM FUEL CYCLE SURVEY

In an effort to avoid repetitive analyses of the fuel
cycle in each light water power reactor license pro-
ceeding, the Commission in 1974 provided a summary
of uranium fuel cycle environmental effects to be ex-
pected in support of a typical 1,000-MWe reactor.
Estimates of the environmental impact values to be
ascribed to an individual reactor were stated in the
regulation 10 CFR 51.20, Table S-3. The Commission
noted that the impact values would be reexamined
from time to time to accommodate new technology
and information. Several proceedings, NRC actions
and litigation over the matter have taken place since
that time. (See 1978 NRC Annual Report, pp. 76-78
for background; also see Chapter 13 of this Annual
Report under “Commission Decisions.”)

In July 1979 the Commission adopted a revised
Table S-3 as a final rule to replace an interim Table
S-3 that had been promulgated in March 1977, The
final rule, which became effective on September 4,
1979, was the result of extensive rulemaking that in-
cluded public hearings before a three-member board
and oral presentations to the Commission. However,
consideration was limited to the environmental effects
of spent fuel reprocessing and waste management.
Radon and technetium releases are not now included
in the table, and the amount and significance of such
releases are subject to litigation in individual reactor
licensing proceedings.

The NRC staff is studying the impact of the entire
fuel cycle in a program to revise and update fuel cycle
impact values. A narrative explanation of the Table
S-3 summary will include discussions of effects on
public health, socioeconomic conditions in fuel cycle
plant areas, and the potential risks from radioactivity
as long as it endures.

Improved Radon Estimates. NRC has initiated
several research projects on measurement of radon
from uranium mines and mills. Results were published
in 1979 by Battelle Pacific Northwest Laboratory,
Argonne National Laboratory, Oak Ridge National
Laboratory, and Ford, Bacon and Davis Utah, Inc.
The data have been used in the draft Generic En-
vironmental Impact Statement on Uranium Milling,
and in developing a new environmental impact assess-
ment of radon releases from uranium mining and mill-
ing. A technical report on radon impacts is being
prepared as the basis for amending the radon value in
Table S-3. It will be published in 1980 in advance of
proceedings to amend the rule.

Appeal Board Hearing on Radon. Pending amend-
ment of Table $-3, the NRC staff has presented
testimony on the new data and revised estimates for
radon in 17 individual nuclear power plant license
proceedings. The different licensing boards involved
all concluded that the environmental and human
health effects of radon were not significant.



Uranium ore and traces of uranium in topsoils or overburdens
associated with mining emit the naturally radioactive gas
radon-222. Equipment such as this continuous radon emission
monitor, designed and built as part of an NRC research program
by the Argonne National Laboratory, is used to measure radon
ground flux and air concentrations—data essential to the protec-
tion of miners.

There were 17 nuclear power plant proceedings
before appeal boards in 1978 when the Commission
deleted the radon-222 value from Table 3 and opened
this issue for litigation. Intervenors who had been par-
ticipating requested reopening of the radon issue in
four cases. By mutual agreement among the parties, a
single appeal board hearing on the radon issue is
scheduled to be conducted in February 1980.

Updating Fuel Cycle Rule, In addition to amending
specific portions of the fuel cycle rule, the NRC is
working toward updating of the entire environmental
survey. A draft report of the updated “Environmental
Survey of the Uranium Fuel Cycle” was nearing com-
pletion at the end of 1979. It will examine in detail the
environmental impacts of the fuel eycle from uranium
mining through waste disposal and the decontamina-
tion and decommissioning of nuclear facilities. The
study will concentrate on the “once-through” fuel cy-
cle with no reprocessing of spent fuel and no recycle of
plutonium. Alternatives will be considered, however,
so that if reprocessing should be initiated, with atten-
dant recycle of uranium and solidification and
disposal of high-level reprocessing wastes, the en-
vironmental effects can be taken into account if they
occur during the lifetime of reactors under licensing
consideration.

SPENT FUEL STORAGE ACTIONS

The need for storage of spent nuclear fuel continues
to stimulate actions by nuclear power plant licensees
to increase capacities of storage pools at reactor sites
and to ship irradiated fuel from sites with filled pools
to others where room is available. Interest also con-

tinues in proposals for off-site facilities dedicated to
spent fuel storage.

During fiscal year 1979, NRC approved expansion
of storage capacity for seven pools at reactor sites, and
applications for expanding 12 others were pending at
year-end.

Final Environmental Statement

The final “Generic Environmental Impact State-
ment on Handling and Storage of Spent Light Water
Power Reactor Fuel” (NUREG-0575), issued in August
1979, confirmed findings of the March 1978 draft
statement that spent reactor fuel generated through
the year 2000 can be stored in a safe and environmen-
tally sound manner by modifying pools at reactor sites
or by providing independent storage facilities either at
the sites or away from them. The statement discussed
and took into account extensive public comments
received in response to the draft document, and sup-
ported issuance of a rule to specifically cover storage at
independent spent fuel installations.

Movements Between Reactors

An application by Duke Power Company for the
transfer of spent fuel from its operating Oconee
Nuclear Station, Seneca, S. C., to the utility’s
McGuire Nuclear Station in North Carolina, which
has not yet received an operating license, is an example
of methods sought to deal with the shortfall in storage
space,

The NRC staff completed safety and environmental
reviews of Duke’s application during 1979. Approval
would require amendment of the McGuire plant’s
special nuclear material license and authorize receipt
and storage of spent fuel generated at the Oconee sta-
tion. It would be the second licensing action of its
kind, approval having been given in 1978 to Carolina
Power & Light Company for the intersite transfer of
spent fuel from its H. B. Robinson Plant Unit 2 to its
Brunswick Station. (See 1978 NRC Annual Report, p.
75.)

The staff’s Environmental Impact Appraisal and
Safety Evaluation Report were issued in December
1978 and January 1979, respectively. The action has
been contested by two intervenors—Carolina En-
vironmental Study Group and Natural Resources
Defense Council—and an evidentiary hearing was in
progress before an Atomic Safety and Licensing Board
at year-end,

Away-from-reactor Storage

An Atomic Safety and Licensing Board has been ap-
pointed to conduct a hearing on the General Electric
Company’s application for renewal of its license for
the receipt and storage of spent fuel at its Midwest
Fuel Recovery Plant at Morris, Illinois. Petitions for
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leave to intervene were filed by the Illinois attorney
general and a group of individuals.

The staff extended its review of a topical report by
Stone & Webster Engineering Corporation, “Indepen-
dent Spent Fuel Storage Facility,” containing a design
for a standard facility to be located on the site of a
parent facility such as a nuclear power station. A letter
of approval for the conceptual design had been issued

in July 1978; a second letter of approval was issued in
January 1979 permitting specific sections of the topical
report to be referenced in any future site-specific ap-
plication. The standard installation visualized could
store up to 1,300 metric tons of uranium oxide as spent
fuel, an amount equivalent to the volume of spent fuel
that would be discharged during about 35 years of
operation of a 1,000-MWe nuclear power station.
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This is typical spent fuel storage pool for a light water reactor
wer plant. Pools are designed to particular plant configurations,
ut generally are box-like containments about 100’ long by 50’

ADVANCED FUEL ACTIVITIES
Review of Plutonium Plants

The NRC staff made substantial progress during
1979 in evaluating the integrity and safety of six
plutonium processing and fuel fabrication plants
which are licensed to possess and process five
kilograms or more of unencapsulated plutonium. The
objective is to improve, to the extent practicable, the
capabilities of these facilities to withstand the effects

wide by 40’ deep. They are constructed of reinforced concrete,
lined with stainless steel. Diagram shown depicts a fuel storage
pool at the Browns Ferry Nuclear Plant in Alabama.

of adverse natural phenomena and to protect the
health and safety of the public (see 1978 NRC Annual

Report, p. 75).

Two of the six plants have been completely analyzed
and summary documents issued which describe the ef-
fects of damage to the facilities from natural
phenomena. (NUREG-0547, regarding the Babcock &
Wilcox facility at Parks Township, Pa., and
NUREG-0621, concerning Westinghouse’s facility at
Cheswick, Pa.) The analyses of plant capability in-



clude site characterization with regard to
seismology/geology, surface hydrology, normal and
severe meteorology, and the structural capacity to
withstand severe seismic and meteorologic events.
Analysis of risk to the public involves source term
estimation, meteorological dispersion, demography,
ecology, and radiological impact. Analyses of the re-
maining four plants were in varying stages of comple-
tion at year-end.

Babcock & Wilcox License Renewal. During the
year, NRC renewed for a five-year period the license
for continued operation by Babcock & Wilcox Com-
pany at its Parks Township, Pa., facility, where mixed
oxide fuel pins are being manufactured for use in the
Fast Flux Test Facility at Richland, Wash. The staff
determined that adequate protection is provided for
employees and the public after evaluation of ad-
ministrative procedures, management commitments
and engineered safety features, potential impact on
the environment, and capability of the plant to withs-
tand severe natural phenomena. As a result of the
review, B&W improved certain ventilation and fire
safety features. License conditions require decon-
tamination of the facility at the end of its useful life,
and the inclusion of a B&W financial commitment to
carry that out.

Decommissioning Activities. During 1979, the Bab-
cock & Wilcox Company removed all contaminated
equipment from its high-enriched uranium fuel
fabrication plant at Parks Township, Pa., and com-
pleted other decontamination requirements. Final
decommissioning and release of the site for
unrestricted use will be completed when B&W deter-
mines the future use of the facility.

The Kerr-McGee Nuclear Corporation has begun to
decommission its plutonium fuel fabrication plant at
Cimarron, Okla., which is in a shutdown, standby
condition. Current work involves dismantlement of
the solvent extraction equipment used in liquid scrap
recovery; license amendments will be needed to per-
mit further decommissioning efforts.

At year’s end, Westinghouse announced plans to
decontaminate and decommission its plutonium fuel
fabrication facilities, and other firms were considering
similar actions.

OTHER FUEL CYCLE ACTIVITIES
Evaluating Sites for Radioactivity

The NRC continues to be active in evaluating sites
of former radioactive material operations in order that
corrective action can be taken wherever required to
protect the public.

Formerly Licensed Sites. In response to an earlier
General Accounting Office inquiry concerning poten-
tial radiation safety problems at sites previously
operated under AEC licenses, the NRC has been ex-

An NRC Region III radiation specialist performs a radiation survey
in connection with the decontamination and dismantling of the
Kerr-McGee thorium plant at West Chicago, Illinois. Such
radiation surveys are used in determining alternative methods of
decommissioning.

amining the files of licenses terminated before 1965 to
ascertain that proper decontamination has been car-
ried out.

The Oak Ridge National Laboratory has completed
for NRC the evaluation of docket files for old source
and special nuclear material licenses, and identified
approximately 225 sites which require further evalua-
tion. Further investigations of these sites will be car-
ried out by either NRC or the Agreement States where
involved. The next step in this program will be the
evaluation of docket files for byproduct material
licenses issued before 1965.

Surveys of Burial Sites. NRC is planning for
radiological surveys at the Westlake landfill, St. Louis
County, Missouri, and the Reed-Keppler Park, West
Chicago, Ill., where radioactive materials were buried
in the past. The surveys will define the location and
quantities of materials present in order that corrective
actions can be taken.

Kerr-McGee Site, West Chicago. The Kerr-McGee
Corporation has submitted a plan for removal of fac-
tory buildings, decontamination of the- site, and
stabilization of the ore residue area at a thorium and
rare-earth compound production plant formerly
operated by Kerr-McGee and predecessor companies
at West Chicago, Ill. Production operations ceased in
1973, and the facility is retained under a possession-
only license. The licensee’s plan is being reviewed by
Federal, State and local authorities, and the NRC is
preparing an environmental impact statement.

West Valley, N. Y., Facility

The future of the West Valley, N. Y., site of the
shutdown spent fuel reprocessing plant formerly
operated by Nuclear Fuel Services, Inc., remained to
be settled at the end of fiscal year 1979. A Congres-
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sionally mandated study by the Department of Energy
of options for the future of the site and/or allocation of
responsibility among the Federal and State govern-
ments and NFS has been issued to the public for com-
ment and submitted to the Congress for consideration.
Formal agreements and decisions on the disposition of
the site have not been made, although some
preliminary discussions between Federal and State of-
ficials have begun.

One of the key aspects of deliberations on what
should be done involves the disposition of the high-
level liquid wastes presently stored in underground
tanks. The NRC staff has been assessing the safety of
continued storage of these liquid wastes. As part of this
assessment, a test of a level detection instrument show-
ed that the pan under the tank containing the high-
level, neutralized waste is defective. The same test
confirmed that the tank itself is not leaking. The loss of
the pan as a secondary collection point for any tank
leakage that might occur is undesirable, and
underscores the need for commencement of dedicated
work to remove, solidify, and dispose of the high-level
liquid wastes at West Valley. The staff, through its
contractors, is continuing its program to assess the
safety conditions associated with this storage.

The NRC staff has continued its assessment of the ef-
fects of severe natural phenomena on the dormant
reprocessing facility. Analysis of the effects of a severe
earthquake on the fuel receipt and storage pool and
the carbon steel high-level liquid waste tanks has
demonstrated that there is no undue risk to the health
and safety of the public from the effects of an earth-
quake. Analysis of the effects of tornadoes on the
separations plant is in progress.

Transportation of Radioactive
Materials

Transportation of radioactive materials is regulated
at the Federal level mainly by the NRC and the
Department of Transportation (DOT). NRC sets the
standards for “Type B” packages (those whose content
of radioactive materials requires that they be safely re-
tained in their containers under both normal and acci-
dent conditions) and for packages containing fissile
material. NRC also makes independent evaluations of
package designs submitted by applicants and serves as
a technical advisor to DOT. The roles of the DOT and
the NRC were redefined in a memorandum of
understanding signed by the two agencies in June
1979, and published in the Federal Register on July 2,
1979.

Package designs used by contractors for the Depart-
ment of Energy (DOE) are reviewed and approved by
that agency; however, the NRC has been reviewing
such package designs on a continuing basis. These
NRC reviews are not binding on the DOE, but an

" NRC approval permits commercial licensees to use

these packages.

Low-Level Waste Shipments

In the summer of 1979, attention was called to a
number of instances in which packages of low-level
waste were not in compliance with Federal require-
ments on arrival at one or more of the three commer-
cial burial facilities in the country. Such items of non-
compliance included a fire on a truck carrying com-
bustible waste, leaking packages, truck contamination
from improperly closed packages, free liquid in
packages of supposedly dry solid material, inadequate-
ly labeled packages, and improperly documented
shipments. While none of these items of non-
compliance by itself represented a significant health
concern, collectively they showed a lack of proper at-
tention to Federal requirements for packaging and
shipping of radioactive waste materials.

The Governors of the Agreement States of South
Carolina, Washington, and Nevada, in which the
commercial burial facilities are located, notified the
NRC of the repeated disregard for the Federal
transportation rules and at various times closed or
limited these facilities to certain shippers. The NRC,
in conjunction with the DOT, determined that the
Federal Government should improve its assurance that
Federal regulations governing such shipments are met

and took several steps:

® The NRC changed its regulations to specifically
subject its licensees to DOT requirements, and
thus effectively increase the Federal inspection
capability.

¢ The NRC issued bulletins to all licensees to (1) in-
form them of the transportation incidents that oc-
curred, of requirements for transportation of low-
level radioactive waste materials, and of burial
site requirements, and (2) direct licensees to sub-
mit written management-approved procedures
for the safe transfer, packaging, and transporta-
tion of these materials,

* The NRC increased its inspections at shipper and
receiver sites.

» The NRC modified its enforcement criteria to in-
crease penalties.

e The NRC and DOT are jointly investigating ways
to improve the safety of low specific activity
material packages.

¢ The NRC is acquiring support from the Society of
Nuclear Medicine to improve medical waste
packages and from the Atomic Industrial Forum
to improve industrial waste packages.

¢ The NRC and DOT are making an effort to better
inform shippers of requirements.

e The NRC is developing a primary draft regula-
tion for burial of low-level wastes,



Low Level Waste Burial

{a) Low level waste containers are dum into burial trench and
quickly covered as portions of the trench are filled. Instrumented
pipes are emplaced along deep edge of trench to measure the
radioactivity of any underground seepage which might occur.
Trench bottom is sloped toward instrument side. (b) Instrument
pipe protrudes above covered trench as burial nears completion.

The American National Standards Institute Sub-
committee on Transportation of Radioactive Waste,
with NRC participation, is preparing a standard for
the packaging for transportation of liquid aqueous
radioactive wastes from nuclear power plants, It will
require that liquid wastes be solidified prior to ship-
ment and that a high-integrity container be used.

In March 1979, the NRC published a draft report,
NUREG-0535, “Review and Assessment of Package
Requirements (Yellowcake) and Emergency Response
to Transportation Accidents.” The report was
prepared by an NRC/DOT task force following a truck
accident in September 1977 in which a shipment of
uranium concentrate (yellowcake) was spilled onto a
highway near Springfield, Colo. The draft report has
been issued for public comment, which will be con-
sidered in preparing the final report. (See 1978 NRC
Annual Report, p. 81.)

(¢) Temporary markers are used following burial and grassing of
covered area (instrument pipes again are visible at right). (d) A
permanent marker specifying dimensions of trench and its contents
is emplaced when earth cover is settled and grassed over. This
marker at a site in South Carolina describes a pit of 493 feet by 47
feet. Depth of such trenches depends on the medium of burial,
depth of water table, etc., but on average, are between 20 and 30
feet deep.

Irradiated Fuel Packaging

Spent (irradiated) nuclear fuel is transported off-site
in specially designed shipping casks that are capable of
containing the radioactive fuel assembly materials
during normal and postulated design accident
transportation conditions.

On April 6, 1979, NRC issued an Order to Show
Cause (immediately effective) prohibiting the use of
the Model No. NFS-4 packaging until a determination
is made that it meets specified requirements. During a
meeting on March 29, 1979, and later by letter dated
April 2, 1979, Nuclear Assurance Corporation inform-
ed the NRC staff that a cask had not been fabricated in
accordance with its certificate of compliance. In view
of the unknown safety implications for this and other
packages fabricated to the same design, and in the in-
terest of public health and safety, all seven packages
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were removed from use until an assessment could be
made of their safety as fabricated. On Dec. 12, NRC
permitted three casks to be returned to service. Eigh-
teen owner/users were affected by the orders.

The staff is reviewing two applications for spent fuel
casks designed for shipment by rail that are signifi-
cantly different from design concepts presently used.
Each of these designs uses a thick, solid, cylindrical
carbon steel containment vessel wall as a gamma
shield. Existing designs use lead or uranium in the
gamma shield. One factor being considered in the
review is fracture toughness of thick steel forgings. The
two spent fuel casts are the Transnuclear Inc. Model
No. TN-12 and the Nuclear Assurance Corporation
Model No. NAC-3K.

Safety of Transportation Workers

In June 1979, the NRC initiated a study entitled
“Radiation Exposure of Transportation Workers
Handling Large Numbers of Radioactive Material
Packages.” The objectives of the study are to:

(1) Identify carriers where employees may receive

exposures exceeding regulatory limits.

(2) Determine actual exposures received either by

direct measurement or by studying the carrier’s
records.

I
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Canisters such as these (shown at left) are used in “cleaning”
contaminated water at nuclear plants. The steel containers hold
resins that create an ion-exchange process as radioactive liquids are
flushed through. When the resins are no longer clean, or when a

(3) Observe procedures in use at carrier’s facilities
and prepare suggestions for techniques to.
reduce exposure,

(4) Identify relationship between quantity of
radioactive material handled and exposure.

The study began in July 1979 and should be com-
pleted by October 1980. The information will be used
to prepare a recommendation to DOT on what further
measures may be necessary to control radiation ex-
posures in selected portions of the transportation in-
dustry.

During fiscal year 1979, the NRC-sponsored State
Surveillance Program on Transportation of Radioac-
tive Materials was continued. (See Chapter 8, “State
Programs,” for details of the program’s activities dur-
ing 1979.)

Transportation in Urban Areas

During 1979, Sandia Laboratories, under contract
to the NRC, continued its work to assess the en-
vironmental impacts resulting from the transportation
of radioactive materials through urban areas. The
study has been examining the impacts resulting from
incident-free transport, vehicular accidents during
transport, and from other abnormal situations. In per-
forming this study, Sandia has developed computer

prescribed level of radioactivity is reached, the canisters are placed
in sealed eylinders (on flatbed truck/trailer at right) for transport
to waste burial sites.



models to account for the special features of the urban
environment. The study will form the basis for a
generic environmental impact statement, to be
published by the NRC, on the transportation of
radioactive material in urban areas.

Information resulting from the study suggests that
the sabotage of spent fuel shipments has the potential
for producing serious radiological consequences in
areas of high population density. This information, in
part, led the NRC in June 1979 to establish interim re-
quirements for the protection of spent fuel in transit.
(See Chapter 5, “Domestic Safeguards.”)

Emergency Response Planning

In October 1978, Indiana University, under con-
tract to the NRC, began work on a study entitled
“Survey of Current State Radiological Emergency
Response Capabilities for Transportation Related In-
cidents.” The objective is to assemble and condense
available information on current state emergency
response capabilities for transportation-related
radiological incidents in order to assist NRC in its role
regarding radiological incident planning, emergency
response training, and other assistance activities
within State and local governments.

The NRC will use the information obtained from
this study to (1) identify response requirements for
protection of the health and safety of the public with
regard to transportation-related radiological in-
cidents, (2) develop and promulgate guidance to State
and local governments in coordination with other
Federal agencies for the preparation of emergency
response plans, and (3) determine whether additional
Federal participation is required to ensure adequate
protection of the health and safety of the public with
regard to transportation-related radiological in-

cidents. The study will be completed in fiscal year
1980.

Packaging Standards

In March 1979, the NRC issued for comment
Regulatory Guide 7.9, which identifies the informa-
tion to be provided in an application for the approval
of packaging for shipping Type B, large quantity, and
fissile radioactive material and presents a uniform for-
mat for presenting the information. The guide assists
the applicant in preparing an application and ensures
the completeness of the information provided. Use of a
uniform format assists the NRC staff and others in
locating the information and aids in shortening the
time needed for the review process.

In August 1979, the NRC issued for public comment
a revision to 10 CFR Part 71, “Packaging of Radioac-
tive Material for Transportation and Transportation
of Radioactive Material Under Certain Conditions.”
The NRC is considering revising its regulations for the
transportation of radioactive material to make them

compatible with those of the International Atomic
Energy Agency (IAEA) and thus with those of most
major nuclear nations of the world. Although several
substantive changes are proposed in order to provide a
more uniform degree of safety for various types of
shipments, the Commission’s basic standards for
radioactive material packaging would remain un-
changed. The DOT is also proposing a corresponding
rule change to its hazardous materials transport
regulations.

The major changes to NRC'’s regulations that are be-
ing proposed are:

(1) Elimination of the system currently used to
specify the quantities of radioactive materials
permitted to be shipped in certain types of
packages. Under the present system, all radioac-
tive materials are divided into seven transport
groups that are used as the basis for determining
the amount of those materials that can be ship-
ped in Type A packages and the amounts that
must be shipped in the more stringently design-
ed, accident-resistant Type B packages. This
system has proved to be unduly restrictive
because less hazardous radioactive materials in-
cluded in one transport group are required to be
packed in the same manner as other, more
hazardous radioactive materials belonging to
the same transport group. Under the proposed
rules, the use of a Type A or Type B package
would depend on the degree of radioactivity for
each material being shipped.

(2) Establishment of two classifications of Type B
packages. This change would facilitate foreign
acceptance of U.S. export shipments by confor-
ming package types to international standards.

International Standards

In 1983, the IAEA will issue a revision to its Safety
Series No. 6, “Regulations for the Safe Transport of
Radioactive Materials.” In preparation for this revi-
sion, the IAEA has asked member countries to submit
proposed changes to the regulations and to identify
areas where revision should be considered. The NRC
prepared recommended changes to the regulations
which were submitted to the IAEA by the DOT,
which serves as the U.S. competent authority on mat-
ters involving international shipments of radioactive
material. In addition, the NRC assisted the DOT in its
review of comments submitted by various private
organizations and other government agencies.

The NRC also participated as an observer in a
meeting of the IAEA Advisory Group on Radiation
Protection and Safety Principles for Safe Transport of
Radioactive Materials. The meeting was held in July
1979 at the IAEA Headquarters in Vienna, Austria.
The purpose of the meeting was to review the prin-
ciples upon which the IAEA’s transport regulations are
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This radiograph of the Liberty Bell is reduced from its original size
of seven feet by 12Y feet, reportedly the largest single sheet of
X-ray film ever exposed. The exposure to a 670-curie cobalt-60
source lasted 7% hours. The famous crack in the bell is the dark
irregular line at left center.

based and to provide recommendations to a revision

panel that will meet in 1980 to begin the comprehen-

sive review of the transport regulations.

Radioactive Material
Licensing

Radioactive materials have wide use in industrial
applications, medical diagnosis and treatment, ap-
plied research and development, in the academic
fields, and in products distributed to the public. Some
8,500 materials licenses are administered by the NRC
which require the annual processing of 5,000 to 6,000
applications for new licenses, license amendments and
license renewals. An additional 12,000 licenses are ad-
ministered by 26 states which have assumed authority
over certain materials under regulatory agreements
with the NRC, as part of the Agreement States pro-
gram, (see Chapter 8). The NRC licensing program is
designed to provide reasonable assurance that the

public health and safety is adequately protected and
that applications for licenses are processed in an effi-
cient and timely manner.

In 1979, the materials licensing function was
reorganized. The former Radioisotopes Licensing
Branch was dissolved and two new branches were
created: the Material Licensing Branch and the
Material Certification and Procedures Branch. The
purpose of the reorganization was twofold. It permits
the Material Licensing Branch to focus its efforts on
the review of license applications and the Material
Certification and Procedures Branch to devote its ef-
forts to functions related to materials licensing, such as
sealed source and device evaluations, preparation of
guides for licensees and applicants, the review of
regulatory practices, and other non-casework needs.

In March 1978, the NRC initiated a pilot
regionalization licensing program to determine the
feasibility of conducting licensing activities from NRC
regional offices. The initial effort involved six of the
eight States in NRC’s Region III and reviews were con-
ducted for medical institutions and industrial firms us-
ing gauging devices. As the program progressed, all
eight of the States were included in the program, and
academic institutions and industrial research and
development licensees were included in those involved
in the regional licensing program. The program is
scheduled for completion in early 1980 and the
feasibility of continuing or expanding the regional
licensing program will be determined.

Consumer Products. Numerous products containing
small amounts of radioactive materials are in daily
use. These products are authorized for distribution on-
ly after careful evaluation by the NRC indicates that
there is minimal risk to the general public. Among
these products are smoke detector devices containing
americium-24l and liquid crystal display timepieces
containing tritium. A two-year study to determine the
environmental impact of the use of radioactive
materials in consumer products is expected to be com-
pleted in October 1980.

Gauging Devices. These devices have wide use for
controlling density, levels, thickness, and weight of
materials, NRC approves their use only after evalua-
tion of the sealed sources and the devices to determine
that the gauging devices may be used safely by in-
dividuals who have minimal training and experience
in radiation safety. Due to the relatively low radiation
levels, normal use of these devices presents minimal
hazard to workers and the general public.

Gas Chromatographs. These devices typically con-
tain radioactive materials in the form of foil or plated
sources containing nickel-63 or tritium. Due to in-
creased concern for the environment and the
usefulness in measuring small amounts of materials,
gas chromatograph usage has increased dramatically



This well-logging tool uses a radioactive source in taking

measurements in boreholes, The neutron source, shown in the

upper part of the log{nf tool, activates the different earth strata
e hole

as it passes down th

permitting identification of the
composition of the strata.

for analyses of substances which could contain en-
vironmentally undesirable constituents,

Well Logging., The use of radioactive materials in
well logging—in search of new energy sources and or
utilization of gas and oil fields formerly thought
underproductive—has increased markedly. Most of
these activities are being performed by large service
companies, although many small companies are also
active in the use of well logging techniques.

Nuclear Medicine

The NRC issues licenses to hospitals and physicians
for the use of radioactive materials in the diagnosis
and treatment of patients. These diagnostic pro-
cedures include both in vitro tests involving the addi-
tion of radioactive materials to laboratory samples
taken from patients and in vivo tests, the direct ad-
ministration of radioactive drugs to patients. In vivo
tests are for the purpose of:

® Measuring the uptake, dilution or excretion of a
radioactive drug within an organ system (blood

volume determinations and kidney function
studies are examples of these).

¢ Visualizing the distribution of a radioactive drug
within an organ in order to locate tumors, blood
clots, etc.

Therapeutic radiation treatment continues to be an
important element licensed by the NRC. These pro-
cedures include the use of liquid radioactive drugs to
treat certain medical conditions such as the use of
iodine-131 for treatment of hyperthyroidism. In the
radiation therapy mode called brachytherapy, encap-
sulated or sealed radiation sources are placed directly
on or in the patient’s body to treat cancer. Naturally
occurring radium sources with their many problems
are rapidly being replaced by NRC-licensed materials
such as cesium-137 and iridium-192. Teletherapy is
another area of radiation therapy licensed by NRC. In
this method the patient is treated at a distance with
radiation from a sealed radioactive source, usually
cobalt-60.

Currently, the most rapidly growing area in nuclear
medicine is nuclear cardiology. Using radioactive
materials, physicians are able to identify specific areas
in the heart that are not receiving an adequate blood
supply, thus predicting potential heart attack victims.
Nuclear cardiology studies also enable the physicians
to locate infarcted areas and monitor healing and
recovery processes after a heart attack occurs.

Advisory Committee on Medical Uses of Isotopes.
NRC’s Advisory Committee on Medical Uses of
Isotopes (ACMUI) consists of physicians and medical
physics specialists from the public sector and it pro-
vides NRC with advice on many medical questions.
During a December 1978 meeting, the NRC staff
recommended minimum criteria for training and ex-
perience of physicians to be licensed to perform
nuclear cardiology studies. The committee also
discussed NRC'’s cooperative efforts with the Society of
Nuclear Medicine to develop a medical licensee model
program designed to minimize radiation exposure to
personnel and minimize releases of radioactive
material to the environment. During the year, in ac-
cordance with NRC’s policy of rotating membership
on the ACMUI, NRC formally requested nominations
from the public to replace several members. Four
well-qualified physicians were selected from 47 per-
sons nominated by professional societies and members
of the public.

Order on Use of Technetium-99m. Many hospitals
obtain technetium-99 (Tc-99m), a radioactive isotope
widely used in nuclear medicine, from a
molybdenum-99 (Mo-99) generator. The generator is a
shielded device that contains Mo-99 absorbed onto an
alumina column. When a sterile saline solution is fed
through the column, Tc-99m, a daughter product, is
removed and Mo-99 remains on the column. Very lit-
tle, if any of the Mo-99 is normally removed with the
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A nuclear medicine physician examines a technetium (Tc)-99m
whole body bone image. This radiopharmaceutical, a Tc-99m-

Tc-99m. Mo-99 in Tc-99m serves no diagnostic pur-
pose, and excessive levels of this isotope in the Tc-99m
results in unnecessary radiation exposure to patients.
Although it is good practice to check for the presence
of Mo-99 as a contaminant, an NRC investigation
revealed that these tests were not being routinely per-
formed. Since several thousand generators are sold to
medical facilities each week, and one generator can
provide Tc-99m for up to 50 patients per day, there is
a potential for exposure of large numbers of persons if
excessive levels of Mo-99 occur,

On March 12, 1979, NRC issued an order requiring
medical licensees to perform a test for Mo-99 and to
refrain from administering Tc-99m contaminated
with excessive levels of M0-99. On June 6, 1979, NRC
published a proposed rule change that contains the
essentials of the order and requested comments from
the public.

Other Significant Actions. In other 1979 actions

labeled phosphate compound, localizes in skeletal areas and allows
physicians to visualize pathologic bone process.

having a significant impact on medical licensees, the
NRC:

¢ Published for comment a revised medical licens-
ing guide. Use of the revised application form
with the revised guide is making it easier to apply
for and obtain a license for the medical use of
radioisotopes.

* Issued a final rule requiring teletherapy licensees
to perform periodic full calibration and spot-
check measurements to ensure accurate deter-
mination of the amount of radiation administered
to patients.

e Issued a new rule allowing physicians greater
latitude in using approved radioactive materials
for diagnostic procedures.

e Published a medical policy statement setting forth
NRC’s future role in regulating the medical uses
of radioactive materials.



Domestic

Safeguards

Fixed site shysjcal security at nuclear facilities
was upgraded in new NRC regulations publish-
ed in November 1979.

Section 209 of the Energy Reorganization Act of 1974, as
amended, requires the Nuclear Regulatory Commission to
include in each Annual Report to Congress a chapter
describing the status of NRC's domestic safeguards program
for the protection of certain nuclear materials and facilities.
This chapter discusses safeguards provided for licensed
facilities and activities during fiscal year 1979, covering the
general areas of (1) scope of NRC safeguards efforts; (2)
adequacy and effectiveness of safeguards; (3) safeguards
policy issues, regulatory actions, and research and technical
assistance; and (4) NRC safeguards organization and
management.

Scope of NRC Programs

The Atomic Energy Act of 1954 and the Energy
Reorganization Act of 1974 direct the NRC to regulate the
safeguards provided by its licensees for certain nuclear
facilities and activities. With the objective of assuring pro-
tection of the public health and safety and the national
defense and security, the NRC designs and enforces meas-
ures to deter, prevent, and respond to (1) unauthorized
possession, theft, diversion, or use of special nuclear
material; and (2) sabotage of nuclear facilities.

Safeguards for fuel cycle facilities emphasize protection
against theft or diversion of “formula quantities” of strategic
special nuclear material (SSNM), while power reactor
safeguards concentrate on protection against industrial
sabotage.

NRC safeguards regulation during 1979 covered the
following:

* Nineteen fuel cycle facilities.

o Selected transportation activities.

e Seventy power reactors licensed for commercial opera-
tion,

e Seventy-one non-power reactors (for research, testing,
training or the production of radioisotopes).

The 19 fuel cycle facilities are authorized to possess form-

ula quantities of SSNM, which includes uranium-235 (con-
tained in uranium enriched to 20 percent or more in the
U-235 isotope), uranium-233, or plutonium. A “formula
quantity” is 5,000 grams or more of SSNM as computed by
the formula: grams = (grams U-235) + 2.5 (grams U-233
+ grams plutonium). Four additional fuel cycle facilities
are authorized to possess more than one “effective kilogram™
of low-enriched uranium and are, therefore, subject to
NRC safeguards material control and accounting re-
quirements. For uranium with an enrichment in the isotope
U-235 of one percent and above, “effective kilograms™ is
computed as its weight in kilograms multiplied by the
square of its enrichment expressed as a decimal weight frac-
tion.

The selected transportation activities mentioned above
involve shipments of spent fuel or formula quantities of
licensed SSNM, currently amounting to about 20 per
month.

Assessment of Safeguards Adequacy Policy

The fiscal year 1978 report to Congress on domestic
safeguards (NUREG-0524), which was forwarded as a
separate document, noted that the several NRC offices with
safeguards responsibilities had varying approaches to
safeguards regulation. These differences were manifested in
definitions of adequacy and also in methods of deciding
whether safeguards were adequate for the regulated fuel
cycle facilities, transportation activities, power reactors and
non-power reactors.

In January 1979, the NRC Executive Director for Opera-
tions established an internal “Task Force on Safeguards
Policy” to resolve these differences and develop an in-
tegrated approach to safeguards regulation. In July 1979,
the Commission directed the staff to revise its rules in 10
CFR Part 73 to incorporate the task force’s recommenda-
tion that safeguards regulatory requirements be generally
specified in terms of malevolent acts to be thwarted (i.e.,
theft and sabotage), rather than by types of facilities to be
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protected. To help a licensee design a safeguards system,
such malevolent acts are characterized as shown in Chart 1.

The rule revisions also specified that the objective of
physical protection systems for reactors and fuel cycle
facilities is to provide high assurance protection against
radiological sabotage, theft or diversion.

In August 1979, as a further step toward eliminating dif-
ferences and conflicts within NRC safeguards regulatory
programs, the Commission decided to consolidate all
safeguards review responsibilities within the Office of
Nuclear Material Safety and Safeguards. This consolidation
became effective on October 1, 1979.

The teams then judged whether the particular
facility provided high, good, fair, or poor assurance of -
protecting against a hypothesized threat. Licensee
safeguards judged to provide high assurance of protec-
tion against the hypothesized threat are considered to
possess the desired level of safeguards capability.
Licensee safeguards judged to provide good assurance
of protection are considered to be adequate, but not
providing the extra measure of capability that NRC
deems prudent. Licensee safeguards judged fair are
considered adequate to permit continued operation
only if the observed deficiencies do not pose an undue

Characterization of Malevolent Acts

Malevolent Acts

I

4 Sabotage®P

| |

Theft, Diversion

of SSN|
{Formula Quantities)

External Attack Internal Attack

External Attack Internal Attack

— Violent External Attack

Insider Threat

- Stealthful ggbck (Any Employee)

— Decaptive Actions
(Al by Several Persons)

~ Violent External Attack

OR An Individual
— Stealthful Attack
OR

(Including any Employee)
OR_

- Deceptive Actions A Conspiracy

(All by a Small Group)

Attacker Characteristics

-~ Well-Trained, Dedicated
- Ingide Assistance

— Suitable Weapons

« Hand-Carried Equipment

Attacker Characteristics Attacker Characteristics

- Well-Trained, Dedicated

— Inside Assistance

- Suitabie Weapons

- Hand-Carried Equipment

— Operability as 2 or More
Teams

— Access to Detailed Knowledge
of Facilities
— Items to Facilitate Theft

%n January 1979, the Commission directed the staff to conduct a study of the potential insider threat to the licensed nuclear industry. The Commission

expects 10 raceive the study report by early 1980,
bAs defined in 10 CFR 73.1(a)(1).
CAs defined in 10 CFR 73.1(a)(2).

Fuel Cycle Facilities

In January 1979, the NRC staff completed an
18-month program of comprehensive evaluations of
safeguards at the 11 licensed facilities which process

formula quantities of nuclear material. Four separate

" field teams examined each facility with respect to:

Vulnerability to external assault.
Physical security.

Possible inside diversion paths.

Nuclear material control and accounting.

risk to the public health and safety or common defense
and security during the short term required for their
correction. Operations at facilities with safeguards
capabilities judged good or fair are permitted to con-
tinue only where agreement has been reached to
undertake an immediate remedial program to bring
the licensee’s safeguards program back to a state of
high assurance. Continued operation of licensee
facilities where safeguards are judged poor will not be
permitted unless the observed deficiencies can be
corrected immediately. To correct deficiencies, NRC



modifies licenses as needed to upgrade the systems,
and requires the applicable licensees to make the
necessary changes. NRC then conducts special follow-
up inspections to ensure compliance.

Eight formal reports on findings and corrective ac-
tions concerning safeguards were sent to Congress dur-
ing fiscal year 1979. The other three are completed
and are being sent to Congress early in fiscal year
1980.

Table 1 summarizes the teams” initial assessments of
the 11 fuel facilities examined. As noted above, if a
facility did not receive a high rating, it was required to
take corrective actions designed to improve safeguards
to the desired level of high assurance. Licensees were

allowed varying amounts of time to correct deficien-

cies, depending on how long it would take for perma-
nent corrective action; however, interim measures had
to be put into effect immediately. Inspectors from
NRC’s Office of Inspection and Enforcement routinely
inspect both the interim and the permanent corrective
measures taken.

By the end of fiscal year 1979, all required correc-
tive actions for the 11 facilities had been identified,
and interim measures required by NRC had been put
into effect in those cases where permanent im-
provements had not been completed. As a result of
these improvements coming out of the comprehensive
review program, all facilities were judged to provide
high assurance of protecting against the hypothesized
threat. However, NFS Erwin experienced an excessive

at fuel cycle facilities during fiscal year 1979 included
more than 8,000 hours of on-site safeguards inspec-
tions at 14 fuel cycle facilities (those authorized to
possess formula quantities of unirradiated SSNM in an
unsealed form). These inspections revealed 73 items of
noncompliance with safeguards requirements. (See
Table 2 for summary of inspections.) The NRC took
particularly significant action (a shutdown order)
against one major licensee, Nuclear Fuel Services,
Inc., operator of a plant at Erwin, Tennessee, where
the inventory difference for the bimonthly physical in-
ventory exceeded the upper limit specified in the con-
ditions of the license. The licensee had also exceeded
the limit of error associated with the inventory dif-
ference. Based on inspection results, NRC has judged
the safeguards performance of the remaining licensees
as satisfactory.

Transportation Activities

Spent Fuel Shipments. In July 1979, NRC imposed
new safeguards requirements on licensed spent fuel
shipments. A recent, government-sponsored study*
suggested that high-explosive sabotage of a spent fuel
shipment, should it occur in an area of high popula-
tion density, might produce serious radiological conse-
quences. Although NRC does not have information in-
dicating that a sabotage threat against spent fuel
shipments exists in the United States, additional

Table 1. Original Field Evaluation Ratings, Before Corrections, at 11 Facilities

RATINGS
CRITERIA Poor Poor-Fair Fair Fair-Good Good Good-High High?
EXTERNAL ASSAULT 1 4 2 2 2
INSIDER 1 1 2 1 6

* The NRC staff issued an immediately effective order increasing the level of safeguards.

b Safeguards evaluation goal.

inventory difference and was shut down in late
September 1979, as discussed below.

On November 28, 1979, the Commission published
the Physical Protection Upgrade Rule, requiring
licensees to provide strengthened physical protection
for formula quantities of special nuclear material.

These new requirements will become effective March
25, 1980.

Inspection and Enforcement at Fuel Cycle
Facilities. NRC inspection and enforcement activities

safeguards were imposed as prudent, interim
measures, until a current research project confirms or
refutes the potential for such consequences.

The interim rule requires that licensed spent fuel
shipments avoid, where possible, highly populated ur-
banized areas, and that the licensee obtain NRC ap-
proval of the proposed route before such shipments are

* Ducharme, A.R., et al., “Transport of Radionuclides in Urban
Environs: Working Draft Assessment,” SAND-77-1927, Sandia
Laboratories, May 1978.
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Table 2. Safeguards Inspections During FY 1979; at Fuel Cycle Facilities

Number ((g
Safeguar
Strategic Fuel Facilities Inspections
1. Babcock & Wilcox, Apollo, Pa. 12 (1/11)b
2. Babcock & Wilcox, Leechburg, Pa. 13 (3/10)
3. Babcock & Wilcox, Lynchburg
Research Center, Lynchburg, Va.© 5 (0/5)
4. Babcock & Wilcox, Naval Nuclear
Fuels Division, Lynchburg, Va. 12 (4/8)
5. Exxon Nuclear, Richland, Wash.© 5 (2/3)
6. General Atomic, San Diego, Cal. 7 (4/3)
7. General Electric, Vallecitos, Cal. 5 (3/2)
8. Kerr McGee Nuclear, Crescent, Okla.© 2 (1/1)
9. Nuclear Fuel Services, Erwin Tenn. 25 (6/19)
10. Rockwell International, Canoga
Park, Cal. 5 (3/2)
11. Texas Instruments, North
Attleboro, Mass. 10 (3/7)
12. United Nuclear, Montville, Conn. 14 (3/11)
13. United Nuclear, Wood River
Junction, R.I. 13 (1/12)
14. Westinghouse, Plutonium Fuel
Development Laboratory,
Cheswick, Pa. 12 (4/8)

TOTAL 140 (38/102)

 Based on information on file as of November 5, 1979,
b For numbers in parentheses, the first number refers to physical security inspection activities; the second refers to material con-

trol and accounting inspection activities.

Number of Number of Number of
Manhours of Items of Unannounced
Inspection Onsite Noncompliance Inspections
390 (13/377) 0 83
787 (108/679) 3 (0/3) 77
126 (0/126) 4 ( /4) 100
468 (102/366) 6 (1/5) 83
388 (30/358) 3 (2/1) 100
539 (174/365) 6 (2/4) 100
308 (45/263) 3 (3/0) 100
65 (50/15) 4 (4/0) 100
1,644 (117/1,527) 18 (2/16) 80
289 (51/238) 4 (4/0) 100
444 (126/318) 2 (2/0) 100
1,266 (155/1,111) 5 (0/5) 86
1,110 (72/1,038) 12 (0/12) 46
394 (117/277) 3 (0/3) 75
8,218 (1,160/7,058) 73 (20/53) 83

¢ These facilities are either not operating or not holding formula quantities in unirradiated form.

made. Data used to identify the applicable urbanized
areas are from the 1979 Supplemental Report of the
U.S. Bureau of the Census.* For NRC route-approval
purposes, the following criteria define which
populated areas are to be avoided:

A. Any “urbanized area” with more than one

million persons.

B. Other “urbanized area” containing a city with

more than 500,000 persons.

C. The boundary of any city, other than that in-

cluded in A and B (excluding the rural part of an
extended city), with more than 100,000 persons.

In addition, NRC’s interim rule requires the follow-

ing measures to be taken to guard against an attempt
to sabotage a spent fuel shipment:

¢ Arrangements to call upon law enforcement agen-

* U.S. Bureau of the Census, Supplemental Report, 1970 Census

of Population, “Population and Land Area of Urbanized Areas
for the US: 1970 and 1960,” Series PC (51)-108, April 1979.

cies along the route for emergency assistance, if
needed.

Mobile communications equipment accompany-
ing each shipment in transit.

Status report, every two hours, from a shipment
in transit to a central location.

Capability to immobilize the transports, should a
hijack be attempted.

At least two individuals with each shipment,
highly trained in emergency response procedures.

No intermediate halts, where practicable, except
for necessary refueling and food stops, and con-
tinuous occupation of the vehicle during
necessary halts.

Procedures for coping with threats and emergen-
cies during transit, including arrangements for
calling local law enforcement assistance.

Armed escort, or local law enforcement agency



escort, if transport is necessary (and NRC-
approved) through a highly-populated area.

SSNM Shipments. During 1979, NRC requirements
for safeguarding shipments of formula quantities of
highly enriched uranium or plutonium remained the
same as those during 1978.

Route Surveys. NRC Safeguards teams conduct field
surveys over transportation routes proposed for spent
fuel or strategic special nuclear material shipments.
These surveys obtain information for NRC contingen-
cy planning and route approval considerations. Dur-
ing such surveys, the teams coordinate with local law
enforcement agencies along the way to increase their
awareness and knowledge of the shipments and to
identify local contacts that can be helpful, if needed.

A shipment of foreign irradiated fuel is transferred from ship to
flatbed trailer for shipment to the DOE’s Savannah River Plant
near Barnwell, South Carolina. Under the Atoms for Peace agree-
ment the U.S. sells nuclear fuel to foreign countries with the condi-
tion that spent fuel will be returned to the U.S. for storage.

Rail cars can carry several truckloads of fuel elements. The picture
shows several spent fuel casks with special covers now mounted on
a rail flatbed car.

During fiscal year 1979, the NRC teams surveyed
five routes for shipments of formula quantities of
special nuclear material and four routes for shipments
of spent fuel. They collected data in the field, travel-
ing approximately 6,400 road miles through 33 States,
and meeting with approximately 270 local and State
law enforcement agency representatives along the
way. Licensees transporting nuclear materials receiv-
ed route profile reports which described appropriate
law enforcement contacts and communications along
the way.

During the year, NRC determined the adequacy of
safeguards by both the licensing process and the in-
spection of all licensed shipments involving special
nuclear material. These inspections covered all
domestic shipments and the domestic segments of the

A special steel cover is placed over the cask and bolted to the bed
of the flatbed trailer. This reduces visibility of and accessibility to
the cask while in transit to a railhead.

Regulations ret]uire the placement of buffer cars between any car

carrying special nuclear material and other cars in the train both
to provide safetg space between the shipment and the other cars
and to allow a ()‘Op ® view of the shipment itself. This photo shows
shipment as observed from the observation cupola of the caboose,
looking forward towards engine. The shipment was observed from
the rear by the conductor and from the engine by the train master
and/or engineer throughout.
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import and export shipments, including all storage
and transfer points. Twenty-seven shipments were
covered, involving 689 man-hours of inspection activi-
ty. No items of noncompliance were noted.

Reactor Safeguards

The main factors in evaluating the adequacy of
safeguards at power reactor facilities are:

¢ Licensing Reviews (including field reviews of
equipment and operations) of licensee security
plans prepared in response to the requirements to
10 CFR 73.55. (“Requirements for Physical Pro-
tection of Licensed Activities in Nuclear Power
Reactors against Industrial Sabotage.”)

e Inspection for licensee compliance with the ap-
proved security plan.

The NRC staff is also planning a future program to
evaluate the practical effectiveness of safeguards as
implemented at licensed operating power reactors
throughout the U.S.

NRC safeguards regulations require that all personnel entering
critical areas of nuclear reactor facilities be thoroughly searched as
a measure of assurance against possible installation sabotage. Here,
NRC Resident Reactor Inspector Leif J. Norrholm is subjected to a
pat-down search for weapons or possible sabotage devices at the
Salem 1 Nuclear Generating Station in New Jersey.

Status of Safeguards at Power Reactors. All
operating power reactor licensees have put into effect
approved physical security plans meeting the general
and specific requirements of 10 CFR 73.55, with some
aspects of measures employed against the inside threat
being further refined. In this connection, the Commis-
sion has deferred the required implementation of cer-
tain defensive measures against potential sabotage by
a licensee employee inside the facility pending further
evaluation of the need and alternatives. These defen-
sive measures include pat-down searches, “two-man

rule” procedures in vital areas, and additional physical
compartmentalization within such areas. (Two-man
rule procedures are those where two employees
observe each other’s activities, in order to minimize
the opportunity for malevolent acts by an insider.)
The Commission also is considering various programs
for determining trustworthiness of reactor facility
employees authorized to enter vital areas.

There have been some construction and equipment
delivery delays in the implementation of certain
safeguards measures. Therefore, certain facilities are
using approved interim measures, such as additional
armed guards, until final systems components can be
installed and their operation verified.

As of February 23, 1979, new security requirements
for all power reactors went into effect. Since that time,
69 power reactors have been inspected to determine
compliance with the new security requirements. With
the exception of escalated enforcement actions,
discussed in Chapter 7, the concerned licensees dealt
promptly with all items of noncompliance.

Status of Safeguards at Non-Power Reactors. All
licensed non-power reactors have operative security
plans, required by 10 CFR 73.40, (“Physical Protec-
tion: General Requirements at Fixed Sites”) for protec-
tion against sabotage. Specific safeguards measures for
non-power reactors with less than formula quantities
of SSNM are not defined in NRC regulations (although
the new NRC regulations of July 1979 for these quan-
tities of material apply to any facilities possessing such
materials). However, those in effect at such reactor
sites include:

» Identification of security areas.
¢ Security organization.
e Access controls.

Shipments of special nuclear material are guarded during all
phases of transit. Here, guards prepare to offload a truck shipment
at a user facility. NRC monitors and inspects SNM shipments,
surveys shipping routes, supervises guard and driver training, and,
in cooperation with the Department of Transportation, develops
standards for every aspect of nuclear materia?transportation.



¢ Methods for detecting and reporting intrusions.

Also, non-power facilities with formula quantities
of SSNM that are not self-protecting have activated
anti-theft measures meeting the specific requirements
of 10 CFR 73.50 (“Requirements for Physical Protec-
tion of Licensed Activities”) and 10 CFR 73.60 (“Addi-
tional Requirements for the Physical Protection of
Special Nuclear Material at Non-Power Reactors™).

Inspection and Enforcement at Reactors. NRC in-
spection and enforcement activities at reactors also
provided a measure for judging the effectiveness of
safeguards. During fiscal year 1979, the NRC expend-
ed nearly 8,000 hours in on-site safeguards inspections
at power reactors, and 2,300 hours at non-power reac-
tors and research facilities. These inspections revealed
385 items of noncompliance with safeguards require-
ments (see Table 3). NRC has issued two Immediate
Action Letters that identify measures which licensees
must take to improve their safeguards systems. Three
civil penalties, totaling more than $25,000, were
issued against three licensees.

vestigation which formalized procedures for informa-
tion exchange and coordinated response actions be-
tween the two agencies. NRC is now coordinating
three similar interagency agreements with the Federal
Aviation Administration, the National Security Agen-
cy, and the Bureau of Alcohol, Tobacco and Firearms.

SAFEGUARDS EVENTS—
FISCAL YEAR 1979

In December 1978, a licensee shipped four drums
containing 4.5 kilograms of highly enriched uranium
to Romania, with each drum sealed by the NRC. Upon
arrival at the port of embarkation in New York, all
four seals were found broken. The NRC inspector ex-
amining the drums and seals decided that the contents
of the drum had not been disturbed. Consequently, he
resealed the containers—without inspecting the con-
tents—and permitted the export of the shipment.
When the containers arrived in Romania, the seals
that were affixed in New York were found to be intact.
The IAEA, upon request, examined the shipment upon
arrival, and confirmed that the nuclear material con-

Table 3. Reactor Safeguards Inspections During FY 1979 *

Number ‘cg Manhours of Number of Percent of
. Safeguar Onsite Items of Unannounced
Facility Inspections Inspection Noncompliance Inspections
Power Reactors 190 (163/27)b 7,778 (7,010/768)° 340 (330/10)b 96
Non-power Reactors 55 (41/14) 926 (743/183) 19 (17/2) 96
Research & Specialty
Reactors 53 (5/48) 1,399 (152/1,247) 26 (9/17) 76

a Based on information on file as of November 5, 1979,

b For numbers in parentheses, the first number refers to physical security inspection activities, the second refers to material con-

trol and accounting inspection activities.

Contingency Planning

During fiscal year 1979, the NRC staff reviewed and
approved safeguards contingency plans developed by
each of the 19 fuel cycle facility licensees authorized to
have formula quantities of strategic nuclear material.
During this time, the staff also reviewed 28 of 61
safeguards contingency plans developed by power
reactor licensees and applicants. Each of the power
reactor contingency plans evaluated required certain
modifications or additions. None was given final ap-
proval during fiscal year 1979.

At the national level, NRC concluded a memoran-
dum of understanding with the Federal Bureau of In-

tents were as shipped by the licensee. As a result of this
event, NRC has changed its procedures for accounting
for the seals that allow inspectors at the destination to
determine whether anyone has replaced or tampered
with them.

In January 1979, the General Electric Company
reported to the NRC that an alleged theft of low-
enriched uranium oxide, and an attempted extortion
had occurred at its fuel plant at Wilmington, North
Carolina. An individual was arrested on criminal
charges, and the material was recovered. The material
was of no safeguards significance because of the
amount and enrichment involved. It represented a
minimal health hazard, being less hazardous than
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many industrial chemicals. As a result of the incident,
the licensee reevaluated its security and accountability
system for such materials. For some time, the NRC has
been reexamining requirements for the protection of
nuclear materials of this type. As a result, new rules
are being proposed to prevent future incidents of this
type from occurring. (See Chapter 7 for further details
on this incident.)

In May 1979, 62 of 64 new fuel assemblies at the
Surry Nuclear Power Station in Virginia were found to
have been coated with sodium hydroxide, in an
apparent attempt at sabotage. Subsequent investiga-
tions revealed that two licensee employees were
responsible for the act. They were later convicted and
sentenced to prison. (See Chapter 7 for further details
on this incident.) The NRC has subsequently taken
steps to modify its regulations to tighten access con-
trols at such facilities.. Requirements being proposed
are contained in an Inspection and Enforcement
Bulletin, IE Bulletin No. 7416, “Vital Area Access
Controls.”

As a result of a physical inventory taken in August
1979, Nuclear Fuel Services (NFS) reported that the
inventory difference at the NFS plant at Erwin, Ten-
nessee, was in excess of the upper limit specified in the
license. (An inventory difference occurs when the total
SNM listed in the account books from previous
measurements does not agree with the total SNM
measured in the most recent physical inventory.) The
licensee was ordered to shut down the facility and
begin an immediate investigation and re-inventory.
NRC sent an investigation team to the site to observe
the inventory and verify measurements being made.
While the re-inventory results partially explained the
inventory difference, the discrepancy was not reduced
to a level normally expected as a result of uncertainties
in the measurement of nuclear materials. At the end of
fiscal year 1979, the facility remained shut down pen-
ding resolution of the problem.* The NRC investiga-
tion, which included FBI and Department of Energy
participation, had not discovered any information
(other than the presence of the inventory difference
which is of itself indeterminate because of measure-
ment uncertainties) to indicate that a theft of material
had occurred. However, the investigation had not
been able to rule out that possibility.

SAFEGUARDS REGULATORY
ACTIVITIES

Fiscal year 1979 was an active period in the develop-
ment and adoption of NRC regulations designed to im-
prove nuclear safeguards. Attempting to solve several

* On January 21, 1980, the facility was permitted to return to pro-
duction operations after implementation of significant im-
provements in the physical security, internal control, and
material accounting systems.

major safeguards problems also constituted an impor-
tant part of NRC’s activities. Solutions were not
always found and efforts to solve some problems must
continue into 1980 and beyond, if necessary.

Physical Security. In November 1979, the Commis-
sion published the final version of a new regulation
designed to upgrade the physical protection of formula
quantities of special nuclear material. Any facility
holding or transporting five formula kilograms of such
material is subject to the new rules. The only tem-
porary exception is non-power reactors, for the reasons
indicated below. The regulation will become effective
in March 1980. Licensees are expected to implement it
by the fall of 1981. The rule indicates performance
standards to be met by licensees and presents specific
statements about the kinds of threats, from insiders
and outsiders, that their safeguards should be able to
withstand.

Most non-power reactors are research reactors
operated by universities. Applying the new rules must
take into account the unique characteristics of a
university and its reactor. The universities are con-
cerned that applying the strict new physical security
requirements of the regulation will force them to shut
down their reactors. They cite unacceptable costs and
impact on their education programs. They also cite
specific design and fuel features of their reactors. Some
of these views appear to have merit, and the NRC is
considering whether a balance can be struck between
the specific new requirements and alternative ways to
achieve the necessary safeguards performance. This
problem was not resolved in 1979, and continues to be
studied.

Another important problem to be resolved in 1980
relates to the regulation upgrading power reactor
physical security safeguards. When first issued in 1977,
the rule called for conducting either a physical or an
instrument search for the detection of prohibited
material. The Commission was petitioned to eliminate
the possible interpretation of “physical search” as re-
quiring a “pat-down” search. The issue is under study,
and the staff is considering alternatives for the most
effective search techniques to be employed. In the in-
terim, instrument searches are routinely employed,
supplemented by physical searches when cir-
cumstances dictate.

In July 1979, final regulations were published to
provide new physical protection requirements for
special nuclear materials in less than five formula
kilogram quantities—materials of moderate- and low-
strategic significance (Category II and Category III
materials). These regulations make the U.S. rules con-
sistent with International Atomic Energy- (IAEA)
worldwide standards.

Another new rule issued in fiscal year 1979 placed
carriers of five or more formula kilograms of special
nuclear material under NRC regulation. Formerly,
the shippers and receivers, but not the actual



transporters of material, had been under NRC license.
A general license has been issued to the carriers, mak-
ing them directly subject to NRC requirements and in-
spections.

Requirements of the new interim rule for spent fuel
shipments have been discussed in detail earlier in this
chapter. The staff must now reassess the need for
changes based on public comments, and as may be re-
quired by the result of recent research. Among the
issues being addressed are routing restrictions,
preemption of local ordinances, call-in procedures,
and handling of vessels carrying spent fuel.

Transient shipments of formula quantities of special
nuclear material are also a matter of concern. A tran-
sient shipment is one that temporarily uses U.S.
facilities while moving from one foreign country to
another. NRC is preparing a regulation that would
require protection of such shipments, which usually
are carried by an aircraft transiting a U.S. airport.
Enforcing such a regulation may pose problems,
because it would require that NRC obtain advance
details about the shipment, sometimes from sources
outside NRC’s immediate control.

Transient shipments of spent fuel are a matter of
more recent concern. The staff has taken note of grow-
ing public concern about the need to provide
safeguards protection for such shipments. This con-
cern was highlighted when Representative Heftel and
the Governor of Hawaii urgently requested that the
NRC adopt regulations to protect transient shipments
of spent fuel. These requests came as a result of an
unscheduled refueling stop, at Honolulu, by a
freighter carrying spent fuel. The NRC plans to
analyze the alternatives involved in providing such
protection and possible regulatory changes to imple-
ment such protection.

Along with its concern about shipments of spent
fuel, the NRC also is trying to estimate the potential
hazards of sabotage (or theft, if that should occur) at
high level nuclear waste storage sites. Conceivably,
the radioactive dispersal hazards might be similar to
those resulting from sabotage of spent fuel. The staff is
also analyzing the alternatives involved in transpor-
ting Three Mile Island wastes to disposal sites. When
the results of these analyses are known, the staff will
address the issue of what safeguards measures, if any,
‘should be required for nuclear waste activities.

The Kemeny Commission’s report on the Three Mile
.Island accident indicated that human attitudes and
practices were a principal contributory factor to the
accident. In the area of nuclear security, people—
particularly security managers and guards—play a
vital role in ensuring that safeguards systems achieve
their intended purpose at all licensed facilities. In
response to these concerns, the NRC staff has begun to
review how well people perform in the safeguards
area. The staff will make recommendations to im-
prove such performance, if appropriate.

The NRC role in safeguards training includes setting training re-
quirements for transport security personnel, ensuring appropriate
cooperation and communications ﬁtween shipment security
guards and local law enforcement agencies, and monitoring such
activities through inspections and reports. Shown here are two ex-
amples of training inspected by NRC in 1979. The photos show
[from top] a formal security-officer weapons training class, and
scenes from a staged accident involving a “nuclear sﬁipment” in
which accident response measures were practiced.
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Material Control and Accounting. While not always
immediate or inexpensive, solutions to security prob-
lems at NRC licensed facilities seem to be more
obvious and straightforward than solutions to
accountability problems. An example of the intract-
ability of these problems was provided during fiscal
year 1979 by the occurrence of a large inventory dif-
ference at the NFS fuel plant at Erwin, Tenn., as
described earlier in this chapter. (An inventory dif-
ference occurs when the total SNM listed in the
account books from previous measurements does not
agree with the total SNM measured in the most recent
physical inventory.) Another example of material con-
trol and accounting problems is provided by
NUREG-0627, an NRC report on the Nuclear Material
and Equipment Corporation (NUMEC) situation in
the mid-1960’s. (The report was requested by Con-
gressman Udall and prepared by NRC staff during
fiscal year 1979.)

For years NRC (and previously the AEC) has used
inventory differences to signal accountability prob-
lems or out-of-control processing situations. However,
inventory differences are based on periodic plant-wide
inventories and are not a timely indicator of a loss of
material. Moreover, the causes of unusual or excessive
inventory differences are not always clear, even after
extensive investigation. As a result, the NRC staff is ex-
amining several alternatives to relying on inventory
difference as a primary indicator of accounting prob-
lems.

Currently, the staff is formulating a major rule
aimed at improving the level of safeguards assurance
provided by material control and accounting systems.
The goals are to provide more timely material control
and accounting indicators which can be resolved more
clearly, and which will better locate the account-
ability problems within a licensee’s plant. A draft rule
is planned by the end of fiscal year 1980.

NRC/IAEA Interaction. In 1979, NRC staff ac-
celerated preparations for the application of IAEA
safeguaras to U.S. nuclear facilities other than those
having direct national security significance. The
US/TAEA Safeguards Agreement has been approved by
the IAEA. The President has submitted it to the Senate
for ratification as a treaty. The Agreement will enter
into force when the U.S. notifies the IAEA that its con-
stitutional and statutory requirements have been met.
(See Chapter 9 for detailed discussion of international
safeguards.)

SAFEGUARDS RESEARCH AND
TECHNICAL ASSISTANCE

The NRC safeguards contractual program includes
both research (long-term, comprehensive effort) and
technical assistance (short-term efforts supporting
operational assignments). In fiscal year 1979, about

$12 million was spent on safeguards research and
technical assistance. Approximately $5 million of the
total was spent on research projects and the remaining
$7 million on technical assistance projects. The Com-
mission reviewed and approved all safeguards con-
tracts exceeding $20,000 in funding, as required by the
Congress.

The safeguards research program has now
developed to the point where the products are being
tested in applications to assist (a) the formulation of
regulations; (b) the determination of safeguards ade-
quacy; and (c) the assessment of the effectiveness of
licensee safeguards systems.

Fiscal year 1979 research projects that have helped
or are expected to improve safeguards programs are
the following:

o “Effectiveness Evaluation Methods for Physical
Protection of SNM in Transit” Project. Results
from this program have helped evaluate guard
levels required for an in-transit physical protec-
tion system established in the physical protection
upgrade rule.

e The “Effectiveness Evaluation Methods for
Material Control and Accounting” research pro-
ject, which has provided technical inputs to
development of the proposed material control and
accounting upgrade rule, and associated
guidance.

® The “Insider Crime Analogous to the Potential
Threat to Nuclear Programs” study, which is ex-
pected to aid in the formulation of prudent stan-
dards and regulations related to the potential in-
sider threat.

® The “Spent Fuel Cask Vulnerability Program,”
results of which will help formulate policy on
safeguarding shipments of spent fuel from light-
water reactors. They will help confirm and/or
modify, as necessary, safeguards regulations pro-
tecting spent fuel shipments.

¢ The “Nuclear Power Plant Design Concepts for
Sabotage Protection” project. Design alternatives
and damage control measures for nuclear power
plants were studied in order to improve their in-
herent protection against sabotage. A recent
typical plant design* was selected and
characterized to provide a baseline against which
the effectiveness and impact of proposed changes
will be measured. A set of potentially useful
design alterations, as well as methods to mitigate
damage, were identified. These features have
been reviewed and the most promising alter-

*The Standardized Nuclear Unit Power Plant System is a system
identified by Bechtel Corporation. It takes advantage of standardized
engineering and installation practices for the purpose of simplifying
licensing and acceptance reviews.



natives will be selected for more comprehensive
evaluation.

Fiscal year 1979 research projects directed toward
improving safeguards adequacy and effectiveness in-
clude:

* The “Effectiveness Evaluation Models for Fixed
Site Physical Protection” project. The method
developed in this project identified vital areas
within reactor facilities, using computerized,
generic fault-tree techniques. It was applied to
more than 27 pressurized water reactor and boil-
ing water reactor sites, and has proved an effec-
tive aid in licensing and evaluating power reac-
tors. As a result of last year’s feasibility test of the
Safeguards Automated Facility Evaluation
method, some Safeguards Automated Facility
Evaluation modules were further developed and
applied, on a trial basis, to several reactor

facilities. This method will be used extensively in
fiscal year 1980, with the vital area analysis
already discussed, to help evaluate the adequacy
of safeguards at power reactor facilities. The
Safeguards Network Analysis Procedure is an
evaluation tool to help in physical security field
evaluations of operating facilities and to evaluate
proposed licensee safeguards. This procedure may
also be useful for formulating insights into guard
tactics and strategies planned as responses to
possible terrorist attack.

® The “Effectiveness Evaluation Methods for Ma-
terial Control and Accounting” project. The struc-
tured assessment analysis method was substantially
developed in fiscal year 1979 for use in assessing
the effectiveness of material control and account-
ing safeguards at fuel-cycle facilities. The struc-
tured assessment analysis assists in analyzing the
vulnerability of a facility to both insider and

The improvement of safeguards techniques often means combining
existing methods or equipment toward greater precision or speed in
obtaining results. Dr. Warren McGonnagle of NRC’s Region I1I
Office of Chicago is shown here observing measurements during a
non-destructive enrichment assay of nuclear fuel material. The
material, physically located in a detector (under McGonnagle’s
hand), is aufomatically evaluated in the multi-channel analyzer on

his right. Calculations then can either be J)rinted by the attached

recorder (left of the analyzer) or displayed on the computer at the
right of the photo. The canister beneath the detector feeds nitroﬁen
into the device to cool the test sample. Data from these independ-
ent NRC assays are compared with information supplied by com-
mercial firms for verification of enrichment percentages or other
properties.
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outsider adversaries with authorized and
unauthorized access and extensive capabilities.
The method is scheduled for testing in fiscal year
1980.

¢ The “Communicated Threat Credibility Project.”
This project provides multidisciplinary tools for
investigating the credibility of communicated
threats and for providing advice to the Depart-
ment of Energy, the NRC, the Federal Bureau of
Investigation, and other appropriate agencies
during an actual or perceived emergency from
nuclear extortion threats.

Technical assistance projects were conducted by the
major program offices to support their operational
missions. These projects ranged from helping establish
a technical basis for determining safeguards re-
quirements for byproduct materials, to providing
assistance in developing NRC’s physical security
upgrade rule. Technical assistance projects of greater
than $20,000 were approved by the Commission, as
required by Congress.

SAFEGUARDS MANAGEMENT

Under the NRC’s new lead office management con-
cept, the Office of Nuclear Material Safety and
Safeguards (NMSS) is the lead office for safeguards
and is responsible for integrating and coordinating the
overall NRC safeguards program.

Safeguards Consolidation. In August 1979, NRC
decided to transfer all reactor safeguards functions
formerly in the Office of Nuclear Reactor Regulation
to NMSS, which also has primary safeguards
regulatory responsibility for fuel cycle facilities and
transportation activities. The consolidation was effec-
tive on October 1, 1979. Staff members in NMSS coor-
dinate their reactor safeguards licensing activities with
the Office of Nuclear Reactor Regulation. This coor-
dination will involve administrative maintenance of

the safeguards portion of reactor licenses. It will also
involve areas of concern common to both reactor
security requirements and reactor safety matters.

Reactor safeguards functions transferred to NMSS
include the following:

¢ Safeguards licensing reviews for power and non-
power reactors.

e Generic physical security policy and guidance |,
development for reactors.

e Work on the potential implementation of the
United States/International Atomic Energy Agen-
cy Safeguards Agreement.

¢ Administration of reactor safeguards technical
assistance contracts.

The Office of Inspection and Enforcement will con-
tinue safeguards inspection functions. The Office of
Standards Development will continue to develop
safeguards standards. The Office of Nuclear Regula-
tory Research will continue both its present and future
safeguards research function.

Integrated Program Plan and Safeguards Technical
Assistance and Research Coordinating Group. Each of
the major program offices participates in the planning
and implementing of NRC’s domestic safeguards pro-
gram. The Safeguards Technical Assistance and
Research Coordinating Group provides inter-office
coordination of NRC-contracted safeguards activities.
An Integrated Safeguards Program Plan was
developed and sent to the Commission in January
1979. This program plan, which will help coordinate
safeguards activities in NRC, will be updated in fiscal
year 1980 after the Commission issues its policy, plan-
ning, and programming guidance. NRC’s Budget
Review Group, the Executive Director for Operations,
and the Commission also review and approve the en-
tire NRC safeguards program during the annual NRC
budget review process.



Waste
Management

Waste shipments are clearly identified by
NRC-approved placards.

The NRC waste management function was elevated
to divisional status in 1979 under the NRC Office of
Nuclear Material Safety and Safeguards (NMSS). The
new Division of Waste Management consists of five
branches which carry out a number of functions that
were formerly among those of the Division of Fuel
Cycle and Material Safety:

o The High-Level Waste Technical Development
Branch—responsible for high-level waste
regulatory development and development of the
technical bases for high-level waste licensing and
regulation,

o The High Level Waste Licensing Management
Branch—responsible for licensing high-level
waste commercial repositories.

e The Low-Level Waste Licensing Branch—
responsible for low-level waste licensing and
regulation.

e The Uranium Recovery Licensing Branch—
responsible for licensing and regulation of
uranium mills, heap-leach operations, commer-
cial scale solution mining operations, and
research and development (R&D) uranium
recovery operations. These types of operations
represent the first step of the nuclear fuel cycle.
Since large amounts of waste are generated as a
result of these operations, especially uranium
milling, it was decided that these operations
should come under the Division of Waste
Management.

® The Licensing Process and Integration
Branch—responsible for coordinating and in-
tegrating the entire NRC waste management pro-
gram. In order to do this, the branch works with
elements within NMSS, with other NRC offices,
and with other governmental agencies having
waste management responsibilities, to ensure that

the entire NRC program is well focused and pro-
ceeding on established schedules.

Overview of 1979 Activity

The main focus of NRC effort in 1979 for the high-
level waste program was in regulatory development.
The NRC is developing a comprehensive regulation for
high-level waste repositories—to be Part 60 of the
NRC regulatory code—in two parts, procedural and
technical. The procedural part was published as a pro-
posed rule for comment in December 1979. The tech-
nical part is expected to be published in early 1980
pursuant to an advance notice of proposed rule-
making.

The main focus of NRC work in 1979 for the low-
level waste program has also been in regulatory
development. The NRC is developing a comprehensive
regulation for low-level waste disposal. This regula-
tion will be Part 61 of the code. A preliminary draft of
the regulation has been completed and sent to various
organizations for review. The draft will be made
available to the public in 1980.

A large part of NRC effort under the uranium
recovery program has been concerned with the licens-
ing of uranium recovery facilities, and a significant
number of licenses were issued, remewed, and
amended. In addition, a draft regulation for uranium
mills (Amendment to Part 40) was issued for public
comment in August 1979. The supporting generic en-
vironmental impact statement (GEIS) on uranium
milling was issued for public comment in April 1979,

A number of notable events in nuclear waste
disposal took place in 1979. There were only three
low-level waste disposal sites in operation at the begin-
ning of the year, all of them located in Agreement
States. Two of the sites closed and then reopened, and
a curtailment was placed on the amount of waste that
could be received at the third site. These actions fur-
ther demonstrated the large regional imbalance in
low-level waste disposal locations and induced a
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On July 16, 1979, a tailings dam near Grants, N.M., gave way,

releasing nearly 100 million gallons of radioactive water and sedi-

ment into the %io Puerco. Flow from the break reached into

Arizona, some 75 miles down river. The break occurred as efforts

were being made to reinforce the dam, and heavy equipment on

;lite for that purpose enabled workers to stop the flow in a few
ours.

number of States to seriously consider the desirability
of regional burial sites. Also, on July 16, 1979, a tail-
ings impoundment failure occurred at the United
Nuclear Corporation uranium milling operation at
Church Rock, N.M. (New Mexico is also an Agreement
State.) A major effort was undertaken by the NRC to
assist the State in correcting the situation. (See discus-
sion under “Technical Assistance to Agreement
States,” later in this chapter.)

It is important to note three studies which have af-
fected and will affect the course of the NRC waste
management program. These studies are the Inter-
agency Review Group (IRG) Study on Nuclear Waste
Management, the Congressionally requested NRC
Study on Regulation of Federal Radioactive Waste Ac-
tivities; and the Congressionally requested NRC study
on Means for Improving State Participation in the
Siting, Licensing and Development of Federal Nuclear
Waste Facilities. Also of potential importance to the
NRC waste management program is the “confidence
hearing” on radioactive waste disposal to be held by
the Commission in 1980.

Interagency Review Group. As reported in the 1978
NRC Annual Report (pp. 93 and 94), the NRC staff
participated in the IRG study on Nuclear Waste
Management. (Because of NRC’s status as an indepen-
dent regulatory agency, the agency participated as a
non-voting member.) The IRG draft report was issued
in 1978 and the final report was issued in 1979. Many
of its recommendations affect the NRC, which has
reviewed the impact of these recommendations on its
program in 1979 and will continue to do so in 1980.

Federal Radioactive Waste Study. The NRC’s
Authorization Act for fiscal year 1979 (P.L. 95-601) re-
quired the NRC to prepare a study on the regulation of
Federal radioactive waste activities. The study was
completed in 1979 and it was issued as NUREG- 0527,
entitled “Regulation of Federal Radioactive Waste Ac-
tivities.” Two principal recommendations came out of
the study. The first was that NRC licensing authority
should be extended to cover all new Department of
Energy (DOE) facilities for disposal of transuranic
waste and non-defense low-level waste. This recom-
mendation was consistent with one of the IRG recom-
mendations. The second was that a pilot program
should be established to test the feasibility of extending
NRC regulatory authority on a consultative basis to
DOE waste management activities not now covered by
NRC’s licensing authority, or to the new facilities cited
in the first recommendation. The pilot program would
focus on a few specific DOE waste management ac-
tivities and would result in a report to Congress on the
feasibility of an NRC consultative role in existing DOE
waste disposal and storage activities. The decision on
whether to extend NRC regulatory authority and to
establish the pilot program and on what waste
management activities the program should include
was considered one for the Congress to make. If the
Congress decides that the NRC should implement
these recommendations, it will significantly affect
NRC'’s current and future waste management pro-
grams. The exact impact cannot be assessed until
specific legislation is proposed and implemented.

Improving State Participation. The NRC’s
Authorization Bill for fiscal year 1979 (P.L. 95-601)
also required the NRC to prepare a study on means for
improving the opportunities for State participation in
the process for siting, licensing, and developing
nuclear waste storage or disposal facilities. The study
was completed in 1979 and it was issued as NUREG
0539, entitled “Means for Improving State Participa-
tion in the Siting, Licensing, and Development of
Federal Nuclear Waste Facilities.”

There were a number of recommendations as a
result of the study. The Commission recommended the
establishment of a planning council consisting of
Federal and State representatives, to be supported by a
small administrative staff and Federally financed. A
review capability should be established under the



direction of the planning council in order to enable the
States to make technical evaluations of waste manage-
ment technology and Federal waste management ac-
tivities. The review capability should also be Federally
funded. These recommendations were consistent with
the IRG recommendations. In addition, the Commis-
sion recommended that measures be taken to involve
the States throughout the process for planning, siting,
developing, and licensing nuclear waste storage
disposal facilities. It is also recommended that the
Congress establish a grant program to allow the States
to participate more fully in the Federal Waste
Management program. Federal agencies should con-
sider such transportation related issues as shipping
routes, emergency planning, enroute liability, ship-
ping containers, and the like, in their overall waste
management activities and should develop institu-
tional arrangements as appropriate for consulting with

NRC continued to study ways to improve Federal/State coopera-
tion in waste storage matters in 1979, as visits to Agreement-State
activities were steﬂped up, Rspresentatives of several NRC pro-

gram offices are shown here during a briefing on low-level waste
storage monitoring techniques by officials of the Barnwell, 8.C.,
storage site and South Carolina State offices.

the States in a timely manner, Lastly, the Commission
recommended that legislation for improving State par-
ticipation in the Federal Waste Management Program
should provide recognition of the legitimate concerns
of host States; considerations affecting a State concur-
rence or veto, if authorized by law, were identified.

If the Congress elects for the NRC and other Federal
agencies to implement any or all of these recommenda-
tions, these actions will affect NRC’s current and
future waste management programs. The exact impact
cannot be assessed until specific legislation is proposed
and implemented.

Confidence Hearing. The NRC decided in 1979 to
conduct a generic proceeding to reassess the Commis-

sion’s degree of confidence that radioactive wastes pro-
duced by nuclear facilities will be safely disposed of,
and to determine when any such disposal will be
available, and whether such wastes can be safely
stored until they are disposed of. Notice of the pro-
ceeding appeared in the Federal Register in October
1979, and the hearing will take place in 1980 and
1981. The proceeding has been initiated in response to
the decision of the U.S. Court of Appeals for the
District of Columbia Circuit in State of Minnesota v.
NRC, 602 F.2d 412,but is also a continuation of pro-
ceedings previously conducted by the Commission in
this area. The notice described the procedures the
Commission will employ and how members of the
public can participate. The results of the hearing and
any rules issuing therefrom may have an effect on
NRC’s current and future waste management pro-
gram. (See also “Commission Decisions,” in Chapter
13.)

The three sections which follow describe the 1979
accomplishments of the NRC waste management pro-
grams dealing with high-level waste, low-level waste,
and uranium recovery. Each section discusses near-
term objectives of the program and activity during the
report period in regulatory development, licensing,
and associated matters.

HIGH-LEVEL WASTE MANAGEMENT
Regulatory Development

NRC continued its high-level waste regulatory
development effort in 1979 with the objective of
developing and publishing a draft regulation (10 CFR
Part 60) and supporting environmental impact state-
ment (EIS). The regulation as currently envisioned
will be published in two parts: the procedural require-
ments and the technical requirements. The procedural
portion would contain sub-parts covering general pro-
visions, licenses, and participation by State govern-
ments. The technical portion would contain sub-parts
covering performance objectives and technical
criteria, physical protection, quality assurance, and
emergency plans. Particular emphasis is being placed
on waste form performance requirements and geologic
site characterization issues. In December 1979, the
procedural portion of the regulation was published as
a proposed rule for public comment. The technical
portion of the rule is expected to be published in early
1980 pursuant to an advanced notice of proposed
rulemaking. Work is also continuing on a supporting
environmental impact statement which would be
published with the proposed technical rule in 1980.

Work began in 1979 in developing regulatory guides
to support the regulation. These include format and
content guides for the safety analysis report, the en-
vironmental report, and reports detailing DOE plans
for site characterization work. These guides will be
published for public comment in 1980.
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Additional regulatory guidance will be provided to
DOE in the form of technical directives. The technical
directives that were under development in 1979 and
which will be issued in 1980 will cover generic topics
addressing site selection and characterization,
repository design, and waste form. Work also con-
tinued in 1979 on identifying research needs.

In 1979, work was begun on outlining license review
procedures both to aid the staff in establishing
priorities for research and regulatory guides and to
provide DOE with guidance on how NRC will con-
duct its review.

Licensing

NRC continued its efforts in 1979 to develop a
capability to review a license application for a high-
level waste repository. The development of models for

assessing radionuclide transport in bedded salt was
continued and is expected to be completed in 1980. A
model for assessing the safety and environmental risks
of a repository after sealing was delivered to the NRC
by the contractor so that NRC could test and evaluate
the model.

Assessment of DOE High-Level
Waste Management Program

The NRC has continued its assessment of the DOE
high-level waste management program in 1979. The
NRC reviewed and provided comments to DOE on the
draft EIS for the proposed Waste Isolation Pilot Plant
(WIPP) and the draft GEIS on the management of
commercially generated radioactive waste,

The NRC initiated in 1979 a program to critically
assess the DOE high level waste management pro-
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One of NRC'’s continuing objectives is the improvement of nuclear
material inventory and accounting techniques. This cutaway draw-
ing shows the main features of a mobile measurement system used
to identify, measure and record uranium and plutonium contents

of metal waste drums. The barrel scanner at rear (left) of the
mobil unit remotely places, lifts and “reads” the container, and
transmits readings through analytical devices to the recording in-
struments in the m area of the trailer.



gram. DOE and its contractors have made formal
presentations to NRC on various phases of the DOE
program. On November 15-16, a meeting was held
with the Office of Nuclear Waste Isolation and other
DOE contractors at Columbus, Ohio, to formally in-
augurate NRC’s assessment program. Arrangements
are being made to maintain an overview of all DOE
activities in high-level waste management by
systematically receiving and reviewing all documents
generated by the DOE program. Task groups have
been established to perform an initial, limited assess-
ment of DOE activities in waste packaging, repository
siting, and repository design. Comparisons will be
made between needs identified in NRC’s draft regula-
tion and information expected to be generated by
DOE programs. Finally, plans have been prepared for
conducting a comprehensive critical assessment of the
DOE repository siting and in-situ testing programs.

LOW-LEVEL WASTE MANAGEMENT
Regulatory Development

NRC continued its low-level waste regulatory
development effort in 1979 with the objective of
publishing a draft regulation (10 CFR 61) on low-level
waste disposal. An environmental impact statement
(EIS) will be prepared to support the rulemaking ac-
tion. Work was also continued on supporting
regulatory guides and staff positions.

The draft regulation as currently envisioned will
consist of basic performance objectives applicable to
the disposal of low-level waste on land by various
methods. These objectives will be met by establishing
appropriate requirements for siting a disposal facility
and assuring adequate operations site closure and
decommissioning and adequate institutional ar-
rangements. Technical details specific to the in-
dividual disposal techniques of shallow-land burial
and other alternative disposal methods will be con-
tained in appendices to the regulation and in
regulatory guides. A preliminary draft of the regula-
tion was completed in 1979 and made available to a
wide cross section of persons for informal review. The
draft will be made available to the public in 1980.

The regulatory guides associated with the regulation
are also under development and are currently envi-
sioned to cover waste form and content; site design
and operations; site monitoring and surveillance; site
closure, stabilization, and post-operational care;
standard contents for license application and environ-
mental report; records and reports; and funding.

In addition to the above work, NRC has contracts
with various organizations to develop a base of suppor-
ting technical information. Contractual studies are
underway in such areas as systems analysis, waste
classification, and volume reduction. The systems
analysis contractor is developing models for analyzing
radioactive waste disposal by shallow-land burial. The

waste classification contractor is characterizing
wastes, waste forms, and waste sources in addition to
recommending requirements for safely disposing the
waste. The volume reduction contractor is in-
vestigating various volume reduction techniques in-
cluding compaction and incineration. The contractor
is also performing economic analysis for the various
techniques.

Other contractual efforts are planned to develop
specific technical criteria for disposal of wastes in
mined cavities and engineered structures, and to in-
vestigate in detail requirements for disposal of waste
generated as a result of decontamination and decom-
missioning of nuclear facilities.

This “fish pole” radiation survey meter permits inspectors to ac-

curately assess radioactivity of low-level waste material in tren-
ches prior to burial. Containers have just been delivered and
dumped by trucks in background and will be covered by earth-
moving equipment as soon as radiation levels and distribution have
been recorded.

NRC’s work in regulatory development in 1979 has
been focused on development of requirements that can
apply to a broad range of disposal alternatives. It has
become increasingly clear to the NRC during 1979 that
alternative disposal methods are critically needed and
a regulatory base should be put in place in timely man-
ner.

Licensing

NRC continued its licensing activity in low-level
waste management in 1979. The NRC license for
disposal of special nuclear material (SNM) at Hanford,
Wash., was renewed in November 1979. This license
was closely coordinated with the State of Washington
and contains many upgraded requirements for opera-
tions at the site.

An environmental assessment was continued in 1979
for decommissioning of the Sheffield, Ill., facility and
should be completed in 1980. The licensee applied for
an expansion and continued operation of the site.

149



Low-level waste containers that contain higher-activity materials
(or that emit higher levels of radioactivitg) than those dumped in

standard low-level disposal trenches are deposited in trenches or

containment holes which offer greater depths and heavier

However, the licensee subsequently petitioned to
withdraw the renewal and expansion application. The
Atomic Safety and Licensing Board approved the
withdrawal of the expansion request but the re-
newal will be subject to hearings. The applicant’s
withdrawal of the operating/expansion application
was based on recognized technical problems for which
the solution proposed by the licensee was not accept-
able to the NRC. In addition to the above, five license
amendments were granted for existing sites.

Since two of the previous six commercial disposal
operations have closed, (West Valley, N.Y. and Maxey
Flats, Ky.) and the Sheffield, Ill., disposal operation is
effectively closed, only three commercial operations
currently exist (Barnwell, S.C.; Beatty, Nev.; and
Richland, Wash.). Thus the present disposal capacity
is primarily located in the West and Southeast and
represents an undesirable regional imbalance. The
waste from reactors and other waste generators
located in the Northeast and Midwestern United States
must be transported either to the Southeastern United
States or to the West. |

A number of significant events occurred in 1979 that
affect low-level waste disposal operation. It became
obvious that more attention should be paid to decon-
tamination and decommissioning wastes, from the
viewpoint of low-level waste disposal operations.

shielding. Two types of such containments are shown here: (left) a
reinforced concrete lined pit, and (right) a narrow, deep trench
shielded by the filled barrels along the top. Both such con-
tainments are in protected, posted areas at a supervised site,

Some of these activities pose unique problems, such as
the TMI waste and the waste from the decontamina-
tion of the Dresden I reactor. It also became obvious
that further work is required for liquid scintillation
waste. The State of South Carolina decided in 1979
not to accept any more shipments of this type of waste,
and the waste must presently be shipped to the
disposal operations in the West. NRC is investigating
various alternatives for the treatment and disposal of
this type of waste,

Lastly, it became obvious that NRC must take a
more active role in upgrading packaging requirements
and waste form for certain types of waste and increase
inspection and enforcement of existing regulations
covering the shipment of waste. For example, a fire
occurred on a truck containing waste packages at the
Beatty, Nev., site and large volumes of free-standing
liquids were found upon inspection of packages of
solidified wastes received at various low-level waste
disposal sites. As a result of such events, the governors
of the three States having commercial low-level waste
disposal operations sent a joint communique dated Ju-
ly 10, 1979, to NRC demanding action by NRC and
the Department of Transportation to improve packag-
ing requirements and increase inspection and enforce-
ment of existing regulations. In response, NRC issued a
bulletin to all licensees stressing the need to give



careful attention to the packaging and transportation
of waste and instituted action, with the cooperation of
the States and the DOT, to inspect shipments on a
more frequent basis and take more stringent enforce-
ment actions. (See also Chapter 4.)

As mentioned above, a severe regional imbalance
has emerged from the locations of today’s low-level
waste burial grounds. This imbalance was aggravated
in 1979 when two of the sites closed and then reopened
and a curtailment was placed on the amount of waste
that could be received at the third site. As a result,
NRC went on record to state its judgment that low-
level waste disposal is the responsibility of the States,
for the States receive the benefits of the operations
which generate the waste. NRC has worked with a
number of States in 1979 and will continue to do so in
1980, to help the States explore the possibility of
establishing new sites. The NRC effort took the form
of assistance in setting forth licensing and regulatory
requirements; however, NRC cannot promote the
opening of new sites. This is a responsibility of the
States, with assistance available from the Department
of Energy should the States request such assistance.

Technical Assistance to
Agreement States

NRC has provided technical assistance to Agree-
ment States in the licensing and regulation of low-level
waste disposal operations in their jurisdiction. NRC
has provided in 1979, assistance to the State of
Washington as part of their renewal action for the
State disposal license at Richland. In addition, NRC
has provided,and will provide in 1980, assistance to
the State of Kansas in evaluating an application for a
new disposal site license at Lyons. Technical assistance
was also given to the State of Nevada in 1979, and
NRC is expecting to provide further assistance to
Nevada in 1980 regarding renewal of the State license
for the Beatty site. The NRC technical assistance sup-
plements the State’s resources and assures that the
technical criteria used to license and regulate a low-
level waste disposal operation in an Agreement State
are compatible with the criteria used to license and
regulate a low-level waste disposal operation under
NRC’s jurisdiction. In 1979, NRC worked with the
States of South Carolina, Nevada and Washington to
develop and implement new requirements at existing
sites to upgrade and define acceptable waste forms.

URANIUM RECOVERY MANAGEMENT
Regulatory Development

NRC continued its uranium recovery regulatory
development effort in 1979 with the objective of
upgrading its regulations for uranium milling in 1980.
The NRC published a draft generic environmental im-

pact statement (GEIS) in April 1979 covering the U.S.
uranium milling industry to the year 2000, with par-
ticular emphasis on mill tailings. In addition, NRC
published draft regulations in August 1979, deriving
from the environmental statement, and conducted ex-
tensive public meetings on the proposed regulations.
The final GEIS and the final regulations are expected
to be published in 1980.

The proposed regulations cover radioactive airborne
emissions during operation, mill tailings disposal,
decommissioning of mill structures and sites, sup-
plementary institutional and procedure requirements,
implementation of proposed requirements at existing
sites, and heap leaching and small processing sites.

Licensing

NRC continued its licensing effort in 1979. Twelve
new uranium recovery facilities were licensed and one
facility license was renewed. In addition, five major
amendments were issued based upon licensee requests
for facility modifications. There were 15 uranium
mills, 5 heap leach/ore buying stations, 2 solution min-
ing operations and 16 research and development
(R&D) operations under NRC license in 1979.

Similar facilities exist in Agreement States. All these
types of facilities are expected to grow numerically in
the future, It is currently projected that in 1981 there
will be 22 operating mills, 8 heap leach operations and
ore buying stations, 6 commercial scale solution min-
ing operations, and 23 R&D operations under NRC
jurisdiction. A similar growth is expected in the
number of these types of operations in Agreement
States. Thus, the NRC and Agreement State workload
in this area will experience a substantial growth in the
next few years.

Technical Assistance to Agreement States

During 1979, NRC provded technical assistance to
the States of Washington, Oregon, Colorado, New
Mexico, Arizona, California and Nevada in the licens-
ing and regulation of uranium recovery operations
under Agreement State jurisdiction. A total of six pro-
ject reviews were completed. These reviews covered
uranium mills, heap leach operations, solution mining
operations, and R&D operations. The NRC assistance
assures that the technical criteria used to license and
regulate uranium recovery operations in Agreement
States are compatible with those criteria used to
license and regulate similar operations under NRC
jurisdiction, :

The Uranium Mill Tailings Radiation Control Act of
1978 was amended in 1979 to provide further clarifica-
tion of the NRC/Agreement States interface with
respect to the licensing and regulation of mill tailings.
The Commission will continue to license tailings in
non-Agreement States and the Agreement States will
continue to license the mill tailings under State
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A State inspector and a State Agreements program reviewer ex-
amine a waste burial trench at Barnwell, S.C. Low-level radioac-
tive wastes are deposited in such trenches and covered with
backfill. Onl{ three low-level waste burial sites are now operating

in the Unite
the country. The other two sites are at
Beatty, Nevada.

States. Barnwell is the only site in the eastern part of
anford, Washington and

jurisdiction. NRC will provide technical assistance to
the States in carrying out their responsibilities under
the Act.

Technical assistance to the Agreement States by
NRC will continue to cover non-routine safety and en-
vironmental assessment. For example, a tailings im-
poundment failure occurred at the United Nuclear
Corporation uranium milling operation at Church
Rock, N.M., on July 16, 1979. New Mexico is an
Agreement State and the milling complex was licensed
by the State in May 1977. Estimates of the amount of
tailings released have varied, but it appears that about
100 million gallons of acidic tailings solutions and
1,100 tons of tailings solids escaped from the tailings
impoundment area before the break in the dam could
be closed. The State of New Mexico requested
technical assistance from NRC and NRC personnel
were dispatched to the site to aid the State. Extensive
technical studies and analyses were also performed by
NRC. Technical assistance to the State of New Mexico
will continue to be provided by NRC in 1980.

NRC Assessment of
DOE Remedial Action Plans

NRC initiated in 1979 its evaluation of DOE
remedial action plans for inactive sites. This will be a
five year program which implements NRC'’s part of
Title I of the Uranium Mill Tailings Radiation Control
Act of 1978. DOE is responsible for remedial action at
21 inactive mill tailings sites and one other former ore
processing site as specified in the Act. NRC is required
to review DOE’s proposed remedial actions and
determine whether the remedial action plans are
acceptable.



In:i)ection and
\ Enforcement

New emphasis was fiven in 1979 to direct
NRC inspection of design, analytical and
other technical activities of contractors.

During 1979, the NRC continued to implement the
plan calling for resident inspectors at each operating
power reactor plant, at those plants in the later stages
of construction, and at selected fuel cycle facilities.
The accident at Three Mile Island (TMI) led to a deci-
sion to increase the number of resident inspectors to a
level of one inspector for each unit at a multireactor
site. Single unit sites will have two resident inspectors.
Ry December 31, 1979, 60 inspectors were stationed as
residents at 48 power reactor and fuel facility sites,
Table 1 provides a listing of these sites. This additional
effort has required an increase in the number of per-
sonnel from a staff ceiling of 715 in 1979 to 861 in 1980
for the NRC Office of Inspection and Enforcement. By
the end of fiscal year 1980 there will be 157 resident in-
spectors on site compared to the original goal of 76.
The reactor training provided for operations inspec-
tors will be increased from a minimum of seven weeks
to 10 weeks during 1980, with additional simulator
and special plant observation training,

TMI impacted heavily on the planned inspection
program. Special teams were sent to all operating
pressurized water nuclear plants to review with
licensee management the actions required as a result of
the TMI accident. Review groups were formed to
study the TMI accident and the lessons learned from it
that would affect future inspection programs. An
augmented 24-hour surveillance program was
established at TMI that has required staffing support
from all five NRC regional offices. From April through
July of 1979, a 24-hour watch was established in each
region and at the NRC Operations Center in Bethesda,
Maryland, to provide the capability for responding
immediately to any incidents or accidents. A direct
“hotline” telephone system was installed in the Opera-
tions Center. This provides a direct line to each
operating reactor power plant and all fuel processing
facilities in the country. The system provides con-
ference call capability between the NRC Operations

Center, a plant, and the regional NRC office. In
August, the 24-hour duty Officers in the regions were
replaced by a communications system connected
directly to the NRC Operations Center where 24-hour
duty officer coverage is maintained. All calls to
regional offices during non-duty hours are now
diverted to the NRC Duty Officer at the Operations
Center, who can promptly respond to the situation.

As a result of these actions associated with the TMI
accident and related inspections, the number of
routine inspections in 1979 was less than originally
planned. Table 2 summarizes the inspections con-
ducted during fiscal year 1979.

One or more noncompliance items were found in 33
percent of the more than 6,000 inspections and in 36
percent of the 121 investigations. The more severe
sanctions imposed on licensees for failure to comply
with NRC requirements included nine civil penalties
and three orders to “cease and desist” operations, or
for modifications, or suspensions of licenses (see Tables
4 and 5).

THE INSPECTION PROGRAM

The inspection and enforcement program is directed
by NRC’s Office of Inspection and Enforcement (IE),
with a headquarters staff located in Bethesda,
Maryland, and a field staff deployed in NRC’s five
regional offices located in or near Philadelphia, Atlan-
ta, Chicago, Dallas, and San Francisco. About 80 per-
cent of the total office on-board staff of 730 is assigned
to the regions.

The objectives of inspections are:

* To determine whether licensees are complying
with NRC requirements.

® To identify conditions that may adversely affect
public health and safety, the common defense



Table 1. Sites Manned by Resident Inspectors During 1978 and 1979

Facility

* Arkansas Nuclear Plant
Beaver Valley Power Station
Bellefonte Nuclear Plant
*Browns Ferry Nuclear Plant
Brunswick Steam Electric Plant
Callaway Plant
Calvert Cliffs
*Comanche Peak Steam Electric
Station
Davis-Besse Nuclear Power Station
*Donald C. Cook Plant
*Diablo Canyon Nuclear Power Plant
*Dresden Nuclear Power Station
*Edwin 1. Hatch Plant
Fort St, Vrain Nuclear Station
Hartsville Nuclear Power Plant
*Indian Point Station
Joseph M. Farley Nuclear Plant
LaSalle County Nuclear Station
Limerick Generating Station
Marble Hill Plant
*Midland Nuclear Power Plant
*Millstone Nuclear Power Station
North Anna Power Station
*QOconee Nuclear Station
Palisades Nuclear Power Station
Palo Verde Nuclear Station
*Peach Bottom Atomic Power
Station
*Prairie Island Nuclear Plant
Quad Cities Station
Rancho Seco Nuclear Station
*Salem Nuclear Generating Station
*San Onofre Nuclear Station

Seabrook Nuclear Station
Sequoyah Nuclear Power Plant
Shoreham Nuclear Power Station
South Texas Nuclear Project
Summer Nuclear Station
*Surry Power Station
*Susquehanna Steam Electric Station
*Trojan Nuclear Plant
Turkey Point Station
Washington Nuclear #2
*Watts Bar Nuclear Plant
William H. Zimmer
Nuclear Power Station
Zion Nuclear Plant
*B&W-Apollo & Leechburg**
(Fuel Facility)
*Westinghouse-Cheswick** (Fuel
Facility)
*Nuclear Fuel Services (Fuel Facility)

*Assigned during calendar rear 1978.
**Inspector stationed at Apoll
Westinghouse’s Cheswick facility.

Location

Russelville, Ark.
Shippingport, Pa.
Scottsboro, Ala.
Decatur, Ala.
Southport, N.C.
Fulton, Mo.
Lusby, Md.

Glen Rose, Tex.

Qak Harbor, Ohio
Bridgman, Mich.

San Luis Obispo, Cal.

Morris, Ill.
Baxley, Ga.
Platteville, Colo.
Hartsville, Tenn.
Indian Point, N.Y.
Dothan, Ala.
Seneca, Il
Pottstown, Pa,
Madison, Ind.
Midland, Mich.
Waterford, Conn.
Mineral, Va.
Seneca, S.C.
South Haven, Mich.
Winterburg, Ariz.
Peach Bottom, Pa.

Red Wing, Minn.
Cordova, Ill.
Sacramento, Cal.
Salem, N.J.

San Clemente, Cal.

Seabrook, N.H.
Daisy, Tenn.

Suffolk County, N.Y.

Bay City, Tex.
Broad River, S.C.
Gravel Neck, Va.
Berwick, Pa.
Prescott, Ore,
Florida City, Fla.
Richland, Wash,
Spring City, Tenn,
Moscow, Ohio

Zion, 1ll.
Apollo, Pa,

Parks Township, Pa.

Erwin, Tenn,

Licensee

Arkansas Power & Light Co.
Duquesne Light Co.

Tennessee Valley Authority
Tennessee Valley Authority
Carolina Power & Light Co.
Union Electric Co.

Baltimore Gas & Electric Co.
Texas Power & Light, Dallas Power
& Light, Texas Electric Service
Toledo Edison Co.

Indiana & Michigan Electric Co.
Pacific Gas & Electric Co.
Commonwealth Edison Co,
Georgia Power Co.

Public Service Co. of Colorado
Tennessee Valley Authority
Consolidated Edison Co.
Alabama Power Co.
Commonwealth Edison Co.
Philadelphia Electric Co.
Public Service of Indiana
Consumers Power Co.
Northeast Nuclear Energy Co.
Virginia Electric & Power Co.
Duke Power Co.

Consumers Power Co,

Arizona Public Service Co.
Philadelphia Electric Co.

Northern States Power Co,
Commonwealth Edison Co.
Sacramento Municipal Utility District
Public Service Electric & Gas Co.
Southern California Edison Co. & San
Diego Gas & Electric Co.

Public Service Co. of N.H.

Tennessee Valley Authority

Long Island Lighting Co.

Houston Lighting & Power Co.

South Carolina Electric & Gas Co.
Virginia Electric & Power Co.
Pennsylvania Power & Light Co.
Portland General Electric Co.

Florida Power & Light Co.

Washington Public Power Supply System

Tennessee Valley Authority
Cincinnati Gas & Electric Co.

Commonwealth Edison Co.
Babcock & Wilcox Co.

Westinghouse Electric Corp.

Nuclear Fuel Services, Inc.

o0, Pennsylvania, acts as inspector on a rotating basis at B&W’s Apollo and Leechburg facilities and



and security, the environment or the safeguard-
ing of nuclear materials and facilities.

e To provide information to assist in developing a
basis for issuance, denial, or amendment of an
authorization, permit or license.

® To determine whether licensees and their con-
tractors and suppliers have implemented ade-
quate quality assurance programs.

When an inspection or investigation discloses events or
conditions that present a potential or actual threat to
public health and safety, the environment, or the
safeguarding of nuclear materials and facilities, the
NRC takes prompt action and routinely communicates
with other parts of government, licensees and the
public.

During fiscal year 1979, 174 new inspection pro-
cedures and/or instructions were issued and 123 were
revised. In the area of construction inspection, for ex-
ample, 22 extensively revised inspection procedure:
pertaining to welding were issued. :

Reporting Defects and Noncompliance

On June 6, 1977, the NRC published in the Federal
Register a regulation (10 CFR Part 21) setting forth the
requirements for implementing Section 206 of the
Energy Reorganization Act of 1974, Individual direc-
tors or responsible officers of a firm involved in the
nuclear industry are required to report noncompliance
with NRC regulations or the existence of defects which
could create a substantial health and safety hazard.
Any such person who knowingly and consciously fails
to provide the required reports to the NRC is subject to
a civil penalty not to exceed $3,000 for each failure
and a total amount not to exceed $25,000 within any
30-day period. The regulation became fully effective
on January 6, 1978.

About 150 Part 21 Reports have been received by
the NRC since the regulation became effective. The
reports are reviewed to assess the reported deficiency,
the adequacy of the proposed corrective action and the
possibility of generic problems. IE inspectors ensure
that appropriate followup actions are taken.

Types of Inspections

NRC’s inspections are of two basic types: routine
and reactive. In routine inspections, NRC inspectors
concentrate on determining the effectiveness of quality
assurance systems by direct observation and verifica-
tion of licensee activities, and by reviewing pro-
cedures, checking records, interviewing people, and,
where appropriate, making direct measurements.

.Reactive inspections are conducted in response to in-

formation received by NRC regarding conditions or

‘events affecting licensed facilities or material under

NRC jurisdiction. Such information may come from
routine NRC inspéctions; from an applicant, licensee,
contractor or supplier; or from licensee employees or
other members of the public.

Inspections cover the entire range of NRC licensed
activities. Reactor-related inspections cover all phases
of nuclear power plants (preconstruction activities,
construction, preoperational testing and startup,
operation, shutdown and decommissioning) and
similar phases of research and test reactors. In addi-
tion, NRC inspects the quality assurance programs of
contractors and vendors who supply safety-related
equipment, components and services to power reactors
under construction or in operation.

Licensee, Contractor and Vendor Inspection
Program

Approximately one-half the work associated with
constructing a nuclear facility is accomplished off-site.

Table 2. Inspections Conducted in Fiscal Year 1979

Number of
Program Licenses
Power Reactor Construction 114
Operating Power Reactors 70
Other Reactors 94
Fuel Facilities 39
Materials 8,586
Vendors ' 248

Safeguards 203

Number of
Inspections

1,787
1,761
93
203
1,976
228
526
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Starting above and reading clockwise, an inspector is shown during
an inspection of pump vendor facilities, as he reads and records
data &n;ing reactor coolant pump test, checks gas-metal arc
welding being performed on a pump rotor, observes machining of

pump rotor housing, watches vendor technician balance a pum
rotor, and (below) reviews records of material identification an
traceability.




This includes facility design and the fabrication of
components of safety-related systems. Inspections of
nuclear steam system suppliers, architect-engineers
and vendors of safety-related components are per-
formed by NRC’s Licensee, Contractor and Vendor
Inspection Branch (LCVIB) inspectors, located in the
Region IV (Dallas) office. During fiscal year 1979,
some 250 inspections were performed by the 21
LCVIB inspectors. Approximately 30 percent of these
inspections were special reactive inspections involving
component fabrication or design-related problems.

During the coming year, a modest shift in inspection
emphasis is expected in the LCVIB. Activities ex-
periencing change will include:

¢ Performing more reactive inspections.

¢ Redirecting emphasis toward the inspection of
technical activities performed by contractors.

¢ Followup on Part 21 Reports, Bulletins and Cir-
cular issues.

¢ Inspecting and witnessing environmental qualifi-
cation of electrical, instrumentation and control
equipment.

» Inspecting design and analytical work performed
by licensee contractors.

Performance Appraisal Program

During fiscal year 1979, five licensee management
appraisal inspections and one IE program appraisal
inspection series (pertaining to surveillance testing)
were completed. Nine management appraisal inspec-
tions and four IE program appraisal inspections are
planned for fiscal year 1980. Objectives of the pro-
gram are to:

¢ Evaluate performance of utility management.

® Analyze effectiveness of the NRC inspection pro-
gram.
¢ Confirm objectivity of NRC inspectors.

Three Performance Appraisal Team (PAT) inspec-
tors participated in the IE investigation of the TMI ac-
cident; PAT inspectors also participated in other in-
vestigations and special inspections.

Independent Measurement/Verification
Program

IE has increased its efforts associated with direct
verification of licensee/ contractor activities during the
construction phase. NRC periodically uses contractors
to perform non-destructive testing activities, and, in
August 1979, selected a contractor to perform destruc-
tive testing of selected materials used in safety-related
structures and systems. Continued effort in these areas
is planned for fiscal year 1980.

Inspections related to nuclear materials include in-
spection of the construction and operation of uranium
mills; fuel fabrication, processing and reprocessing
plants; waste disposal facilities; and the industrial,
educational and medical uses of radioactive material.
NRC inspections also include measures for safeguard-
ing nuclear material from theft and sabotage, for
physical protection of reactors and fuel cycle facilities,
and for transportation of nuclear materials.

The number of inspections carried out during fiscal
year 1979 (ending September 30) for each of these ac-
tivities is shown in Table 2.

Government-Industry Efforts

The NRC inspection program is based on the
premise that the licensee is responsible for carrying out
licensed activities safely and in compliance with NRC
requirements. NRC determines whether the licensee
has established the management control systems
necessary to meet regulatory responsibilities. The in-
spection pattern for large, complex nuclear facilities is
pyramidal, with each level of activity verified, in-
spected or audited by those above. The NRC inspec-
tion effort is essentially the apex of the pyramid, i.e.,
NRC performs the last in the series of inspections and
audits conducted by many different groups. Since
NRC inspection manpower is usually far less than that
of licensees and contractors, NRC inspectors cannot
inspect all components and activities; thus, they probe
the “pyramid” to determine whether the licensees” and
contractors’ activities are properly performed. In ad-
dition, the IE inspection program provides for in-
dependent effort by NRC inspectors whenever the in-
spector determines such action is necessary.

Inspection Activities Resulting from TMI

Shortly after the Three Mile Island (TMI) accident,
a series of Inspection and Enforcement (IE) Bulletins
were issued to all operating power reactor licensees ad-
dressing the early lessons learned. The IE Bulletins
provided licensees with information about the series of
events that occurred at TMI and directed each licensee
to make changes to certain equipment and operating
procedures consistent with the reactor design, and to
conduct special operator training. In response to the
Bulletins, licensees provided details for completion of
immediate actions and plans for completion of longer
term actions. Special follow-up inspections were con-
ducted to verify that licensees had taken appropriate
action.

During the period April 18-23, 1979, six specially
trained NRC teams visited all operating pressurized
water nuclear power plants,-except those designed by
Babcock and Wilcox, designer of the TMI plant. These
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Pressurized water reactor control room simulators, such as this one
at the Tennessee Valley Authority’s Sequoyah Nuclear Power
Plant, came into greatly increased use in {979. The training of
new inspectors to accommodate the growing NRC resident inspector

teams reviewed and discussed with licensee operations
personnel and station management the TMI accident
chronology and licensee actions that had been speci-
fied in the IE Bulletins. For the Babcock and Wilcox
designed facilities, the resident inspector, with
assistance from regional-based inspectors, conducted
this special briefing.

By April 2, following the TMI accident, resident in-
spectors had been assigned to all operating Babcock
and Wilcox designed plants where resident inspectors
had not previously been assigned. In addition to
responsibilities normally assigned resident inspectors,
inspectors at these sites performed additional inspec-
tions to assure plant safety in light of the events at
TMI.

Impact of TMI on Inspection Program

The impact on the routine inspection program for
the first several months following the TMI accident

pro%ram brought increased student loads to such faciities early in
the Fiscal year, and the training was intensified even more in the
later months as deficiencies in operator training highlighted by the
Three Mile Island accident became apparent,

was significant. Efforts expended by inspectors at the
TMI site, the expedited assignment of inspectors to all
Babcock and Wilcox power reactor facilities and the
requirements imposed by the need for special inspec-
tions of all operating power reactor facilities caused a
thinner coverage, and in many cases deferral or dele-
tion of portions of the routine inspection program ac-
tivities.

On a continuing basis, increased emphasis has been
placed on identifying isolated plant problems and
generic issues and managing their resolution. To ac-
complish this, the headquarters staff has been
augmented with a group of highly specialized systems
engineers whose responsibilities include more in-depth
review and follow-up on plant events.

Long-term inspection program changes to reflect
lessons learned from the TMI accident are still in
various formative stages. Specific problems requiring
program changes have generally been diagnosed. Pro-
gram modification, implementation and attendant



process evaluations have been done to the extent possi-
ble for changes that represent an expansion of current
programs, such as resident inspection.

Studies to evaluate certain major changes in em-
phasis of the inspection program have been initiated to
determine the effectiveness and efficiency of these
changes as implemented. The results of the IE Special
Review Group on lessons learned from Three Mile
Island have provided a basis for the integration of
lessons learned into the current inspection program.

Resident Inspector Program

During 1979, the NRC made further progress in the
program to station inspectors full time at the sites of
nuclear power reactors and major fuel cycle facilities.

Experience with resident inspection results and
licensee events and actions have led to plans for fur-
ther expansion of the resident inspector program. The
program is being accelerated in consonance with the
President’s message of December 7, 1979 on the
Kemeny Commission Report. Steps to upgrade its ef-
fectiveness also are being taken in response to recom-
mendations in a General Accounting Office report
issued to Congress in November 1979. As noted above,
approval has been given to assigning, in addition to
the site resident inspector, resident inspectors to
nuclear power reactor plant units (many sites have
more than one unit). The total number of resident in-
spectors at any site will generally equal the number of
units at that site, with a minimum of two inspectors
per site. This augmented coverage will provide addi-
tional safety assurances through increasing NRC
presence, including the number of independent
observations of licensee safety-related activities and
equipment.

By December 31, 1979, 60 inspectors were deployed
to the sites of 45 nuclear power stations—including
several power reactor plants under construction—and
of three fuel facilities. By June 1980, each site with an
operating or preoperational reactor should have at
least one resident inspector. Each such site is expected
to have its full complement of at least two inspectors
by September 30, 1980, at which time some 130 resi-
dent inspectors will be deployed at 60 sites.
Thereafter, resident inspectors will be assigned to
reactors as they reach the pre-operational stage.

The NRC also is assigning resident inspectors to sites
where nuclear plant construction is in the final stage.
Further, resident inspectors will be assigned to sites
where problems are evident in earlier stages of plant
construction.

Bulletins, Circulars and Information Notices

During 1979, the NRC's issuance of Bulletins, Cir-
culars and Information Notices was increased both in

number and significance. The NRC’s Office of Inspec-
tion and Enforcement has issued Bulletins since 1971,
Circulars since 1976 and Information Notices for the
first time in 1979.

The IE Bulletin is used to notify licensees of specific
actions to be taken. It usually requires that the
licensees provide a report to the NRC describing the
actions they take in response to the Bulletin. The
Bulletin addresses matters of concern or events related
to reactor safety, material safeguards, radiological
safety or environmental protection.

Bulletins usually, although not always, require the
action on a one-time only basis. However, Bulletins
are not intended to substitute for new or revised
license conditions or requirements. If a licensee refuses

to perform an action set forth in the Bulletin, the re--

quirement for the action may be imposed on the licensee
by an Order.

Particular considerations which might require the
issuance of a Bulletin include events in which the safe-
ty significance is of such a magnitude as to result in an
immediate impact on all of a certain type of licensee.
The Three Mile Island accident represents such an
event, and it was addressed by multiple Bulletins.
Other considerations include events having a potential
generic problem impact and where the event requires
action by a particular class of license or permit holder.

The IE Circular is used to notify licensees of actions
which the NRC recommends be taken. These matters
are generally of lesser significance than those address-

NRC resident inspector checks a weld in a reactor vessel thermal
sleeve at the Susquehanna Steam Electric Station at Berwick, PA.

159



160

Table 3. IE Bulletins, Circulars, and Information Notices Issued in 1979

Bulletin No.

79-01

79-01A

79-02

79-02
(Rev. 1)

79-02

(Rev. 1)

79-03

79-04

79-05

79-05A

79-05B

79-05C&06C

Subject

Environmental
Qualification of
Class IE
Equipment

Environmental
Qualification of

Class IE Equipment
(Deficiencies in the
Environmental
Qualification of
ASCO Solenoid Valves

Pipe Support Base
Plate Designs
Using Concrete
Expansion Anchor
Bolts

Pipe Support Base
Plate Designs

Using Concrete
Expansion Anchor Bolts

Pipe Support Base Plate
Designs Using Concrete
(Supplement 1)

Longitudinal

Welds Defects

in ASME SA-312
Type 304 Stainless
Steel Pipe Spools
Manufactured by
Youngstown Welding
and Engineering Co.

Incorrect Weights

for Swing Check
Valves Manufactured
by Velan Engineering
Corporation

Nuclear Incident
at Three Mile Island

Nuclear Incident
at Three Mile Island

Nuclear Incident at
Three Mile Island.

Nuclear Incident at
Three Mile Island -
Supplement

BULLETINS

Date Issued

2/8/79

6/6/79

3/2/70

6/21/79

8/20/79

3/12/79

3/30/79

4/2/79

4/5/79

4/21/79

7/26/79

Issued to

All power reactor
facilities with
an OL or CP

All power reactor
facilities with
an OL or CP

All power reactor
facilities with
an OL or CP

All power reactor
facilities with
an OL or a CP

All power reactor
facilities with an

OL or a CP

All power reactor
facilities with an
OL or CP

All power reactor
facilities with an
OL or CP

All power reactor
facilities with
an OL and CP

All B&W power
reactor facilities
with an OL

All B&W power

reactor facilities
with an OL

To all PWR power
reactor facilities
with an OL



Bulletin No.

79-06

79-06A

79-06A
(Rev. 1)

79-06B

79-07

79-08

79-09

79-10

79-11

79-12

78-12B

BULLETINS

Subject Date Issued

Review of 4/11/79
Operational Errors

and System Misalignments

Identified During

the Three Mile

Island Incident

Review of 4/14/79
Operational

Errors and System

Misalignments

Identified During

the Three Mile

Island Incident

Review of Operational 4/18/79
Errors and System

Misalignments

Identified During

the Three Mile

Island Incident

Review of 4/14/79
Operational

Errors and System

Misalignments

Identified During

the Three Mile

Island Incident

Seismic Stress 4/14/79
Analysis of

Safety-Related

Piping

Events Relevant 4/14/79
to BWR Reactors

Identified

During Three Mile

Island Incident

Failures of GE 4/17/79
Type AK-2 Circuit

Breaker in Safety

Related Systems

Requalification 5/11/79
Training Program

Statistics

Faulty Overcurrent 5/22/79

Trip Device in
Circuit Breakers
for Engineered
Safety Systems

Short Period 5/31/79
Scrams at BWR

Facilities

A Typical Weld 3/19/79

Material in Reactor
Pressure Vessel
Welds

161

Issued to

All pressurized
water power
reactors with an
OL except B&W
facilities

All pressurized
water power
reactor facilities
of Westinghouse
design with an OL

All pressurized
water power
reactor facilities
of Westinghouse
design with an OL

All Combustion
Engineering designed
pressurized Water
power reactor
facilities with

an OL

All power reactor
Facilities with an
OL or CP

All BWR power
reactor facilities
with an OL

All power reactor
facilities with an
OL or CP

All power reactor
facilities with an

OL

All power reactor
facilities with an
OL or a CP

All GE BWR
facilities with
an OL

All power reactor
facilities with
an OL or CP
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Table 3. IE Bulletins, Circulars, and Information Notices Issued in 1979— Continued

BULLETINS—Continued

Bulletin No. Subject Date Issued Issued to
79-13 Cracking in 6/25/79 All PWRs with an
Feedwater System OL for action;
Piping all BWRs with a
CP for information
79-14 Seismic Analyses 6/2/79 All power reactor
for As-Built facilities with an
Safety-Related OL or a CP
Piping System
79-15 Deep Draft Pump 7/11/79 All power reactor
Deficiencies licensees with a
CP and/or OL
79-16 Vital Area Access 7/26/79 All holders of and
Control applicants for OL
79-17 Pipe Cracks in Stagnant 7/26/79 All PWR’s OL
Borated Water Systems at
PWR Plants
79-18 Audibility Problems 8/7/79 All power reactor
Encountered on Evaluation facilities with an OL
79-19 Packaging Low-Level 8/10/79 All power and research
Radioactive Waste for reactors with OLs, fuel
Transport and Burial facilities except uranium mills, and
certain materials licensees.
79-20 Packaging Low-Level 8/10/79 All materials licensees
Radioactive Waste for who did not receive
Transport and Burial Bulletin No. 79-19
79-21 Temperature Effects 8/13/79 All PWRs with an OL
on Level Measurements
79-22 Possible Leakage of Tubes 9/5/79 To each licensee who
of Tritium Gas in Timepieces receives tubes of tritium
for Luminosity gas used in timepieces
for luminosity
79-23 Potential Failure of 9/12/79 All power reactor
Emergency Diesel Generator facilities with an
Field Exciter Transformer OL or a CP
79-24 Frozen Lines 9/27/79 All power reactor

facilities which have
either OLs or CPs and
are in the late stage

of construction

CIRdULAES

Circular No. Subject Date Issued Issued to

79-01 Administration of 1/12/79 All holders of
Unauthorized licenses except
Byproduct Material teletherapy medical
To Humans Licenses and Each

Radiopharmaceutical
Supplier



Circular No.

79-02

79-03

79-04

79-05

79-06

79-07

79-08

79-09

79-10

79-11

79-12

79-13

79-14

Subject

Failure of 120
Volt Vital AC
Power Supplies

Inadequate Guard
Training
Qualification and
Falsified Training
Records

Loose Locking Nut
on Limitorque Valve
Operators

Moisture Leakage
in Stranded Wire
Conductors

Failure to Use
Syringe and

Bottle Shields

In Nuclear Medicine

Unexpected Speed
Increase of

Reactor Recirculation
MG Set Resulted in
Reactor Power
Increase

Attempted
Extortion Low
Enriched Uranium

Occurrences of

Split or Punctured
Regulatory Diaphrams
in Certain Self
Contained Breathing
Apparatus

Pipefittings
Manufactured from
Unacceptable
Material

Design/Construction
Interface Problem

Potential Diesel
Generator
Turbocharger
Problem

Replacement of
Diesel Fire Pump
Starting
Contactors

Unauthorized Procurement and
Distribution of XE-133

Date Issued

2/16/79

2/23/79

3/16/79

3/20/79

4/19/79

5/2/79

5/18/79

6/22/79

6/26/79

6/27/79

6/28/79

7/10/79

7113179

163

Issued to

All holders of
reactor OLs and
CPs

All holders of
and applicants for
special nuclear
material licenses
in safeguards
Group

All holders of
reactor OLs or
CPs

All holders of
reactor OLs or
CPs

All holders of
medical licenses
except teletherapy
licenseesIssued to

All holders of
BWR OLs or CPs

All fuel
facilities
licensed by NRC

All materials
priority I, fuel
Cycle and
Operating
reactor licenses

All power reactor
licensees with a
CP and/or OL

All applicants
for, and holders
of Power Reactors
CPs

All power reactor
operation

facilities and all
utilities having a CP

All power reactor
Operations
facilities and

all utilities
having a CP

All medical licensees
except teletheraphy
medical licensees and
to all radiopharmaceu
tical suppliers
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Table 3. IE Bulletins, Circulars, and Information Notices Issued in 1979—Continued

Circular No.

79-15

79-16

79-17

79-18
79-19

79-20

Information
Notice No.

79-01

79-02

79-03

79-04

79-05

79-06

79-07

79-08

Subject

Bursting of High Pressure Hose

CIRCULARS

Date Issued

8/8/79

and Malfunction of Relief
Valve “O” Ring in Certain Self-
Contained Breathing Apparatus

Excessive Radiation Exposures

8/16/79

To Members of the general Public

and a Radiographer

Contact Problem in SB-12

8/14/79

Switches on General Electric
Company Metal Clad Circuit

Breakers

Proper Installation of

9/10/79

Target Rock Safety-Relief

Loose Locking Devices

9/13/79

on Ingersoll-Rand Pumps

Failure of GTE Sylvania

9/24/79

Relay, Type PM Bulletin
7305, Catalog 5&12-11-AC

Subject

Bergen-Paterson
Hydraulic Shock
and Sway Arrestor

Attempted
Extortion of Low
Enriched Uranium

Limitorque Valve
Geared Limit
Switch Lubricant

Degradation of
Engineered
Safety Features

Use of Improper
Materials in
Safety-Related
Components

Stress Analysis

of Safety-Related
Piping

Rupture of
Radwaste Tanks

Interconnection of
Contaminated
Systems with
Service Air
Systems Used as
the Source of
Breathing Air

INFORMATION NOTICES
Date Issued

2/2/79

212179

2/9/79

2/16/79

3/21/79

3/23/79

3/26/79

3/28/79

Issued to

All materials Priority I,
fuel cucle and operating
power reactor licensees

All radiography
licensees

All power reactor
licensees with a CP and/
or OL

All holders of power
reactors OLs and CPs

All holders of power
reactors OLs and CPs

All holders of power
reactors OLs and CPs

Issued to

All power reactor
facilities with

an OL and or CP
All fuel

facilities

All power reactor
facilities with
an OL or a CP

All power reactor
facilities with
an OL or a CP

All power reactor
facilities with
an OL or CP

All holders of
reactor OLs or
CP

All power reactor
facilities with an
OL or CP

All power reactor
facilities with

an OL and Pu
processing fuel
facilities



Information
Notice No.

79-09

79-10

79-11

79-12

79-13

79-14

79-15

79-16

79-17

79-18

79-19

79-20

79-21

79-22

79-23

79-24

Subject

Spill of
Radioactively
Contaminated Resin

Nonconforming
Pipe Support
Struts

Lower Reactor
Vessel Head
Insulation
Support Problem

Attempted Damage
to New Fuel
Assemblies

Indication of Low
Water Level in
the Oyster Creek
Reactor

NRC Position on
Electrical Cable
Support Systems

Deficient
Procedures

Nuclear Incident
at Three Mile
Island

Source Holder
Assembly Damage
from Misfit
Between Assembly
and Reactor Upper
Grid Plate

Skylab Reentry

Pipe Cracks in Stagnant
Borated Water Systems At
PWR Plants

NRC Enforcement Policy
NRC LlIcensed Individuals

Transportation and Commercial

Burial of Radioactive Material

Qualification of Control
Systems

Emergency Diesel Generator
Lube Oil Coolers

Overpressurization of
Containment of a PWR Plant
After a Main Steam Line
Break

Date Issued

3/30/79

4/16/79

57179

5/11/79

5/29/79

6/11/79

6/7/79

6/22/79

6/20/79

7/5/79

717179

8/10/79

9/7/79

9/14/79

9/25/79

9/28/79

Issued to

All power reactor
facilities with
an OL

All power reactor
facilities with a
CP

All holders of
reactor OLs and
CPs

All fuel
facilities,

research reactors,and power reactors

with an OL or CP

All holders of
reactor QOLs and
CPs

All power reactor

facilities with a
CP

All holders of
reactor OLs and
CPs

All research
reactors and test
reactors with OLs

All holders of
reactor OLs and
CPs

All holders of
reactor OLs

All holders of reactor
OLs and CPs

All holders of reactor

OLs and CPs and production
licensees with licensed
operators

All power and research
reactors with OLs

All power reactor
facilities with

OLs and CPs

All power reactor
facilities holding OLs
and CPs

All power reactor facilities
with a CP



ed by a Bulletin, and a written response by the licensee
is not required. The licensees may or may not initiate
the recommended action. However, if further analysis
and/or information regarding the matter indicates in-
creased significance, it may result in the issuance of a
Bulletin.

The particular concerns which might require is-
suance of a Circular include those for which a Bulletin
is applicable, except that the impact is of less
significance and is not sufficient to warrant specific
actions by license or permit holders.

The Information Notice was first put in use in 1979.
It is a mechanism by which the NRC is able to rapidly
transmit information applicable or potentially ap-
plicable to license and permit holders. The informa-
tion may or may not have been analyzed by NRC. It
does not require acknowledgment or response but
licensees are instructed to take appropriate action if
the information appliés to their facility. The concerns
which might require issuance of an Information
Notice include those for which a Bulletin or Circular
may be applicable, but for which significance of the
event or condition does not warrant issuance of a
Bulletin or Circular. Of course, a Bulletin or Circular
may be issued subsequent to an Information Notice on
a particular concern as a result of problem evolution
and further evaluation. Information Notices may also
be used to transmit additional information on
previously issued Bulletins or Circulars to license and
permit holders.

A listing of the Bulletins, Circulars, and Informa-
tion Notices issued from January 1, 1979, through
September 30, 1979, is included in Table 3 to indicate
the types of conditions addressed by these different
publications.

Other Reactive Effort

During fiscal year 1979, the effort expended on
reactive inspections, investigations and related work
has increased considerably, in addition to that expend-
gd on investigation and evaluation of the TMI acci-

ent.

Some construction sites have required between 50
and 250 man-days of unplanned reactive effort
resulting in some cases in the postponement of routine
inspection activities. A considerable amount of this
reactive effort relates to inspection, investigation and
follow-up effort, associated with allegations, Part 21
Reports and Bulletin, Circular and Information mat-
ters. The following construction problems have re-
quired substantial reactive effort by both headquarters
and regional personnel:

* Pipe support base plate/anchor bolts
* Weld integrity (pipe welds)

Pump performance

Piping analysis and as-built conditions
Steam generators

Structural concrete

Foundations

ENFORCEMENT ACTIVITIES

The regulatory program is designed to assure that
licensees perform in accordance with NRC regula-
tions, licenses and permits and with applicable sec-
tions of Federal statutes. NRC is empowered to take
enforcement action when licensees are not satisfying
these requirements or are conducting operations in a
way that might endanger the public health and safety
or the environment, or adversely affect the common
defense and security.

Enforcement action may be taken, for example,
when certain significant safety-related matters not
meeting NRC requirements have escaped the licensee’s
attention or when procedures are improperly con-
trolled and the fact is first discovered during an NRC
inspection. Such situations reflect adversely on the ef-
fectiveness of the licensee’s management or quality
assurance program. Enforcement action requires the
licensee to correct the particular problems and
establish measures to preclude reoccurrence—
including deficiencies in his quality assurance program
if such deficiencies allowed the problem to occur, con-
tinue or reoccur.

The severity of NRC enforcement actions varies
with the seriousness of the matter and the licensee’s
previous compliance record. Several levels of NRC ac-
tion are provided:

e Written Notices of Violation are provided for in-
stances of noncompliance with NRC re-
quirements.

¢ Civil penalties are considered for licenses who
evidence significant or repetitive items of non-
compliance, particularly when a Notice of Viola-
tion has not been effective. Civil penalties may
also be imposed for particularly significant first-
of-a-kind violations.

® Orders to “cease and desist” operations, or for
modification, suspension, or revocation of
licenses, are used to deal with licensees who do
not respond to civil penalties or to deal with viola-
tions that constitute a significant threat to public
health and safety or to the common defense and
security. In the latter case, an order may be made
effective immediately.

Tables 4 and 5 summarize the enforcement actions
taken during the report period.



Table 4. Civil Penalties Imposed—Fiscal Year 1979

Licensee

Wisconsin Public Service
Corporation

Green Bay, Wisconsin
(Kewaunee Plant)

Jersey Central Power and
Light Company
Morristown, New Jersey
(Oyster Creek Plant)

Twin City Testing and
Engineering Labs., Inc.
St. Paul, Minnesota
(Radiographer)

Niagara Mohawk Power
Corporation
(Nine Mile Point Unit 1)

United Nuclear Corporation
Wood River Junction, Rhodelsland
(Fuel Processor)

University of Wisconsin
Madison, Wisconsin
(Academic Broad
License)

Virginia Electric and Power
Company
(Surry Unit 2)

Nuclear Pharmacy, Inc.
Milwaukee, Wisconsin
(Radiopharmaceutical
Distributor)

University of Minnesota
Minneapolis, Minnesota

Amount

$7,000
(reported as
Pending

in FY 78)

$26,000

$2,500

$18,000
(pending)

$15,750
(pending)

$2,300

$15,000
(pending)

$24,000
(pending)

$4,300

Reason

Failure to perform a
survey required by
regulations to assure
control of personnel
exposures,

Licensee requested a
hearing; however, a
negotiated settlement
was accepted by the
licensee and the
licensee paid the
$7,000 penalty.

Failure to follow
radiation safety
procedures and
noncompliance items
in the safeguards
area.

Exposure to the lower
back of an individual.
Failure to perform
necessary radiation
surveys,

Noncompliance items
in thie physical
security area.

Noncompliance items
in the physical
security area.

Inadequate training

of personnel, failure

to evaluate internal
exposures of personnel
and releases of airborne
material to unrestricted
areas.

Whole body exposure
of an individual and
failure to follow
procedures.

Distribution of
radioactive material
not intended for
human use to medical
licensees, relabeling
and misrepresenting
the material as suitable
for human use.

Exposures of three
individuals to airborne
radioactive material and
other noncompliance
items in the health and
safety area.
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Enforcement Improvements

The Office of Inspection and Enforcement is seeking
continued improvement in enforcement. In December
1979 the enforcement criteria concerning the transpor-
tation of radioactive material were upgraded. The
Commission also has forwarded to Congress a request
to increase NRC’s statutory authority to impose civil
penalties. If this request is implemented by amend-
ment of the Atomic Energy Act, NRC’s maximum
allowable penalties will increase from $5,000 to
$100,000 for a single violation and from $25,000 to no
limit for all violations committed by a licensee within
30 days. Such an increase would provide greater in-
centives for major NRC licensees to comply with the
regulatory requirements. A greater range would also
permit the penalties to be imposed by NRC to reflect
more equitably the different classes of licensees and
the seriousness of offenses. The Commission approved
a proposal that copies of escalated enforcement orders
and civil penalties be routinely forwarded to State
public utility regulatory groups and to State attorneys
general for their information. Routine mailing of these
communications started in December 1979,

NRC is continuing efforts to develop better methods
for the evaluation of the regulatory performance of
major licensees. By identifying licensees whose perfor-
mance may require improvement, NRC hopes to an-
ticipate potential safety and security problems and
avert them through prompt remedial action. This
would also improve the effectiveness of NRC’s use of
inspection resources. Identifying valid measures of
licensee performance is a complex and controversial
process. Measures considered to date include licensees’
compliance records, evaluations of licensees by NRC
inspectors, and detailed trend analysis of reportable
licensee events.

NRC Operations Center

The NRC Operations Center was activated on three
occasions during 1979. This center is the focal point
for NRC’s initial response to significant incidents in-
volving NRC-licensed activities. The 2,000 square-foot
center presently in use includes: a conference room for
briefing NRC management; an operations room for
monitoring and evaluating information about the inci-
dent; a secure communications room; word processing
and computer support areas; and a library to house
necessary information resources. The center is equip-
ped with a specially-designed communications system
and a variety of audiovisual aids.

The first activation occurred in January as a result
of an extortion threat against the General Electric Fuel
Fabrication Facility in Wilmington, North Carolina.
A letter demanded money for return of stolen uranium
or the extortionist claimed he would disperse the

material in an unnamed U.S. city. Although the
Federal Bureau of Investigation (FBI) had the lead in
the case, the NRC was concerned about the possible
radiological consequences of the threatened act and
provided technical support to the FBI. In this case, the
FBI quickly apprehended a suspect and located the
stolen material.

The other major incident involved the NRC
response to the Three Mile Island accident. The center
did function as a major focal point for the NRC, as in-
tended, but the limited facilities were quickly over-
extended during this event. As a result of TMI and in-
creased emphasis on responding to future incidents,
major revisions to the NRC incident response program
will be made.

The third incident for which the Operations Center
was activated occurred in October when a release of
radioactive gases from the Prairie Island nuclear plant
took place.

The Operations Center is manned 24 hours-per-day
by a qualified senior engineer.

INVESTIGATIONS

An important adjunct to NRC’s inspection effort is
the investigative program which covers not only in-
depth probes of irregularities revealed during inspec-
tions, but also investigations of incidents, accidents,
allegations or any unsual circumstances occurring at
or related to NRC-licensed facilities or activities. A
heightened public awareness and interest in nuclear
power has resulted in an increase in the number of
allegations received by NRC. As each allegation must
be carefully investigated to determine its possible im-
pact upon the public health and safety, NRC has more
than doubled the number of trained investigators in its
employ within the past year.

Investigations are conducted by experienced in-
vestigative personnel located in each of the five NRC
regional offices. Investigators are assigned to the im-
mediate staff of the regional director, both to em-
phasize the importance of the investigative program
and to provide better support to the various functional
branches in the region. Since NRC investigations are
usually technical in nature and may involve several
scientific or engineering disciplines, the investigator
frequently works with and coordinates the activities of
technical personnel who may be assigned to provide
assistance. Investigators also maintain close liaison
with Federal, State and local law enforcement agen-
cies and work closely with them on investigations of
mutual interest. Within the past year, IE investigators
have provided assistance to agencies having primary
jurisdiction in investigations involving the theft of
special nuclear material, the intentional damaging of
fuel elements at an operating nuclear power plant, the
attempted bombing of a nuclear power station, and
the falsification of records relied upon by NRC.



Table 5. Enforcement Orders—Fiscal Year 1979

License Date

Radioassay Systems, Inc. 11/30/78
Southfield, Michigan

(Materials Licensee)

Arkansas Power & Light 6/15/79
Company

Little Rock, Arkansas

(Arkansas Nuclear One

Unit 1)

Public Service of Indiana 8/15/79
Plainfield, Indiana

(Marble Hill Units 1 & 2)

Oversight of the NRC investigations program is ac-
complished by a small investigative staff located at
headquarters. During fiscal year 1979, 121 investiga-
tions were conducted by inspection and enforcement
personnel. Of these, 76 were prompted by allegations
dealing with reactor construction or operational
events at licensed facilities. Other investigations were
conducted into events involving loss or theft of licensed
material, overexposures, and general public interest.
In 78 of the investigations, licensees were cited for
failure to meet NRC requirements,

Significant special investigations conducted during
the year are described below.

Wolf Creek Generating Station

The Wolf Creek Generating Station of the Kansas
Gas and Electric Company is located in east-central
Kansas in Coffey County. The site is approximately 50

Reason

Order terminating
proceedings.

Reason: Licensee

disposed of all

material and requested
termination of the

licensee. On 7/13/78,

the licensee was issued

an Order to show cause

for processing and distributing
material without
authorization.

Order authorizing
resumption of
operations.

Reason: Licensee
satisfied the
conditions of the
6/2/79 Order.

Order confirming
suspension of
construction.

Reason: Serjous
problems with respect
to the adequacy of
concrete placement
and the licensee’s
quality assurance
program.

miles south of Topeka and three miles northeast of
Burlington, Kansas.

On March 15, 1978, the licensee reported to the
NRC that concrete samples tested for compressive
strength at the age of 90 days had not all met the
specified 5,000 lbs.-per-square-inch (psi) design
strength. The samples represented 6,600 cubic yards of
concrete placed in a continuous two-day operation to
construct the reactor containment building base mat.
The licensee initiated a series of studies to determine
the cause of the low strength in samples and to deter-
mine whether the base mat met the construction per-
mit criteria. The licensee concluded, in a final report
in October 1978, that the base mat was acceptable and
met specifications for 5,000 psi compressive strength
concrete on the basis of supplemental tests. The ap-
parent low-strength samples were attributed to faulty
testing procedures by the licensee,
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The NRC initiated an investigation that resulted in
the licensee’s halting the placement of all safety-
related concrete on December 19, 1978. Numerous
deficiencies which could have contributed to the ap-
parent low-strength concrete were found, as well as
quality assurance problems. The NRC concluded that
the faulty testing was not the cause of the apparent
low-strength samples. Additional studies were in-
itiated by the licensee. The NRC retained an indepen-
dent consultant and a test laboratory to provide addi-
tional information independent of the licensee.

While this work was underway, voids were found in
the containment wall in two locations when forms
were removed in December 1978. These defects and
their causes were reviewed by IE inspectors. Repair
was subsequently accomplished, utilizing approved
procedures.

On March 6, 1979, after changes related to quality
assurance had been made, the licensee was permitted
to resume the placement of concrete in safety-related
structures except for the reactor containment building.
It was not until July 12, 1979 that concrete placement
was permitted in the containment, because of the
unresolved questions concerning the base mat. Place-
ment was allowed as a result of reanalyses of the reac-
tor containment building by the licensee using the
lowered concrete strength values as the actual as-built
strength of concrete. The reanalysis showed that
enough margin remained in the design to accom-
modate the low-strength concrete, since the Wolf
Creek unit is one of a series of standardized plants
which are designed for more severe site conditions
than exist at Wolf Creek. As a result of the studies and
investigations, greater assurance has been obtained
that the structure will perform adequately.

Marble Hill Nuclear Generating Station

The Marble Hill Nuclear Generating Station of
Public Service of Indiana is located in southeastern In-
diana in Jefferson County. The site is approximately
nine miles northeast of Milton, Ky.

Beginning in April 1979, a series of noncompliances
associated with concrete construction were identified
by IE inspectors. In May, the NRC met with the
licensee to request additional information on in-place
concrete. Many of the noncompliances were attributed
to inadequate implementation of quality
assurance/control programs by the licensee and his
contractor. In June, a series of allegations related to
concrete construction were made by a former worker
at the site. These allegations indicated that voids in the
concrete had been found but not properly reported nor
properly repaired.

An NRC investigation, with the aid of the worker,
found additional areas which were deficient because
of voids. In June, the licensee agreed to stop safety-

related concrete work until certain QA actions were
completed to the NRC’s satisfaction. On the basis of
observation by IE inspectors of a large non-safety-
related concrete placement, safety-related concrete
work was allowed to resume.

In July 1979, the National Board of Boiler and
Pressure Vessel Inspectors reported several deficiencies
at the site (not related to concrete) and recommended
suspension of the utility’s American Society of
Mechanical Engineers Owner’s Certificate for ap-
parent Code violations of Section III, Division 1, of
the ASME Boiler and Pressure Vessel Code. As a result
of further investigation by IE inspectors, which iden-
tified contruction management problems, an order
confirming the suspension of work was issued on
August 14, 1979. A series of corrective actions must be
completed before construction of safety-related items
will be allowed to resume.

McGuire Nuclear Plant

The McGuire Nuclear Plant of Duke Power Com-
pany is located 17 miles northwest of Charlotte, N.C.,
adjacent to the Catawba River.

In March 1978, the NRC received telephone calls
and a letter from an individual regarding alleged safe-
ty problems at the McGuire facility. A meeting of
NRC staff with the individual resulted in reduction of
the concerns to 12 allegations. IE investigators worked
on the case through July and were able to resolve all
but one allegation. This one allegation pertained to
calculations completed by Duke Power Company to
ascertain whether a fuel cask could fall into the spent
fuel pool under various hypothetical circumstances.
Additional investigatory effort identified a conser-
vative calculation—not previously shown to the
NRC—which showed that the cask could enter the
spent fuel pool. The license has taken corrective action
to prevent the occurrence of such an event.

Midland Nuclear Plant

The Midland Nuclear Plant, which is owned by
Consumers Power Co., is located just south of
Midland, Michigan, adjacent to a large industrial
complex of the Dow Chemical Co.

In September 1978 the licensee reported greater
than expected settlements had occurred in the diesel
generator building complex. IE investigations disclos-
ed that many of the commitments the licensee had
made at the construction permit stage had been revis-
ed without changes in the safety analysis reports. Mat-
ters related to revised criteria and remedial action
were transferred to NRC’s Office of Nuclear Reactor
Regulation (NRR).

Joint IE-NRR efforts are still underway to define
what corrective measures need to be taken.



Surry Nuclear Power Station

The Surry Nuclear Power Station, which is owned
by the Virginia Electric and Power Company (VEP-
CO), is located about eight miles south of
Williamsburg, Va.

On May 7, 1979, while conducting inspections of
new fuel for Surry Unit 2, the licensee found that
plastic protective liners on 62 of 64 nuclear fuel
assemblies had been tampered with. Further inspec-
tion revealed that a white crystalline substance had
been poured on the assemblies. Preliminary analysis
by VEPCO indicated that the substance was sodium
hydroxide. The new fuel is stored in a building which
is locked and alarmed, and to which access is controll-
ed by the issuance of specially coded access cards.

Investigation of this incident by the FBI culminated
in the surrender of two VEPCO employees to Surry
County authorities on June 19, 1979. Charges of
breaking and entering with intent to damage electrical
facilities (felony) and willful destruction of utility
company equipment (felony) were lodged against the
two employees. Two additional charges against both
men were introduced for conspiracy regarding the two
felonies, for a total of four felonies and one misde-
meanor against each man. These charges were filed on
behalf of the Commonwealth of Virginia, since cur-
rent Federal statutes do not provide penalties for such
acts of vandalism. Pending legislation may result in
making intentional damage to a reactor facility a
Federal crime.

The two individuals, who were later tried, con-
victed on charges of willfully destroying utility com-
pany equipment and sentenced to two years’ imprison-
ment, claimed that they had damaged the fuel rods to
call attention to poor security practices and unsafe
conditions at the VEPCO facility. Subsequent to their
trial, they were interviewed by NRC investigators and
an investigation into their allegations is currently
underway,

Abnormal Occurrences—Fiscal Year 1979

An “abnormal occurrence” is defined in Section 208
of the Energy Reorganization Act of 1974 as “an
unscheduled incident or event which the Nuclear
Regulatory Commission determines to be significant
from the standpoint of public health or safety.” The
same Act requires that such events be reported
quarterly to the Congress by the NRC and also be in-
cluded in the Annual Report. The four quarterly
reports covering fiscal year 1979 are published as
NUREG-0900, Vol. 1, No. 4, and Vol. 2, Nos. 1, 2 and
3, and are available from the Division of Technical In-
formation and Document Control, U.S. Nuclear
Regulatory Commission, Washington, D.C. 20555
and from the National Technical Information Service,
Springfield, Va. 22161.

In reports on the first three quarters of the fiscal
year, eight abnormal occurrences were covered, in-
cluding the accident at Three Mile Island (see Chapter
2). Three additional events were under consideration
for reporting in the fourth quarter (July—September
1979) but had not been officially identified as abnor-
mal occurrences at the end of the report period and
are, therefore, omitted in the listing below. Abnormal
occurrences which took place during the fiscal year at
facilities under the jurisdiction of Agreement States
are treated in Chapter 8, “State Programs.”

Loss of Containment Integrity. The occurrence in-
volved a loss of containment integrity at two nuclear
power plants—Millstone Unit 2 and Salem Unit
1—reported in July and September of 1978 respective-
ly. The issue is discussed in Chapter 3, under
“Mechanical Operability’ of Containment Purge
Valves,” in the section, “Other Technical Issues.”

Electrical System Deficiencies. The occurrence con-
cerned degraded engineered safety features at the
Arkansas Nuclear One site, involving both Units 1 and
2 there, and disclosed serious deficiencies in electrical
distribution system operation and design. It was
reported in September 1978 and is treated in
NUREG-0090, Vol. 2., No. 1

Piping Reanalysis at Five Plants. The occurrence
derived from the discovery that certain piping systems
and pipe suports in five nuclear plants had been con-
structed according to a faulty calculation. The issue is
covered in Chapter 3, under “Shutdown and Seismic
Reanalysis of Five Operating Reactors,” in the section,
“Other Technical Issues.”

Extortion Attempt. The occurrence arose from an
extortion attempt in the form of an anonymous letter
sent to officials of the General Electric Company’s fuel
fabrication facility at Wilmington, N.C., alleging that
the sender was in possession of an amount of low
enriched uranium oxide and threatening to send por-
tions of it to various persons and to release the materal
in certain cities if payment was not made. The extor-
tionist was apprehended and the material recovered.
(See Chapter 5, under “Safeguards Events—Fiscal
Year 1979.)

Loss of Feedwater Transient. The occurrence took
place on May 2, 1979, at the Oyster Creek facility,
where a loss of feedwater transient resulted in a signifi-

cant reduction of the water inventory above the reac-.

tor core area, as measured by one set of water level in-
struments. It was later determined that the water level
had fallen below the safety limit, but that no part of
the core was uncovered and no fuel damage occurred.

Vandalizing New Fuel Rods. The occurrence in-
volved the pouring of sodium hydroxide on new fuel
assemblies and is discussed above under the heading
“Surry Nuclear Power Station.”
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Emergency Feedwater Unavailable. In June 1979 at
Unit 1 of Arkansas Nuclear One, an NRC inspector
found that, as preparations were made for startup of
the facility the controls for the emergency feedwater
system were so positioned that the system could not
automatically respond if needed. It was later ascer-

tained that there was no procedural requirement that
the system status be checked before startup. The plant
was returned to cold shutdown for 12 days, until pro-
cedures could be reexamined and revised. All holders
of reactor operating licenses and construction permits
were informed of the event and its irnplications.



State Programs

NRC and State officials dealt with mill
tailings matters throughout 1979.

The Three Mile Island nuclear power plant accident
in Pennsylvania focused increasing interest by the
States on most areas of NRC activity, including reactor
regulation, emergency preparedness, and waste
disposal. While NRC’s contacts with the States are far
ranging and involve activities of many of the agency’s
offices as well as the Commission itself, the principal
responsibility for NRC/State interaction is centered in
the Office of State Programs.

Highlights of fiscal year 1979 included the negotia-
tion of memoranda of understanding with Indiana
and Nebraska, regional meetings with State liaison of-
ficers in NRC Regions I and II, a decision to place
State liaison officers in all NRC regions, NRC concur-
rence in five more State plans for response to
radiological emergencies, and several regional
workshops to develop a more explicit policy for
nuelear facility decommissioning.

NRC/State activities discussed in this chapter in-
clude (a) the State Agreements Program, under which
NRC relinquishes to qualified States the authority to
regulate certain kinds and quantities of nuclear
materials; (b) assistance to State and local govern-
ments in radiological emergency response planning;
and (c) cooperative activities regarding NRC respon-
sibilities affecting the States such as licensing, decom-
missioning, waste management, and transportation of
radioactive materials.

STATE AGREEMENTS PROGRAM

Section 274 of the Atomic Energy Act of 1954, as
amended, authorizes the Commission to enter into
agreements providing for the assumption by qualified
States of regulatory responsibility over byproduct and
source material and small quantities of special nuclear
material. At the end of 1979, there were 25 Agreement

States exercising regulatory authority over some
11,800 nuclear material licenses: Alabama, Arizona,
Arkansas, California, Colorado, Florida, Georgia,
Idaho, Kansas, Kentucky, Louisiana, Maryland,
Mississippi, Nebraska, Nevada, New Hampshire, New
Mexico, New York, North Carolina, North Dakota,
Oregon, South Carolina, Tennessee, Texas, and
Washington. (An agreement concluded in late 1979
with the State of Rhode Island became effective on
January 1, 1980.)

Review of State Regulatory Programs

The NRC conducts a formal annual review of each
Agreement State’s radiation control program to deter-
mine whether it is adequate to protect the public
health and safety and is compatible with NRC’s
regulatory program. The annual reviews assess the
State’s organization, administration, staffing, regula-
tions, licensing, and compliance functions for the pro-
gram. Field evaluations of State inspectors are also
made. During fiscal year 1979, the NRC conducted 29
such program reviews and one followup review. NRC
staff accompanied State inspectors at a number of
licensed facilities, including four State-licensed
uranium mills.

Adequacy and Compatibility Findings

During calendar year 1978, NRC found that all 25
Agreement State radiation control programs were ade-
quate to protect public health and safety. The NRC
staff did, however, recommend a follow-up review of
the Florida program because of a recurring high in-
spection backlog and staff shortages.

With respect to the compatibility of Agreement
State programs with NRC’s regulatory program, NRC
determined that 23 of the 25 States had compatible
programs in calendar year 1978; however, the pro-



NRC staff members meet periodically with representatives of the
National Association of State Directors for Disaster Preparedness,
the U.S. Civil Defense Council, and the Conference of State

grams of Nevada and New Mexico were found not ful-
ly compatible. Compatibility findings for these two
States were deferred because they had not adopted
regulations fully equivalent to those of the NRC deal-
ing with requirements for notices, instructions, and
reports by licensees to workers (10 CFR Part 19 of
NRC regulations).

NRC Technical Assistance

NRC provides technical assistance to the Agreement
States in areas such as major licensing actions, health
physics, environmental analyses, review of proposed
regulations, and guidance for inspection and enforce-
ment actions. NRC is assisting Kansas with the review
of a proposed low-level waste repository, and
Washington in connection with renewal of a low-level
waste disposal license. Nevada asked for and received
NRC assistance regarding waste shipments to the
burial site at Beatty. New York received NRC help in
its review of an environmental report from a manufac-

Radiation Control to seek their views and assistance in developing
and improving Federal programs for radiological emergency
response preparedness.

turer of devices containing tritium. Texas, New Mex-
ico, Colorado, Washington, and Arizona are receiving
NRC assistance connected with uranium milling
operations, and NRC is giving a great deal of technical
assistance to Arizona in a case involving excessive
radioactivity re