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Overview and Summary

Nuclear Regulation in 1976: Introduction

During 1976 the Nuclear Regulatory Commission broadened
the scope and accelerated the pace of actions required to carry
out its responsibility for assuring that civilian nuclear activities
are performed in a manner consistent with public health and
safety, national security, environmental quality, and the antitrust
laws.

Fundamental issues concerning the nuclear fuel cycle for power
reactors tended to predominate during the Commission’s second
year of regulatory operations. The social and political ramifica-
tions of utilizing nuclear energy assumed even greater importance
in the public mind and in Commission decision-making than
the purely technological problems involved. Because of continu-
ing public concern over the potential hazards of nuclear facilities
and radioactive wastes and the safeguarding of nuclear materials,
the Commission intensified its efforts to increase the public’s
access to, and participation in, the nuclear regulatory process.

The Fuel Cycle

Salient developments in the nuclear fuel cycle area during the
past several months included (1) a major NRC reanalysis of the
environmental impacts of waste management attributable to
operation of individual nuclear power plants, in response to court
decisions which resulted in a temporary halt in reactor licensing;
(2) a coordinated movement by several Federal agencies to
establish a firm basis for early resolution of the problem of
permanently managing high-level radioactive wastes, with NRC
assuming a progressively more active role; (3) a greater involve-
ment of the Commission in the foreign policy considerations
required to carry out its export licensing responsibilities; and,
(4) after the end of the fiscal year, a Presidential statement of
nuclear policy announcing, among other things, that spent
nuclear fuel reprocessing and the .recycle of plutonium in new
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fuel for recators should not proceed unless there
is sound reason to conclude that the world
community can effectively overcome the associ-
ated risks of proliferation of nuclear explosives
capability.

President Ford’s nuclear policy statement of
October 28, 1976 brought sharply into focus
the intersection of foreign policy interests with
domestic fuel cycle decisions. He stated that
the avoidance of nuclear proliferation in the
world must take precedence over economic
interests, but that the United States and other
nations should increase the peaceful use of
nuclear power to meet energy needs even if
reprocessing and recycle of plutonium are not
found to be acceptable. He directed the Energy
Research and Development Administration to
explore the feasibility of recovering energy
values from used nuclear fuel without separat-
ing the plutonium; to define a reprocessing and
recycle evaluation program that is consistent
with the Nation’s international energy coopera-
tion and nonproliferation objectives, and that
complements the NRC’s ongoing consideration
of the recycle question; to demonstrate, by 1985,
the operation of a high-level waste repository,
and to submit plans for the repository to the
NRC for licensing review in order to assure its
safety and acceptability to the public.

During 1976 the NRC made progress in de-
veloping licensing procedures for the independ-
ent evaluation of high-level waste facilities that
will be proposed by ERDA, began preparation
of criteria to be met by solidified high-level
wastes, and, by year-end was completing the
scheduling of standards required to regulate all
categories of, radioactive wastes.

Several steps were taken in the Commission’s
proceeding toward a decision on the plutonium
recycle question, including the issuance, in
August 1976, of the health, safety, and environ-
mental portion of the final generic environmen-
tal impact statement on reprocessing spent fuel
and wide-scale use of mixed plutonium-uranium
oxide as fuel in current light-water power re-
actors. The public hearing on this phase of the
rulemaking proceeding began in November, and
supplements to the statement covering safe-
guards and an overall cost-benefit analysis are
scheduled to be published and taken up in the
hearing in 1977.

Because no reprocessing is available, many
utilities have requested authorization to expand
capacity of storage pools at nuclear power plant
sites to accommodate the growing inventory of
spent fuel. The NRC issued several approvals
and began an evaluation of the environmental
impact of handling, shipping and storing opera-



‘tions over the approximate 10-year period in
which interim storage of spent fuel will be re-
quired, regardless of the outcome of other NRC
fuel cycle decisions. During 1977 the environ-
mental statement on spent fuel storage is ex-
pected to be issued and any subsequent rule-
making completed.

In other fuel cycle areas, the NRC under-
took a reassessment of commercial shallow land
burial grounds for low-level radioactive wastes,
began preparation of a generic environmental
impact statement on uranium milling operations
with emphasis on management of mill tailings,
and issued a draft environmental statement, as
part of a public rulemaking proceeding, on the
air transport of all nuclear materials, including
plutonium and enriched uranium.

International Activities

When the NRC was formed in January 1975,
it was not possible to foresee the degree to which
international currents would affect domestic
regulatory policy nor to anticipate the increas-
ing complexity of the Commission’s involvement
in export licensing matters. In the absence of
clear statutory guidance, the NRC developed
export license review procedures to ensure that
the views of Executive Branch agencies having
foreign affairs and national security responsi-
bilities are received and weighed in the Com-
mission’s independent decision process. Innova.
tive measures were employed by the Commission
including, for the first time, a public hearing
on a proposed export license. A Commissioner
dissent was noted in two licensing actions. A
number of bills on export licensing were intro-
duced in the 94th Congress, and the Commis-
sion supported constructive legislative action,
but the Congress adjourned without agreeing on
new legislation in this area.

The Commission continued to expand its
international activities, signing several addi-
tional bilateral arrangements for the exchange
of regulatory information and cooperation in
reactor safety research with other countries. An
agreement was also consummated between the
United States and the International Atomic
Energy Agency providing for application of

IAEA safeguards inspections to U.S. civil
nuclear activities.

Domestic Safeguards

The assessment and upgrading of measures
to prevent theft or diversion of nuclear mate-
rials or sabotage of U.S. nuclear facilities re-
quired a high level of activity on many fronts
throughout the year. The NRC modified
licenses to reflect new requirements in material
control plans; evaluated capabilities against
specified threat levels at major fuel cycle facili-
ties and monitored the correction of deficiencies;
reviewed physical protection provisions at all
nuclear power plants; and conducted special
onsite surveys in developing new safeguard re-
quirements. Contingency planning brought NRC
in contact with all Federal agencies having
functions that would be needed in responding
to safeguards contingencies, and with local law
enforcement agencies and citizens’ groups. Pro-
totype contingency plans for a plutonium facility
and for highway transportation were prepared
to demonstrate NRC methodology. NRC also
upgraded the measures required to protect spe-
cial nuclear material during transport after
conducting extensive field tests of road transport
vulnerability, and a mobile NRC training team
conducted seminars for licensees’ drivers and
guards. The NRC completed the Federal
security agency study mandated by Section
204(b) (2) of the Energy Reorganization Act,
concluding that there is no present need to
create a Federal force to safeguard commercial
nuclear operations. Finally, an NRC-ERDA
working agreement was adopted to maintain
compatibility and cooperation in the two
agencies’ safeguards programs.

Safety

NRC licensees, as a whole, continued to com-
pile a good radiation safety record during fiscal
year 1976. Of 10 abnormal occurrences in
licensed operations occurring from July 1, 1975
through June 1976, only one had any direct
consequence to public health and safety. This
occurrence, involving exposure of about 400
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hospital patients to radiation exceeding the doses
prescribed by their physicians, was caused by
the erroneous calibration of a cobalt-60 tele-
therapy unit. The NRC conducted an extensive
investigation and took action to prevent a
recurrence of this kind, including consultation

with the 25 NRC Agreement States which also

administer licenses for teletherapy units.

Through September 30, 1976, licensed nu-
clear power plants in the United States had
logged more than 300 reactor-years of opera-
tion without any nuclear accident affecting the
general public. A total of 62 nuclear units were
licensed to operate, representing a generating
capacity of more than 45,000 electrical mega-
watts—about 7.7 percent of total U.S. electric
generating capacity. The NRC continued close
scrutiny of reactor operating problems in order
to apply the lessons of experience. As a result
of the Browns Ferry plant fire in Alabama in
1975, for example, fire prevention and control
were emphasized in licensing reviews, require-
ments and standards were upgraded, and rele-
vant research efforts were intensified.

A report summarizing the more than 400,000
occupational radiation exposure records for
personnel working under NRC or AEC licenses
in the period 1968-1975 was issued during the
year. About 95 percent of these records indicated
an annual exposure of less than 2 rems per
person. Of the 78,713 individuals monitored in
1975, more than half received exposures that
were too small to be detected by personnel moni-
toring devices, more than 99 percent received
less than 5 rems, and the average exposure was
only 0.36 rem per person.

NRC’s program of water reactor safety re-
search began to yield significant data during
fiscal year 1976. Data from the major testing
facilities, when added to previously available
information, confirmed NRC’s expectations that
the emergency systems of licensed reactors are
able to cool the nuclear core of a power reactor
if required by a loss of the normal coolant. Four
nonnuclear tests were completed in the Loss-of-
Fluid Test facility, the largest facility, located at
ERDA'’s Idaho National Engineering Laboratory
(INEL), and other tests were performed by
the Semiscale test loop and the Power Burst
Facility, also located at INEL. A number of
tests also were completed at the Thermal Hy-
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draulic Test Facility at the Oak Ridge National
Laboratory in Tennessee, and at two industrial
nonnuclear test loops. The large quantity of
data generated during the year enabled the
development of various computer codes for re-
actor safety analysis to proceed expeditiously.
The Plenum Fill Experiment, which has been
the major program concerning emergency core
cooling bypass and steam-water mixing phe-
nomena, was cancelled after it had been deter-
mined - that the existing program would not
yield the desired results. NRC undertook study
of the pros and cons of a different facility that
could be built by 1981.

Public Participation

The Commission continued to take steps to
assure an open regulatory process, including new
initiatives to afford opportunity and support for
public participation. In the export licensing
area, for example, the Commission, as a matter
of discretion, conducted a public hearing on an
export licensing application. In the hearing,
which concerned the export of low-enriched
uranium to India, testimony was presented by
a member of Congress, several former and cur-
rent government officials, and representatives of
the academic community and three petitioners,
The Commission also announced it would ask
Congress to fund intervenors in the mixed-oxide
fuel proceedings, and would relieve qualified
participants of some procedural cost burdens.



Special facilities were provided in NRC’s public
document room in Washington to make docu-
mets more readily available in connection with
this proceeding.

In addition to conducting public rulemaking
proceedings during the year, the NRC staff held
several public meetings relating to the develop-
ment of regulatory guides, the management of
nuclear wastes, and other matters,

During the year, the Commission addressed
several matters that had created public concern,
including the widely publicized resignations of
three persons from nuclear industry positions
and of two NRC employees. Their allegations
of unsafe conditions or practices regarding nu-
clear power reactors and regulation were viewed
with the utmost seriousness by the NRC, the
public, industry and the Congress. The NRC.
sought to assure a full and impartial evaluation
of their views and to determine whether or not
the allegations on safety offered grounds for
immediate corrective action at any licensed
facility. Such grounds were not identified, but,
since safety issues of continuing importance and
interest were involved, the matters were ex-
amined at length by the NRC, the Advisory

Committee on Reactor Safeguards, the Joint
Committee on Atomic Energy, and the Senate
Government Operations Committee.

To accomplish its mission, the NRC main-
tains broad programs of standards-setting and
rulemaking, technical reviews and studies, licens-
ing actions, inspection and enforcement, eval-
uation of operating experience, safeguards meas-
ures, and regulatory research. The NRG
currently administers about 11,000 licenses
authorizing nuclear activities involving electric
power generation, the fuel cycle for reactors, and
a wide variety of radioactive material uses in
industry, commerce, medicine, education and
research. The nuclear regulatory function in-
cludes development of effective working rela-
tionships with the 50 States and with foreign
governments concerning nuclear regulation,
safety research and safeguards measures.

The routine day-to-day nuclear regulatory
actions required to carry out the mission of
ensuring protection of the public health and
safety, national security, and the environment
add up to thousands of NRC actions over a
year's period. Highlights of NRC activities dur-
ing the 15-month fiscal year 1976, including the
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transitional quarter, are briefly described in the
‘following summary of the remaining chapters of
this Annual Report.

SUMMARY OF 1976 ACTIVITIES

Licensing Power Reactors (Chapter 2)

® In August 1976 the NRC suspended nuclear
power plant licensing activity following two
July court decisions holding that the rule gov-
erning the consideration of environmental im-
pacts of waste management and fuel reprocess-
ing should be more fully documented and
explained. In October the NRC completed a
new, extensively documented evaluation and
announced a proposed interim rule dealing with
these impacts in licensing. On November 5, the
NRC resumed licensing of nuclear plants on a
conditional basis in accord with a court order,
pending a final decision on adopting an interim
rule.

® The NRC licensed the operation of nine
nuclear electric generating units and authorized
construction to proceed on 26 others during
fiscal year 1976. As of September 30 there were
62 units licensed to operate, with a total capac-
ity of 45,000 electrical megawatts (MWe) ; 72

with construction permits, representing 76,000
MWe capacity; and 68 under review for con-
struction permits, representing 75,000 MWe
capacity.

® The NRC continued close surveillance of
operating problems encountered at nuclear
power plants in order to apply lessons of experi-
ence. Fire prevention and control were empha-
sized in review procedures, upgraded require-
ments and research. Other problems receiving
priority attention included steam generator tube
degradation, structural strength of boiling water
reactor containments and pressurized water re-
actor vessel supports, fuel channel box wear,
pipe cracks, the “water hammer” phenomenon,
and the reliability of reactor shutdown systems.

® In the licensing review of the proposed
Clinch River Breeder Reactor, a joint govern-
ment-industry liquid metal fast breeder reactor
project in Tennessee, the NRC issued a draft
environmental statement in February 1976. The
Atomic Safety and Licensing Board was ex-
pected to begin environmental hearings in early
1977. The NRC staff issued guidance and com-
ments in May on how plant design should
proceed in order to achieve desired safety ob-
jectives, and the Advisory Committee on Reactor
Safeguards in August reported that the postu-

STATUS OF NUCLEAR POWER PLANTS — SEPT. 30, 1976
Number » Rated Capacity |
Of Units (MWe) |

* 62 LICENSED TO OPERATE 45,000 ]
* % 72 CONSTRUCTION PERMIT GRANTED 76,000 :
i 20 Under Operating Licanse Review............ccc..coovvevvvreerennnnes 20,000
52 Operating License Not Yet Applied For .............ccereeen.... 56,000
68 UNDER CONSTRUCTION PERMIT REVIEW. ......... eeseesesennse 75,000
%% 21 Site Work Authorized, Safety Review in Process............. 22,000
47 Other Units Under CP Review ................veeuveneercrinernninnnss 53,000
16 ORDERED 18,000
19 PUBLICLY ANNOUNCED 23,000
237 TOTAL 237,000
*Includes 3 plants with fuel loading and low-power testing licenses only. Not included are two operable ERDA-owned reactors
with a8 combined capacity of 840 MWe.
*°Total of units authorized construction (Construction Permit Granted plus Sits Work Authorized): 93 units, 98,000 MWe. 2




lated core-disruptive accident should be included
as part of the safety evaluation of an LMFBR.

® A “Liquid Pathway Study” by the NRC staff
concluded that the consequences of postulated
accidents in floating nuclear plants were com-
parable with results of the same accidents in
land-based plants. Public hearings on certain
safety issues associated with the proposed manu-
facture of floating plants commenced in June
and were in progress at year-end.

® Extensive geologic and seismic investigations
were initiated or carried out in the areas of
several power plant sites to resolve faulting
questions.

® Improvements in the reactor licensing
process undertaken during the year included
implementation of standard plans for safety re-
views and development of standard plans for
environmental reviews; application of standard
technical specifications for each of the nuclear
steam supply system vendors and associated
balance-of-plant equipment; documentation of
acceptance criteria for plant design; continued
development of the plant standardization pro-
gram; and work toward a policy of early site
review, designed to separate that process from
the review and action on the facility proposed
to be constructed on the site.o

® As of September 30, 1976, all five reactor
vendors had submitted at least one standard
reactor design, four architect-engineering firms
had submitted balance-of-plant designs, and 20
different utilities had applied for permits to
build 42 “standard” units. During the fiscal year
thec NRC issued several Preliminary Design
Approvals for standardized designs.

® During the year, 14 antitrust reviews were
concluded or undertaken; the Department of
Justice recommended that no hearing be held
in 10 of the cases, two of which will result in
antitrust conditions in the licenses by agreement
with the applicants.

® In Scptember 1976, the NRC published
proposed regulations to implement legislation
which provides for the phasing out of Govern-
ment indemnity that would pay public liability
claims for injury and property damage in the
event of a major nuclear accident. Utility indus-
try licensees would collectively share in the risk
of a nuclear incident through payment of
retrospective premiums to insurance pools.
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® The independent Advisory Committee on
Reactor Safeguards held 15 full committee
meetings and 121 subcommittee and working
group sessions during the fiscal year, providing
to the Commission advisory reports on 14 nu-
clear power plant construction applications and
special reports on numerous nuclear facilities
and a wide variety of safety topics.

® The NRC completed and transmitted to
Congress a national survey to locate and identify
potential sites for nuclear energy centers, and
to assess the technical feasibility and social
practicality of locating muiltiple and various
nuclear facilities at a single site. NRC concluded
that such centers can be feasible and practical
in certain locations, but that dispersed siting of
nuclear power facilities also remains a feasible,
practical, and even desirable, option for many
locations.

Regulating Nuclear Materials
(Chapter 3)

® The Commission announced in November
1975 the steps it would follow in deciding
whether plutonium should be separated from
spent nuclear fuel and permitted to be recycled
with uranium in new mixed oxide fuel for cur-
rent light-water-cooled power reactors. In
August 1976 the NRC staff issued the health,
safety and environmental portion of the final
environmental statement (GESMO) on this
matter, and public hearings by a special five-
member board began on November 30.

® Construction was virtually completed on
the separations plant of Allied-General Nuclear
Services’ spent fuel reprocessing facility at Barn-
well, S.C. A public hearing on the operating
license application, involving a wide range of
contentions, continued at year-end. NRC safety
and environmental reviews of proposed modifi-
cations of the closed-down Nuclear Fuel Services
reprocessing plant at West Valley, N.Y., were
suspended in September 1976 when NFS an-
nounced its decision to withdraw from the
nuclear fuel reprocessing field. Meanwhile,
Exxon Nuclear Co. applied for a license to
construct a reprocessing plant at Oak Ridge,
Tenn.



® In June 1976 the NRC undertook prepara-
tion of a generic environmental impact state-
ment on uranium milling operations, with
emphasis on the problem of managing uranium
ore tailings.

® A final generic environmental statement
published in July 1976 concluded that plu-
tonium-powered cardiac pacemakers can be
licensed for routine use. They presently are being
licensed on a limited, investigational basis.

® Impacts associated with transportation of
radioactive materials, including relative costs
and benefits of alternative modes of shipping,
are defined in a draft generic environmental
statement issued for public comment in March

1976.

® Progress was made in designing and testing
packages for air transport of plutonium which
can withstand virtually any type of aircraft
accident, in response to 1975 legislation that
banned most air transport of plutonium until a
safe container was developed and certified to
the Joint Committee on Atomic Energy.

® A survey indicates that about 2.5 million
packages of radioactive material—most of
which contain radioisotopes for medical uses—
are transported each year in the United States.

This package developed by Sandia Laboratories
for air transport of plutonium is being extensively
tested to a sequence of extremely severe accident
conditions—impact, erush, puncture, fire, and deep
water immersion—in order to verify its crash.
worthiness. The package is four feet high, two feet
in diameter, and is constructed primarily of
stainless steel and redwood.

Preserving Environmental Quality
(Chapter 4)

® NRC prepared and issued 20 draft environ-
mental impact statements and 17 final state-
ments concerning nuclear power plants during
the period July 1, 1975 through September 30,
1976.

® Archaeological investigations at the con-
struction site of the Seabrook Station in Rock-
ingham County, N.H., have unearthed evidence
of prehistoric Indian sites dating back to 1000
A.D. The utility will fund recovery and pack-
aging of artifacts from the area.

® A large-scale field study on effects of heated
effluents on the distribution and abundance of
marine borers in the estuary adjacent to the
Opyster Creek nuclear power plant near Toms
River, N.]J., has been started by Jersey Central
Power and Light Co. in response to studies and
recommendations by the NRG staff. NRC also
has contracted with a university to conduct
confirmatory and complementary research on
the problem.

® NRC staff undertook improvement of
several areas of cost-benefit and impact analysis
used in environmental reviews. Projects include
(1) revised techniques to compare the relative
economics of generating electricity with coal-
fired and nuclear-fueled plants, (2) health and
safety impacts of coal-fired plants as alterna-
tives to nuclear, (3) evaluations of cooling tower
impacts, (4) impacts of offshore or coastal
plants on tourism, and (5) independent capa-
bility to forecast electric power demand by
State.

® In implementing the Commission’s guide-
lines for controlling levels of radioactive mate-
rial in effluents from light-water nuclear power
reactors, the NRC staff issued for comment
several guides and technical reports to improve
evaluation models used by the staff and to help
licensees comply with the cost-benefit analysis
requirements of the new regulation (Appendix
I to 10 CFR Part 50).

® At the end of fiscal year 1976, agencies of
19 States were assisting in long-term, repetitive
sampling of radioactivity around nuclear plants
to evaluate licensees’ environmental programs.
Most arrangements with States provide for



NRC funding, technical support and training
assistance.

® A second NRC-Environmental Protection
Agency memorandum of understanding was
executed to make the analysis of the water
quality impact of nuclear power plants more
effective and meaningful, and to reduce the
demands for data being placed upon applicants
for licenses.

Managing Nuclear Wastes (Chapter 5)

® Throughout 1976, the NRC assumed an
increasingly active role in seeking an early
resolution of the issues involved in managing
nuclear wastes in a safe, workable and environ-
mentally sound manner. A staff task force
worked throughout the year to define objective
performance goals, submitting its recommenda-
tions to the Commission in early 1977,

® Liquid high-level wastes in interim storage
at the end of 1976 included 600,000 gallons of
commercial waste containing 400 million curies
of radioactivity and 80 million gallons of mili-
tary waste containing from 400 million to 700
million curies. There were also 6,000 spent
nuclear reactor fuel assemblies in fuel storage
pools, and power reactors were using fuel at a
rate of about 3,200 assemblies per year.

® An interagency task force program was
initiated by the Office of Management and
Budget to help structure an integrated Federal
effort concerning high-level waste management.
Key issues being addressed are the Energy Re-
search and Development Administration’s pro-
posed schedule for constructing a waste
repository and NRC’s role in licensing the
repositories planned by ERDA.

® Development work supporting NRC's
formulation of performance criteria for high-
level waste solid matrices was completed and
NRC by year-end was completing identification
and scheduling of the standards required to
regulate all categories of wastes.

© Licensing procedures for high-level waste
being developed by NRC will provide for an
independent assessment of proposed ERDA
waste management facilities. Studies are under-
way at NRC contract laboratories. Panel studies

by the National Academy of Sciences will also
support development and implementation of
NRC licensing procedures.

® An ongoing reassessment of commercial
shallow burial grounds for disposal of “other
than high-level” radioactive wastes involves in-
terrelated activities by NRC, other Federal
agencies and the States. A philosophy is emerg-
ing among the concerned Federal agencies that
consignment of radioactive wastes to shallow
burial should be decided on the basis of the
longevity of the hazard more than on its
magnitude.

® Independent hearings and reports included
a JCAE hearing on nuclear waste management,
a recommendation by the ACRS that NRC
assume an aggressive role in developing and
implementing a comprehensive long-term waste:
management program, and a General Account-
ing Office report recommending several actions
for improvements in land disposal of radioactive
wastes. NRC instigated establishment of an
informal working group representing NRC,
ERDA, EPA, the U.S. Geological Survey and
the States to deal with shallow-land burial and
the GAO recommendations. .

® An NRC staff analysis of the environmental
impacts of waste management and fuel reproc-
essing related to individual uranium-fueled
nuclear power plants was issued in October 1976
as a supplement to an environmental survey on
the subject published by the Atomic Energy
Commission in 1974. The new study will be
the basis for new rulemaking proceedings on
such impacts in the licensing of nuclear power
plants.

Domestic Nuclear Safeguards
(Chapter 6)

® NRC’s continuing assessment of safeguards
for licensed activities concentrated on whether
current measures are satisfactory in terms of
present needs, and what augmented measures
may be necessary to protect public health and
safety and national security in the future.

® The staff completed review of licensees’
fundamental nuclear material control plans
which represent an upgrading in requirements,
and modified individual licenses accordingly.



AfTected licensees were found to have adopted
acceptable implementation plans.

® In preparing contingency plans, the NRC
worked toward development of a methodology
for determining when a given threat or situation
should be perceived as serious, and began con-
structing a base for assessment of information
from other Federal agencies. Contacts were
established with 60 organizational elements of
23 Federal agencies.

® NRC formed an Information Assessment
Team which rapidly reviews the authenticity of
sources and data on each reported threat to
licensed nuclear facilities and materials, and
recommends a course of action.

® Occasions arose during the year when NRC
or its licensees deemed it advisable to intensify
the state of readiness at certain nuclear facilities
to deal with threats of varying severity.

® Prototype safeguards contingency plans
were prepared by NRC for a plutonium facility
and for highway transportation of special nuclear
material in order to verify and demonstrate the
NRC methodology in actual application. NRC
staff conducted an industry-wide meeting with
'uel cycle licensees to discuss contingency
slanning.

® In a study of the need and feasibility of a
Federal security agency to safeguard commercial

NRC SAFEGUARDS PROGRAM
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nuclear operations, which was mandated by
the Energy Reorganization Act of 1974, the
NRC concluded that: (1) there is no present
need to create such an agency, (2) a special
Federal security force would not result in a
higher degree of guard force effectiveness than
can be achieved through private guards trained
and certified by NRC, and (3) there is no
difference in potential impact on civil liberties
between use of Federal and use of private guard
forces.

® NRC staff reviewed safeguards at 15 fuel
cycle facilities possessing strategic quantities of
high-enriched uranium or plutonium to assess
ability to meet current regulations and capabili-
ties against specified threat levels. Correction of
safeguards deficiencies was monitored by NRC
staff.

® Physical protection provisions in force at all
nuclear power plants were reviewed, special
inspections were made at each plant, and onsite
surveys of six representative reactor sites were
conducted to evaluate the effectiveness of safe-
guards requirements proposed to be incorpo-
rated in a new regulation.

® NRC conducted field tests of road transpor-
tation vulnerability with assistance of the U.S.
Army Special Forces. New license conditions
were imposed to rectify weaknesses, including
addition of an armed vehicle escort for all ship-
ments, upgrading of communication equipment
and a requirement for supplementary training
of security personnel. An NRC mobile training
team conducted seminars at four locations in
the U.S,, certifying participating drivers and
guards as having received the supplementary
training prescribed.

® NRC emphasized close cooperation with
local law enforcement agencies in dealing with
attempted nuclear thefts, sabotage or threats,
and established a working relationship with
citizens’ groups around the country which use
Citizens Band (CB) Radio to report or relay
reports of events to local authorities. All vehicles
transporting strategic quantities of special
nuclear material were equipped with CB
transceivers.

® At year-end, the NRC staff was nearing
completion of a draft safeguards supplement to
the Atomic Energy Commission’s “Generic
Environmental Statement on the Use of Recycle



The NRC conducted a training
session in May 1976 on Land
Transportation Vulnerability
Analysis. Attending the meeting
in Bethesda, Md., were trans-
portation guards employed by
commercial carriers who trans-
port special nuclear material
under NRC regulations,

Plutonium in Mixed Oxide Fuel in Light Water
Cooled Reactors” (GESMO), which will assist

the Commission in reaching a decision on

whether wide-scale use of mixed oxide fuel

should be permitted.

® An NRC-ERDA working agreement was
adopted to maintain compatibility and encour-
age mutual reinforcement in the two agencies’
safeguards programs.

® NRC began development of a comprehen-
sive information system to collect, process and
disseminate safeguards-related information. The
question of what kinds of sensitive data should
be protected from public disclosure for security
reasons is being explored jointly by NRC,
ERDA and the National Security Council.

Inspection and Enforcement
(Chapter 7)

® During the 15-month period ending Sep-
tember 30, 1976, NRC inspectors, deployed in
five regional offices, conducted 2,420 inspections
of nuclear reactors in the design, construction
and preoperational testing stages, finding non-
compliance items in 34 percent of the inspec-
tions. An additional 184 vendor inspections were
made involving 100 shops of nuclear steam
system suppliers, architect-engineers and
suppliers of mechanical components.

® Fuel facility and materials health and
safety inspections totaled 152 and 2,278, respec-
tively, during the same period, with items of

noncompliance found in nearly half of these
inspections.

® Inspections of licensees’ safeguard programs
totaled 482, with noncompliance items revealed
in 44 of the inspections. In its independent
verification program, involving actual measure-
ments of special nuclear material, NRC in-
creased use of mobile laboratory vans for sam-
pling and measurement at nuclear facility sites.
In addition, NRC contract laboratories analyzed
706 inspection samples of uranium and
plutonium.

® NRC is exploring means of reducing dupli-
cation of inspection effort by using existing
“third-party”. inspection programs—those in-
spections being done by a party with no financial
interest in a vendor-supplied product or service,
as do the customer and the seller. Among such
systems is the American Society of Mechanical
Engineers’ “N” stamp program for nuclear
components.

® NRC’s Office of Inspection and Enforce-
ment conducted 57 special investigations during
the fiscal year, two of which involved radiation
exposures of licensee personnel, and 32 dealt
with allegations of improper or unsafe working
conditions. Licensees were cited for failure to
meet NRC requirements in 25 of the investiga-
tions.

® NRC informed owners of operating reactors
and major fuel facilities of several incidents and
threats against nuclear plants during the weeks
preceding Memorial Day and requested that
they confirm that security plans, personnel and
equipment were fully operational during the
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Periodic unannounced inspections assure that
required safety systems in a nuclear power plant
are operable, Here, an inspector from NRC's
San Francisco regional office checks the safety
system status boards in the control room of the
Trojan Nuclear Power Station.

period May 28 through June 8, 1976. No
unusual incidents occurred.

® An interim Incident Response Center was
established at NRC headquarters in Bethesda,
Md., as the precursor of a permanent, specially-
equipped center, with on-call duty officers avail-
able to respond to events arising after normal
working hours.

® NRC imposed 15 civil monetary penalties,
ranging up to $25,000, during fiscal year 1976
as a means of enforcing compliance of licensees
with rules and regulations. In addition, six
orders were issued, five of which suspended or
revoked licenses or ordered licensees to cease
and desist from unauthorized activities.

Nuclear Operational Events
(Chapter 8)

® Through September 30, 1976, licensed
nuclear power plants in the United States had
produced more than 300 reactor-years of opera-
tion without any nuclear accident resulting in a
death among plant personnel or the general
public. A total of 62 nuclear units were licensed
to operate with an aggregate generating ca-
pacity of over 45,000 MWe—about 7.7 percent
of total U.S. generating capacity.

® A summary of more than 400,000 occupa-
tional radiation exposure records for personnel
working under NRC or AEC licenses in the
period 1968-1975, showed that 95 percent of the
annual exposures were less than 2 rems per
person. More than half the 78,713 individuals
monitored in 1975 received exposures that were
too small to be detected by personnel radiation
monitoring devices, and more than 99 percent
received less than 5 rems. The average exposure
for 1975 was 0.36 rem per person.

® Tennessee Valley Authority’s Browns Ferry
Units 1 and 2 in Alabama, which were shut
down after an electrical cable fire in March
1975, were authorized to resume full power
operation in August 1976 after restoration, a
public hearing by an Atomic Safety and Licens-
ing Board, and an NRC determination of
satisfactory completion of a detailed fire pro-
tection training program.

® NRC reported to the Congress 10 “abnor-
mal occurrences”—events in licensed operations
involving an actual loss of, or major reduction
in, protection provided for the health or safety
of the public—for the period July 1, 1975
through June 1976. Only one, involving expo-
sure of hospital patients to radiation exceeding
the amounts prescribed, had any direct
consequence to public health and safety.

® Approximately 400 patients received over-
doses of radiation treatment during an 11-month
period at the Riverside Methodist Hospital,
Columbus, Ohio, due to erroneous calibration
of a cobalt-60 teletherapy unit. The patients—
primarily those taking radiation treatment for
cancer—received doses ranging from 10 percent
to 40 percent in excess of amounts prescribed
by their physicians from March 1, 1975 through
January 1976. A coroner’s preliminary findings
in reviewing 30 autopsies were that radiation
exposure was a contributor to death in two
instances. NRC conducted an extensive investi-
gation, modified the hospital licenses to assure
correct procedures and effective controls, di-
rected all licensees using teletherapy units to
perform appropriate tests, and took other actions
to prevent a recurrence of this kind.

® A significant anomaly in the inventory of
nuclear material on hand at the Nuclear Fuel
Services’ Erwin, Tennessee, facility, reported in
December 1975, prompted an intensive NRC



investigation. While there were no indications of
any material actually missing or of any attempt
to breach security, NRC imposed an immediate
requirement for upgrading of the licensee’s
material accounting and physical protection
program.

® Three of the abnormal occurrences involved
overexposures of two radiographers and two
radiographers’ assistants employed by three
different firms. Causes included personnel error
and deficiencies in company radiation safety
programs and administrative controls. NRC took
various enforcement actions, including imposi-
tion of a civil penalty on one licensee.

® The potential for hydrodynamic load
stresses that would be imposed by a highly un-
likely accident brought into question the struc-
tural adequacy of the designs of the General
Electric Co.’s Mark I and Mark II contain-
ments for boiling water reactors. Licensees with
affected plants were required to alter their
mode of operation to increase the structural
safety margin in effect.

® A small quantity of cesium-137 used as a
medical radiation source was lost temporarily in
transit between.the Holy Cross Hospital in
Chicago and its destination in Houston, Texas.
Investigators determined that no significant
exposures of people resulted.

® In each of two separate incidents, a utility
employee was overexposed to radiation while
performing inspection or maintenance duties
during reactor refueling operations—one at the
Commonwealth Edison Co.’s Zion Unit 1 in
Iilinois, and the other at the Consolidated
Edison Co.’s Indian Point Unit 2 in New York.
NRC monitored corrective actions and imposed
a civil penalty on each licensee.

® Discovery of the unauthorized removal of
items contaminated with radioactivity from a
waste disposal facility near Beatty, Nevada
prompted intensive investigations by NRC,
ERDA, EPA and the State of Nevada. It was
determined that a large amount of materials and
equipment had been removed over a period of
years from the burial site, licensed by both NRC
and the State of Nevada. Nevada and NRC
suspended the facility’s licenses in March 1976,
and the State authorized resumption of opera-
tions under new controls in May. NRC con-
veyed results of its investigations to the Depart-
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ment of Justice for consideration of possible
violation of Federal criminal statutes, and was
continuing its review of the matter at year-end.

Cooperating with the States
(Chapter 9)

® In June 1976 the Commission established a
separate Office of State Programs which cen-
tralized NRC efforts to give fullest possible
assistance to States engaged in nuclear regula-
tion, promote cooperation in this area, and
address State concerns.

® The 25 States exercising regulatory author-
ity over certain nuclear materials by agreement
with NRC were administering 10,700 radio-
active material licenses at the end of the fiscal
year, compared to about 8,500 such licenses
under direct NRC jurisdiction. Negotiations
preparatory to entering into regulatory agree-
ments were in progress with Illinois and
Michigan.

® NRC’s annual formal review of each Agree-
ment State’s radiation control program deter-
mined that all 25 programs were adequate and
compatible with NRC’s regulatory program.
NRC-sponsored training programs provided 383
man-weeks of training to 134 State regulatory
staff personnel.

® As the “lead” Federal agency assisting State
and local governments in developing plans for
responding to radiological emergencies, NRC
concentrated on planning guidance, training
courses, field assistance to States and review of
their plans, and requirements for radiological
measurement instruments.

® Eight Federal agencies and the Conference
of (State) Radiation Control Program Direc-
tors undertook review of NRC'’s basic guide for
State emergency plans to rate items in the docu-
ment according to whether they are essential or
merely desirable for inclusion in such plans. At
the end of 1976, NRC had not concurred in
any State plan since none submitted had met all
criteria in the “Guide and Checklist.”

® NRC and other involved Federal agencies
continued to develop and offer formal training
courses in radiological emergency response plan-
ning and operations to State and local govern-
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ment personnel. By the end of the fiscal year,
360 persons had taken one such course.

® NRC published a handbook setting forth
guidelines for the Federal agencies involved in
State emergency response planning, including
activities of 10 regional advisory committees,
each of which is headed by an NRC representa-
tive. These committees undertook field reviews
of 12 State plans in fiscal year 1976.

® During the fiscal year, State and local
governments initiated or participated in 20
radiological emergency response exercises, 12 of
which were observed by Federal field assistance
cadres.

® A General Accounting Office report issued
in March 1976 indicated stronger Federal assist-
ance to States was needed in their emergency
response planning, and recommended regionali-
zation of NRC activities in this area. An NRC
study on implementing the recommendation was
near completion at year-end.

® NRC provided guidance and assistance to
States on proposed legislation when requested,
and presented testimony before several legisla-
tive committees.

.® A second State-Federal conference on
power plant siting, sponsored jointly by NRC
and the Energy Program of the National Gov-
ernors’ Conference, was attended by representa-
tives of 40 States. NRC designated liaison officers
to coordinate licensing and siting activities with
the States, and 12 States have appointed liaison
officer counterparts.

® The first joint NRC-State public hearing
on a proposed nuclear power plant was held
with Maryland concerning the Douglas Point
facility application. A similar protocol was
adopted by NRC and New York for a hearing
to be scheduled in 1977,

® NRC initiated a long-term program for
surveillance of radioactive materials in trans-
port by States under contractual arrangements.

International Cooperation (Chapter 10)

® The increasing importance of its interna-
tional activities prompted the Commission to
establish a separate Office of International Pro-

grams, incorporating the export-import licensing
function and international safeguards policy
development and coordination.

® Four new bilateral arrangements for ex-
change of regulatory information and coopera-
tion in standards development were signed with
foreign nuclear regulatory authorities in the 15-
month period ending September 30, 1976. This
brought the number of such arrangements with
the NRC to 11, and four others were being
negotiated.

® NRC also has bilateral ,reactor safety re-
search exchange agreements with eight coun-
tries, whereby exchanges are made of reports,
computer codes, research results on specific pro-
grams and, in certain cases, personnel. Addi-
tional agreements have been made under aus-
pices of the International Energy Agency for
participation by several IEA countries in certain
NRQC reactor safety research programs,

® NRC is participating in the multination-
ally-supported Halden nuclear fuel performance
project in Norway and in the Marviken contain-
ment response project in Sweden. Selected
NRC-sponsored specialists have been assigned
to laboratories in foreign countries to follow
various safety research programs.

® NRC received 510 visitors from 32 coun-
tries and three international organizations from
July 1, 1975 through September 1976—a 27
percent increase over the number of foreign
visitors during the previous 15-month period.
NRC’s Fourth Annual Water Reactor Safety
Research Meeting, held in September 1976, was
attended by 126 foreign technical experts.

® The International Atomic Energy Agency,
with which the NRC cooperates extensively,
partially completed a major task of developing
codes of practice and safety guides for nuclear
power plants. NRC staff coordinated reviews
within the U.S. NRC experts also advised the
IAEA on US. safeguards standards, technology
and systems.

® A safeguards agreement between the U.S.
and the IAEA, approved by the IAEA Board
of Governors in September 1976, provides that
U.S. nuclear facilities, except those with na-
tional security significance, will be subject to
IAEA safeguards inspections,



® The U.S. acceded to full membership in
the OECD’s Nuclear Energy Agency, which
will involve NRC and other interested U.S.
agencies more closely in planning and manage-
ment of the NEA programs.

Export-Import and International
Safeguards (Chapter 11)

® NRC’s responsibility for determining
whether or not a proposed export-import action
would be inimical to the common defense and
security of the United States and the need to
ensure that this function is conducted in a man-
ner that will contribute to U.S. efforts to inhibit
nuclear proliferation demanded substantial time
and personal attention of the Commission
during fiscal year 1976.

® To ensure consideration of all relevant
information in licensing actions, NRC developed
export and import review procedures in con-
sultation with the Department of State, the
Arms Control and Disarmament Agency, the
Energy Research and Development Administra-
tion and other interested agencies of the Execu-
tive Branch.

® During the fiscal year, NRC issued 338
nuclear export licenses and received 431 new
export license applications.

® Two applications for export of low-enriched
uranium to India to fuel the Tarapur Atomic
Power Station brought the first request for in-
tervention and a hearing on an export licensing
application ever received by the NRC or its
predecessor, the Atomic Energy Commission.
Although concluding that the petitioners had
not demonstrated a legal interest entitling them
to intervention as a matter of right, the Com-
mission, as a matter of discretion, held a legisla-
tive-type public hearing.

® The Commission, with one member dissent-
ing, issued one license (based on an amended
application) for export of material to India,
without prejudice to the broader question of
continued supply and the remaining pending
license application. The dissenting opinion ex-
pressed lack of confidence that truly effective
safeguards would be applied.

© Consideration of an application to export
a nuclear power reactor to Spain resulted in the

first Commissioner dissent on a nuclear export
license decision. The majority decision favored
issuance of the license as being consistent with
national security requirements, while the dis-
senting opinion held that, for safeguards pur-
poses, the license should be conditioned to re-
quire that only U.S. fuel be used in the reactor.

® License applications for export of two power
reactors and nuclear fuel to South Africa were
filed in May 1976, and withdrawn in June after
another supplier had been awarded the orders.
In July, a petition was filed with NRC to in-
tervene against a pending license application
for the export of highly enriched uranium to
fuel a U.S.-supplied research reactor in South
Africa.

® Several bilateral discussions were held with
representatives of foreign nations concerning
safeguards activities. NRC participated with
other concerned agencies in developing a five-
year program designed to strengthen IAEA safe-
guards, and in development and approval of
the U.S.-IAEA agreement concerning applica-
tion of JAEA safeguards to U.S. facilities.

® An October 1976 statement on nuclear
policy by President Ford announced several spe-
cific actions concerning control of U.S. nuclear
exports, and asked all nations to join with the
United States in exercising maximum restraint
in the transfer of reprocessing and enrichment
technology and facilities by avoiding such sensi-
tive exports or commitments for a period of
at least three years,

Developing Regulatory Standards
(Chapter 12)

® During 1976, public response to NRC
solicitation of ideas and inputs to the standards
development process increased substantially.

® Current issues of high priority in standards
development include (1) safe transportation of
radioactive materials, (2) assuring integrity of
steam generator tubes in nuclear power plants,
(3) fire protection at nuclear plants, (4) man-
agement of radioactive waste, (5) qualification
testing of.components, (6) cost/benefit of re-
ducing radiation exposures to populations from
nuclear facility effluents, (7) treatment of siting
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issues on a regional basis, (8) methods to ensure
that occupational exposures at nuclear facilities
other than reactors are also kept as low as is
reasonably achievable, (9) testing and accuracy
of personnel dosimeters, (10) possible need for
reactor design guidance to increase protection
against sabotage, and (11) the need to upgrade
training and qualifications of licensees’ guards
for protecting nuclear material and facilities.

® Guides were issued on protection of nuclear
power plants against fire, missiles generated by
turbine failure, and earthquake motion. NRC
staff also worked with the American National
Standards Institute in its broadened program of
developing fire protection standards and initi-
ated a national laboratory study to help identify
priorities for additional standards in this area.
Wind tunnel tests were conducted in a program
to develop guidance for protection against pos-
sible tornado-generated missiles.

® Guidance was issued concerning reactor
containment, including regulatory guides on de-
sign of main steam isolation valve leakage con-
trol systems for boiling water reactors, criteria
for air filtration and adsorption units of atmos-
phere cleanup systems, and construction and
inspection of prestressed concrete containments.
A proposed regulation was published on the
control of hydrogen gas that might be gene-
rated in the event of a severe accident in a
boiling water reactor.

® Guidance on specific aspects of the design,
construction, and operation of nuclear power
plants was issued—for example, in regulatory
guides on tornado design classification, over-
head crane handling systems, coolant pump fly-
wheel integrity, preoperational and initial start-
up testing programs, and electrical systems and
components important to safety.

® Site standards effort focused on providing
guidance for protecting nuclear power plants
against flooding, implementing NRC’s “as low
as reasonably achievable” rule on radioactive
efluents from facilities, and implementing
NRC's early site review concept.

® NROC staff worked with EPA staff toward
assuring that EPA’s emerging environmental
radiation standards for the uranium fuel cycle
and light-water reactors will achieve the desired

level of environmental protection with efficient
use of NRC staff resources in regulation.

® NRC issued the first two draft environ-
mental impact statements for consumer prod-
ucts. The first one concerned a proposed rule to
exempt spark-gap irradiators containing cobalt-
60 for use in spark-ignited fuel oil burners, and
the second concerned a proposed rule to exempt
from licensing the use of thorium in personnel
neutron dosimeters worn on the human body.

® NRC published, in response to a petition,
an analysis of “hot particles” of plutonium
which concluded that radionuclides in the form
of particles are not more hazardous, and may
be less hazardous, than the same quantity of
radionuclides distributed uniformly in the lung.

® NRC asked all licensees to submit a one-
time voluntary report of their personnel moni-
toring data for 1975 for use in evaluating pro-
posed requirements to file annual statistical
summary reports in a proposed amendment
made public in May 1975.

® A rule change adopted in August 1976 is
expected to strengthen workers’ respiratory
safety requirements and at the same time result
in savings by eliminating unnecessary licensee
reporting.

® Regulations were amended to improve
monitoring of radiographers and to enable rapid
screening of personnel who might have been
exposed to radiation during a criticality (nuclear
chain reaction) accident.

Confirmatory Research
(Chapter 13)

® During 1976, NRC’s major testing facilities
began to generate significant data which, com-
bined with previous test data, confirmed NRC’s
expectations concerning the ability of emergency
systems to cool the nuclear core of a light-water
power reactor if required by loss of the normal
coolant.

® The Loss-of-Fluid Test Facility (LOFT)
at ERDA’s Idaho National Engineering Lab-
oratory performed well in an initial series of
four nonnuclear tests,

® Four series of tests involving 26 test runs
in the Semiscale Loop, a model of the LOFT
reactor system, improved understanding of loop
blowdown behavior.



LOFT, the largest experimen-
tal facility in the NRC’s safety
research program, is dwarfed by
towering mountains on the 892
square mile Idaho National
Engineering Laboratory site.

® Five tests were completed at the Thermal
Hydraulic Test Facility at the Oak Ridge Na-
tional Laboratory, and testing continued at two
industrial nonnuclear test loops.

® Results of fuel safety research indicate the
conservatism that exists in assumptions used
in current safety assessments,

® The large quantity of data generated dur-
ing the year enabled the development and im-
provement of various computer codes for water
reactor safety analysis to proceed at top speed.

® Experimental tests were conducted and
computer code development continued related
to postulated accidents in liquid metal cooled
fast breeder reactors.

® A coordinated fuel cycle, health and en-
vironmental confirmatory research plan was de-
veloped, and progress was made on several re-
search projects.

® Safeguards research was conducted on the
evaluation and design of physical protection,
material control and transport protection sub-
systems, and several additional projects in this
area were initiated,

Addressing Public Concerns
(Chapter 14)

© Requests for documents under provisions
of the Freedom of Information Act totaled 370

in the first nine months of calendar year 1976,
compared to only 49 during the same period in
1975. NRC folowed a liberal disclosure policy,
making available thousands of pages of docu-
mentation which could have been withheld
under exemption provisons of the Act.

® More than 130 NRC public document
rooms are located throughout the nation near
proposed or existing nuclear plant sites to afford
easy public access to information pertaining to
NRC responsibilites. Special facilities were set
up at the main public document room in Wash-
ington for all NRC documents pertinent to the
ongoing public hearing on the question of
using mixed oxide fuel in light-water power
reactors.

® The widely publicized resignations of three
persons from nuclear industry positions and of
two NRC employees and their allegations of un-
safe conditions or practices were viewed with
the utmost seriousness by the NRC, the public,
industry and the Congress. NRC sought to as-
sure full and impartial consideration of the
allegations and to determine as quickly as pos-
sible whether or not they offered grounds for
immediate corrective action at any licensed
facility,

® During the 15-month period ending Sep-
tember 30, 1976, NRC representatives testified
in hearings conducted by 11 Congressional com-
mittees and subcommittees, covering a total of
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31 hearing days. One or more Commissioners
appeared on 24 days, and NRC staff on 25 days.

® In November 1976, the Commission an-
nounced that it would ask Congress for funds
to provide direct financial assistance to inter-
venors in the mixed-oxide fuel proceedings; that
it would relieve qualified participants of certain
procedural cost burdens and study measures
that might be considered for other proceedings,
but that it would not initiate a general program
to provide funds for participants in regulatory
proceedings. Commissioner Gilinsky disagreed in
part with the decision, concluding that funding
should be more generally provided.

® Over the 15-month report period, Atomic
Safety and Licensing Boards issued 25 decisions
approving limited work authorizations, 7 deci-
sions authorizing construction permits and two
decisions approving operating licenses for
nuclear plants.

® Atomic Safety and Licensing Appeal Boards
completed or undertook review of 289 matters.
Opinions rendered during the report period
reflected the growing complexity of nuclear
reactor licensing proceedings.

® The Commission rendered nine significant
adjudicatory decisions, seven in the context of
authorizing construction, operation or other
aspects of domestic commercial reactors, and
two in the context of nuclear export.

® Judicial decisions involving the NRC were
issued during fiscal year 1976 in five significant
cases; 13 cases were concluded, 13 were initi-

ated, and five others remained pending at year-
end.

Management and Administrative
Matters (Chapter 15)

® NRC staff has increased by 28.5 percent
in total personnel from its inception to the close
of fiscal year 1976, when total staff numbered
2,289 full-time members.

® Funds appropriated to NRC for the 15-
month fiscal year 1976 totaled $289.2 million;
for the subsequent 12 months of fiscal year 1977
the appropriation is $256.4 million.

® Since NRC (and AEC) first began collect-
ing fees for its licensing services in 1968, it
has collected a total of $66.4 million, $15.4
million of that total in fiscal year 1976.

® The Office of Inspector and Auditor per-
formed special investigations during fiscal year
1976 of charges and complaints of certain NRC
employees, two of whom had resigned from the
agency; the conduct of NRC inspections at a
waste burial facility, a proposed power plant
site, and an operating plant; the NRC material
licensing program and materials inspection pro-
gram; the NRC export licensing program; and
NRC-ERDA joint research activities.

® NRC’s Office of Equal Employment Op-
portunity has adopted the goal of increasing
minority employment from 10.8 percent of total
NRC staff in June of 1976 to 12 percent in
fiscal year 1977, and to 16 percent in the period
1978-1982.



Licensing Power Reactors

Safety Is First

The primary goal of the NRC in its regulation of the nuclear
power industry is to assure the preservation of the health and
safety of the public and the protection of the environment.
These assurances are maintained through NRC’s comprehensive
licensing process for nuclear reactors which encompasses safety
and environmental factors, safeguarding of nuclear material and
facilities from theft or sabotage, antitrust reviews and
indemnification.

The licensing process is centered in the NRC’s Office of
Nuclear Reactor Regulation, whose evaluations are conducted
by a staff drawn from across the spectrum of technical disciplines
and organized into 37 functional branches in four divisions, plus
an antitrust and indemnification group. The four-division
structure was adopted in January 1976 to more clearly delineate
regulatory responsibilities within the Office; they are the Divi-
sion of Project Management, the Division of Operating Reactors,
the Division of Systems Safety, and the Division of Site Safety
and Environmental Analysis.

This chapter discusses all major aspects of the reactor licensing
process and develops the relationship between licensing actions
and concepts and the primary objective: the safe operation of
nuclear power plants. The chapter covers specific licensing
actions during fiscal year 1976; steps to ensure safe design under
the “defense-in-depth” concept; highlights of special technical
reviews; action to improve the licensing process through
standardization and early site review; antitrust reviews; indem-
nity and insurance matters; Commission actions for the reporting
period; and other subjects related to licensing for safety in
reactor operation.

STATUS OF NUCLEAR POWER

As of September 30, 1976, there were 237 nuclear power units
either in operation, being built or planned, representing a
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total capacity of 237,000 net megawatts electric
{(MWe). Of these 237 units, 202 had.entered
the NRC licensing process, as follows:

® 62 licensed to operate, with a total capacity
of 45,000 MWe;
® 72 with construction permits, representing
76,000 MWe capacity;
® 68 under review for construction permits,
representing 75,000 MWe capacity.
(Initial construction work was proceeding on 21
of these under limited work authorizations.)

Of the remaining 35 units, 16 had been
ordered and 19 publicly announced.

COURT RULING IMPACTS
LICENSING

Two decisions handed down on July 21, 1976
by the United States Court of Appeals for the
District of Columbia Circuit resulted in a
temporary suspension of licensing by NRC. The
two cases—discussed under “Judicial Review”
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in .Chapter 14—related to the manner and
degree to which the NRC considers the envi-
ronmental impact of reprocessing and waste
disposal in its reactor licensing process. The
court held that the rule governing such consid-
eration (10 CFR 51.20(e) ) must be more fully
explained and documented than it was under
then current practice. In August 1976, the
Commission directed that a new and thorough
staff analysis of the environmental impact of
fuel reprocessing and waste mangement associ-
ated with individual nuclear power plant
licensing be undertaken.

Pending completion of the staff analysis, the
Commission suspended issuance of new full-
power operating licenses, construction permits
and limited work authorizations. However, some
types of licensing action—such as fuel loading,
limited power testing, and construction permit
amendments—were not affected by the Com-
mission’s decision. On October 8, the Court of
Appeals stayed its mandate of July 21 and
indicated that the Commission could continue
licensing activites on condition that the Com-



The loading of nuclear fuel into the St. Lucie
Unit 1 plant began soon after NRC issued an
operating license for the Unit to Florida Power &
Light in 1976. During the 10-day procedure, 217
fuel assemblies were lowered into exact placement
in the reactor vessel (lower center). The reactor
closure head sits in the background ready for final
positioning when the vessel is fully loaded.

mission “shall make any licenses granted be-
tween July 21, 1976, and such time as the
mandate has issued subject to the outcome of
the proceeding herein.” On October 13, the
Commission announced a proposed interim rule
—based on the newly completed staff analysis—
dealing with environmental impacts of fuel
reprocessing and waste management in licensing
nuclear power plants. The interim rule was to
be used for licensing only during the period
required for completion of a public hearing
process and publication of a final rule, In pub-

lishing the interim rule to gain public comment
on it, Chairman Rowden stated: “The Com-
mission’s review of the staff analysis indicates
that it provides a sound basis for consideration
of an interim rule which could be in place
within three months. The staff analysis has
taken into account the most current information
available. It quantifies impacts where the in-
formation warrants, identifies areas where
quantification is not feasible at present, and
discusses research programs designed to resolve
uncertainties, and the timing of those programs.”
The staff report concluded that environmental
impacts of fuel reprocessing and waste man-
agement as they relate to individual nuclear
plants continue to be small, even when impacts
which were not completely accounted for in
the past were considered. (See also Chapter 5.)

On November 5, 1976, the Commission
announced that it was resuming licensing of
nuclear power plants under the condition set
forth by the Court of Appeals on October 8. The
Commission said that it was resuming issuance
of full power operating licenses, construction
permits and limited work authorizations, pending
a final decision on adoption of an interim rule,
on the basis of the breadth and quality of the
new analysis of reprocesssing and waste impacts,
and its belief that there would be no substantial
error in the staff’s conclusion that such impacts
would not be significantly changed from what
they were under the existing rule,

Licensing Reactor Operators

The safety of a nuclear facility depends not
only on the facility itself but on the qualifica-
tions of those who operate it. To assure that the
“human element” of each nuclear power plant
is capable of directing and performing the ac-
tivities necessary to reactor operations, the NRC
requires each individual who handles the con-
trols to be licensed. The requirements for issu-
ance of operators’ licenses are set forth in 10
CFR Part 55.

Two types of licenses are issued by the Com-
mission: one for “operators” and one for “senior
operators.” Anyone who manipulates the re-
actor controls must be a licensed operator
while anyone who is designated by the nuclear



Table 1. Nuclear Power Plant Licensing Actions—Fiscal Year 1976

LIMITED WORK AUTHORIZATIONS

Applicant

1.

WENH RN

Washington Public Power
Supply System
Delmarva Power & Light Co.

Houston Lighting and Power Co.

Union Electric Co.

Gulf States Utilities Co.
Illinois Power Co.

Toledo Edison Co.
Tennessee Valley Authority
Duke Power Co.

Applicant

1.
2. Houston Lighting and Power Co.
3.

o v

Duke Power Co.

Commonwealth Edison Co.

Washington Public Power
Supply System

Illinois Power Co.

Union Electric Co.

Arizona Public Service Co.

Facility
WPPSS 1 & 4

Summit 1 & 2
South Texas 1 & 2
Callaway 1 & 2
River Bend 1 & 2
Clinton 1 & 2

Davis Besse 2 & 3
Hartsville 1, 2, 3 & 4
Cherokee 1,2 & 3

Date Issued

8-1-75

8-7-75

8-12-75
8-14-75
9.5-75

10-1-75
12-3-75
4-22-76
5-28-76

CONSTRUCTION PERMITS

Facility

Catawba 1 & 2
South Texas 1 & 2

Byron Station 1 & 2
Braidwood Station 1 & 2

WPPSS 1

Clinton 1 & 2
Callaway 1 & 2-
Palo Verde 1-3

Date Issued

8-7-76

12-22-75
12-31-75
12-31-75
12-23-75

2-24-76
4-16-76
5-25-76

OPERATING LICENSES

Date
Applicant Facility Licensed
1. Northeast Nuclear Energy  Millstone 2 8-1-75
Co.
2, Portland General Electric  Trojan 11.21.75
Co.
3. Consolidated Edison Co. Indian Point 3 12-12-75
4. Duquesne Light Co. Beaver Valley 1 1-30-75
5. Florida Power & Light Co. St. Lucie 1 3-1.76
6. Tennessee Valley Authority Browns Ferry 3 7-2-76
7. Public Service Electric & Salem 1 8-13-76
Gas Co.
8. Baltimore Gas & Electric Calvert Cliffs 2 8-13-76
Co.
9. Carolina Power & Light Brunswick 1 9-8-76

Co.

Power
Capacity
(MWe)

828
1130

965
852
810
1067
1090

845

821

Reactor

Type Location

PWR New London, Conn.
PWR Columbia County, Ore.
PWR Westchester County, N.Y.
PWR Beaver County, Pa.
PWR St. Lucie County, Fla.
BWR Limestone County, Ala.
PWR Salem County, N.J.
PWR Calvert County, Md.
BWR Brunswick County, N.C.

Location

Richland, Wash.

Summit, Del.

Matagorda County, Tex.
Callaway County, Mo.
West Feliciana Parish, La.
DeWitt County, Ill.
Ottawa County, Ohio
Hartsville, Tenn.
Cherokee Country, S.C.

Location

York County, S.C.
Matagorda County, Tex.

Ogle County, Il
Will County, Il

Benton County, Wash.

DeWitt County, Ill.
Callaway County, Mo.
Maricopa County, Ariz.




plant licensee to supervise the activities of
licensed operators must be a licensed senior
operator. As a general practice, the reactor
operator is a licensed operator and his or her
immediate supervisor is a licensed senior op-
erator. An application for an operator’s license
must include a certification by an authorized
representative of the nuclear facility licensee
that the applicant has completed training and
can “operate the controls in a competent and
safe manner.” A medical report must also be
submitted by each applicant.

Each year the NRC administers over 600
operator examinations to test the qualifications
of applicants. Both written examinations and
on-site operating tests are conducted. The scope
of the examination is based, in part, on the
technical features of the facility to which the
applicant expects to be assigned; the facility’s
administrative controls and responsibilities
assigned to operators are also considered by
NRC examiners in preparing each examination,
(Information on the scope of NRC examinations
is included in NUREG-0094, “A Guide for the
Licensing of Facility Operators, Including Senior
Operators,” published in July 1976.)

Each operator or senior operator license is
valid for one specific nuclear facility and is
effective for two years, at the end of which time
application for renewal must be submitted. The
renewal application must present evidence of
satisfactory performance, including approximate
hours of experience in facility operation, and a
statement that the facility-administered requali-
fication program has been satisfactorily com-
pleted.

During fiscal year 1976, the NRC issued 261
new operator licenses, 297 renewals, and 79
amendments, bringing the number of operator
licenses in effect on September 30, 1976 to 807.
During the same period 331 new licenses, 558
renewals and 100 amendments were issued for -
senior operators, bringing the total to 1,261 in
-effect.

Ensuring Safe Design

Section 307(c) of the Energy Reorganization
Act of 1974 directs the Commission to include
in its annual report to Congress, among other
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things, a description of activites and findings in
the area of assuring the safe design of nuclear
power plants. These activities are addressed in
the section that follows.

DEFENSE-IN-DEPTH

The safety of nuclear power plants is assured
primarily by the “defense-in-depth” approach
employed in designing the plants. Designers are
required to provide in each nuclear plant
successive and mutually reinforcing echelons for
defense that act to prevent the occurrence of
serious accidents and to protect the public from
exposure to nuclear radiations.

It is convenient to describe the defense-in-
depth concept in terms of three echelons. The
first echelon is concerned with accident pre-
vention; the second is concerned with prevent-
ing failures, malfunctions, or minor accidents
from escalating into major accidents; and-the
third is concerned with protecting the public in
the unlikely event that a major accident occurs.

The first defense echelon—accident prevention
—is based on sound and conservative design
and on construction, testing, operation and

- maintenace in accordance with stringent quality

standards and the best engineering practices.
The extensive testing required of each nuclear
power plant during its initial operation is of
particular value in probing the soundness of this
echelon.

The second defense echelon—compensating
for failures or operating errors that may occur
—depends on conservative design and redundant
and diverse detecting and actuating equipment
in the protection systems. In a sense, the second
echelon can be visualized as all the back-ups for
the safety-related systems, components and
structures of the first echelon. The same high
quality standards must be observed in fabri-
cating, installing, testing, inspecting, and main-
taining the second defense echelon as in the first.

The third defense echelon—protecting the
public in the event of a major accident—
consists of supplementary features that can
provide additional margins of safety to protect
the public from the consequences of a serious
accident. The designs of these features are based
primarily on the calculated consequences of a
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series of severe hypothetical accidents, called
“design basis accidents.” In some design basis
accidents, a redundant protective system is
assumed to fail concurrently with the accident
it is intended to control. In hypothesizing a
series of design basis accidents which the nuclear
plant must be able to withstand, the designer
is assuming that “Murphy’s Law”—anything
that can go wrong will go wrong—is operating.

DEFENSE IN DEPTH APPROACH TO -
NUCLEAR POWER PLANT SAFETY

1. Careful design, construction and operation, so that malfunctions
which could lead to major accidents will be highly improbable

2. Systems to prevent such malfunctions as do occur from turning

into major accidents, e.g., SCRAM and leak detection systems

3. Systems to limit offsite consequences of postulated, major

accidents, e.g. emergency core cooling systems

The defense-in-depth concept is embedded in

the NRC regulations (see, for example, Appen- .

dices A and B of 10 CFR Part 50) and in the
guidance provided by NRC to the nuclear
industry. Perhaps more than any other safety
measure, the use of the defense-in-depth con-
cept in nuclear power plant design has been
responsible for the excellent safety record ex-
perienced to date, and its continued application

—

LIMITED WORK AUTHORIZATION (LWA-1)

PURPOSE:
@ Permit certain site activities prior to k of

permit
REQUIREMENTS FOR ISSUANCE:
o Complete site suitabllity and NEPA reviews and issuance of FES
©® Public hearing and affirmative decision on environmental matters and site suitability
POSSIBLE SCOPE OF AUTHORIZATION:
® Site p v ration and
® Construction of roadways, railroad spurs,
@ Driving of piles for faciiity structures

o protect excavation
ion ines, and

facliities

LIMITED WORK AUTHORIZATION {LWA-2)

® In addition to work authorized under LWA-1, safety-related work may be suthorized
after NRC review and public hearing on specific items

in the future will provide ample protection for
the public.

ACTION ON TECHNICAL
PROBLEMS

Applying the lessons of experience is one of
the most important ways in which the NRC
and the nuclear industry can assure themselves,
the Congress and the public that nuclear power
operations are safe and growing safer, Not all
the latent vulnerabilities in a complex tech-
nology can be anticipated and eliminated by
design. For that reason, the “defense-in-depth”
concept is applied to contain and neutralize the

An NRC inspector uses a
periscope to peer down into a
water-filled canal to inspect nu-
clear fuel elements being moved
from Yankee-Rowe’s reactor to
to the spent fuel storage pool.




THE LICENSING PROCESS

Obtaining an NRC construction permit—or a lim-
ited work authorization pending a decision on issu-
ance of a construction permit—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
accordance with NRC requirements and guidance.
The second phase consists of safety, environmental,
safeguards and antitrust reviews undertaken by the
NRC stafl. Third, a safety review is conducted by
the independent Advisory Committee on Reactor Safe-
guards (ACRS); this review is required by law (sce
discussion under heading, “Advisory Committee on
Reactor Safeguards,” in this chapter). Fourth, a man-
datory public hearing is conducted by a three-man

- Atomic Safety and Licensing Board (ASLB), which
then makes an initial decision as to whether the per-
mit 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 pro-
vides for appeal beyond the Commission in the Fed-
eral 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 public document room
(PDR) established in the vicinity of the proposed site,
as well as to the 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
provides 30 days for affected members of the public
to petition to intervene in the proceeding. Such peti-
tions arc entertained and adjudicated by the ASLB
appointed to the case, with rights of appeal by the
petitioner to the ASLAB. (See Chapter 14 for ASLB
and ASLAB actions during fiscal year 1976.)

The NRC staff’s safety, safeguards, environmental
and antitrust reviews proceed in parallel. With the
guidance of the Standard Format (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 sufficiently 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 applicant’s quality assurance pro-
gram covering design and procurement. The safety
review is performed by NRC staff in accordance with
the Standard Review Plan for light-water-cooled re-
actors published in September 1975, This plan states
the acceptance criteria used in evaluating the various
systems, components and structures important to safe-
ty 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 con-
sistent 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
NRC staff is satisfied that the acceptance criteria of
the Standard Review Plan have been met by the
aopolicant’s preliminary report, a Safety Evaluation

Report is prepared by the staff summarizing the re-
sults of their review regarding the anticipated effect
of the proposed facility on the public health and
safety.

When the ACRS has completed its review, the
NRC staff issues a supplement to the Safety Evalua-
tion Report incorporating any changes or actions
adopted as a result of ACRS recommendations. A
public hearing can then be held, generally taking
place in a community near the proposed site, on safety
aspects of the licensing decision.

The environmental review (discussed more fully in
Chapter 4) begins with preparation by NRC staff of
a Draft Environmental Statement, assessing the con-
sequences to the environment of the operation of the
proposed facility at the proposed site. The statement
is published and distributed with specific requests for
review by Federal, State and local agencies and other
interested parties. Their comments are then taken into
account in the preparation of a Final Environmental
Statement. Both the draft and the final statement are
made available to the public at the time of respective
publication. A public hearing, with the appointed
ASLB presiding, can then be conducted on environ-
mental aspects of the proposed licensing action (or a
hearing on both safety and environmental matters
may be held, if that is indicated).

The antitrust reviews of license applications (see
discussion under the heading *Antitrust Reviews,”
below) 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 environ-
mental aspects.

In appropriate cases, NRC may grant a Limited
Work Authorization to an applicant in advance of the
final decision on the construction 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 have com-
pleted environmental impact and site suitability: re-
views and the appointed ASLB has conducted a pub-
lic hearing on environmental impact and site suit-
ability with a favorable finding. To enable the staff
and licensing board to make these safety determina-
tions, the applicant must submit the environmental
portion of the application early.

When a plant is nearing completion, the applicant
must go through virtually the same process to obtain
an operating license as to obtain a construction per-
mit. The application is filed, NRC staff and the
ACRS review it, a Safety Evaluation Report and an
updated Environmental Statement are issued. A pub-
lic 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
imposed 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 sub-
stantial, additional protection is necessary for the pub-
lic health and safety or the common defense and secur-
ity, the NRC may require “backfitting” of a licensed
plant, that is, the addition, elimination or modification
of structures, systems or components of the plant.
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effects of abnormal events in nuclear facilities.
Equally important, design changes or back-
fitting are required when any safety-related
deficiencies are revealed through such occur-
rences or through confirmatory research into
potential problem areas. The following are the
principal phenomena which have posed tech-
nical problems within nuclear power plants.

Steam Generator Tube Integrity

Steam generator tubes in pressurized water
reactor facilities are an integral part of the
reactor coolant pressure boundary, keeping the
radioactive primary coolant intact in a closed
system and sealed off from the environment.
Tube degradation may occur by wastage, stress
corrosion cracking, denting, or support plate
cracking. The primary concern is the capability
of degraded tubes to maintain their integrity
during normal operation and under postulated
accident conditions with adequate safety
margins,

Degradation associated with corrosion, or
wastage, has prompted changes in the chemicals
used in the treatment of secondary system water.
Some plants have experienced tube degradation
in the form of a reduction in tube diameter and
cracking of tube support plates. Studies indi-
cate that the annulus between the tube and
tube support plate became filled with hardened
corrosion products that expanded to exert suffi-
cient force to “dent” the tube diametrically and
to crack the tube support plate ligaments be-
tween the tube holes and circulation flow holes.
Safety analyses did not indicate immediate
safety concerns. The degree of denting has in-
creased in several plants, and with tubes tightly
locked in the support plates the thermal and
pressure stresses resulting from normal plant
heat-up and shutdown may cause further de-
formation that may affect the tube integrity in
the long term operation of steam generators.

An in-service inspection technique is used to
evaluate the degree of degradation experienced.
When unacceptable degradation has occurred
the tube is plugged. NRC is also sponsoring
confirmatory research to further evaluate the
safety margins of operation of plants with
various forms of tube degradation including the
effects of plugging.

Fire Protection

As a result of a fire in electrical cable trays in
the Browns Ferry Nuclear Plant in Alabama
(discussed in Chapter 7 of the 1975 Annual
Report), the NRC initiated a program to eval-
uate the need for improving fire protection in



nuclear power plants. As part of this continuing
evaluation, the NRC, in February 1976, pub-
lished a report by a special review group,
“Recommendations Related to Browns Ferry
Fire” (NUREG-0050). This report recommends
that improvements in the areas of fire preven-
tion and fire control should be made in most
existing facilities and that consideration should
be given to requiring design features that would
increase the ability of nuclear facilities to with-
stand large fires without the loss of important
functions. In May 1976, the NRC’s Office of
Nuclear Reactor Regulation issued specific
recommendations for fire protection programs
and included them in the acceptance criteria
of the licensing review for Nuclear Power
Plants. The NRC is reevaluating fire protec-
tion programs at all nuclear power stations. (See
Chapter 8 for discussion of current status of
Browns Ferry Power Plant.)

Pressure Suppression Containments

Transient short-term hydrodynamic loads
during certain low probability postulated acci-
dents were identified during the testing of the
Mark IIT containment for boiling water re-
actors. These loads would likely occur for a
very short time during the early stages of reactor
depressurization during a postulated loss-of-
coolant accident, when gases are forced into a
pool of water. A downward load on the wall
of the pool is generated as a result of high
pressure bubbles moving in the water. An up-
ward load is generated as the expanding air
bubbles rise in the pool causing its surface to
swell upward and compressing the air above the
surface. In addition, other tests have identified
the existence of lateral loads on the involved
pipes which occur during the latter stages of
the steam blowdown. (See Chapter 8 for dia-
gram of boiling water reactor and suppression
pool.) These loads are considered in the struc-
tural design of the new Mark III containment
concept in license applications currently under
review. The same loading phenomena would
occur in the earlier Mark I and Mark II pres-
sure suppression containment concepts, but
were not included in the design calculations.

As an interim measure, changes in operating
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procedures have been implemented for operat-
ing reactors with the Mark I containment to
accommodate these loads. Additional tests are
being performed for the Mark II containment
to quantify these loads (no plant with a Mark
II or Mark III containment is as yet operative).
Design changes will be made in all three con-
tainments if tests and analysis so indicate.

Fuel Channel Box Wear

As noted in Chapter 7 of the 1975 Annual
Report, a significant amount of damage to some
fuel channel boxes adjacent to incore instru-
ment tubes had been found in certain foreign
and American reactors. It was determined that
the wear was occurring as a result of the vibra-
tion of the incore instrument tubes. The
affected class of boiling water reactors, the
BWR-4, was designed with one-inch diameter

CONTROL ROD!

FUEL RODS

ZIRCALOY FUEL
CHANNEL 80X

STAINLESS STEEL INCORE
INSTRUMENT TUBE

CORE SUPPOAT PLATE

BWR FUEL ASSEMBLIES, CHANNEL BOX
AND INSTRUMENT TUBE



bypass holes in the lower core support plate,
which created localized flow conditions that
caused vibration of the instrument tubes.
Channel box corner wear at the foreign reactor
was first indicated by a change in the normal
reading from the incore instrument adjacent
to the damaged channel boxes. During a routine
inspection, cracks at the corners of three chan-
nel boxes were discovered.

The presence of cracks at the channel box
corners could reduce the coolant flow, raising
fuel temperatures, and weaken the channel
boxes. These effects could significantly decrease
the safety margins associated with the reactor
core, particularly under certain postulated
accident situations.

The surveillance of the operating BWR-4
class of reactors in this country was increased.
Limits were placed on the allowable magnitude
of the anomalies in incore instrument readings.
Subsequently, the NRC ordered a reduction in
reactor power and coolant flow. Later an interim
modification—consisting of plugging the one-
inch bypass holes in the lower core support
plate—was accepted by the NRC. This resulted
in a slight power level reduction at four
reactors.

The General Electric Co. developed a perma-
nent modification for affected reactors to elimi-
nate detrimental instrument tube impact on the
channel box corners without imposing restric-
tions on power generation. This included plug-
ging the one-inch bypass holes (the interim
modification) and adding alternate bypass flow
holes in the lower tie plate for each fuel assem-
bly, in order to restore the bypass flow to its
original design value and thus remove any
operational restriction due to reduced bypass
flow. The NRC approved the modification in
March 1976.

Cracks In Steel Piping

As reported in Chapter 7 of the 1975 Annual
Report, cracks were found in the piping of
several boiling water reactors. A report by an
NRC special study group (NUREG 75-067)
concluded that the hairline cracks that occurred
in the recirculation bypass lines and the core
spray system were the result of intergranular

stress corrosion. Although additional hairline
cracks may develop in localized areas under
similar circumstances in the future, the study
indicates such cracks do not pose a significant
threat to public health and safety, since they
can be detected by periodic inspection or sensi-
tive leak detection equipment and repaired. In
no instance was the structural integrity of the
pipes affected by the cracks.

Licensees are continuing efforts to monitor
for and identify cracks or leaking piping. Early
identification and correction of degraded piping
is a primary objective of the in-service inspec-
tion programs. Industry is also continuing to
sponsor research to reduce the occurrence of
pipe cracking. The reactor manufacturer is
investigating combinations of stress, oxygen and
sensitization that can cause cracking of piping;
the problem is also the subject of NRC-spon-
sored research. Following NRC'’s recommenda-
tions, replacement materials and alternate fab-
rication processes are being considered in the
test program by the manufacturer.

New procedures and fabrication methods as
well as the use of materials more resistant to
intergranular stress corrosion cracking are being
specified for new reactors to the extent practical.
Affected pipes in operating facilities are being
replaced by better materials or particular sec-
tions of piping are being eliminated on a
reasonable schedule or as required if cracking
occurs.

Loads on Reactor Vessel Supports

In the very unlikely event of a rupture of the
coolant inlet piping near the primary coolant
inlet of pressurized water reactors, lateral (or
asymmetric) loads would be imposed upon the
reactor vessel. Not all of these loads, which
would result from the rapid depressurization of
the reactor system, were analyzed during the
design of some facilities. These forces could
affect the integrity of the reactor vessel supports
under the postulated, low probability, accident
condition; thus the existing margins of safety
may be less than intended. Because of the low
probability of the condition in question, no
immediate risk is-discerned in the situation.

The NRC has requested that all licensees of



operating pressurized water reactors conduct
analyses to determine whether the reactor vessel
supports will sustain the postulated loads. The
NRC is also studying a licensee-proposed aug-
mented inservice inspection program and the
effects this would have on further decreasing
the probability of occurrence of this event.

The NRC is conducting confirmatory research
into and is planning additional analytical studies
of the problem. These investigations will pro-
vide a basis for the NRC to assess the ade-
quacy of the vessel supports under asymmetrical
loads.

Water Hammer

During the past year two pressurized water
reactor facilities reported the occurrence of
“water hammer” in the steam generator feed-
water systems.

Water hammer occurs when water rapidly
replaces steam in the feedwater distribution
piping (sparger) or in the feedwater inlet nozzle
of the steam generator. This happens when the
steam generator water Jevel drops below the
level of these components. Feedwater flow
instability, leading to water hammer, can dam-
age feedwater system piping and associated
components. This instability has occurred with
varying severity at a number of plants during
the last several years when feedwater flow was
restarted following an operational adjustment,
such as might be required by some abnormal
condition like a rapid change in the steam
generator water level. Corrective actions have
been implemented. These include changes to
the feedwater piping arrangement, modifying
the feedwater distribution ring or steam gen-
erator refilling procedures, or limiting refill flow
rate to reduce condensation.

The NRC is sponsoring independent evalua-
tions to identify the basic causes of water ham-
mer and to determine whether more effective
corrective measures could be devised. Since the
steam generator feedwater systems do not con-
nect directly with the reactor core, the problem
does not represent an immediate hazard. As
the piping in the plant gets older, however, the
potential consequences of the water hammer
phenomenon could become increasingly serious.

Anticipated Transients Without Scram

Nuclear plants are designed with numerous
safety and control systems to limit the conse-
quences of abnormal operating conditions re-
ferred to as “anticipated transients.” Some de-
viations from normal operating conditions may
be quite trivial; others, occurring less frequently,
may impose significant demands on plant equip-
ment. In some anticipated transients, shutting
down the nuclear reaction, and hence rapidly
reducing the generation of heat in the reactor
core, is an important step in assuring that public
risk is minimized. A very rapid shutdown of
the reactor is'called a “scram.” If such a po-
tentially severe “anticipated transient” should
occur and the reactor shutdown system did not
“scram” as desired, an “anticipated-transient-
without scram,” or ATWS, would have
occurred.

The NRC recognizes that an ATWS which
could affect the public health and safety is
unlikely. However, a “Technical Report on
Anticipated Transients Without Scram for
Water Cooled Power Reactors” (WASH-1270),
published by the then AEC staff in September
1973, established formal acceptance criteria to
protect against ATWS events. Some of these
criteria have recently been sharpened and
brought up to date.

During a two-year period, each of the four
nuclear manufacturers submitted analyses and
supporting information on ATWS. Following the
review of this material, the NRC published in
December 1975 four status reports on ATWS,
addressing the information submitted by each
light-water reactor manufacturer. The NRC
reports evaluated the information for conform-
ance to the NRC criteria nad noted where
design changes and additional analyses were
required. The staff is presently pursuing a
program to implement design changes to meet
the safety requirements.

ACTION ON SITING PROBLEMS

The other main category of regulatory con-
cerns with nuclear power plants—besides in-
plant technical problems like those discussed
above—relates to the siting of the plants and the
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The reactor pressure vessel for Limerick Generating Station Unit 1 near Pottstown,
Pa., is moved down a hill to a place where it will be installed in the reactor contain-
ment. The 1100-ton vessel inched along as an NRC inspector (in white helmet, below

vessel) checks on its progress.

geological and environmental considerations
involved in appraising a proposed location.
Current problems with particular sites and ac-
tions taken in response to them are described

in the following.

Diablo Canyon Unit 1. The existence of a
fault system approximately 3.5 miles offshore
from the proposed plant site at Diablo Canyon,
California was made known in 1971 by the
publication in a technical journal of previously
undisclosed Shell Oil Company data. Subse-
quently, extensive offshore seismic surveying has
been performed by the applicant and the United
States Geological Survey (USGS). This seismic
profiling substantiates the published Shell Oil
Company observations and indicates that the
near surface of the zone comprises many small
segments, some of which may represent fissures
in the ocean floor. The USGS has recommended
that the fault, having exhibited evidence of
lateral movement, be considered active, and
that a magnitude 7.5 (Richter scale) earth-

quake be postulated in a reanalysis of plant
design.

Both the NRC and the applicant, Pacific Gas
and Electric Co., have employed consultants
to recommend design procedures for use in the
reanalysis, and the NRC staff is currently in-
volved in reviewing them.

North Anna. During April of 1973, a fault
zone was observed to lie under the reactor
containment building of the North Anna Nu-
clear Power Station Units 1, 2, 3, and 4, at
Mineral, Va., which are not yet licensed to
operate. Subsequent detailed geologic mapping
of outcrops and of the containment excavations
and trenches revealed that the fault zone had
probably not moved since the Triassic period
{(approximately 200 million years ago) and
definitely not within the last 500,000 years. Thus
the fault zone is “non-capable” or inactive,
according to NRC siting criteria.

In order to provide assurance that filling of
the North Anna reservoir would not reactivate



the faults underlying the containment buildings,
the NRC in September 1973 required that
Virginia Electric and Power Co. install a net-
work of seismographs to record microearthquake
activity in the site area. A report on micro-
earthquake monitoring for a period of more
than two years was submitted to NRC in May
1976.

After review of the report, NRC concluded
that there is no aspect of the data which indi-
cates in any way that the microearthquakes
recorded or the faults below the plant site pose
a hazard to the safe operation of the plant.
However, the NRC recommended continued
operation of the monitoring network for at least
one more year in order to determine if the
relationship between microearthquake activity
and the faults changes in such a way that addi-
tional action would be required. Appropriate
reports will be submitted by the utility to the
NRC.

Humbolt Bay. Continuing review of geologic
and seismic conditions at the Humboldt Bay
Nuclear Generating Station—an operating nu-
clear power plant near Eureka, California—
resulted in new data submitted to NRC early in
1976. These data indicated that several geologic
features of the area had not formerly been
defined clearly enough to evaluate their impact
on site safety. Consequently, NRC issued an
“Order for Modification of License” on May 21,
1976, containing conditions to the operating
license by which the features in question would
be thoroughly analyzed prior to start-up after
the 1976 refueling outage. The additional in-
vestigations necessary to clarify the origin and
significance of the geological features were dis-
cussed at several meetings with the licensee,
Pacific Gas and Electric Co., and their consult-
ants. Members of the NRC staff, the U.S.
Geological Survey, and the California Division
of Mines and Geology have made site visits to
keep abreast of progress in the investigation.
Resolution of the geological and seismological
questions were expected in late 1976 after the
staff had reviewed results of the investigations
in progress.

Indian Point. During NRC’s review of the
Operating License application for Indian Point
Unit No. 3, in New York State, faulting was
discovered in the plant site area. The staff visited

the site and inspected the fault exposures.
Following meetings with the applicant, NRC
required investigations to determine the geologic
characteristics of the faulting and its safety
significance to the Indian Point units. The ap-
plicant reported the results of his investigation
in early December 1975. The study concluded
that the faulting on the Indian Point site is
geologically old and poses no hazard to the
plant. The NRC staff, after review of the
applicant’s report and intensive technical dis-
cussions with the applicant and his consultants,
substantially agreed with that conclusion. Be-
cause of the complexity of the geologic structure
in the region of the Indian Point site, NRC
required the utility to undertake additional
geological investigations in the region and ex-
pand the earthquake monitoring activities which
were begun in 1974, The results of the geologi-
cal investigations are to be reported to the NRC
by April 1977, and the results of the earth-
quake monitoring are to be reported by January
1979.

An NRC inspector checks the utility’s seismic
monitoring system at the Diablo Canyon Nuclear
Power Facility Unit No. 1.
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Construction is in progress on
an NRC-approved shield build-
ing surrounding the containment
sphere of the San Onofre Unit 1
plant located on the Pacific
coast. The shield building, which
would provide additional bio-
logical protection in the unlikely
event of a loss-of-coolant acci-
dent in the plant, is a part of
the licensee’s program to obtain
NRC approval of reduction in
the size of the plant’s exclusion
area consistent with the public’s
use of the nearby beach.

ADVANCED NUCLEAR POWER
PLANTS

Liquid Metal Fast Breeder Reactor

The proposed Clinch River facility near Oak
Ridge, Tennessee is to be a 975 megawatt
(thermal) demonstration project that includes
a liquid metal fast breeder reactor (LMFBR),
fueled with a mixture of plutonium and ura-
nium oxides. Although it will be designed to
generate 380 megawatts of electrical power, the
generation of electricity is a secondary benefit.
The Clinch River project is intended to provide
design, construction and operating data and
experience which will be considered by the
Energy Research and Development Administra-
tion (ERDA) in deciding whether to proceed
with the commercialization of LMFBR tech-
nology. Although the facility is a joint govern-
ment-industry project, ERDA has the direct
management responsibilities for the project and
is the primary contact with the NRC staff dur-
ing the present licensing review. The Environ-
mental Report prepared by ERDA for Clinch
River was reviewed and a Draft Environmental
Statement was issued for public comment by
the NRC on February 12, 1976. Numerous
comments were received and considered in
preparation of the Final Environmental State-
ment, which was issued in December 1976.

ERDA conducted the environmental assess-
ment of the LMFBR program and issued its

Final Environmental Statement on December

31, 1975. In response to contentions filed by
intervenors, the need for an independent staff
review of the ERDA program statement was
considered by the Commission and rejected in
August 1976.

As originally proposed by the applicants, the
Preliminary Safety Analysis Report for the
Clinch River project consisted of two design
approaches. One, called the Reference Design,
did not address postulated ‘“core disruptive”
accidents and accordingly did not incorporate
any design features to accommodate such
severe events. Another approach, called the
Parallel Design, consisted of the Reference
Design augmented with analyses and design fea-
tures to accommodate the consequences of an
assumed core disruptive accident. In this ap-
proach the applicants had proposed the so-called
core catcher. On May 6, 1976, the NRC staff
informed the applicants of its tentative con-
clusions regarding the adequacy of the dual
approach described above and provided specific
guidance and comments on how the plant de-
sign should proceed in order to achieve its
desired safety objectives. The staff stated its
position as to the minimum requirements and
characteristics to be met for the principal items
of concern, including the assessment of the need
for and adequacy of the design to accommodate
core disruptive accidents. Resolution of differ-
ing judgments in this regard and implementa-
tion of the appropriate requirements in the



design is a complex technical matter which
requires close technical interaction between
project personnel and the NRC staff. This pro-
cedure is being carried out on a variety of sub-
jects to assure that the unique aspects of the
nation’s first large-scale demonstration LMFBR
are properly considered in the formulation of
those requirements.

A special ACRS subcommittee, as well as the
full ACRS itself, have held technical meetings
with the Clinch River Project Office and the
NRC staff; the Atomic Safety and Licensing
Board has held several prehearing conferences
and various local, State and public organizations
are actively participating in the licensing
process. It is estimated that the environmental
hearings will commence in early 1977; satis-
factory completion of these hearings is a pre-
requisite for a Limited Work Authorization.

The Fast Flux Test Facility (FFTF) also has
a role in the development of the LMFBR tech-
nology, related mainly to fuels and materials.
On April 2, 1976 ERDA submitted to the
NRC a Final Safety Analysis Report for the
FFTF, currently under construction, and re-
quested NRC to provide advice on matters
pertaining to safety. Although FFTF is a govern-
ment-owned facility, operated under contract
with ERDA by the Hanford Engineering De-
velopment Laboratory, and is not an NRC-
licensed facility, a radiological safety review will
be performed by NRC under an interagency
agreement with ERDA.

A two-year safety review, similar to those
conducted for an operating license for a com-
mercial nuclear power plant, is planned for
completion prior to fuel loading in FFTF,
currently scheduled for August 1979,

Beginning in 1974, the Advisory Committee
on Reactor Safeguards had undertaken a generic
review of the question of whether or not a
hypothetical core disruptive accident 'should be
considered as a “design basis” accident in evalu-
ating the safety of the LMFBR, and to what
extent provision should be made for a core
retention system (core-catcher) in the design of
the LMFBR. This review culminated in a
report issued in August 1976.

The ACRS took note of the significant body
of opinion that a core-disruptive accident was
extremely unlikely to occur but felt that, in the

absence of any actual experience here or abroad
with core behavior in severe accident situations
or full knowledge of the kinds of events that
might initiate core disruption, the core-disruptive
accident must be included as part of the
safety evaluation of an LMFBR. The NRC
staff is giving careful consideration to the ACRS
position.

Floating Plants

The floating nuclear plant was conceived by
the electric power industry some years ago as an
alternative to land siting with several potential
advantages, including a freedom from earth-
quake motions, an abundance of cooling water,
and a relative isolation from populated areas.

In April 1972, Offshore Power Systems
(OPS), a subsidiary of Westinghouse Electric
Corporation, requested that the Atomic Energy
Commission (AEC) review the conceptual
design of a floating nuclear power plant. The
OPS application is for a license for the manu-
facture, assembly and preoperational testing of
eight floating nuclear power plants at a facility
in Jacksonville, Florida. The AEC review
found the concept to be feasible, and the ap-
plication was docketed in July 1973.

An NRC staff final environmental statement
related to the manufacturing activity in Jack-
sonville was issued in October 1975. The staff’s
Safety Evaluation Report was issued in Sep-
tember 1975; Supplement No. 1 was issued in
March 1976 and Supplement No. 2 was issued
in October 1976. Public hearings on certain
safety issues are currently being held before an
Atomic Safety and Licensing Board (ASLB).
An NRQC staff draft environmental statement
was published in December 1975 covering the
generic issues pertaining to the proposed siting
of floating nuclear plants in the coastal regions
of the Atlantic Ocean and the Gulf of Mexico.

An important NRC staff study, known as the
Draft Liquid Pathway Generic Study (NUREG-
0140), issued September 1976, was undertaken
to assess, on a comparative basis with land-
based plants, the possible radiological conse-
quences of releases thrqugh liquid pathways
from a wide spectrum of hypothetical accidents,
including a core melt. Four typical land-based
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and four typical water-based sites were eval-
uated. The study concluded that the conse-
quences of postulated accidents in floating nu-
clear plants were comparable with results of
the same accidents in land-based plants. This
finding provided the basis for the October 1976
supplement to the generic siting environmental
statement cited earlier. In 1974, the Public
Service Electric and Gas Company of New
Jersey (PSE&G) filed the first application for

a permit to construct and operate an offshore
station using two of the floating nuclear plants.
PSE&G’s proposed Atlantic Generating Station
would be located nearly three miles off the coast
of New Jersey, near Atlantic City. Hearings
have not yet been scheduled to consider the
issuance of a construction permit for the
Atlantic Generating Station. The only NRC
document issued to date concerning this appli-
cation is the draft environmental statement
(NUREG-0058), dated October 18, 1976.

IMPROVING THE LICENSING
PROCESS

Many management actions have been taken
during the past several years to improve the
efficiency and effectiveness of NRC reviews for
licensing nuclear power plants, with neither
compromise to safety nor needless delay. Areas
of greatest concern for which improvements
could be most beneficial include developing
approaches that could lead to a significant
reduction in the contribution of the regulatory
process to the 10-year average lead time needed
to place a nuclear plant in an operational
status, and establishing a more structured and
consistent licensing process—with appropriate
guidance to both industry and the NRC staff—
in order to minimize licensing delays while
assuring public safety. The specific efforts that
were undertaken include development of Stand-
ard Review Plans, development of standard
technical specifications governing plant opera-
tion, documentation of acceptance criteria for
plant design, continued development of the
standardization program, and development of
an early site review process for planned nuclear
power stations.

Standard Review Plans

Safety Review. The Standard Review Plans
for safety reviews were completed during 1975
and fully implemented during 1976. The plans
describe the process by which the staff deter-
mines that a proposed design provides adequate
protection of the public health and safety. The
primary purposes of the plans are to improve
the quality and uniformity of staff reviews, to
stabilize the safety review process, and to pre-

~ sent a well-defined base from which to evaluate

proposed changes in the scope and requirements
of reviews. Another important goal in adoption
of these plans is to assure that only essential
requirements are imposed on license applicants.
Environmental Review. In September 1975,
NRC announced plans to develop and employ
Standard Review Plans for its environmental

-reviews. The intent of these plans is to give

clear guidance both to applicants and NRG staff
as to information and criteria considered essen-
tial to the environmental review process, and
to provide a basis for excluding unnecessary
items. The plans are being prepared to specify
NRC internal procedures and positions, to docu-
ment the content and bases for the environ-
mental review, and to reconsider the scope of
the environmental review process to assure that
only essential items are considered.

The Environmental Standard Review Plans
(ESRP’s) will be indexed to generally follow
the format of the staff Environmental State-
ments rather than the format of the applicant’s
Environmental Reports as set forth in Regula-
tory Guide 4.2.

The present schedule calls for issuing draft
ESRP’s for comment in the early part of 1977
and the final ESRP’s during the latter part of
1977.

Standal.'d Technical Spéciﬁcations

Safety. The NRC initiated the Standard
Technical Specification (STS) Program in the
spring of 1972 as part of its overall licensing
standardization effort. This program has re-
sulted in the development of uniform and tech-
nically consistent STS’s for each of the nuclear
steam supply system vendors and associated



balance-of-plant equipment. The STS's are
currently being used as the basis for all tech-
nical specifications issued with facility operating
licenses and have contributed to the promotion
of uniform application and interpretation of
NRC requirements by the nuclear industry.

Certain utilities have sites with one unit
operational and a similar unit scheduled for
operation with STS in the future. In these
situations, a conversion of the older unit’s speci-
fications to STS has been found to be beneficial
in ensuring uniform operational practices. This
conversion effort, undertaken in close coopera-
tion with the utilities, will involve facilities at
five sites during the next several years.

Ten facilities using STS’s were scheduled to
be in operation by December 31, 1976.

Environment. Included as part of each oper-
ing license for a nuclear power plant are re-
quirements for monitoring certain aspects of
operation which may have impact on the en-
vironment, These requirements, known as
Environmental Technical Specifications, include
limiting conditions of operation and data col-
lection to assure that the actual impact is not
significantly different from that on which the
licensing decision was based. The data collected
may also disclose a need for action to mitigate
unanticipated environmental impact.

Because the environmental review process has
evolved on a case-by-case basis, the Environ-
mental Technical Specifications have differed
considerably among licensed stations. In order
to make the license conditions more uniform
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for all stations, Standardized Environmental
Technical Specifications are being developed.
These will include a standard approach to
monitoring for items common to all stations.
They will assure adequate coverage of critical
concerns, while eliminating the collection of
irrelevant information.

Regulatory Guides

Development and issuance of Regulatory
Guides continued during 1976. The purpose of
these guides is to make available to applicants
certain methods which are acceptable to the
staff for implementing specific parts of the NRC
regulations, to delineate the techniques used
by the staff in evaluating specific problems or
postulated accidents, and to provide guidance to
applicants concerning certain of the information
needed for review of applications (See Chapter
12). In this way, stabilization of NRC safety
and environmental requirements and uniformity
of implementation are facilitated.

Topical Reports/Generic Reviews

The major nuclear steam supply system
manufacturers, architect-engineering firms, and
major component manufacturers are encour-
aged to prepare and submit topical reports
which describe proposed solutions to safety
problems, results of research and development
programs, and current analytical techniques.
These reports generally have broad applicability
to several plants or designs, and, if found ac-
ceptable by the NRC staff, they can be refer-
enced in any number of applications, thus
reducing repetitious review and accelerating the
process. A related step is the stafl’s effort to
identify issues and problems which have appli-
cability to a number of plants or review cases
and resolve them generically rather than on a
case-by-case basis.

Impact of Changing Requirements

Changes in NRC licensing requirements have
been frequently cited as a cause of onerous
delays and additional costs in the licensing
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process. While many of these changes involve
significant safety matters, and are viewed as
a justifiable part of the licensing review process,
the NRC staff has made increasing use of
impact/value assessments by which to ensure
that the expected benefit of a new requirement
justifies its probable cost in time, money, and
effort. All new regulatory guides, which inform
the industry of acceptable licensing positions,
are critically reviewed by the Regulatory Re-
quirements Review Committee, representing top
NRC management, before approval. Addi-
tionally, guidance on staff review considerations
and positions is written into the staff’s Stand-
ard Review Plans. Finally, NRC management
will meet with applicants, members of the staff,
or others, to try to resolve any disagreements
with staff positions on an application. These
procedures are clearly established, and informa-
tion regarding them has been made public.

STANDARDIZATION PROGRESS

Continued progress was made during 1976
toward the goal of nuclear power plant stan-
dardization, initially announced by the Atomic
Energy Commission in April 1972. The NRC
regards standardization of plant designs—com-
plemented by the early review of sites proposed
for the location of nuclear plants—as one of the
most important means for improving the effi-
ciency and effectiveness of the licensing process.

Each of the standardization approaches ac-
cepted by NRC is based on the multiple use
of previously approved plant designs. The pro-
cedural options now available to applicants for
standardization of nuclear power plants are:

® Reference System—a design of an entire

facility or major portion thereof can be
reviewed once and utilized repeatedly by
reference, without further staff review,
in individual applications for licenses;

® Duplicate Plants—the design for several

identical plants that would be constructed
within a limited time span by one or more
utilities at one or more sites can be re-
viewed once;

® License to Manufacture—the design of an

entire facility can be reviewed once for
manufacture at a central location, and

pre-approved facilities can then be con-
structed on specific utility sites.

As an expansion of the duplicate plant option,
a policy for “replication” was established in
1974. Replication provides for the reuse of a
recently approved custom design in a construc-
tion permit application for another plant.

The industry’s response to the Commission’s
standardization program has been gratifying,
particularly with respect to reactor manufac-
turers and utilities. By the end of fiscal year
1976, all five reactor vendors had submitted at
least one standard reactor design and three
architeét-engineering firms had submitted
balance-of-plant designs. Other architect-engi-
neering firms were contemplating the submission
of balance-of-plant designs. A total of 20 dif-
ferent utilities had applied for permits to build
42 “standard” units. Table 1 indicates standard-
ization applications submitted as of September
30, 1976 or identified for submission soon. Pre-
liminary Design Approvals had been previously
issued during 1975 to the General Electric Co.
for its GESSAR-238 nuclear island design; to
Combustion Engineering, Inc. for its CESSAR
nuclear steam supply system design; and to
Westinghouse Electric Corporation for its
RESAR-41 nuclear steam supply system. During
1976, additional Preliminary Design Approvals
were issued to the Stone & Wehster Engineering
Corporation for its balance-of-plant designs
matched to RESAR-41 and CESSAR, and to
C. F. Braun & Co. for its turbine island design
matched to GESSAR-238 (NI).

STANDARDIZATION
MAIN FEATURES OF NRC'S APPROACH

MAXIMUM CAPACITY-3800 MW THERMAL

NRC WILL REVIEW:
— Entire Facility
— Nuclear Steam Supply System
— Balance of Plant

® OPTIONS:
— Reference Systems

— Duplicate Plants (Including Replication)
— Licenses to Manufacture
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Table II. Standardization Applications
(as of September 30, 1976)

PROJECT APPLICANT DOCKET DATE COMMENTS

Reference Systems

GESSAR-28 (NI) General Electric 7-30-73 Nuclear island. PDA-1
(Preliminary Design Ap-
proval) issued 12-22-75
CESSAR Combustion Engineering 12-19-73 Nuclear Steam Supply System
(NSSS). PDA-2 issued
12.31-75
RESAR-41 Westinghouse 3-11.74 NSSS. PDA-3 issued 12-31.75
B-SAR-241 Babcock & Wilcox 5-14.74 NSSS (Withdrawn)
SWESSAR Stone & Webster 6-28-74 Standard balance-of-plant
RESAR-41 (BOP) design matched to
RESAR-41. PDA-4 issued
. 5.5-76
CESSAR 10-21-74 BOP matched to CESSAR.
PDA-6 issued 8-16-76
RESAR-3S 10-2-.75 BOP matched to RESAR-3S
B-SAR-205 12-22-75 BOP matched to B-SAR-205
C. F. Braun SSAR C. F. Braun 12-21-74 Turbine Island matched to
GESSAR-238 (NI) PDA-3
issued 5-7-76
GASSAR General Atomic 2.5-75 NSSS (Under review)
GESSAR-251 General Electric 2-14.75 NSSS (Under review)
RESAR-3S Westinghouse 7-31-75 NSSS (Under review)
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Reference Systems (Continued)
GESSAR-238 (NSSS)

B-SAR-205
BOP-SSAR
GIBBS-SSAR
RESAR-414

Utility Applications Using Reference Systems

Cherokee 1,2 & 3
Perkins 1,2 & 3
South Texas 1 & 2

WNP-3 & 5
Palo Verde 1,2 & 3

Hartsville 1, 2, 3 & 4
Black Fox 1 & 2

Phipps Bend 1 & 2
Yellow Creek 1 & 2

Duplicate Plants

Byron 1 & 2/
Braidwood 1 & 2

SNUPPS
Wolf Creek

Callaway 1 & 2
Tyrone 1
Sterling

WUPS

Koshkonong 1 & 2

License to Manufacture

Floating Nuclear
Plant (FNP) 1-8

Utility Applications Using License to Manufacture

Atlantic 1 & 2

Replication

Jamesport 1 & 2
Marble Hill 1 & 2
New England 1 & 2

APPLICANT DOCKET DATE
General Electric 10-16-75
Babcock & Wilcox 3-1.76
Fluor Pioneer 1.27-76
Gibbs & Hill (soon)
Westinghouse (soon)
Duke Power 5-24.74
Duke Power 5.24-74
Houston Light & Power 7-5-74
Washington Public Power 8-2-74
Supply System
Arizona Public Service 10-7-74
Tennessee Valley Authority 11-22-74
Public Service of Oklahoma 12-23-75
Tennessee Valley Authority 11-7-75
Tennessee Valley Authority 7-16-76
Commonwealth Edison 9.20-73
Kansas Gas & Electric
Kansas City Power & Light 5-17-74
Union Electric 6-21-74
Northern States Power 6-21-74
Rochester Gas & Electric 6-21-74
Wisconsin Electric Power 8-9-74
Madison Gas & Electric
Wisconsin Power & Light
Wisconsin Public Service
Offshore Power Station 7-5-73
Public Service Electric & Gas  3-1-74
Long Island Lighting 9.6-74
Public Service of Indiana 9.17-75
New England Power & Light 9-9-76

COMMENTS

NSSS (Under review)
NSSS (replaces B-SAR-241)
BOP matched to RESAR-41
BOP matched to RESAR-41
NSSS

References CESSAR
References CESSAR

References RESAR-41
CP issued 12-22.75

References CESSAR

References CESSAR
CP issued 5-25-76

References GESSAR-238 (NI)

References GESSAR-238
{NSSS)

References GESSAR-238 (NI)
References CESSAR

Two units at each of two sites

Five units at four sites

Under review
CP issued 4-14.76
Under review
Under review

As many as six units on three
sites

Under review
Under review
Under review
Under review

Entire plant design

References FNP

Replicates Millstone 3
Replicates Byron/Braidwood
Replicates Seabrook




Legislative Proposal

In May 1975, the Commission forwarded to
the Congress a legislative proposal to improve
the licensing process for major nuclear facilities,
which was introduced as S. 1717 and H.R. 7002.
In subsequent hearings conducted in 1975 by
the Joint Committee on Atomic Energy, the
Commission strongly supported the proposed
licensing reform legislation as a measure that
could lead to reduction of the time now required
to bring a nuclear power plant on line from
eight or more years to about six years. The basic
concepts of early site approvals and standard
plant designs are at the heart of the proposed
legislation, which was still pending before Con-
gress at the end of the report period.

EARLY SITE REVIEWS

The Commission is planning to implement a
policy of Early Site Reviews (ESR)—to the
extent possible under existing regulatory au-
thority—which is designed to separate the review
and approval process for the site from the re-
view and approval process for the facility to
be constructed -on that site. For any applicant
(utility, State, or other), this ESR could take
the form of staff (and ACRS) approval to be
carried through the Safety Evaluation Report
and Environmental Impact Statement; or, for
utility applicants only, it could comprise a
partial decision on site suitability issues through
the hearing process. This early site review
policy would permit the applicant to determine
those site suitability issues to be reviewed, pro-
vided certain acceptance criteria are met.
Therefore, the issues to be considered could
range from a single safety issue (such as seis-
micity) to a full review of all safety and en-
vironmental issues.

Draft regulations implementing these policies
were issued for public comment on April 22,
1976, and the comment period was extended
until July 15, 1976. The regulations seek three
main objectives: (1) early identification and
resolution of site-related problems before sub-
stantial commitments of resources are made by
the applicant; (2) bringing in public participa-
tion at any early stage when it can be most

effective in the decision-making process; and
(3) removing the resolution of siting issues as
a delaying item in the review and decision-
making process for Construction Permit appli-
cations. It is anticipated that the final rulemak-
ing will be effective in early 1977,

ANTITRUST ACTIVITIES

Since December 1970, the NRC has been
required to conduct prelicensing antitrust re-
views of all applications for nuclear reactors or
other nuclear facilities for commercial use.
These reviews assure that the issuance of any
license will not create or maintain a situation
inconsistent with the antitrust laws. NRC will
hold a hearing when it is recommended by the
Attorney General and must also consider
whether antitrust issues raised by NRC staff or
intervenors should be the subject of a hearing.

Antitrust hearings are held separately from
those on environment, health, and radiological
safety matters. In order that the antitrust review
does not delay the NRC licensing decisions, the
applicant is required to submit specified anti-
trust information to the NRC at least nine
months—but not earlier than 36 months—before
other parts of the construction permit appli-
cation are filed for acceptance review,

Since the inception of NRC’s antitrust pro-
gram, 91 reviews have been or are being per-
formed. Of the 88 applications reviewed by the

" Department of Justice, 17 were recommended

for hearing; 24 were recomended for *“no hear-
ing” because applicants agreed to antitrust
license conditions; and 47 were recommended
for “no hearing,” without need for conditions.

In the period July 1, 1975 through September
30, 1976, 14 reviews have been or were being
performed. Of these, the Department of Justice
has recommended in one case that a hearing
be held; in two cases that no hearing be held
because applicants agreed to antitrust license
conditions; and in 8 cases that no hearing be
held, without license conditions. Three other
reviews are in their initial stages.

Important developments have taken place in
several antitrust proceedings:

® The direct cases of the intervenors, the

Government, and the applicant have been
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Since December, 1970, the
AEC/NRC performed or is per-
forming antitrust reviews of
applicants for nuclear facilities
that include 74 of the 100 larg-
est electric utilities in the
United States. These utilities
account for approximately 77
percent of the total kilowatt
hour sales in the United States.

- SERVICE AREAS OF UTILITIES

REVIEWS

SERVICE AREAS OF UTILITIES
D FOR WHICH NO NAC ANTITRUST
MAS TAKEN PLACE

concluded in the first phase of a two-part
hearing on Alabama Power Co.’s Farley
Units 1 and 2.

® The Department of Justice, the NRC staff,
and the intervenors have appealed to the
Atomic Safety and Licensing Appeal
Board on the Atomic Safety and Licensing
Board decision of July 18, 1976 on Con-
sumer Power Co.’s application to con-
struct Midland Units 1 and 2 (Michigan).

® Antitrust hearings have been completed
for a consolidated group of construction
permit applications involving Davis-Besse
Units 1, 2 and 3 (Ohio and Pennsylvania).
Proposed findings were submitted to an
Atomic Safety and Licensing Board in
August 1976.

® On April 14, 1976, an Atomic Safety and
Licensing Appeal Board upheld the de-
cision of an Atomic Safety and Licensing
Board that an operating license could not
be issued to Toledo Edison Co. for its
Davis-Besse Unit 1 until a decision is
rendered on the antitrust proceeding.

® A hearing on Kansas Gas and Electric
Co.’s application to construct the Wolf
Creek Unit was ended when the applicant
and intervenor filed and were granted a
motion for dismissal based upon a settle-
ment agreement that was incorporated
into license conditions.

MECEIVING NAC ANTITRUST

SERVICE AREAS OF UTILITIES
WHERE NRC ANTITRUST REVIEWS
WERE COMPLETED OR ARE UNDERWAY

INDEMNITY AND INSURANCE

The Price-Anderson Act currently provides a
system of private insurance and government
indemnity totaling $560 million to pay public
liability claims in the unlikely event of a nu-
clear incident involving personal injury and
property damage. On December 31, 1975, the
Price-Anderson Act was modified and extended
until August 1, 1987 with the passage of Public
Law 94-197. Among other things, this legisla-
tion provides for the phasing out of government
indemnity by 1985 through a mechanism where-
by utility industry licensees would collectively
share in the financial risk of a nuclear incident
through payment of a retrospective premium to
the nuclear insurance pools. In September
1976, the Commission published in the Federal
Register (41 F.R. 4051) a proposed rule to
set this retrospective premium at $5 million per
reactor.

The new legislation (P. L. 94-197) provides
that in the remote situation of a nuclear inci-
dent resulting in damages exceeding the current
$125 million primary insurance layer, each
licensee of a large power reactor would then
be called upon to pay a prorated share of the
damages in excess of the primary layer up to
the maximum of $5 million per reactor. The
present $560 million limit on liability for a
single nuclear incident would be retained until



the combined primary and retrospective insur-
ance layers reach $560 million. After that point,
the combined liability coverage would rise with
the increases in the primary and retrospective
insurance layers. No ultimate dollar limit on
liability would be set.

Constitutionality of Price-Anderson. In Sep-
tember 1976, a hearing was held in the U.S.
District Court for the Western District of North
Carolina, Charlotte Division, in a lawsuit in
which the constitutionality of the Price-Ander-
son Act’s limitation on liability provisions is
being challenged. The September hearing was
confined to the issues of whether the plaintiffs -
—the Carolina Environmental Study Group,
Inc. and its individual members—had standing
to challenge the constitutionality of the Act
and whether the issue was ripe for present de-
termination. Only if the court rules for the
plaintiffs on the issues of standing and ripeness
will the court have occasion to rule on the
constitutionality of the Act.

Indemnity Operations

As of September 30, 1976, 121 indemnity
agreements with NRC licensees were in effect.
Indemnity fees earned by the NRGC from July
1, 1975 through September 30, 1976 totaled
$4,700,303. Total fees collected since inception
of the program are $15,178,040. No payments
have been made under the NRC’s indemnity
agreements with licensees during the 19 years
of the program’s existence.

Insurance Premium Refunds

The two private nuclear energy liability in-
surance pools—the Nuclear Energy Liability and
Property Insurance Association, and Mutual
Atomic Energy Liability Underwriters—paid to
policyholders the tenth annual refund of pre-
mium reserves under their Industry Credit
Rating Plan. The refunds totalled $1,681,622,
which is 69.8 percent of all premiums paid by
the affected policyholders in 1966, and 98.7
percent of the reserve established from these
premiums,

Under the rating plan, a portion of the
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annual premiums is set aside as a reserve for
either payment of losses or ultimate return to
policyholders. The amount of the reserve avail-
able for refund is determined on the basis of
loss experience of all policyholders over the
preceding 10-year period.

ADVISORY COMMITTEE ON
REACTOR SAFEGUARDS

The Advisory Committee on Reactor Safe-
guards (ACRS) is a group of independent
advisors established by law to review and report
to the Nuclear Regulatory Commission on
safety studies and license applications for nuclear
power reactors and other major nuclear facilities
such as spent fuel processing plants. The Com-
mittee also provides advice to the Commission
on a wide range of safety-related matters such
as the adequacy of proposed reactor safety
standards, reactor safety research, specific tech-
nical issues of various kinds, and the safety of
operating reactors.

During the period July 1, 1975 to September
30, 1976, the ACRS provided advisory reports
to the NRC concerning construction permits
for 14 nuclear power plants, including the first
multi-site standard plant proposal, consisting of
the Sterling (New York), Tyrone (Wisconsin),
Wolf Creek (Kansas), and Callaway (Missouri)
sites. The NRC’s progress toward standardiza-
tion of nuclear power plant design was reflected
in this period by the Committee’s review and
approval of four standard safety analysis re-
ports from major reactor designers and archi-
tect-engineering firms: Combustion Engineering
Standard Safety Analysis Report (CESSAR-
80), Westinghouse Reference Safety Analysis
Report (RESAR-41 and RESAR-3-S), Stone
and Webster Engineering Standard Safety An-
alysis Report (SWESSAR P1), and C. F. Braun
Safety Analysis Report (BRAUN-SAR).

Of major interest in the period was the
Committee’s review of the allegations of three
employees of the General Electric Co. and of a
former NRC employee regarding the safety of
the U.S. nuclear power program. The ACRS
Chairman and four ACRS members testified
before the Joint Committee on Atomic Energy
with respect to these allegations. Further, at
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the request of the Commission, the ACRS
conducted a detailed review to provide answers
to questions raised by NRC Chairman Anders
regarding the allegations. Specifically, the ques-
tions were: (1) whether the allegations raise
issues affecting the safety of nuclear facilities
of which the ACRS had not been aware; (2)
whether they present new information concern-
ing generic or specific issues which indicates
a need for regulatory action; and (3) whether
they present any other basis for altering Com-
mission regulatory requirements or research
priorities. The ACRS reported to the Commis-
sion that only six of the numerous matters
raised in the allegations had not been the subject
of previous ACRS review. The Committee
concluded that no new information had been
disclosed requiring a need for immediate regu-
latory action, and that no basis was found for
altering Commission regulatory requirements
or research priorities.

During the report period, the ACRS con-
ducted special reviews of the proposed operation

The ACRS subcommittee established to review
Unit 2 of the Three Mile Island nuclear power
plant observed ongoing construction during a visit
to the plant site near Harrisburg, Pa., in Septem-
ber 1976. ACRS Subcommittee Chairman John
Arnold (second from left) was accompanied by
ACRS consultants and staff and plant con-
struction personnel.

of the Light Water Breeder Reactor at Ship-

pingport, Pa., and the evaluation model for the
proposed upper head injection system for the
Westinghouse Emergency Core Cooling System.
The Committee also submitted special studies
to the NRC on the physical conditions, mech-
anisms and probabilities of a hypothetical core
disruptive accident in liquid metal fast breeder
reactors and on design provisions in nuclear
power plants to protect against sabotage. An
interim report on the technical aspects of man-
agement of radioactive wastes was also prepared.

Other special reports were provided by the
ACRS to the NRC during fiscal year 1976 on
numerous facilities and safety topics, including:
Loss-of-Fluid Test facility; Fast Flux Test
Facility; Exxon Nuclear Co.’s Emergency Core
Cooling System evaluation model for reload
cores in pressurized water reactors; floating
nuclear plants; the NRC nuclear reactor inspec-
tion program; and the proposed operation of
MARF/S7G naval reactor facility at West
Milton, N.Y. Following the Browns Ferry fire,



the Committee completed a review of repairs
and modifications to Units 1 and 2 at the facility
prior to their restart and provided a report to
the NRC. Comments were also provided to
the Executive Director for Operations regard-
ing use of “fault tree” and “event tree” analy-
sis in reactor safety assessment, stress corrosion
cracking in boiling water reactors, qualifications
for radiation protection personnel, reevaluation
of reactor siting criteria and policies, alternate
additives to reactor containment sprays, develop-
ment of loss-of-coolant “best estimate” analyti-
cal models, and alternatives to the NRC staff
position regarding Anticipated Transients
Without Scram. The ACRS also reviewed and
approved 13 Regulatory Guides and proposed
modifications to existing Guides.

Near the end of the report period, the ACRS
was actively engaged in the review of a number
of generic items, including the adequacy of
packaging for air shipment of plutonium; the
development of criteria for shipment of radio-
active materials; and the safety and safeguards
aspects of possible widespread use of mixed
oxide fuels. The Committee has also been re-
quested to review the general design criteria for
fuel enrichment plants—a new area of ACRS
participation—and consideration is being given
to ACRS review of fuel fabricating plants.

In performing its reviews and preparing its
reports during the period, the Committee met
in full session 15 times. All of these meetings
were partially or fully open to the public. Of
the 116 subcommittee and working group meet-
ings held during the period, 106 were partly
open to the public. A total of 27 site/facility
visits were made in fiscal year 1976.

NUCLEAR ENERGY CENTER
SITE SURVEY

The Energy Reorganization Act of 1974
which created the NRC also directed the NRC
to conduct a national survey to locate and
identify potential sites for nuclear energy
centers, as well as to assess the technical feasi-
bility and social practicality of locating multiple
and various nuclear facilities at a single site.

As defined in the Act, such sites would be large
enough to support utility operations or other
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stages in the nuclear fuel cycle or both, includ-
ing, if appropriate, nuclear fuel reprocessing
facilities, fuel fabrication plants, nuclear waste
storage facilities, and uranium enrichment fa-
cilities. The mandated study was also to include:
(1) a regional evaluation of natural resources,
estimates of future electric power requirements
that could be served by each site, assessment of
economic impact, and consideration of other
relevant factors; (2) evaluation of the environ-
mental impact of such centers; (3) considera-
tion of federally owned land except national
parks, forests, wilderness areas and monuments;
and (4) cooperation with other Federal, State,
and local agencies, and consultation with others,
as needed.

On January 19, 1976, one year after NRC
came into being, the mandated report, entitled
“Nuclear Energy Center Site Survey—1975"
(NECSS-75; NUREG-0001), was completed
and delivered to the Congress and the Council
on Environmental Quality. The five-part,
2000-page report had been prepared by NRC’s
Office of Special Studies.

The NECSS is a study of an alternative siting
approach for nuclear power and fuel cycle
facilities—an approach that would cluster
sizable groups of such facilities on a relatively
small number of sites, as contrasted with cur-
rent “dispersed siting” practices, The largest
aggregation of reactors on a single site being
planned today is four, and this “quad” was
assumed, for purposes of the study, to be typical
of a “dispersed” site by the year 2000. Three
basic types of centers were considered: (1)
power plant centers, consisting of 10 to 40
nuclear electric generating units of 1,200 MWe
capacity each; (2) fuel cycle centers, consisting
of at least one fuel reprocessing plant, one
mixed oxide fuel fabrication facility, and one
radioactive waste management facility; (3)
combined centers, consisting of both power
plants and fuel cycle facilities.

Assessing issues related to the technical feasi-
bility of such centers involved studies of the
dissipation of waste heat from the energy
centers; transmission systems design, reliability,
and economic aspects of both; the economics
of energy center construction; and radiological
and environmental impacts. The major “prac-
ticality” issues included: jurisdictional and
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institutional constraints; political and economic
factors; financing; questions related to accident
risk, natural disasters, and national security;
and the safeguarding of nuclear materials from
theft and nuclear plants from sabotage. The
survey also included a screening of nuclear sites
in each of the nine “electric reliability regions”
of the United States, which are regions into
which the contiguous United States is divided
for coordinated planning of dependable electric
power supply. The screening undertook to
identify large land areas with certain character-
istics—water resources, seismicity, population
distribution, availability of public lands—that
would make it likely that suitable nuclear energy
center sites would be found within them.

Contributions to the year-long study were
made by the National Laboratories; experts
from other Federal agencies, education, labor,
private industry; State and local government;
public interest groups; and the NRC staff. Hun-
dreds of people participated in the survey and
related studies and contributed substantially to
the final report.

The NECSS report concluded that, with
respect to locating clusters of power reactors
at a single site, it would be feasible and practi-
cal to construct and operate up to about 20
nuclear power reactors of 1,200 MWe capacity
each at one site. However, no compelling ad-
vantage or need for doing so was identified.

The survey also concluded that locating nu-
clear fuel cycle facilities—or combined power
and fuel cycle facilities—on nuclear energy
center sites was both feasible and practical and
that, although the present need for such centers
is not compelling, there were real benefits
associated with them, for example, in reducing
safeguarding problems.

In transmitting the report to the Congress,
the Commission noted that the NECSS analyses
support the possibility of a nucléar power sys-
tem that accommodates both dispersed sites
and nuclear energy centers. The Commission
recommended that such centers neither be
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Technicians at Florida Power & Light’s Turkey
Point plant supervise the transfer of fuel ele-
ments via fuel cask from Unit No. 4 to Unit No.3
spent fuel pool in preparation for installation of
fuel storage racks for increased pool capacity.
Part of the construction work also will include
installation of a new stainless steel liner to cor-
rect the water seepage that was experienced
through the old liner. Work on Unit No. 4 is
scheduled to be completed in mid-1977, and on
Unit No. 3 by late 1978.

made mandatory nor be excluded, but affirmed
that careful account of the natural and social
characteristics of any potential specific center
site would have to be taken by the appropriate
State and Federal authorities before approving
it for such use.






Regulating Nuclear Materials

Besides exercising regulatory authority over the operation of
commercial power plants using nuclear fuel, as described in the
preceding chapter, the NRC is also responsible for regulating the
nuclear material that goes into the fuel and the “spent fuel”
that remains. Other uses of radioactive material—in medicine
or industry—also come under NRC regulation.

Because of the importance of the subject, the chapter opens
with a discussion of the reprocessing-recycle issue, the question of
whether to recover plutonium and unused uranium from spent
fuel and use them to make new fuel. The chapter goes on to
cover the problem of mill tailings, uranium enrichment and fuel
fabrication facilities, medical and other uses of radioisotopes,
and the transportation of radioactive materials.

The Reprocessing-Recycle Issue

The NRC is in the process of arriving at a decision as to
whether the wide-scale use of mixed oxide fuel (a mixture of
recycled plutonium oxide and uranium oxide) should be
permitted in light-water-cooled nuclear power reactors and, if
permitted, under what regulatory constraints.

Light water reactors (LWRs) currently are fueled with
uranium of different enrichments—up to 4 percent in the isotope
uranium-233, as compared to the 0.7 percent found in natural
uranium. While the reactor operates, some of the uranium is
converted into plutonium, some of which fissions in place, pro-
viding about one-third of the reactor’s total energy output over
the useful life of the fuel. Fuel burnup also creates other by-
products which gradually impede the nuclear reaction even
though substantial quantities of fissile uranium and plutonium
remain in the fuel. When the useful life of the fuel is over, the
remaining fissile uranium and plutonium could be separated at
chemical reprocessing plants from the other materials in the
spent fuel, converted into uranium and plutonium oxides,
and recycled as reactor fuel. Whether or not to license such
reprocessing and recycling on a wide scale is the issue which




currently confronts the NRC. Pending resolu-
tion of this issue, the spent fuel remains in
storage at the various reactor sites and at inactive
reprocessing plants,

A draft environmental impact statement on
factors involved in the decision regarding plu-
tonium recycle had been issued by the former
Atomic Energy Commission for public review
and comment in August 1974. When the NRC
was established as a separate agency in January
1975, it assumed ongoing responsibility for the
plutonium recycle assessment.

In a Federal Register notice on May 8, 1975,
the NRC published, and requested comment on,
its provisional view that a cost-benefit analysis
of alternative programs for protecting plutonium
against theft and sabotage should be set forth in
draft and final environmental impact statements
before a Commission decision was reached on
the plutonium recycle question. In the same
notice the NRC stated its further provisional
views that future licensing actions related to the
wide-scale use of mixed oxide fuels should be
addressed within the context of individual
licensing proceedings and that the following
guidelines should be observed: (1) there should
be no additional licenses granted for use of
mixed oxide fuel in light water nuclear power
reactors except for experimental purposes; and
(2) with respect to light water nuclear power
reactor fuel cycle activities which depend for
their justification on wide-scale use of mixed
oxide fuel in light water nuclear power reactors,
there should be no additional licenses granted
which would foreclose future safeguards options
or result in unnecessary “grandfathering.” This
would not preclude the granting of licenses for
experimental and/or technical feasibility dem-
onstration purposes.

On November 14, 1975, after consideration
of public comments on its provisional views, the
Commission announced its final conclusions on
the decisional course it would follow in the
matter of wide-scale use of mixed oxide fuel in’
LWRs. The Commission directed its staff to
prepare a safeguards supplement to the August
1974 draft environmental statement. The draft
Safeguards Supplement, to be released for public
comment in early 1977, will include an analysis
of the costs and benefits of alternative safeguards
programs, and a recommendation as to safe-

guards requirements associated with wide-scale
use of mixed oxide fuel. An overall cost-benefit
analysis of wide-scale use, including health,
safety, environmental and safeguards factors,
and the international implications of a U.S.
decision to recycle will be issued at a later date.
(The draft environmental statement which had
been issued in August 1974 is considered the
draft statement relating to health, safety and
environmental factors.)

Final Environmental Statement

The Commission also directed its staff to
expedite preparation of those portions of the
final environmental statement dealing with
health, safety and environmental matters. This
document, published in August 1976 under the
publication number NUREG-0002, was en-
titled: “Final Generic Environmental Statement
on the Use of Recycle Plutonium in Mixed
Oxide Fuel in Light Water Cooled Reactors—
Health, Safety and Environment,” and is re-
ferred to as GESMO 1. The final statement,
which consists of 5 volumes and contains a total
of 1700 pages, includes the NRC staff responses
to the comments received on the 1974 draft
environmental impact statement. It was pre-
pared by a special NRC task force of fuel cycle
and reactor specialists assisted by scientists from
National Laboratories in Oak Ridge, Tenn.;
Richland, Wash.; Los Alamos, N.M.; and
Argonne, Ill. The task force considered five
LWR fuel cycle alternatives:

(1) Early reprocessing of spent fuel and re-
cycle of uranium but with a delay in in-
troducing plutonium recycle;

(2) Delay of both reprocessing and
plutonium recycle;

(3) Early reprocessing of spent fuel and
recycling of recovered plutonium and
uranium;

(4) Delayed reprocessing of spent fuel and
recycle of uranium, and no plutonium
recycle; and

(5) No reprocessing and recycling of spent
fuel.

The principal staff findings based on health,

safety and environmental—but not safeguards—
considerations, were as follows:



® The safety of reactors and fuel cycle facilities
would not be affected significantly by recycle
of fissile materials.

® Adverse nonradiological environmental im-
Ppacts resulting from recycle of fissile materials
from spent fuel would actually be slightly
less than those from a fuel cycle that does
not reclaim residual fuel values,

® Plutonium recycle would extend uranium
resources and reduce enrichment require-
ments, but would introduce the need for re-
processing and fabrication of plutonium-
containing fuels.

® While there are uncertainties, wide-scale re-
cycle would be likely to have economic ad-
vantages as compared to a fuel cycle that does
not reclaim residual fuel values.

® Differences in health effects attributable to
alternative fuel cycles would be too slight to
provide a significant basis for selection among
the alternatives. '

® No waste management considerations were
identified that would bar recycle of recovered
uranium and plutonium,

In reaching these findings the NRC staff
analyzed the projected effects of nuclear fuel
operations under each alternative throughout the
remainder of this century. The analyses were
based on documented information on the opera-

tion of existing facilities—including those that
have used recycle plutonium for experimental
purposes—and design data for plants already
planned. A range of energy resource needs was
considered; however, the analyses were centered
on a low energy growth rate projection made
by the Energy Research and Development Ad-
ministration which predicts that 507,000 mega-
watts of light water nuclear generating capacity
will be installed in the United States in the
year 2000. The effects of both higher growth
rates and the possible advent of breeder reactors
were also considered.

In addition, the analyses took into account
such environmental impacts as effluents from
fossil-fired power plants that provide power for
certain nuclear power-related facilities (such
as uranium enrichment plants), and radiation
exposures of workers employed in the nuclear
industry and of the general public, including
exposures from the transport of nuclear mate-
rials.

The Commission decision on whether to
license wide-scale use of mixed oxide fuel will be
based both on the final environmental statement
(including the final safeguards supplement),
and on the record of public hearings started on
November 30, 1976, by a special board estab-
lished by the Commission.

Public hearings on the Generic il
Environmental Statement on i
Mixed Oxide Fuel opened on No- ' ER
vember 30, 1976, in Washington, L
D.C. Special Hearing Board
members are, left to right: Kline
Weatherford, attorney, former
President of Morton Salt Co.;

Dr. Frank L. Parker, Professor -
of Environmental and Water Re-
sources Engineering, Vanderbilt
University; George Bunn, Chair-
man of the Hearing Board and
faculty member of the University
of Wisconsin Law School; Dr.

Melvin W. Carter, Director, Office =

of Interdisciplinary Programs,
Director, Bioengineering Center,
and Professor of Nuclear En-
gineering, Georgia Institute of
Technology; and Dr. Albert Car-
nesale, Associate Director, Pro-
gram for Science and Interna-
tional Affairs and Lecturer on
Engineering and Applied Physics,
Harvard University.

by
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The President issued a nuclear policy state-
ment on October 28, 1976, announcing decisions
that (1) the reprocessing and recycling of
plutonium should not proceed unless there is
sound reason to conclude that the world com-
munity can overcome effectively the associated
risks of proliferation of nuclear explosives ca-
pability, (2) the avoidance of proliferation must
take precedence over economic interests, and (3)
the U.S. and other nations should increase their
use of nuclear power for peaceful purposes
even if reprocessing and recycle of plutonium are
not found acceptable.

The President directed that ERDA identify
research and development efforts needed to de-
fine a reprocessing and recycle evaluation pro-
gram consistent with the U.S. goal of building an
effective system of international controls to
prevent proliferation of nuclear explosives ca-
pability; to investigate the feasibility of recover-
ing energy value from used nuclear fuel without
separating plutonium; to speed up the program
to demonstrate all components of waste manage-
ment technology by 1978; and to demonstrate
the operation of a complete repository for
nuclear wastes by 1985. The waste repository
plans will be submitted to NRC for licensing.

The results of the ERDA work will be con-
sidered in the NRC’s plutonium recycle decision
process as a supplement to the record of facts,
views and recommendations developed in

Aerial photograph of Allied-
General Nuclear Services’ nearly
completed Barnwell Nuclear
Fuel Plant at Barnwell, S.C.
The fuel receiving and storage
station and separations facility
are located in the left center.
The UF, facility is in the lower
right corner. Beacon Pond, a
man-made water conditioning
pond serving the BNFP, is at
upper left.

GESMO 1 and the public hearings. The
GESMO 1 public hearings began on November
30, 1976, with consideration of matters relating
to the health, safety and environmental impact
statement. Upon publication of the final Safe-
guards Supplement (see Chapter 6) the hear-
ings will take up the safeguards matters.

Licensing Reviews of Reprocessing
Plants

Although the future of reprocessing (and re-
cycle of plutonium into LWRs) is uncertain
and licensing of activities based upon wide-scale
use of mixed oxide in LWRs prohibited, the
NRC staff nevertheless continued to review ap-
plications for licenses to construct and operate
fuel reprocessing plants to the extent permitted
under the terms of the Commission’s announce-
ment of November 1975.

_Construction of Allied-General Nuclear Serv-
ices’ separations plant at Barnwell, S.C. is
virtually completed; however, work on the pro-
jected plutonium conversion and waste solidifi-
cation facilities at Barnwell has not yet begun.
The hearing on the application to license the
operation of Barnwell is continuing, but is limited
to safety and environmental issues, The NRC’s
final environmental impact statement, which
was introduced into the hearing record, has
been supplemented by a draft statement deal-




ing with impacts from the full range of activities
expected to be conducted at Barnwell and
vicinity as well as with krypton-85, tritium and
carbon-14 gas removal and collection tech-
nology. Comments on the draft supplement
were received but a final supplement had not
been issued by year-end. A second supplement,
dealing with the final cost-benefit analysis and
with safeguards, is planned when a licensing
basis is established, that is, after the Commis-
sion’s decision on recycle and reprocessing.

Nuclear Fuel Services, Inc., operator of the
reprocessing plant at West Valley, N.Y., which
has been shut down since 1972 pending major
modifications, announced in September that it
intended to withdraw from the nuclear fuel
reprocessing business. The NRC safety and en-
vironmental reviews of the proposed modifica-
tions continued until then, concentrating on
the question of how to apply seismic design
criteria for new facilities to an existing facility
such as the NFS plant. Further decisions on
operation or disposition of the facility and trans-
fer of responsibility for existing high-level wastes
are pending reviews with NFS's co-licensee, the
New York State Energy Research and Develop-
ment Authority. These decisions are expected in
1977. NRC staff has reviewed the licensee’s
operations to assure that the facility is being
maintained in a safe shutdown condition.

Exxon Nuclear Company, Inc. submitted an
application in 1976 for a license to construct
and operate a 2,100-metric-ton-per-year re-
processing plant (capable of supporting seventy
1,000-MWe power reactors), including capa-

Conceptual view of a proposed Nuclear Fuel
Recovery and Recycling Center. The NRC staff is
reviewing Exxon Nuclear Co.’s anplication for
a permit to build the facility at Oak Ridge, Tenn,
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bility to store up to 7,000 metric tons of spent
fuel. This plant would be located at Oak Ridge,
Tenn., on the ERDA reservation. The NRC
has begun its detailed safety and environmental
reviews of this application.

Spent Fuel Storage

Since no reprocessing of spent fuel from light-
water reactors is taking place pending NRC’s
resolution of the issues regarding recycle, dispo-
sition of the growing inventory of spent fuel
has become a problem for an increasing number
of utilities. Typical storage capacity at a reactor
is about one and one-half core loads, or six
years of accumulated spent fuel. Nuclear utili-
ties have been contacting NRC regarding stor-
age capacity at their nuclear power plants in
increasing numbers. Thirteen applications, let-
ters of intent and other indications of interest
to increase storage capacity were received during
calendar year 1975, and an additional 17 during
calendar year 1976. By December 31, 1976, the
NRC had approved 18 requests.

All increases in storage capacity approved to
date will be achieved with existing storage pools,
utilizing one or a combination of the following
methods:

(1) Adding new racks of the same design in
unused space;

(2) Reducing the spacing among existing
racks; and

(3) Replacing existing racks with new ones
incorporating neutron poisons.

Increases of 200 percent to 300 percent in
storage capacity can be achieved by design
changes, resulting in the capability to store 8 to
12 additional years of discharged fuel. Still more
applications for storage capacity increases,
larger storage pools for new reactors and inde-
pendent spent fuel storage installations may be
expected in the future if the reprocessing delays
continue,

The General Electric Co. modified its Morris,
111, storage pool to increase capacity from 100
metric tons to about 750 metric tons and began
to accept spent fuel for various customers. GE
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This interior photograph shows spent reactor
fuel stored at the General Electric Co.’s Morris
Operation at Morris, Ill. About 750 metric tons of
spent fuel can be stored in this basin. Due to
an optical illusion, the fuel appears to be close
to the water surface, but it is actually about
15 feet below the surface.

is considering a modification to the existing
storage basin which would result in a further
significant increase in storage capacity.

An Atomic Safety and Licensing Board hear-
ing on Allied-General Nuclear Services’ request
to authorize use of its 400-metric-ton spent fuel
storage pool at Barnwell, S.C., had not yet
begun due to delays resulting from the consid-
eration of an extensive list of contentions.

While the reviews and approvals of increases
in spent fuel storage capacity.at individual
reactor sites were in progress, the NRC was also
evaluating the environmental impact of han-
dling, shipping and storing spent light-water
power reactor fuel during the approximate 10-
year period in which interim storage will be
required regardless of any NRC fuel cycle de-
cisions. A draft generic environmental impact
statement covering this evaluation is expected to
be issued in early 1977, and the final environ-
mental statement and any possible rulemaking
or other guidance on spent storage are antici-
pated later in the year.

The Uranium Mill

Tailings Issue

The uranium in the ore extracted by mining
is separated and concentrated in milling opera-
tions. The milling of uranium results in the
accumulation of large quantities of waste prod-
uct material called tailings. These tailings,
comprised primarily of ore residues, contain
almost all of the radioactivity that was originally
present in the ore. Although the concentration
of radioactivity in tailings is relatively low, they
represent a waste management problem because
of the large quantities involved and the long
half-life of the radionuclides present. Uranium
mill tailings are, accordingly, the subject of
increasing attention by the NRC, other Federal
agencies, and affected States.

There are currently 16 uranium mills in op-
eration, all located in Western States. Eight of
these mills are licensed by NRC, and eight are
licensed under the “Agreement States” program
(see Chapter 9). The various mill sites already
contain about 100 million tons of tailings. There
are also a number of new mills presently under
construction or in the planning stage. It is
estimated that, by the year 2000, between 80
and 110 uranium mills may be in operation and
one billion tons of uranium mill tailings will
have been generated.

In addition to the active sites, there are 21
former uranium mill sites (inactive sites) ‘which
contain 25 million tons of tailings. These sites
are the subject of a federally-funded joint study
by ERDA and the Environmental Protection
Agency.

NRDC Petition

In March 1975 NRC received a petition for
rulemaking from the Natural Resources Defense
Council (NRDC). The petitioners requested
the Commission to issue regulations that would
require uranium mill operators licensed by the
Commission or by Agreement States to post per-
formance bonds that would cover the cost of
stabilizing and ultimately disposing of uranium
mill tailings.



The petitioners also requested that the Com-
mission prepare a draft environmental impact
statement on the NRC's uranium milling regu-
latory program, including that part administered
by the Agreement States. The petition further
asked that no licenses be issued or renewed dur-
ing the time the environmental impact state-
ment was being prepared that would permit a
licensee to escape any new regulations promul-
gated as a result of the requested statement.

Preparing Environmental Statement

On June 3, 1976, the Commission announced
its intention to prepare a generic environmental
impact statemet (GEIS) on uranium milling
operations. The purpose of the GEIS will be:

(1) To assess the local, regional and national

environmental impacts of uranium mill-
ing on both a short- and long-term bass;

(2) To provide a basis for deciding whether

additional regulatory requirements are
needed for uranium mills, with emphasis
on the waste management of mill tailings;

(3) To support any rulemaking and/or mod-

ification of statutory authorities which
may be determined to be necessary; and

(4) To provide an opportunity for public

participation in decisions concerning any
proposed changes in NRC regulations or
regulatory authority.

During preparation of the GEIS, which has
begun, the NRC will continue to review appli-
cations for new or renewed licenses for uranium
milling on a case-by-case basis. The NRC will
also continue to assure that adequate financial

This uranium mill tailings pile is still “growing”
at the site of an active mill.
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security arrangements, through bonding or other
feasible methods, are made for the reclamation
and stabilization of mill tailings. Furthermore,

it will be a condition of any licensing actions
that are taken regarding waste generating
processes and mill tailings management practices
that they may later be revised in accordance
with the conclusions of the final GEIS and any
related rulemaking. A draft GEIS is expected to
be issued for public comment in August of
1978.

The decision to prepare a generic environmen-
tal impact statement and to continue processing
related applications in the interim, subject to
specified criteria, was a partial response to the
NRDC petition. Decisions on other aspects of
the petition, such as regulations covering finan-
cial responsibility for uranium mill waste man-
agement over the long term, had not been
reached at year-end. The Commission’s intent
is that proposed rules be published for public
comment no later than the time of publication
of the final GEIS. Such rules will be developed
from the information derived from the prep-
aration of the GEIS and from an assessment of
alternatives.

Research on Mill Tailings

A research program to provide data for the
GEIS and associated rulemaking will be carried
out concurrently with preparation of the GEIS.
The program will mainly involve: (1) an
assessment of the public health and environ-
mental impact of uranium milling operations
with emphasis on mill tailings, and (2) identi-
fication and development of alternative strate-
gies for mill tailings waste management, includ-
ing assessment of their practicality and costs.

The NRC has asked a 13-member task force
to develop information from which acceptable
methods for handling and storing tailings can be
devised. The task force will examine current
procedures for handling tailings and for choosing
waste storage sites and will identify areas where
further research is needed to form the basis for
regulatory requirements. Members of the task
force represent several scientific disciplines and
a number of private and governmental institu-
tions, including Argonne National Laboratory.



View of a stabilized uranium mill tailings pile
near Riverton, Wyoming. The stabilized pile
extends to the right of the photograph. The
structures in the background are an operating
sulfuric acid manufacturing plant and the shell of
the abandoned mill building.

Interim Licensing

The Commission has decided that during
preparation of the draft generic environmental
statement on uranium milling, the review of
applications for renewal of existing or for new
milling licenses will continue on a case-by-case
basis. This decision was based on consideration
of the following:

(1) Tt is likely that each individual licensing
action of this type would have some
specific benefit independent of any other
licensing action.

(2) It is not likely that any licensing action
taken during the time frame under con-
sideration would involve so great a com-
mitment of resources as to foreclose the
alternatives available in other licensing
actions of this type.

(3) It is likely that environmental impacts
associated with any licensing action of
this type could be addressed within the
context of the individual license appli-
cation without overlooking any cumula-
tive environmental impacts.

(4) It is likely that technical issues arising
during review of an individual license

application can be resolved within that
context.

(5) A deferral on licensing actions of this
type could result in substantial harm to
the public interest because of uranium
fuel requirements of operating reactors
and reactors under construction.

An environmental impact statement will be
issued by NRC in connection with each licensing
action taken, and the five considerations set
forth above will be applied in each licensing
decision.

Licensing activities during 1976 included
review of one proposed new mill and processing
of renewal requests. A renewed license was issued
to Petrotomics Company for its milling opera-
tion in the Shirley Basin region of Wyoming.
Six additional renewal applications for conven-
tional milling operations and one for heap-leach
research and development were received and
are being reviewed.

Continuing interest is being shown by gov-
ernment and industry in “solution mining” of
uranium; that is, dissolving the ore in place and
pumping the mineral solution to the surface for
extraction of the uranium. Two applications
for full-scale solution milling operations were
received and are under review.

Other Fuel Cycle
Regulatory Actions

Uranium Hexafluoride Facilities

After the milling operation, the uranium ore
concentrates move to a facility for refinement
and conversion to uranium hexafluoride (UF,),
a volatile compound of uranium and fluorine
which is the chemical form used for enrichment
in the gaseous diffusion process (see below).
There are two commercial facilities producing
UFe—an Allied Chemical plant at Metropolis,
Illinois, and a Kerr-McGee plant at Sequoyah,
Oklahoma. During the year, review of license
renewal applications continued for both plants,
the Kerr-McGee application involving also an
increase in capacity from 5,000 to 10,000 tons
of uranium per year.



An artist’s conceptual view of a possible com-
mercial centrifuge enrichment facility. The
building has a floor area of 1,600,000 square feet.

Uranium Enrichment Facilities

The enrichment of uranium to the degree
needed to make it usable in reactor fuel con-
tinues to be the only major step in the nuclear
fuel cycle not performed by industry as a com-
mercial enterprise. Three ERDA-owned gaseous
diffusion plants, originally constructed for
national defense purposes, constitute the entire
U.S. enriching capacity and are not regulated
by NRC. However, the proposed Nuclear Fuel
Assurance Act would encourage commercial
enrichment facilities. The NRC has accordingly
conducted a program to prepare for evaluating
license applications for such facilities.

Uranium enrichment facilities are considered
“production and utilization facilities,” as defined
in the Atomic Energy Act. The procedural
requirements for licensing them would there-
fore be the same as for nuclear power reactors
and fuel reprocessing facilities under 10 CFR
Parts 50 and 51. The required licensing steps
would include a two-stage safety review, an
environmental review, a mandatory public
hearing, and reviews by the Advisory Committee
on Reactor Safeguards. The NRC is considering
possible amendments to Part 50 or the develop-
ment of a new part to the regulations which
would differentiate uranium enrichment facili-
ties from reactors and reprocessing facilities on
the basis that they pose a lower hazard to public
health and safety.

Fuel Fabrication Facilities

The final steps in producing fuel for nuclear
power reactors are the conversion of the en-
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riched uranium hexafluoride to uranium dioxide
(UO;) and the processing of the UQ, into
pellets which are enclosed in long, pencil-like
tubes made of zircaloy. These steps are gener-
ally performed in the same facilities that fab-
ricate the finished assemblies. Currently, there
are five firms actively engaged in the processing
and fabrication of UO, fuel for nuclear power
reactors.

Fuel fabrication licensing actions in fiscal year
1976 included renewal of licenses for the fol-
lowing: General Electric Co. (Wilmington,
N.C.) UO; fuel fabrication plant; Babcock &
Wilcox Co. (Lynchburg, Va.) nuclear fuels
plant; Combustion Engineering, Inc. (Windsor,
Conn.) commercial fuel fabrication plant;
United Nuclear Corp. (Wood River Junction,
R.1.) scrap recovery operation; General Atomic
Co. (San Diego, Calif.) research and production
facility. :

In addition, United Nuclear’s Naval Fuel
Fabrication Plant at New Haven, Conn., was
decontaminated and decommissioned and the
site released, and the Kerr-McGee Corporation’s
UO, and mixed oxide facility at Cimarron,
Okla., was shut down by the company and
placed in standby condition.

Protection of plutonium fabrication facilities
aganst natural phenomena. In 1971, changes
were made to AEC regulations that specified
additional requirements applicable to plutonium
processing and fuel fabrication plants. Those
changes required that applications for licenses
“. . . shall contain . . . a description and safety
assessment of the design bases of the principal
structure, systems, and components of the plant,
including provisions for protection against
natural phenomena . . .”

The Statement of Considerations for the rule-
making stated that: “Existing licensed pluto-
nium processing and fabrication plants will be
examined with the objectives of improving to
the extent practicable their ability to withstand
adverse natural phenomena without loss of
capability to protect the public and their
capability for coping with inplant accidents.”

The NRC staff undertook this year the task of
examining and evaluating all existing plutonium
fuel fabrication facilities that are licensed to
possess and process more than five kilograms of
unencapsulated plutonium to determine the



effects of natural phenomena such as tornadoes
and floods upon the public health and safety.
The decision to review all facilities at one time
rather than one by one at the time of license
renewal or other timing was made to promote
the highest degree of uniformity of review. The
staff, including expert consultants, is reviewing
the selected facilities on a site-specific basis and
will provide a safety assessment for each. These
assessments will provide a basis for determining
the extent of backfitting, if any, necessary to
protect each facility from the effects of natural
phenomena.

Radioisotopes Licensing

Use of Radioisotopes

Radioactive materials are widely used for
medical diagnosis and treatment, basic and ap-
plied research, teaching, consumer products,
and industrial applications. These activities are
conducted under approximately 19,000 nuclear
material licenses, over half of which are ad-
ministered by 25 States under regulatory agree-
ments with the NRC. The 8,600 licenses
administered directly by NRC include approxi-
mately 2,800 for medical use, 700 issued to
academic institutions for teaching and research,
and over 4,000 for industrial applications. The
NRC processes 6,000-8,000 new applications
and license amendments and renewals annually.
Each application is given a thorough review to
assure that the proposed use will not endanger
the public health and safety.

Nuclear Powered Pacemakers

The “Final Generic Environmental Statement
on the Routine Use of Plutonium-Powered
Cardiac Pacemakers,” NUREG-0060, was pub-
lished in July 1976. The statement concludes
that, based on a balancing of the benefits and
risks involved, plutonium-powered pacemakers
can be licensed for routine use. Previously, the
Commission had licensed plutonium-powered
cardiac pacemakers on a limited, investigational
basis.

The Final Generic Statement concludes that
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This nuclear powered cardiac pacemaker mea-
sures approximately 2.2” by 2.6” by .7”, and
weighs about 3.2 ounces,

the plutonium-powered pacemakers have suffi-
cient longevity to eliminate the need for surgical
replacement operations which are required in
the case of pacemakers powered by chemical
batteries; also that plutonium-powered units can
provide long-term maintenance-free pacing to
patients for whom rechargeable pacemakers are
either physically or psychologically unaccept-
able. The statement notes further that the use
of plutonium power sources will have a positive
impact on pacemaker technology since new or
additional pacemaker functions that require
high power drains can be accommodated by
plutonium batteries without significantly affect-
ing battery life. A

New Radioisotopes Applications

A license has been issued authorizing testing
of a new system for detecting and giving an
in-flight indication of incipient helicopter rotor
failure. The new system uses a small amount of
radioactive material sealed in a metal capsule
to signal the loss of rotor blade internal pressure.
The helicopters that will use the system do not
presently have an in-flight warning system and
must therefore be operated at lower than opti-
mum speeds in order to reduce the probability
of rotor failure without warning. The system
will be less costly than electromechanical in-
flight systems presently used on larger
helicopters.

Several licenses have been issued authorizing
the use of small amounts of the radioactive gas
tritium sealed in glass tubes to illuminate
watches. The loss rate (leakage) of tritium from
these light sources is much lower than from



Some consumer products which contain small
amounts of certain radioactive materials may be
distributed without the individual consumer
having a specific license if the product has been
reviewed for safety by the NRC, if it is deter-
mined to be of sufficient benefit to the consumer,
and if any risk to the consumer through normal
use or misuse is very small. Products reviewed
and approved for such general distribution in-
clude certain smoke detectors, such as that shown
above, timepieces, and static elimination devices.

tritiated self-luminous paint, which is also used
in watches. The light sources are used in con-
junction with a liquid crystal display (LCD)
in watches with a digital display. The most
common digital watch uses light-emitting diodes
(LEDs) in conjunction with an electric power
cell. This power cell is unnecessary with self-
luminous lights and LCD. In addition, the
watch can be read at any time without the need
to operate a switch as is necessary with battery-

powered LEDs.

The Alaska pipeline near Fairbanks, Alaska.
At this location, the 48-inch pipeline is above
ground and insulated. Much of the examination of
welds on the pipeline is performed by NRC-
licensed industrial radiographers.
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Transportation of Nuclear
Materials

Coordination Among Federal Agencies

Both national and international regulations
pertaining to safety in the transport of radio-
active materials rely principally upon the in-
tegrity of the packaging and the proper prepara-
tion of the packages for shipment. Accordingly,
it is the policy of the NRC to make an inde-
pendent review of all package designs submitted
by applicants to assure that the packages meet
the standards set forth in NRC regulations (10
CFR Part 71).

NRC, the Department of Transportation, the
U.S. Postal Service, and the States all have a
part in regulating the safety of commercial ship-
ments of nuclear material. NRC regulations
apply to its licensees and generally specify pro-
cedures and standards for packages and ship-
ments. DOT regulates certain types of packag-
ing, labeling and conditions of carriage. Since
DOT and NRC jurisdictions overlap in provid-
ing for safety in shipment of nuclear materials
in interstate and foreign commerce, the agencies
operate under a Memorandum of Understand-
ing in order to provide consistent, comprehen-
sive and effective regulation without publication.
The Postal Service regulates shipments of nu-
clear materials by mail, and the States have
regulatory authority over intrastate transport of
nuclear materials.

The Memorandum of Understanding between
the Department of Transportation and the
Nuclear Regulatory Commission sets forth the
areas in which each agency will exercise prime
responsibility, a distinction made necessary by
overlapping jurisdiction in regulating radioactive
material transport. This Memorandum, orig-
inally executed between the Interstate Com-
merce Commission and the Atomic Energy
Commission (AEC) in 1966 and revised in
1973, is being changed to reflect the subsequent
division of the AEC into ERDA and NRC and
to indicate the respective roles of DOT and
NRC in certain regulatory areas.

The United States has had a favorable safety
record in the shipment of radioactive materials.
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The relatively small number of reportable in-
cidents—less than 500 over a 30-year period—
have resulted in no serious injury or death
attributable to radiation exposure from the
many millions of packages shipped.

Environmental Statement

From its inception in January 1975, the NRC
has reviewed the existing regulations and pro-
cedures for transportation of radioactive ma-
terials. As part of its review, the Commission
initiated in June 1975 a public rulemaking pro-
ceeding regarding the air transport of all
nuclear materials, including plutonium and
enriched uranium. This step was especially
timely in view of increasing public concern
being expressed over the air transport of special
nuclear material. With the technical assistance

of Sandia Laboratories, a draft generic environ-

mental impact statement was prepared to assess
the impacts associated with the transportation
of radioactive materials, including relative costs
and benefits of alternative modes of transporta-
tion. Information derived from research into
the accident-resistant properties of plutonium
shipping packages and data collected from the
NRC'’s 1975 Radioactive Material Shipments
Survey were used in preparing the statement,
The draft statement (NUREG-0034) was
completed in March 1976 and made available
for comment to the general public and other
Federal and State agencies. About 30 letters
of comment were received and analyzed, and
changes to the statement will be made, as
appropriate, before the final environmental
impact 'statement is issued in 1977,

Developing a Safe Plutonium Package

Public Law 94-79 requires the NRC to pro-
hibit its licensees from transporting plutonium
by air until it has certified to the Joint Commit-
tee on Atomic Energy of the Congress “that a
safe container has been developed and tested
which will not rupture under crash and blast
testing equivalent to the crash and explosion of
a high-flying aircraft.”” Except for plutonium
contained in a medical device designed for

individual human application, for example, a
cardiac pacemaker, the restriction applies to air
transport of plutonium in any form or quantity,
whether for export, import or domestic ship-
ment.

The approach being taken by NRC is to
require a high degree of assurance that plu-
tonium packages for air transport can withstand
virtually any type of aircraft accident. To
achieve this objective, the NRC has initiated a
program (1) to evaluate the conditions which
could be produced to severe accidents; (2) to
develop qualification criteria prescribing per-
formance requirements and acceptance stand-
ards for plutonium air packages; and (3) to
perform physical tests and engineering studies
to demonstrate that a plutonium package design
meets the qualification criteria.

Qualification criteria are being developed to
assure that package integrity in aircraft acci-
dents occurring during takeoffs, landings, or
ground operations will approach certainty.
These types of accidents not only represent the
majority of all aircraft accidents, but also are
the kind most likely to occur in an urban area.
The criteria will also afford a high degree of
protection against accidents which occur in
other phases of flight, including accidents of
extreme severity such as mid-air collisions,
high-speed crashes and fires.

A two-phase program to develop and test a
high integrity package that meets the qualifica-
tion criteria is in progress. In the first phase,
Sandia Laboratories (under NRC contract) has
developed a package design for plutonium oxide
powder and has established, through prelimi-
nary testing, that the design is capable of meet-
ing the qualification criteria, In the second
phase, Sandia Laboratories will conduct a suffi-
cient number of tests for certifying that the
design meets the criteria. (See “Fuel Cycle
Safety Research,” in Chapter 13.)

The qualification criteria, the package design,
the test results and the supporting documenta-
tion are to be reviewed by the Advisory Com-
mittee on Reactor Safeguards (ACRS) and the
Assembly of Engineering of the National
Academy of Sciences prior to NRC’s certifying
the design to the Joint Committee on Atomic
Energy. In the fall of 1976, the ACRS endorsed
the criteria developed by the NRC staff as



being properly responsive to Public Law 94-79.
Both the review by the Assembly of Engineer-
ing and the certification procedure are expected
to be completed in 1977,

Survey of Radioactive Material
Shipments

To determine the total number and types of
packages of radioactive material being trans-
ported annually in the U.S., the NRC con-
ducted a survey among some 2,300 NRC and
Agreement State licensees and ERDA contrac-
tors. A detailed report of this survey (BNWL-
1972) was issued in April 1976 by Battelle-
Pacific Northwest Laboratories, and a sum-
mary report (NUREG-0073) was made avail-
able by NRC in May 1976. Based on the survey
data, the estimated total number of packages
of radioactive material transported each year
in the United States is about 2.5 million. About
one-third of these packages contain such small
quantities of radioactive materials that they
are exempt from packaging and labeling re-
quirements. Most transported packages contain
the radioisotopes iodine-131, iodine-125, tech-
netium-99m, and molybdenum-99 for medical
uses. Large amounts of the radioisotopes cobalt-
60, iridium-192 and uranium-238 were also
transported. The data from the survey were
used in other studies to estimate radiation ex-
posures from normal transport of radioactive
material, and to calculate the risk to persons and
the environment from transportation accidents
involving such packages.

Transport in Urban Areas

" The NRC has undertaken a study of the
special features of radioactive material transport
—aunder both normal and accident conditions—
in large densely populated areas that will result
in a generic environmental impact statement on
the transport of radionuclides in urban environs.
The study will evaluate the effects, including -
radiological safety, of characteristics peculiar to
large cities, such as high population density,
local meteorology, and numerous tall buildings.
Sandia Laboratories, the NRC contractor for

this study, has begun model formulation and
preliminary data gathering. The study will take
about two years to complete.

TAEA Transport Standards

Safety regulations for transporting radioactive
material in the United States are based on
standards developed internationally by the
International Atomic Energy Agency (IAEA).
The international standards were developed
through the active participation of IAEA mem-
ber states. The United States participated
through representatives from both NRC and
DOT. Adoption by member states of the IAEA
standards contributes significantly to the safe
and efficient international transportation of
radioactive materials for medical and industrial
uses. Adoption of recent revisions in the IAEA
standards in U.S. domestic regulations is being

considered in a joint effort by NRC and DOT.

Irradiated Fuel Packaging

Spent (irradiated) nuclear fuel is transported
offsite in specially designed shipping casks which
are capable of containing the radioactive fuel
assembly materials during normal and postulated
design accident transportation conditions. Two
regulatory guides which outline the NRC staff
recommendations for design loading conditions

The NLI-10/24 shipping cask, licensed by NRC
in June 1976, is the largest irradiated fuel ship-
ping cask licensed to date. The cask is de-
signed with lead and water shields for gamma
ray and neutron radiation protection.



and design criteria for the shipping casks were
under development in fiscal year 1976.

An approval was issued to NL Industries,
Inc., for a multi-assembly cask for irradiated
nuclear fuel. The cask is designed to use an inert
helium gas coolant instead of a liquid coolant
for removal of fuel decay heat. This limits
internal pressure buildup. The Model No.
NLI-10/24 cask will accommodate 10 pressur-
ized water reactor fuel assemblies or 24 boiling
water reactor fuel assemblies. Designed for rail
shipment, it is the largest capacity fuel cask
authorized for use, having a loaded weight of
about 100 tons.

Transportation Litigation

New York State filed suit against the NRC
and six other Federal agencies in the Federal
District Court in New York City in May 1975
to ban air shipments of certain radioactive ma-
terials, including plutonium, in the United

States and, in particular, through John F, Ken-
nedy Airport. In September 1975 the court
denied a motion for a preliminary injunction.
This decision has been appealed by the State to
the Second Circuit of Appeals.

New York City passed a health ordinance in
September 1975 which requires city approval for
the transportation of significant amounts of
radioactive material within the city. The NRC
presented testimony at hearings on this matter in
opposition to the ordinance. The legality of this
action is being challenged in a suit brought by
the United States against the City of New York,

NRC is also involved in an attempt by several
railroads to require the use of special trains for
carriage of certain radioactive materials. In
a matter before the Interstate Commerce Com-
mission, the NRC contends that, insofar as the
proceedings involve issues of safety in the trans-
portation of radioactive materials, those concerns
should be addressed to the NRC and/or the
Department of Transportation.



Preserving Environmental Quality

Weighing Benefits Against Impacts

The National Environmental Policy Act of 1969 and Executive
Order 11514 of March 5, 1970, mandate that all Federal
agencies, to the fullest extent possible, direct their policies, plans
and programs to protect and enhance environmental quality.
Agencies are required to view their actions in a manner calcu-
lated to encourage productive and enjoyable harmony between

man and his environment, to promote efforts preventing or
eliminating damage to the human environment, and to enrich the

understanding of the ecological systems and natural resources
important to the Nation.

Under NEPA and the guidelines established by the Council on
Environmental Quality, NRC must evaluate the full range of
anticipated environmental effects—both radiological and non-
radiological—that may result from each proposed major action
and must compare these with the environmental consequences
of available alternatives to that action. Each decision to grant
or deny a license must be based on a balancing of environmental,
economic, technical and other benefits against environmental
and other costs.

A significant portion of the regulatory review process consists
of environmental impact analyses and evaluation of possible
measures to eliminate or mitigate anticipated adverse effects on
environmental quality. This effort is factored into the decision-
making process for licensing major nuclear facilities; amending
and terminating licenses; rulemaking and adoption of standards
with widespread application; and monitoring, inspection and
enforcement activities. NRC conducts a research program to
develop the methods and data needed to support the environ-
mental phase of the regulatory process. (See Chapter 13.)

Each applicant proposing to construct a nuclear facility must
submit a comprehensive environmental report, which is generally
based on two or more years of work in accumulating and
analyzing environmental and other data required by the NRC.
The report must demonstrate through a cost-benefit analysis why,




in the applicant’s judgment, the aggregate bene-
fit to society of the proposed facility will out-
weigh the aggregate costs.

The NRC staff’s independent review and
cost-benefit analysis are set forth in a draft envi-
ronmental impact statement which is tirculated
for comment to Federal, State and local agen-
cies and the public. Comments are taken into
account in a final environmental statement
which, in each construction permit proceeding,
must be considered at a public hearing by an
Atomic Safety and Licensing Board. The same
procedure is followed in updating the environ-
mental statement at the operating license stage,
with a hearing held if warranted by public in-
terest. Table 1 lists the draft and final envi-
ronmental statements issued during the year

1976.

In some instances (for example, a proposed
amendment or renewal of a license) where no
significant environmental impact is indicated,
the Council on Environmental Quality issues a
brief appraisal report and publishes a negative
declaration in the Federal Register announcing
that no environmental statement will be pre-
pared. Seventy negative declarations were issued
in fiscal year 1976.

Apart from the environmental reviews per-
formed in individual facility licensing proceed-
ings, the NRC conducts surveys and evaluations
of the impact of devices, processes and generic
rulemakings, such as the widespread use of
nuclear-powered cardiac pacemakers (Chapter
3) and several areas in the nuclear fuel cycle
(Chapters 3, 5 and 6). As part of the rulemak-
ing proceeding, generic environmental impact
statements are prepared.

This chapter covers NRC procedures and
actions in reviewing the environmental impact
of nuclear power plants and other facilities;
measures to mitigate environmental effects, in-
cluding control of low-level radioactive material
in effluents; improvements in analytic tech-
niques; and coordination efforts with other
Federal agencies having overlapping environ-
mental responsibilities.

Table 1. Nuclear Power Plant Environmental
Impact Statements Issued from
July 1, 1975 through September 30, 1976 *

DRAFT STATEMENTS

Plant Date Issued
1. Wolf Creek, Unit No. 1 7-3-75
2.  McGuire, Units Nos. 1 & 2

(operating license) 10-29-75
3. Montague, Units Nos. 1 & 2 11-5-75
4. Palo Verde, Units Nos. 1,2 & 3

(Supplement) 12-2-75
5.  Floating Nuclear Power Plants

(Part II) 12-9-75
6. Sterling, Unit No. 1 1-6-76
7.  Clinch River Breeder Reactor 2-13-76
8. Indian Point, Unit No. 2

(closed-cycle cooling) 2-23.76
9. Marble Hill, Units Nos. 1 & 2 3.5-76
10. Greene County 3-11.76
11, Atlantic, Units Nos. 1 & 2 4-8-76
12. Arkansas, Unit No. 2

(operating license) 5-24-76
13. LaCrosse (full-term operating

license) 6-25-76
14. Tyrone, Unit No. 1 6-28-76
15. Indian Point, Unit No. 2

(extension of once-thru cooling) 7-8-76
16. Skagit, Units Nos. 1 & 2 7-9-76
17. Black Fox, Units Nos. 1 & 2 7-16-76
18. Phipps Bend, Units Nos. 1 & 2 8-10-76
19. Koshkonong, Units Nos. 1 & 2 8-12-76
20. North Coast, Unit No. 1

(site suitability review) 8-26-76

FINAL STATEMENTS

1.  Palo Verde, Units Nos. 1,2 & 3 9.25-75
2. Davis Besse, Units Nos. 2 & 3 9.30-75
3. Cherokee, Units Nos. 1, 2 & 3 10-1-75
4, Floating Nuclear Power Plants

(Part I) 10-6-75
5.  Jamesport Units Nos. 1 & 2 10-7-75
6. Perkins, Units Nos. 1, 2 & 3 10-31-75
7. Davis Besse, Unit No. 1

(operating license) 10-31-75
8. Wolf Creek, Unit No. 1 10-31-75
9. Palo Verde, Unit Nos. 1,2 & 3

(Supplement) 2-20-76
10. Douglas Point, Units Nos, 1 & 2 3-4.76
11, McGuire, Units Nos, 1 & 2

(operating license) 4.20-76
12. Diablo Canyon, Units Nos. 1 & 2

(addendum, operating license) 5.28-76
13. Sterling, Unit No. 1 6-24-76
14, Three Mile Island, Unit No. 2

(operating license) 7-23.76

15. Indian Point, Unit No. 2
(closed-cycle cooling) 8-9-76

16. Marble Hill, Units Nos. 1 & 2 9.22.76
17. TFloating Nuclear Power Plants
(Part II) 9-30-76

# Statements pertain to construction permit appli-
cations unless otherwise indicated.




Environmental Review of
Nuclear Power Plants

Discussed below are various aspects of the
environmental review of nuclear power plants
that received special attention in fiscal year
1976. These include specific site-related prob-
lems, improving analytic techniques, monitoring
and mitigating measures, and control of
effluents.

SITE-RELATED PROBLEMS

Socioeconomic Impacts

The construction of a nuclear power plant
results in an influx of workers and may affect
the social and econmic life of neighboring
communities. In most instances, the increase
in property taxes attributable to the nuclear
plant allows local governments to mitigate ad-
verse impacts through construction of new
public facilities (such as schools, parks, and
roads) and expansion of public services (such
as police and fire protection). For example, the
Calloway Plant Units 1 and 2 under construc-
tion in Missouri will provide, at current rates,
an estimated $42 million in taxes during the
construction period, and $7.1 million per year
during operation.

A special case where this does not apply is
the Hartsville project of the Tennessee Valley
Authority, which does not pay property taxes.
TVA does make payments to the State of
Tennessee “in lieu of taxes,” but the two coun-
ties in Tennessee where the project is located
will receive less than $18,000 per year or 0.2%
of the payment to the State.

Because of the severity of anticipated socio-
economic impacts from the four-unit Harts-
ville project and the negligible allowance to the
two affected counties, NRC has required TVA,
within six months of the beginning of construc-
tion, to submit for NRC review an extensive
program to monitor and evaluate both the socio-
economic impacts and the effectiveness of
mitigating actions in the affected areas. Semi-
annual reports of the results of this program
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must be provided to the staff throughout the
construction period.

Archaeological Investigations

One requirement of NEPA is that, in the
balancing of costs and benefits, the importance
of preserving the historic, cultural and natural
aspects of our national heritage must be con-
sidered. An example of compliance with this
requirement is afforded by the Seabrook Sta-
tion, which is being constructed in Rockingham
County, New Hampshire. In order to determine
whether evidence of historic and prehistoric
civilizations exists in the area, the utility con-
structing the station retained an anthropology
instructor and students from the University of
New Hampshire.

During several test diggings, clamshells, flint
chips and pieces of pottery were unearthed,
indicating the presence of prehistoric Indian
sites dating back to 1000 A.D. In the summer of
1974 some 200 pits, each approximately 1.5
meters square, were excavated and the soil
therefrom carefully sifted. Numerous remnants
were uncoveréd, including shells, animal and
fish bones, stone tools, and projectile points
(arrowheads). Apparently the Seabrook site was
a warm weather camping area for pre-Colum-
bian New Englanders. Two Indian skeletons,
each estimated to be between 500 and 1,000
years old, were discovered. Late in summer of
1975, the remains of a great auk, a large,
flightless seabird that once ranged along the
North American coast from Labrador to Florida,
were discovered. Live specimens have not been
found in New Hampshire for several hundred
years.

The utility has agreed to fund a program
planned to recover and package artifacts from
the construction area.

Studies of Marine Borers

Among the environmental impacts of nuclear
power plants are the effects on aquatic life in
bodies of water used as sources of cooling water
during operatign of the plants. An example is
the Opyster Creek Nuclear Generating Station



located on Barnegat Estuary near Toms River,
New Jersey, which has been the site of an ex-
tensive biological study for the past year and a
half. Earlier studies conducted since the late
1960’s have linked the heated effluent from the
plant’s cooling discharge with an increase in the
activity of marine borers or shipworms. These
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proliferate in wood below the surface of the
water, particularly in the hundreds of cedar
pilings located in the discharge canal-creek. The
resulting structural damage severely impacted
the marinas located in the canal-creek, and
there is a potential for further damage in the
area of Barnegat Bay,

Archaeological digging at
Seabrook., Wooden stakes mark
diggings or “grids” (top left,
lower left). The earth removed
from each grid is sifted and
carefully examined (lower right)
for possible clues or artifacts,




Jersey Central Power and Light Co., the
licensee, in response to the results of the prelim-
inary studies and recommendations from the
NRC staff, has instituted a large-scale field
study on the effects of heated efluents on the
distribution and abundance of marine borers in
the adjacent estuary. The NRC has contracted
with Lehigh University to conduct confirmatory
and complementary research on marine borers
in the vicinity of the power station. These studies
may indicate ways to control or mitigate dam-
age by marine borers.

This photo shows the end of a piling removed
from a marina that was located in the discharge
canal of the Oyster Creek Nuclear Generating
Station. The piling shows heavy borer infesta-
tion. Rapid destruction of untreated pilings in
the discharge canal is thought to be linked to
increased temperature and salinity caused by
operation of the power plant.

IMPROVING ANALYTIC
TECHNIQUES

In preparing environmental impact statements
and participating in hearings, the NRC staff
has found that certain areas of cost-benefit and
environmental impact analysis need to be im-
proved. Where possible, generic positions and
methodolgies are being developed to standardize
the analytical techniques while maintaining the
necessary flexibility regarding application to

specific cases. The projects are continuing into
fiscal year 1977. Examples of such work are
described below.

(1)

(2)

(3)

Construction Costs and Total
Generating Costs

NEPA requires consideration of alterna-
tives to the proposed action, A principal
alternative to constructing a nuclear
power plant is constructing a coal-fired
plant, and a comparison between the
two involves the relative economics of
generating electricity. NRC is undertaking
to update, revise, and expand a computer
code and documentation that has been
used to estimate costs of constructing
nuclear and coal-fired plants. Included
are tasks to develop cost adjustments for
different cooling systems, radiological
treatment systems, and seismic condi-
tions; to estimate cost of the nuclear and
coal fuel cycles; and to compare total
generating costs for nuclear and coal
units,

Health and Safety Impacts of Coal

In considering coal-fired plants as alter-
natives to nuclear plants, the NRC needs
not only to deal with their relative eco-
nomics but also to compare and evaluate
their environmental effects. As part of
this effort, NRC has sponsored a generic
study to collect available data and assess
the public health and safety impacts of
the coal fuel cycle.

Cooling Tower Evaluations

More stringent requirements for preserv-
ing the quality of aquatic resources have
led to a shift to closed cycle cooling
systems for most large power plants. Such
systems have their own particular prob-
lems, including: water consumption
(evaporation), potential for increased
fogging and icing, visible vapor plumes,
and deposition of salts and dissolved
solids that have been concentrated due
to evaporation and have been entrained
in the air flow out of the cooling system.
NRC is testing the usefulness of the Oak
Ridge fog and drift computer simulation
model for assessing the environmental
impacts of cooling systems as proposed
in several individual license applications.
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(4) Cooling Tower Visual Impacts
Concern has been expressed that large
natural-draft cooling towers may repre-
sent an undesirable visual intrusion in
some localities. For this reason, NRC is
supporting a group of studies to assess
differences in appearance of alternative
types of cooling towers for nuclear power
plants and their visual impacts on
surrounding communities.

(5) Impacts on Tourism

As part of the required cost-benefit
analysis, NRC is supporting a series of
studies on the social and economic im-
pact of nuclear power plant construction
and operation on nearby communities. A
particular issue is the degree to which
tourists might tend to avoid coastal resort
areas because of the nearby location of

offshore or coastal nuclear power plants.

(6) Forecast of Electricity Demand by State
An alternative to constructing a nuclear
power plant for operation at a certain
time is to defer such construction on the
grounds that the output from the plant
is not needed at that time. Forecasts of
need are made by applicants, but an in-
dependent assessment is required. For this
purpose, NRC is supporting the devel-

opment of a model to forecast the need

for electricity in each State. This model.

will be used in the review of license ap-
plications to assess the need for the
generating capacity which the proposed
nuclear power plant would supply.

MONITORING AND
MITIGATING MEASURES

All nuclear power plant operating licenses
that have been issued since January 1972
contain detailed environmental technical speci-
fications which establish operating limitations
and procedures and require monitoring pro-
grams to verify the anticipated environmental
impacts of the plants. Considerable time, effort,
and money are being spent by utilities to ac-
cumulate the required monitoring data. There-
fore, the degree to which environmental tech-

nical specifications adequately address real

ecological problems and the degree to which
conformance with specifications is determined
by monitoring are currently being reviewed by

NRC.

The major objectives of this review program
are: (1) to evaluate preconstruction environ-
mental studies: (2) to examine data collection,
data analysis, and reporting format for opera-
tional monitoring; (3) to determine whether
monitoring data validate thermal and ecological
impact predictions made in the final environ-
mental statement; and (4) to identify possible
environmental impacts common to several power
plants with similar hydrological and ecological
profiles. The review will also assist in the de-
velopment of ecosystem models that could be
used by the NRC, as well as by applicants and
licensees, in impact analysis.

The review program consists of studies made
by the Argonne National Laboratory, the Oak

‘Ridge National Laboratory, and the Pacific

Northwest Laboratory and is based on ecological
monitoring data on the aqueous environment
at a number of nuclear power plants opera-
tional for at least one year. Included are plants
using cooling water from rivers, lakes, estuaries,
and the ocean. In-depth analysis has been con-
centrated on: (1) effects of thermal effluents
from the plants on the major aquatic trophic
groups (that is, phytoplankton, zooplankton,
benthos, and fish) ; (2) impingement of fish in
the cooling systems of the plants; and (3) en-
trainment of plankton in the cooling systems.
Final reports are being prepared for issuance
in early 1977.

Environmental reviews often result in NRC'’s
requiring licensees to take specific environmen-
tal protective measures. These may range from
minor changes in construction practices to major
modifications in plant design. Examples of pro-
tective measures have been: selecting an alter-
native site for construction of plant, major cool-
ing system redesign, rerouting of transmission
lines, redesign of intake structure, addition of
fish screens, augmentation of radwaste systems,
and monitoring of socioeconomic impacts.

New guides issued. Regulatory Guide 4.11,
“Terrestrial Environmental Studies for Nuclear
Power Stations,” was issued for comment in



The meteorological tower and recording equip-
ment at the site of the proposed Clinch River
breeder reactor are used to measure and record
the speed and direction of the wind and the
ambient air temperature at various levels of the
tower. Data extending over at least one year
must be submitted with a license application in
order to estimate potential radiation doses to
the public as a result of routine or accidental
release of radioactive materials.

July 1976. This guide provides information to
applicants on the types of ecological and land-
use surveys and environmental monitoring
studies that should be considerd for evaluating
the terrestrial environmental impact of proposed
power plants during site sélection, for prepara-
tion of the construction permit application, and
during construction.

Regulatory Guide 4.8, “Environmental Tech-
nical Specifications for Nuclear Power Plants,”
was issued for comment in December 1975. This
regulatory guide provides guidance to appli-
cants on their preparation of proposed environ-
mental technical specifications for light-water-
cooled nuclear power stations. Environmental
technical specifications, which are incorporated
as Appendix B of each operating license, include
those conditions and limitations necessary to
protect the environment which have been
identified during the NEPA environmental
review process.

CONTROL OF EFFLUENTS

Effluent Guidelines for Light-Water
Reactors

On April 30, 1975, the Commission an-
nounced guidelines for levels of radioactive
material in effluents from light-water-cooled
nuclear power reactors to meet the criterion “as
low as is reasonably achievable” (see 1975
Annual Report, pp. 43-47).

A major effort was made during the year to
improve the models used by the staff for esti-
mating effluent levels, environmental disper-
sion, and dose calculations; to employ more
realistic assumptions; and to develop guidance
for licensees on implementing the cost-benefit
analysis requirements contained in Section IT D
of the new regulation (Appendix I to 10 CFR
Part 50). This effort culminated in the issuance
for public comment of the following regulatory
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guides and technical reports:

® Regulatory Guide 1.109, “Calculations of
Annual Doses to Man from Routine Re-
leases of Reactor Effluents for the Purpose
of Evaluating Compliance with 10 CFR
Part 50, Appendix .I,” issued in March
1976.

® Regulatory Guide 1.110, “Cost-Benefit
Analysis for Radwaste Systems for Light-
Water-Cooled Nuclear Power Reactors,”
issued in March 1976.

® Regulatory Guide 1.111, “Methods for
Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine
Releases from Light-Water-Cooled Re-
actors,” issued in March 1976.

® Regulatory Guide 1.112, “Calculation of
Releases of Radioactive Materials in
Gaseous and Liquid Effluents from Light-
Water-Cooled Reactors,” issued in April
1976.

¢ NUREG-0016, “Calculation of Releases of
Radioactive Material in Gaseous and
Liquid Effluents from Boiling Water Re-
actors (BWR-GALE Code),” issued in
April 1976.

® NUREG-0017, “Calculation of Releases of
Radioactive Materials in Gaseous and
Liquid Effluents from Pressurized Water
Reactors (PWR-GALE Code),” issued in
April 1976.

® Regulatory Guide 1.113, “Estimating
Aquatic Dispersion of Effluents from Acci-
dental and Routine Reactor Releases for
the Purpose of Implementing Appendix I,”
issued in May 1976.

These guides and reports present calculation
models and values of parameters acceptable to
the NRC staff for calculating the average ex-
pected releases of radioactive material in liquid
and gaseous effluents from normal operation,
the dispersion of effluents in the atmosphere and
different bodies of water and the associated
radiation doses to man, and for performing the
cost-benefit analysis required by Appendix I.

A number of licensees have been required to
add control systems and radwaste equipment
to meet the individual dose design objectives in
the regulation.

Environmental Monitoring

Each nuclear facility licensee is required to
monitor releases of gaseous and liquid radio-
active effluents during normal operation. NRC
inspectors check the licensee’s radiological moni-
toring and waste systems to assure they are
built as designed and operated to keep releases
within regulatory limits. If a regulatory limit or
design objective is exceeded, the licensee must
so inform the NRC and take appropriate action.

Each power plant licensee also is required to
monitor major paths of radiation exposure in
the environment. During NRC inspections, ran-
dom samples of monitoring records, proce-
dures, and reports are examined. In addition,
confirmatory measures are made to assess the
accuracy and consistency of licensee measure-
ments of radioactivity in efluent and environ-
mental samples.

Regulatory Guide 4.13, “Performance, Test-
ing and Procedural Specifications for Thermo-
luminescence Dosimetry: Environmental Appli-
cations,” was issued for comment in November
1976. Thermoluminescence dosimetry (TLD)
is widely used to measure levels of x- and
gamma radiation in the environs of NRC-
licensed facilities. The American National
Standards Instiute has published a standard
(ANSI-N545-1975) that specifies minimum ac-
ceptable performance of TLDs used for en-
vironmental measurements; outlines methods
to test for compliance; and provides procedures
for calibration, field application, and reporting.
Regulatory Guide 4.13 endorse the ANSI stand-
ard, subject to a number of provisions and
qualifications.

NRC’s Interagency Program

NRC for several years has enlisted the coop-
eration of the National Bureau of Standards,
the Energy Research and Development Admin-
istration, and State health and environmental
agencies to provide corroborative evidence of
the environmental and effluent radioactivity
measurements submitted by licensees. This sys-
tem provides some specific evidence for the eval-
uation of the capability of licensees to perform
radioactivity measurements. The Health Serv-



ices Laboratory (HSL) of the ERDA Idaho
National Engineering Laboratory functions as
the NRC reference laboratory in such matters,
and NRC inspectors regularly compare licensee
effluent measurements with those made by HSL
on identical effluent samples.

The State agencies assist in long-term, repeti-
tive sampling to evaluate licensees’ overall
environmental programs. At the end of fiscal
year 1976, the 19 States participating in this
program were Alabama, Arkansas, California,
Colorado, Connecticut, Florida, Illinois, Maine,
Maryland, Michigan, Minnesota, Nebraska,
New Jersey, New York, Pennsylvania, South
Carolina, Vermont, Virginia and Wisconsin. For
most States this arrangement is under written
contract, with NRC providing these States with
funds, technical support and training to assist
in improving their analytical capabilities.

FUEL CYCLE PLANT ACTIONS

The satne NEPA review procedures are
followed in NRC nuclear fuel facility licensing
actions as for nuclear power plants. Environ-
mental reviews and appraisals performed during
fiscal year 1976 included the following.
® Final environmental impact statement
issued . January 30, 1976 on the Allied-
General Nuclear Services Receiving and
Storage Station, Barnwell, S.C.

® Draft supplement to the final environ-
mental statement concerning construction
and operation of the Barnwell Nuclear
Fuel Plant, Allied-General Nuclear
Services, Barnwell, S.C., issued June 28,
1976.

® Final environmental impact statement
issued April 22, 1976 related to operation
of the Humeca Uranium Mill, Rio Algom
Corp., La Sal, Utah.

® Environmental impact appraisals and neg-
ative declarations issued concerning the
following actions: (1) General Electric
Co., license amendment to permit increased
spent fuel storage capacity at its Morris,
IIL, facility, December 3, 1975; (2)
Nuclear Fuel Services, license amendment
to authorize increased spent fuel storage
capacity at the NFS reprocessing plant,

West Valley, N.Y., March 4, 1976; (3)
Babcock and Wilcox Co., special nuclear
material license renewal for Commercial
Nuclear Fuel Fabrication Plant, Lynchburg,
Va., February 26, 1976; (4) Utah Inter-
national, Inc., license amendment author-
izing addition of a tailings retention system
at its uranium mill, Shirley Basin, Wyo-
ming, March 4, 1976; (5) United Nuclear
Corp., special nuclear material license
renewal for its uranium recovery plant,
Wood River, R.I., July 22, 1976; and (6)
General Atomic Co., special nuclear ma-
terial license renewal for its fuel fabrication

facility, San Diego, Calif., August 8, 1976.

Interagency Coordination

In order to avoid duplication and increase
efficiency in meeting the requirements of the
National Environmental Policy Act, close co-
ordination between NRC and other Federal
and State agencies is necessary.

NRC-EPA Interface

Frequent interaction between NRC and the
Environmental Protection Agency is required
for the effective performance of their respective
functions with minimal duplication and over-
lap. Coordinating efforts in the area of devel-
oping and implementing standards for protec-
tion of the public and the environment against
radiation are described in Chapter 12 under
“Siting Standards.” Memoranda of Understand-
ing concerning implementation of water quality
requirements are described below.

® First Memorandum of Understanding’

In early 1973, the former Atomic Energy
Commission and the Environmental Pro-
tection Agency agreed through a formal
Memorandum of Understanding that AEC
would accept EPA’s decisions under speci-
fied sections of the Federal Water Pollution
Control Act (FWPCA). Reserved to AEC
under this Memorandum was the right to
establish certain effluent release standards,
including limits for release of byproduct,
source and special nuclear materials.
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Accordingly, the discharge permit issued
by EPA under the FWPCA for the Fort
St. Vrain Nuclear Generating Station in-
cluded no limitations or standards for
radioactive releases.

Court Review

In December 1974, based on a suit brought
by environmental groups, the U.S. Court
of Appeals for the 10th Circuit ruled, in
Colorado Public Interest Research Group
v. EPA, that EPA is required by the pro-
visions of the FWPCA amendments of 1972
to issue radioactive efluent discharge per-
mits for individual nuclear power plants.
This decison resulted in concurrent juris-
diction by the EPA and the NRC in regu-
lating and controlling releases of liquid
radioactive effluents from nuclear power
reactors and fuel cycle facilities.

In June 1975, the U.S. Supreme Court
decided to review the Court of Appeals’
decison. Oral argument was heard by the
Court in early December 1975 and on
June 1, 1976, the Supreme Court ruled
that the FWPCA definition of “pollutants”
does not include source, byproduct and
special nuclear materials, and that EPA is
not required to regulate radioactive efflu-
ents in discharge permits for nuclear power
plants.

Second Memorandum of Understanding
In order to make the analysis of the
water quality impact of nuclear power
plants more effective and meaningful, and

to reduce the demands for data being
placed upon applicants for licenses, NRC

and EPA, with the concurrence of the

Council on Environmental Quality (CEQ),

entered in late 1975 into a Second Memo-

randum of Understanding, which became

effective in January 1976.

For all activities covered under the
Second Memorandum of Understanding:
(1) NRC serves as the “lead agency” for

preparation of environmental state-
ments.

(2) NRC and EPA work together to
identify environmental information
needed to evaluate the impact on water
quality and biota.

(3) EPA evaluates impacts on water qual-

" ity and biota as far as possible in
advance of the issuance of NRC's final
environmental impact statement.

(4) EPA endeavors to issue, where appro-
priate, a complete Section 402 permit
under the National Pollutant Dis-
charge Elimination System as far as
possible in advance of the NRC licens-
ing action (construction permit, op-
erating license, or early site approval).

(5) EPA and NRC consider the feasibility
of holding combined or concurrent
hearings on EPA’s proposed Section
402 permits and NRC’s proposed
licensing actions.

Effect on States

The Second NRC/EPA Memorandum of

Understanding is an agreement between

two Federal agencies and, as such, has no

direct effect on the States. Twenty-seven
states have been approved by EPA to be

Signing the Second NRC/EPA
Memorandum of Understanding
on December 17, 1975, are (at
head of table, left to right)

Lee V. Gossick, Executive Di-
rector for Operations, NRC;
Gary Widman, General Counsel,
Council on Environmental
Quality; and Stanley W. Legro,
Assistant Administrator for
Enforcement, Environmental
Protection Agency.




“permitting States” under the FWPCA. In
recognition of the desirability of early
NRC-State cooperation in licensing nuclear
power plants and related facilities, the
National Governors’ Conference in March
1976 wrote to each permitting State de-
scribing the purposes of the Second Memo-
randum and suggesting the possibility that
the States might individually enter into
letters of agreement with NRC modeled
after the principles embodied in the Second
Memorandum. Favorable wriften responses
have been received from nine States, and
seven others have responded favorably
during conversations with NRC repre-
sentatives.

Relations with Other Agencies

® Department of the Interior

The San Diego Gas and Electric Co. has
proposed the development of the Sun-
desert Nuclear Power Plant, a two-unit
facility on a desert site near the California-
Arizona border.. The Department of the
Interior will be responsible for actions
concerning proposed water supply contracts
for the plant (which will use agricultural
waste water), land exchange for the plant
site, and portions of the rights-of-way for
transmission lines and access roads. These
will constitute a “major federal action sig-
nificantly affecting the quality of the human

environment.” To avoid duplication of
effort, NRG and the Interior Department
entered into a working agreement which
will result in a joint environmental review
by the two agencies and a single environ-
mental impact statement prepared by NRC
as the “lead agency.”

A letter of June 23, 1976, from the Sec-
retary of the Interior to the Chairman of the
NRC invited the NRC to reconsider on its
own motion the construction permit it issued
for the Bailly Nuclear Power Plant on a
site in an industrial area near Portage,
Indiana, adjacent to the Indiana Dunes
National Lakeshore, The reply of July 15,
1976, from the Chairman of the NRC
referred to the past history of extensive
and thorough consideration of this matter
and stated that, in the absence of new
information, reopening the matter appeared
unwarranted.

Department of Agriculture (REA)

The Rural Electrification Administration
makes loans to qualified borrowers to
finance the construction and operation of
electric utility facilities in rural areas. NRC
and REA are working together to reach
an understanding whereby, with input from
REA, NRC environmental impact state-
ments would also meet REA’s responsibili-
ties under NEPA—related primarily to
the transmission line portion of nuclear
power facilities financed in whole or in part

by REA.






Managing Nuclear Wastes

Planning for the Present and Future

A crucial problem in the utilization of nuclear fission energy is
the management of the resulting radioactive wastes in a safe,
workable, and environmentally sound manner now and in the
future. The Nuclear Regulatory Commission assumed an in-
creasingly active role in seeking an early resolution of the issues
involved, particularly with regard to long-term disposal.

Dunng the year the NRC:
® Conducted a task force study to propose goals against which
nuclear waste management programs can be evaluated;
Participated in an interagency task force program to review
activities of all Federal agencies concerning high-level
radioactive waste management in order to help structure
an integrated Federal effort in this area;
® Began development of performance criteria for high-level

solidified waste, and scheduling of standards required to

regulate all licensed waste categories;

® Began development of licensing procedures to provide for
an independent assessment of high-level waste repositories
proposed by the Energy Research and Development ‘Ad-
ministration, which has statutory responsibility to develop
and demonstrate such facilities;

® Reassessed the technical and regulatory bases for the opera-
tion of existing shallow land burial sites for other than
high-level wastes, and initiated an interagency study of
needs for improvements in this area now and in the future;

® Conducted workshops to assist in considering the partition-
ing of radioactive wastes, the formulation of a waste
classification system, and factors that might affect the

Jong-term performance of geological repositories for high-

level wastes; and
® Carried out a thorough analysis of the environmental im-

pacts of nuclear fuel reprocessing and waste management
which will be the basis for new rulemaking proceedings on
such impacts in the licensing of nuclear power plants.




In addition to the above activities, covered in
this chapter, the NRC’s waste management
efforts continued toward resolution of the prob-
lem of uranium tailings piles resulting from
uranium mining and milling in certain Western
States (see Chapter 3).

Major Tasks

To create a comprehensive program for waste
mangement regulation, the NRC is developing:

(1) Objective performance goals—technical,
social, cost-benefit, and environmental—
against which nuclear waste management
programs and strategies can be evaluated;

(2) A methodology—and the information
base needed to use it effectively—for
assessing proposed programs against these
performance goals; and

(3) A framework of regulations, standards
and guides for waste management with-
in which NRC can effectively carry out
its mandate to protect the public health
and safety.

PERFORMANCE GOALS

In January 1976, the NRC set up a task force
to define goals against which nuclear waste
management programs could be evaluated. The
task force began by interviewing a wide range
of individuals from industry, conservation
groups, and agencies involved in waste manage-
ment.

The interviews pointed up the complexity of
waste management—that the issues involved
‘ranscend technology. Social, political, institu-
‘fonal, and ethical problems are interwoven with
echnological considerations.

The task force identified several time horizons
sertinent to dealing with nuclear wastes: the
oming decade, the next few centuries, and the
1ext few hundred millenia. NRC’s statement of
roals and objectives will address each of these,

The first—a period of five to ten years—is
ixed by the urgent need for selection of some
iable solution of the problem now.

The second time horizon is established by the
ssue of how long man-made structures and in-

stitutions can be relied upon.

As to the third horizon, uncertainties relating
to such factors as demography, climate and
earth movements necessarily are attached to pre-
dictions that go beyond several thousand years.

Considerations of long-term safety were
universally cited as the most important require-
ment, yet judgments in this area varied widely
—aunderstandably so, because of the extended
time periods involved.

A few examples of the considerations that
sound regulatory practice seems clearly to
dictate, are:

(1) The need to handle, treat, and dispose
of radioactive wastes already in existence
should not dictate the nature of solutions
for wastes yet to be generated.

(2) The system should be designed so that
its operation does not depend on the
existence of commercial nuclear power.
Moreover, the other nuclear fuel cycle
operations should not limit the flexibility
of the waste management system to cope
with changes in scale or waste type or
past errors.

(3) Adequate documentation of present activ-
ities and decisions should be provided to
allow future generations the bases for
action.

(4) The system should not have to depend
on stability of social and governmental
institutions for secure and continued
operation,

The recommendations of the task force were
conveyed to the Commission early in 1977,
following an oral report at the Conference on
Public Policy Issues in Nuclear Waste Mange-
ment at Chicago in October. After considering
the policy issues and priorities that should be
assigned to the various goals, the Commission
will request public comments on recommended
goals and will establish policy based on the
report and the comments received.

HIGH-LEVEL WASTES

During 1976 the efforts of the NRC and
other concerned Federal agencies focused on
implementing in a timely manner safe and
acceptable methods of long-term management



and dispositon of existing and accumulating
high-level radioactive wastes.

Liquid high-level wastes in interim storage
at the end of 1976 included 600,000 gallons of
commercial waste containing 400 million curies
of radioactivity (measured as strontium and
cesium 10 years after generation), and 80 million
gallons of military waste containing from 400
million to 700 million curies of radioactivity.

In addition, there were 6,000 spent nuclear
reactor fuel assemblies in fuel storage pools,
both at reactor sites and at independent facili-
ties, Nuclear reactors generating commercial
electric power are currently using fuel at a rate
of about 3,200 assemblies per year, If these fuel
elements were reprocessed, they would produce
approximately 200,000 gallons per year of liquid
high-level waste containing 230 million curies
of radioactivity.

Interagency Task Force Activities

An interagency task force was convened by
the Office of Management and Budget (OMB)
in late 1976 to review waste management pro-
grams currently underway or proposed by
Federal agencies, to help structure the various
agency programs into an integrated Federal
program directed toward the effective manage-

This is the Energy Research
and Development Administra-
tion’s conceptual design of the
probable layout of a bedded-salt
repository for high-level and
transuranic wastes. NRC will be
responsible for the safety review
and licensing of these facilities.

ment of radioactive wastes, and to facilitate
the redirection of jurisdictional matters which
might otherwise result in some aspects being
overlooked or in some duplication of efforts in
the Federal program. The task force is chaired
by OMB and includes representatives from the
NRGC, ERDA, Environmental Protection
Agency, Council on Environmental Quality,
National Science Foundation and U.S. Geologi-
cal Survey. Significant issues addressed by the
task force include ERDA’s proposed schedule for
the construction of a high-level waste repository,
the NRC’s role in licensing the first such reposi-
tories planned by ERDA, and the agencies’
roles in developing waste management criteria.
The task force will report its findings and
recommendations to the affected agencies in
1977.

Criteria Development

The development of performance criteria,
rather than design criteria, is a major part of
the NRC’s current waste management program
effort. The evaluation of specific designs will
be done when they are submitted to the NRC
for licensing review,

Development work supporting the formulation
of performance criteria for solid matrices for
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high-level wastes was completed by Lawrence
Livermore Laboratories and the University of
Arizona under contracts with NRC. Based on
this work, preparation of a proposed regulation
setting forth performance criteria for the solid
matrices has been initiated.

Preliminary identification and scheduling of
the standards required for the regulation of all
categories of licensed wastes is nearing comple-
tion. Similar efforts directed toward scheduling
the development of licensing methodologies and
predictive models are underway. Regulations
governing the performance of high-level waste
solids, setting forth waste classifications for reg-
ulatory purposes, and setting forth site suitability
criteria for high-level waste repositories are
scheduled to be proposed for public comment
in 1977 and 1978. The addition of a new part
to the Commission’s regulations specifically for
the regulation of waste management facilities
and operation is being considered.

NFS Waste Disposition

A policy statement issued by the former
Atomic Energy Commission in 1971 (Appendix
F to 10 CFR Part 50 of NRC regulations)
provided that high-level radioactive liquid
wastes produced at reprocessing plants must be
converted to an approved solid form within 5
years and shipped to a Federal repository within
10 years after separation of the fission products
from the irradiated fuel. The rule provided that
its application to existing wastes (produced by
the Nuclear Fuel Services plant at West Valley,
N.Y., the only spent fuel reprocessing plant to
be licensed for operation) would be the subject
of a further rulemaking proceeding.

The NRC staflf moved toward initiation of
the NFS rulemaking proceeding with publica-
tion in April 1976 of a report concerning dis-
position of the liquid high-level waste currently
being stored at the closed-down facility at the
Western New York Nuclear Service Center,
West Valley. The waste being managed at the
site includes 600,000 gallons of neutralized (non-
acid) high-level waste and 12,000 gallons of
acid from high-level waste which are by-
products of spent reactor fuel reprocessing that
took place there from 1966 to 1972.

The report, “Alternative Processes for Man-
aging Existing Commercial High-Level Radio-
active Wastes” (NUREG-0043), prepared for
NRC by Battelle Pacific Northwest Laboratories
under an ERDA contract, discusses the nature
of the NFS wastes and reviews the available
technology that may be applicable.

Licensing of ERDA Facilities

While ERDA has the task of developing and
demonstrating technologies for storage and
disposal of high-level nuclear wastes, the Energy
Reorganization Act of 1974 assigns NRC the
responsibility to license and regulate the facilities
to be employed for the safe storage and/or
disposal of these wastes.

The NRC is actively preparing for the licens-
ing of these ERDA facilities. Factors being
considered in the development of licensing pro-
cedures include assuring the protection of the
health and safety of the public, the timely
development of the facilities, and obtaining .
public participation to the fullest extent possible.
With these factors in mind, the preparation of
a licensing procedure which will provide for
effective NRC regulation is well underway.

The NRC licensing procedures will provide
for an independent assessment of proposed
ERDA waste management facilities. A study
under NRC direction has been initiated at
Sandia Laboratories to develop the procedures,
methods, and guidelines which will be used for
assessing the risks and evaluating the accept-
ability of proposed geologic storage facilities.
The evaluation of performance will be in terms
of meeting NRC goals and objectives for waste
management in areas including safety, environ-
mental, technical, societal, economic, and public
involvement factors.

Panels conducted by the National Academy of
Sciences will also support the development and
implementation of NRC licensing procedures
for radioactive waste repositories. Initial panel
studies will include:

® The conversion of high-level radioactive

waste into a suitable stable physical form,
so that it may be transported or disposed
of with greater safety; and

® The establishment of general geological



selection criteria for burial or disposal sites
for radioactive waste.
A report on panel results is expected by the
end of fiscal year 1977.

WASTE BURIAL FACILITIES
Reassessment of Low-Level Disposal

Six commercial shallow land burial facilities
have been licensed for the disposal of radioac-
tive wastes categorized as “other than high-
level” wastes. The NRC has complete responsi-
bility for one site—the Sheffield, Illinois facility.
“Agreement States” license the operation of the
other five sites, with the NRC sharing licensing
responsibilty at three sites. (See Chapter 9.)

The need for reassessment of existing commer-
cial burial sites has been highlighted in recent
reports, occurrences, and Congressional hearings.
The principal reasons for reassessment are: (1)
to assure that present operations are safe, and
(2) to reexamine the regulatory base for
licensing and control of the sites.

Although there has been, to date, no adverse
effect on public health and safety from any of
the existing commercial sites, a philosophy is
emerging among the concerned Federal agencies
(EPA, NRC, ERDA, USGS, CEQ) that con-
signment of radioactive wastes to shallow land
burial should be decided more on the basis of
the longevity of the hazard than on its magni-
tude. Thus, long-lived radionuclides—principally
the transuranic wastes—should not be disposed
of by shallow land burial. Achievement of “‘zero-
release” of radioactivity from the sites, because
of site characteristics alone was assumed feasible
in the past but is now being reevaluated. A
combination of site engineering, water manage-
ment, and the packaging and treatment of
wastes can minimize migration from sites, and
taking account of such factors in site evaluation
represents a new direction in waste management
philosophy.

The reassessment of existing sites involves
interrelated activities by NRC, the States, and
other Federal agencies—including some parts of
the NRC staff review of the Federal/State pro-
grams; Agreement State and NRC licensing and
inspection programs; work of the NRC in-

house task force on criteria; a State bonding
task force report; USGS and EPA data base
site studies; and interagency task force efforts.

As part of the Commission’s ongoing program
to reexamine the technical and regulatory bases
for the management of radioactive wastes and
in response to Congressional concerns, the NRC
undertook a study of Federal/State programs
for the regulation and operation of the commer-
cial low-level burial facilities. The NRC staff
study was a concentrated effort to assess the
overall programs for these sites and to identify
needed corrective actions.

During July and August, 1976, NRC staff
met with representatives from the States of
Illinois, Kentucky, Nevada, New York, South
Carolina, and Washington. (A commercial
disposal facility is located in each of these
States.) The purpose of the meetings was to
discuss the States’ experience and views concern-
ing the regulation and operation of commercial
low-level radioactive waste burial facilities. The
views expressed at these meetings were incor-
porated into the ongoing staff study. The NRC
staff also visited five of the six existing com-
mercial sites during this time.

A report was expected to be issued in early
1977 to present the staff’s findings and recom-
mendations, covering a range of issues including:

(1) National public need and concern for
safe, effective, and economic methods
for the management and disposal of such
wastes;

(2) The need for national projections which
define regional demands for waste dis-
posal capacity to serve as a planning
base for the States and Federal govern-
ment;

(3) Consideration of alternative technologies
for disposing of such wastes;

(4) The need for better technical criteria

and standards for the selection, develop-

ment, utilization and long-term care and
maintenance of the commercial burial
sites;

Assurance of adequate financial and in-

stitutional resources to care for such

wastes during their hazardous lifetime;

(6) Minimization of the number of sites
requiring long-term care; and

(5)
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(7) Coordination of Federal/State activities
in this area.

INDEPENDENT
HEARINGS/REPORTS

JCAE Hearing

On May 12, 1976, the Joint Committee on
Atomic Energy held a hearing on nuclear waste
management. The hearing was separated into
two sessions: one dealing with high-level wastes,
and one dealing with low-level wastes. The
session on high-level waste was a follow up to
the JCAE hearings on the same subject held
in November 1975. Top level NRC officials
presented testimony at both sessions in which
they described the status of the NRC waste
management program.

ACRS Report

In early 1976, the Commission requested that
the Advisory Committee on Reactor Safeguards
(ACRS) perform an independent review of
the NRC nuclear waste management program.
The ACRS sent an interim report to Chairman
Rowden in April 1976 in which they recom-
mended, among other things, that “NRC assume
an aggressive role in the development and
implementation of a comprehensive long term
waste management program.”

GAO Report on Waste Management

In June 1974, the U.S. General Accounting
Office (GAO) initiated a review of nuclear
waste burial grounds. In January 1976, the
GAO issued its report to Congress, entitled
“Improvements Needed in the Land Disposal
of Radioactive Wastes—A Problem of Centur-
jes.” The report dealt with both commercial
burial activities and the burial practices at
facilities operated by the Energy Research and
Development Administration (ERDA). The
GAO made several recommendations to the
NRC concerning the need for comprehensive
studies of waste disposal sites, development of

site selection criteria, improvements in monitor-
ing programs and development of long-term
care requirements.

The most broad-ranging GAO recommenda-
tion was for studies of existing commercial and
ERDA sites to better evaluate their ability to
retain radioactive waste and, on’the basis of
those studies, to develop site selection criteria
for determining the long-term suitability of
existing disposal sites and for selecting future
sites. Full implementation of all the recommen-
dations will involve a number of Federal agen-
cies and State groups who have overlapping
charges and ongoing studies.

An informal interagency working group to
deal specifically with shallow-land burial and
with the implementation of the GAO recom-
mendations has been established following an
NRC initiative. The group consists of represen-
tatives of NRC, ERDA, EPA and USGS, plus
a representative of the National Conference of
Radiation Control Program Directors, to pro-
vide input from the States. The group has
agreed to define areas of responsibilities, to
coordinate the timing of programs, and to see
that the GAO recommendations are fully im-
plemented, while minimizing duplication of
effort.

WORKSHOPS ON WASTE

Workshop on Partitioning

A substantial problem in the development of
a waste management scheme is the great dif-
ference that exists between time-projections of
a thousand years and those on the order of a
million years. A number of improvements in
current waste disposal approaches might be
implemented, if a system could be devised to
permit the reduction in the time frame for
waste storage to a scale of a thousand years,
through separation of the radioactive wastes
into segments with different half-lives (partition-
ing), with special handling of the long-lived
heavy elements produced or remaining from
fuel irradiations. These elements might, for ex-
ample, be transmuted to shorter half-life
radioactive products by reirradiation techniques.

In view of the foregoing considerations and



others—including accord with the National
Enviromental Policy Act’s mandate to achieve
the “. . . maximum attainable recycling of de-
pletable resources . . ’—NRG sponsored a
technical workshop on radioactive waste
partitioning to:

® Discuss the question of why (or why not)
radioactive wastes should be partitioned,
considering environmental safety,
economic, or other viewpoints;

® Review existing separations technologies
and assess their potential in radioactive
waste management activities; and

® Identify areas where research is required
to confirm developmental and design
aspects of this process alternative for
radioactive waste management

Approximately 70 participants were involved
in the workshop proceedings, representing gov-
ernment agencies such as ERDA, EPA and NSF,
ERDA-sponsored laboratories, utilities, academic
institutions and concerned citizens (for example,
the Union of Concerned Scientists and Natural
Resources Defense Council).

The workshop proceedings were compiled,
edited, and published as the document NR-
CONF-001, in June 1976. In summary, the
consensus of the workshop participants was
that:

® Before a requirement for partitioning can
be considered by NRC, additional research
and development studies would be
required. Thus, a near-term decision on
the partitioning alternative for a waste
management system is precluded.

® Some possible objections to waste partition-
ing are that increased waste stream volumes
could be added to the disposal problem;
increased occupational exposures could
occur; and increased costs could be in-
curred from the additional separation
operations. :

® There is no reason why a deferral in
deciding on the merits of requiring parti-
tioning would impede either commercial
fuel reprocessing or consideration of the
recycling of plutonium,

NRC is continuing to analyze the information
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in the proceedings with a view to developing a
policy statement, if indicated.

Workshops on Waste Classification

To provide for more appropriate regulation
of the storage of nuclear waste, it is necessary
to devise a more detailed and specific waste
classification method than is in current use.

A technical advisory panel has been set up
under NRC contract to formulate a classification
system for nuclear wastes which can be used
as a tool for developing regulations for the
management and disposal of these wastes. Pro-
posed classification criteria are scheduled to be
published for public comment in late 1977. This
will provide a basis for the development of
regulations specifically designed to optimize the
storage of the various defined waste types.

Workshop on Planet Earth’s Stability

As part of its efforts to develop criteria for
the siting and evaluation of waste repositories,
the NRC sponsored a workshop of experts in
such fields as natural resources, geology, biology
and demography, to discuss what developments
in the far distant future might affect the per-
formance of a nuclear waste repository. The
workshop was entitled, “Resource Potential and
Environmental Stability of the Planet Earth for
the Next Million Years,” and was held near
Denver in November 1976. '

The meeting was an exploratory effort at
cataloguing the factors important to assessing
these repositories in the long term. From the
workshop the NRC and the National Academy
of Sciences (under contract with NRC) will
carry through separate and parallel programs
aimed at defining criteria important for an
independent assessment of the geological dis-
posal of high-level wastes.

The question posed to the workshop was
simply, “Does the new knowledge in the several
areas represented provide us with any startling
new insights into what should be done with the
nuclear wastes?” The answer from the group
was that no new guidelines could be identified,
but some powerful new tools were available to



These photos were taken at Nuclear Engineer-
ing Co.s shallow land burial ground near Rich-
land, Wash., one of six commercial sites in the
United States for disposal of low-level radioactive
wastes. The burial ground is licensed by the State
of Washington, except that the handling of any
special nuclear material is licensed by NRC. Fea-
tured in the photos, running clockwise from upper
left are: (1) a Type B container, “Super Tiger,”
is delivered by truck; (2) the inner door of the
Super Tiger is unbolted after the spacer end has
been unbolted and opened; (3) the 55-gallon metal
drums are removed to a forklift pallet after direct
and smear survey for leakage is performed;
(4) interior of a burial trench; and (5) a trench
that has been backfilled and marked with a
monument and placard.

(5)




aid our understanding and our review of pos-
sible sites and disposal methods.

ENVIRONMENTAL IMPACT OF
LWR FUEL CYCLE

AEC’s 1974 Rule

The “Environmental Survey of the Uranium
Fuel Cycle” (WASH-1248) was published by
the Atomic Energy Commission in April 1974,
for the purpose of establishing a technical basis
for informed consideration of environmental
effects of the uranium fuel cycle in the environ-
mental impaCt statements for individual light
water reactors proposed for licensing.

The survey treated the nuclear fuel cycle
generically, permitting an overview of the entire
industry without the need to evaluate particular
plants. To compensate for the lack of specific
site and design detail, it made estimates of

effluent concentration, radiation dose rates, and -

human population densities appropriate to the
model fuel-cycle facilities. Table S-3 of the
survey presented the summary of the environ-
mental impacts of the fuel cycle attributable to
one 1,000-MWe light water reactor, to be used
in the cost/benefit analysis for the plant. The
fuel cycle rule (Table S-3 of 10 CFR § 51.20
(e)) had as its base a modification of the
uranium-only recycle process in which separated
plutonium was stored for possible later use
rather than being recycled or treated as a waste
stream. High-level wastes were taken to the
point of retrievable surface storage, but the
disposal of high-level and transuranic wastes
was never addressed.

NRC’s 1976 Analysis

Supplement 1 to WASH-1248, “Environmen-
tal Survey of the Reprocessing and Waste Man-
agement Portions of the LWR Fuel Cycle”
(NUREG-0116), was published by the NRC in
October 1976, as a result of the July 21st de-
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cision by the U.S. Court of Appeals, D.C.
Circuit, remanding the reprocessing and waste
management portions of the fuel cycle rule (see
Chapter 2). The supplement considers two fuel
cycles: uranium-only recycle, and the no recycle
case. In the supplement, the model fuel cycle
facilities, in terms of capacities, waste genera-
tion rates, and types of waste produced are
drawn from GESMO,* and the environmental
impacts associated with reprocessing and waste
mangement activities are normalized to a model
reactor corresponding to that in WASH-1248.

The supplement presents a full discussion of
spent fuel reprocessing and waste management
impacts, and is based on a thorough survey of
the available data. In general, the supplement
indicates that the available data are adequate
for a quantitative assessment of impacts from
normal operations of all parts of the reprocessing
and waste mangement system. Accidents were
analyzed for most components of the complete
system but the basis for these analyses in the
literature were varied, and all accident se-
quences could not be analyzed. The NRC report
found that environmental impacts of fuel
reprocessing and waste mangement as they relate
to individual nuclear plants continue to be
small, even when impacts which were not
completely accounted for in the past were
considered.

In areas where information necessary for a
complete quantitative assessment of environ-
mental impacts is lacking (risks from sabotage,
special risks from disposal of spent fuel or
separated plutonium, and risks from failure in
the long-term of the geologic repository for
high-level waste}, various Federal programs are
underway to resolve existing uncertainties.

At the time of the adoption of the fuel cycle
rule, the AEC indicated that the rule and
survey would be re-examined from time to time
to accommodate new information. In this
regard, the NRC staff is initiating a study
designed to examine information that has de-
veloped since promulgation of the fuel cycle
rule in 1974 for the purpose of generally up-
dating the rule.

* “Final Generic Environmental Statement on the Use of Recycle Plutonium in Mixed Oxide Fuel in
Light Water Cooled Reactors,” NUREG-002, USNRC, August 1976.






Domestic Nuclear Safeguards

Protecting Materials and Facilities

The area of nuclear safeguards—those measures used to
prevent the theft or diversion of nuclear materials or the sabotage
of nuclear facilities—was one of intense study, evaluation and
activity during 1976. This chapter will cover significant develop-
ments and decisions related to domestic safeguards. International
safeguards and export-import control are discussed in Chapter 11.

Domestic safeguards for licensed nuclear materials and
facilities are an increasingly important element in the overall
NRC licensing process and the subject of specific regulations,
guidance and standards, as well as the research needed to confirm
or revise them. Safeguards are an important aspect of NRC’s
review of license applications for reactor and fuel cycle operations
and a major concern in NRC’s inspection and enforcement
activity. Regulations related to safeguards are set forth in 10
CFR Part 73, “Physical Protection of Plants and Materials,” and
10 CFR Part 70, “Special Nuclear Material.” The protection of
special nuclear material (SNM), whether in use, in transit or in
storage, is the principal objective of safeguards. SNM includes
plutonium, uranium-233, uranium enriched in uranium-235, and
any other material determined by the NRC to be special nuclear
material under Section 51 of the Atomic Energy Act of 1954.
SNM does not include source material (for example, natural
uranium and thorium) from which nuclear fuel is processed.
Some nuclear wastes may contain SNM.

The continuing development and expansion of the nuclear
power industry has prompted continual review and upgrading of
safeguards requirements. In recognition of the importance of this
function, the Congress explicitly provided in the Energy Reorga-
nization Act of 1974 for an Office of Nuclear Material Safety
and Safeguards within the NRC, mandated to review existing
safeguards for nuclear facilities and materials and, in particular,
to carry out (1) monitoring, testing and recommendations for
upgrading material accounting systems; (2) development of
contingency plans to deal with threats, thefts and sabotage of
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materials or facilities; and (3) a study of the
need for, and feasibility of, establishing a Fed-
eral security agency to administer safeguards.
Results of NRC activity in each of these areas
are discussed below, under the heading “Meet-
ing Congressional Mandates.”

DEVELOPING SAFEGUARDS
POLICY

The Commission’s continuing assessment of
licensee performance in the safeguards area
during 1976 proceeded from two basic questions:
Are present-day safeguards satisfactory in
terms of present needs? and, What new or
augmented measures will be necessary to protect
public health and safety and national security
in the future? More specifically, the Commis-
sion focused on the following kinds of critical
safeguards questions during 1975-76:

® What are the crucial security problems

facing nuclear licensees?

® What are the highest priority safeguards

research needs?

® What level of protection is adequate?

® What are the surest and most efficient

means by which to enhance (1) transpor-
tation security, (2) fuel plant protection,
(3) reactor protection, and (4) material
controls?

® Should current “systems-oriented” regula-

tions, which specify how a required objec-
tive is to be met, be supplemented with
“performance-oriented” regulations, which
focus on the goal and allow a licensee
flexibility in going about meeting it?

® What kinds of tests are demanded to pro-

vide assurance that industry security sys-
tems are affording the necessary degree of
protection?

® Are workable contingency plans in place

to guide responses to any attempted thefts
or attacks?

® Are safeguards early warning systems

sufficiently fast and reliable to thwart overt
or covert attacks against nuclear plants
and materials?

In seeking a resolution of these questions, the

NRC made three fundamental policy determi-

nations from which to approach all safeguards
issues. First, while NRC must define the levels
of safeguards protection needed and incorporate
them into regulation, the licensees themselves
will have primary responsibility for designing
safeguards systems, making security improve-
ments, and maintaining the capability to assure
that nuclear plants and materials were effec-
tively protected. NRC will continue, through
inspection and enforcement, to assure that
licensees are complying with applicable require-
ments for implementing safeguards. Second,
NRC would establish, with a high degree of

confidence, that safeguards systems were satis-

. factory by use of such improved techniques as

on-site validations, operational readiness tests
to probe for weaknesses in the system, or the
revamping of data systems to speed the flow of
vital security information to the proper licensee
personnel and to the NRC. The third policy
determination was that nuclear safeguards will
be tailored to the degree of risk associated with
particular materials and facilities. For example,
low-enriched uranium does not pose the same
security problems that high-enriched uranium
or plutonium does, and safeguards prescribed
for their protection should differ accordingly.

In 1976, the Commission tightened existing
safeguards requirements after plant-by-plant
evaluations and a thorough review of transpor-
tation routes. The assessments resulted in issu-
ance of stronger license conditions to govern
specific plant and transport operations, and the
upgrading of safeguards regulations and guides.
An equally strong effort was made to complete
ongoing planning and carry out the Congres-
sional mandates cited above.

Meeting Congressional
Mandates

As noted, the Energy Reorganization Act of
1974 charges the NRC to develop recommenda-
tions for the upgrading of material accounting
systems; to develop contingency plans for deal-
ing with threats, thefts and sabotage of nuclear
materials or facilities; and to determine the
need, if any, for a Federal Security Agency
to administer safeguards.



MATERIAL ACCOUNTING
SYSTEMS

In 1976, NRC staff completed its review of
plans drawn up by licensees for fundamental
nuclear material control, in response to regula-
tions issued in November 1974. These plans
represent an upgrading of the accounting re-
quirements by which the storage and use of
nuclear materials is monitored and controlled.
The industry’s plans were predicated on a need
for detailed accounting procedures for the con-
trol of quantities of SNM in exces of one “effec-
tive” kilogram (one kilogram for plutonium or
uranium-233; larger amounts of material en-
riched with uranium-235, depending on the .
degree of enrichment). The improved controls
proposed by industry involve the use of ad-
vanced technology, such as nondestructive
analysis, and automatic data systems to provide
rapid accounting reports. The plans were
assessed by the staff and used to modify indi-
vidual licenses to ensure industry-wide compli-
ance with them. Under the new requirements,
licensees must:

® Establish additional checks to prevent

diversion of the material;

® Increase the number of material control

areas to localize any inventory discrepan-
cies;
® Improve the measurement base for material
control and accounting;
® Establish controls to provide current
knowledge of identity, quality and location
of discrete items and containers of SNM;
® Reduce the time required to process scrap
material, which is difficult to measure; and
® Formalize audit procedures.
The new requirements also specify new controls
in certain other areas such as shipping and
receiving procedures, materials storage practices,
records and reports, and management practices.
Twenty licensees (all those affected by the
more stringent rules) were found by NRC to

have adopted acceptable implementation plans
in 1976.

Measurement Control Plans

In order to further improve the quality of
nuclear material measurements by licensees, the
NRC imposed, in August 1975, more exacting
quality control requirements on the industry by
again revising 10 CFR Part 70. The new re-
quirements are intended to strengthen and

S SV

Nuclear material accountability at General Electric Co.'s reactor fue} manufacturing
plant at Wilmington, N.C., is performed with the aid of special measuring equipment and

computer systems. One of the computers,

at left, contains information fed into it from

terminals in more than 100 locations throughout the plant. Information from .th'e scale at
the fuel rod loading station at right is entered directly into the computer. Similar scales
are employed at other locations to measure and record weights for uranium dioxide powder
containers and uranium hexafluoride cylinders.
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complement present accounting and measure-
ment techniques. They apply to the same group
of licensees which were required to submit
fundamental nuclear material control plans.
The rules apply to all nuclear material facilities
authorized to possess and use more than one
“effective” kilogram of SNM. Written plans sub-
mitted by the licensees to implement the NRC’s
new provisions were under review at the end of
fiscal year 1976.

CONTINGENCY PLANNING

A safeguards contingency is any unusual or
nonroutine event that requires the execution of
security plans and procedures not normally
performed on a day-to-day basis. Such events
are to be expected, and the safeguards staff at
the licensed facility is responsible for anticipat-
ing and dealing with them effectively.

A safeguards contingency plan is a docu-
mented plan developed to respond to threats,
thefts or sabotage in connection with SNM or
nuclear facilities licensed by the NRGC, in such
a way that, if normal safeguards fail, SNM will
be held secure or recovered and/or nuclear
facilities will be kept secure or restored to a
protected condition. Contingency plans contain:
(1) a predetermined set of decisions and actions
required to satisfy stated objectives; (2) an
identification of the data, criteria, procedures,
and mechanisms necessary to make and carry
out the decisions and actions efficiently; and (3)
a specification of the individual, group or orga-
nizational entity responsible for each decision
and action.

The contingency planning staff of the NRC
has, over the period of this report, worked to
develop a methodology for determining when a
given threat or situation should be perceived as
serious. It has also focused efforts on construct-
ing a base for the assessment of information
from other Federal agencies.

There are important differences between
“safeguards” and “safety” as the terms are
employed by NRC in the regulation of nuclear
material and facilities. Safeguards contingency
plans are directed against adversaries; safety
emergency preparedness plans are directed

against accidents. Contingency plans are carried
out primarily by security forces; emergency
plans are carried out primarily by health
physics, medical and other technical staffs.

Interagency Agreements

An important aspect of contingency planning
is a knowledge of all available resources and of
the means to mobilize them should they be
needed. NRC staff has established contact with
60 organizational elements of 23 Federal agen-
cies and two national associations. These con-
tacts were made to find out what resources are
available to cope with the loss of nuclear ma-
terials and what procedures would be necessary
to obtain any desired assistance. Interagency
agreements are being drafted with those agencies
and organizations that have been found of po-
tential help in responding to safeguards con-
tingencies, including the Energy Research and
Development Administration, the Federal Bu-
reau of Investigation, the Central Intelligence
Agency, the Secret Service, the Department of
State, components of the Department of De-
fense, the Coast Guard, the Federal Aviation
Administration, and others. Procedures will be
clearly defined in writing and the options and
resources identified. Formal interagency agree-
ments will spell out the criteria for agency in-
volvement, the responsibilities of NRC and the
assisting agency, the information channels and
flow, and procedures to be followed.

Incident Response Center

NRC is establishing an Incident Response
Center (IRC), with on-call duty officers avail-
able for responding to events arising after nor-
mal working hours. With the installation within
the IRC of secure telecommunications with
other Federal agencies, the center will become
the focal point for implementation of NRC’s
headquarters contingency plans.

Information Assessment Team

To ensure prompt, coordinated action on all
information regarding threats to licensed nuclear



facilities and materials, the NRC has also
established an Information Assessment Team
(IAT). The team is responsible for rapidly re-
viewing the authenticity of sources and data
on each reported threat and determining the
seriousness of the threat. It then recommends a
course of action to be taken by NRC manage-
ment.

There were occasions during the fiscal year
when NRC or its licensees deemed it advisable
to intensify the state of readiness at certain
nuclear facilities to deal with threats of varying
severity. Such an occasion arose during the
period of the Fourth of July 1976 bicentennial
observance, when the JAT maintained contact
with the intelligence community, national agen-
cies, and State and local law enforcement
agencies. No attempts to breach security were
made, but plans for responding to such attempts
were in readiness. (See also Chapter 7.)

A prototype licensee safeguards contingency
plan was prepared by NRC for the Plutonium
Fuels Development Laboratory of the Westing-
house Corporation, and a plan for safeguarding
highway transportation of SNM was developed
with the cooperation of Tri-State Motor Transit
Co., in order to verify and demonstrate the NRC
methodology in actual application. A regulation
is being formulated which would require li-
censees authorized to possess significant quan-
tities of SNM to develop and use safeguards
contingency plans. An industry-wide meeting
was held in April 1976 with fuel-cycle licensees
at which NRC staff set forth the philosophy,
methodology and objectives of safeguards con-
tingency planning and plans for implementing
the Congressional mandate were explored. In
addition, NRC staff has consulted with, and
briefed ERDA on regulatory activities in order
to promote compatibility and to fulfill require-
ments of the Energy Reorganization Act.

SECURITY AGENCY STUDY

The third NRC undertaking mandated by
the Energy Reorganization Act was the determi-
nation of whether a Federal security agency
was needed to safeguard commercial nuclear
operations, and if it was feasible to create such
an agency within the NRC. Of concern in this

regard were nuclear power reactors, certain fuel
plants, and special nuclear materials. The basic
question was whether the licensees, in concert
with local law-enforcement bodies, could pro-
vide adequate armed security personnel with
appropriate back-up resources, or if Federal
guards were called for.

Sixteen criteria, based mainly on consultants’
reports, were used by NRC to compare the
effectiveness of private and Federal guard forces.
The criteria included: general and local secur-
ity knowledge; mental and physical fitness;
alertness; motivation; arrest power; authority to
use deadly force; chain of command and con-
trollability during crisis; compatibility in normal
operations; liaison with offsite forces; and
weapons. Other issues considered in the study
included the role of offsite reaction forces;
administrative implications for licensees and
NRC; and the possible use of Federal security
forces from other agencies. More than 300
persons contributed to the study, including
special contractors to report on specific aspects
of the issue, and consultants from the Federal
Bureau of Investigation, the Department of
Defense, the Department of the Treasury, the
U.S. Marshals Service, and the Energy Research
and Development Administration.

As a result of the study, the NRC concluded,
and reported to the Congress on September 7,
1976, that there is no need at this time to create
a Federal security agency within the NRC to
protect commercial nuclear facilities from
sabotage and nuclear materials from theft or
diversion. The creation of a special security
force within NRC would not result in a higher
degree of guard force effectiveness than can be
achieved through the use of private guards who
have been properly trained and certified by
NRC. The study identifies means by which
guard forces could be upgraded through the
imposition of new requirements under current
authority. The study also concluded that new
legislative authority would be necessary for the
creation of a guard force within NRC,

A salient finding of the security agency study
was that no difference in potential impact on
civil liberties could be discerned between the
use of Federal and the use of private guard
forces.
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Tests and Evaluations

SITE ASSESSMENTS

In January 1976, the NRC began a special
review of safeguards which focused on fuel
cycle facilities possessing strategic quantities of
highly enriched uranium or plutonium. Evalua-
tions were made at 15 facilities to assess the
effectiveness of their programs. The -review
teams studied the licensees’ ability to meet cur-
rent regulations and judged their safeguards
capabilities against specified threat levels.

Weaknesses were found at each of the 15
facilities, the most prevalent related to control
of access to strategic quantities of SNM (both
stored and in process), exit search procedures,
and adequacy of response by onsite and offsite

security forces. The review teams were satisfied

that short-term measures could correct most of
the deficiencies and that some could be resolved
by procedural changes alone. The licensees took
immediate corrective actions. .

During their initial review, the teams found
that the guard forces of some licensees were
admittedly reluctant to engage an attacking
force, to some degree for lack of strength in
numbers. Licensees have significantly increased
guard strength since that review and affirmed
their commitment to intervene with force, if
need be, to protect strategic quantities of
special nuclear material.

Of the 15 facilities involved in the review,
eight were judged adequate to withstand the
postulated threats. Correction of the safeguards
deficiencies of the remaining seven was moni-
tored by NRC staff using existing inspection,
enforcement and licensing procedures and in-
cluding the imposition of plant-specific license
conditions,

Some examples of the types of license condi-
tions imposed as a result of site assessments are:

® Increase in the number of guards and

weapons;

® Corrections and improvements in alarm

systems;

® Strengthening of communications systems

with local law enforcement agencies for
back-up support;

® Improvement of surveillance of plant

personnel inside those material areas of the
plant considered to be critical;

® Improvements in penetration detectors
inside plant boundaries; and

® Tightening of exit search procedures.

PROTECTION OF PLANTS

Additional license conditions and orders were
also issued as a result of observing nuclear
material shipments; these are discussed below,
under “Vulnerability Analysis of Land Trans-
port.”

All fuel cycle licensees were required to
achieve the capability by the end of August 1976
to withstand, at a minimum, the internal and
external threats postulated above. To confirm
that this capability was achieved, NRC assess-
ment/evaluation teams again visited all fuel
cycle operations involved during September and
October 1976 and found that the safeguard
capability at all facilities was sufficient to meet
the design threats under the evaluation criteria
applied.

SAFEGUARDING POWER
REACTORS

NRC continued to emphasize safeguards for
nuclear power plants during 1976, and initiated
major efforts to evaluate current physical se-
curity at operating plants and the need for
new regulations. At the end of the fiscal year
these efforts were nearing completion. A pro-
posed new regulation was prepared to codify
specific physical security requirements for re-



actors. Emphasis in nuclear plant safeguards is
placed on preventing acts of sabotage which
could endanger public health and safety through
releases of radioactivity to the environment.
NRC requires licensees to submit physical
security plans outlining protective features—
including armed guards, fences, communications
systems, and access controls—to be maintained
at the plant. The agency reviews and approves
compliance through periodic site visits.

As part of its continuous assessment of safe-
guards generally, the NRC reviewed during
1976 the physical protection provisions currently
in force at all operating plants, and conducted
special inspections at each plant. A small num-
ber of plants were found to need near-term
improvements in the physical security system.
These improvements were initiated by the
licensees.

In a second action, the NRC selected six
representative reactor sites for onsite evaluations
to check the effectiveness of safeguards require-
ments in the projected new regulation (10 CFR
Part 73.55). Results of this survey were con-
sidered in developing the proposed regulation.
(See also Chapter 12 under “Safeguards
Standards.”)

THE USE OF FORCE

As a consequence of contacts with the nuclear
industry concerning the protection of special
nuclear material, the NRC determined that the

matter of guard responsibility was one that
required more positive definition. It was clear
that a commitment from industry would be
needed to assure that their guards would take
appropriate response action—including the use
of force as circumstances dictated to protect

the material.

In November 1975, the NRC informed fuel
cycle licensees of the full intent of NRC reg-
ulations concerning guard response, following
up with additional clarification in direct dis-
cussions during site visits. From these discus-
sions it became apparent that there were wide
variations in prescribed guard response actions
and procedures among the licensed plants. To
remedy this situation, a message was sent to
licensees in March 1976 which further defined
and clarified the NRC’s policy in this regard.
Responses to the message were positive, and a
better understanding of the sensitive nature of
the problem and the need for protecting SNM
with force was achieved.

VULNERABILITY ANALYSIS
OF LAND TRANSPORT

It has been widely believed, but never dem-
onstrated, that transportation is the weakest
link in the safeguards system. The reality is
that moving security vehicles have, almost
uniquely, been excluded from the targets of
terrorism in the last decade. However that may
be, the NRC conducted a series of field tests of
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As a part of the program to safeguard nuclear power plants from sabotage, NRC regula-
tions require that all vehicles entering the plant site must be checked and any package

carried onsite inspected.
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transportation vulnerability, with the assistance
of the U.S. Army Special Forces, in the spring
of 1976. The tests evaluated the road transpor-
tation system on routes which had carried more
than 75 percent of the special nuclear material
transported by truck in 1975. The joint test
team observed shipments as they traversed these
routes and evaluated the routes, the equipment
and procedures employed, communications, and
the availability of police response in case of
emergency. The principal carriers of SNM—
operating under NRC physical security rules—
cooperated fully in the tests and contributed
significantly to the final appraisal.

MATERIALS SHIPMENT PROCEDURES
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Several areas where vulnerability could be
reduced were identified through the tests, and
new license conditions which were imposed to
rectify the weaknesses materially improved the
security of truck transport. The most important
of the new requirements were the addition of an
armed escort in a separate vehicle for all ship-
ments, the addition of appropriate communica-
tion equipment, and the provision of supple-
mentary training for security personnel. All of
these actions were implemented by May 1976,
and NRC-monitored shipments since then have
used the improved system.

The route vulnerability assessment had, as
noted, identified a need for additional training
of security personnel in convoy escort proce-

-dures and defensive tactics. Training proce-

dures outlined in the NRC guides are currently
being rewritten, and the future version will

include a greater amount of practical field
training. To meet the immediate need, NRC
formed a mobile training team which presented
a four-hour seminar at four different locations
in the U.S. Drivers and guards participating
in this training were certified as having received
the supplementary instruction prescribed.

The route vulnerability assessment also dem-
onstrated the desirability of increasing the
awareness of local law enforcement authorities
of their role as response forces in the national
nuclear safeguards effort. This was partially
accomplished, relative to the highway transport
of SNM, during police interviews in one phase
of the route vulnerability assessment, A more
systematic program, however, is currently being
developed.

During observations of SNM shipments prior
to and during the assessment, the Citizens Band
(CB) Radio was recognized as a valuable com-
munications backup to the radiotelephone re-
quired in vehicles transporting strategic quan-
tities of SNM. Since May 1976, all such
vehicles have been equipped with CB trans-
ceivers. In addition, NRC is working closely
with local law enforcement officials to enlist
their assistance in protecting the public in the
event of an attempted nuclear theft, sabotage
or threat. The NRC effort to develop strong
ties with local law enforcement agencies will
continue in the form of NRC-developed pro-
grams which increase their awareness of the
role of law enforcement in safeguards, close
staff liaison, improved cross-communications
systems and other cooperation.

VULNERABILITY ANALYSIS
OF FIXED SITES

After the results of the transportation field
tests and evaluation were released, several NRC
licensees volunteered to cooperate in similar
assessments of their fixed-site vulnerability. The
first of these assessments was made at the Gen-
eral Atomics facility at La Jolla, Calif., in
July 1976. The assessment team, following
measurement of the plant’s safeguards capability
against a determined outside assault, recom-
mended means for improving security proce-
dures and awareness.



Upgrading Safeguards

During the year NRC continued to imple-
ment measures to improve safeguards systems,
and moved toward the development of per-
formance-oriented regulations that would estab-
lish higher protection levels which the nuclear
industry would have to achieve, based on
specific threat levels.

The upgrading of safeguards was based on
industry-wide site and transportation safeguards
adequacy assessments conducted by NRC. The
approach being adopted is to develop perform-
ance capabilities which establish the safeguards
levels that nuclear facilities and shippers must
achieve, while allowing them flexibility to
design site-specific safeguards systems. This
new direction recognizes that there are options
as to how safeguards can be accomplished, and
encourages the licensee to be inventive in de-
signing -and implementing his safeguards pro-
gram as long as acceptable protection levels are
achieved. The performance-oriented regulations
will be supported by regulatory guides which
will outline methods to be used to evaluate
whether a licensee’s proposed safeguards system
satisfies established performance capabilities and
will explain the scope, intent, and application
of particular regulatory provisions.

In addition to the reorientation and upgrad-
ing of regulations for existing facilities, NRC
has been developing safeguards requirements to
protect the plutonium that would be produced
at future facilities should the Commission ap-
prove the mixed oxide fuel cycle.

PLUTONIUM SAFEGUARDS
STUDY

To aid in reaching a decision on the proposed
wide-scale use of mixed oxide (MOX) fuel in
light water nuclear reactors, the NRC continued
throughout the year to develop an environ-
mental impact statement in accordance with
the National Environmental Policy Act of 1969.
The Commission has described the scope, pro-
cedures, and schedule for completing that state-
ment and indicated that, before it reaches a
decision on the wide-scale use of MOX fuel,

it would make a full assessment of safeguards
issues. Accordingly, the Commission directed its
staff to prepare and circulate for written com-
ment a draft safeguards supplement to the
former Atomic Energy Commission’s draft
“Generic Environmental Statement on the Use
of Recycle Plutonium in Mixed Oxide Fuel in
Light Water Cooled Reactors” (the GESMO
statement on health, safety and environmental
aspects is discussed in Chapter 3).

The safeguards implications of the MOX fuel
cycle would stem from the introduction into
the commercial nuclear power industry of sub-
stantial quantities of special nuclear material
in the form of compounds of plutonium. The
primary concern over plutonium is based on its
potential use by malefactors in a nuclear ex-
plosive or a radiological dispersal weapon.

The Commission’s decision on the wide-scale
use of MOX fuel will ultimately be based on
a balancing of the potential societal benefits
and risks from such use. The purpose of the
draft safeguards supplement is to illuminate
factors which would affect this risk-benefit bal-
ance, including new or incremental risks or
additional burdens to society stemming from the
safeguards systems needed to protect a wide-

-scale MOX industry. In addition, the cost of

safeguards, iné:luded in the document, represents
a basic input into the overall cost-benefit
analysis of the wide-scale use of MOX fuel.

In performing the assessment of safeguards
for the wide-scale use of MOX fuel, the NRC
staff sought answers to three basic questions:

® What would be the potential incremental

risks to society from malevolent acts
directed at large quantities of plutonium
in the commercial sector?

® Could MOX in wide-scale commercial use

be sufficiently protected to assure that the
risks to society from malevolent acts would
be acceptably low?

® If adequate safeguards could be provided,

would their economic and other societal

impacts (that is, on civil liberties, laws,
institutions, physical environments, etc.)

be acceptable to the public?

To answer the first question, regarding risks
from malevolent acts, it was necessary to
identify the characteristics of a projected MOX
fuel cycle industry, the potential threats to
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that industry, and the consequences that might
ensue if safeguards failed and a threat were
successfully carried out.

To answer the question whether a commercial
MOX industry in the United States could be
adequately safeguarded, it was necessary to
determine what level of protection should be
accorded to MOX materials, bearing in mind

the protection given to other forms of SNM,
and to determine what would be required to
achieve necessary safeguards for a MOX in-
dustry, by actually undertaking the conceptual
design of a reference safeguards system and
assessing various other safeguards options as
well. It was also necessary to consider the
dimensions that could be added by international

A team from NRC's Division of Safeguards
recently visited Nuclear Fuel Services high-en-
riched uranium processing plant near Erwin,
Tenn. for the purpose of evaluating plant security
facilities and procedures. Some of the plant
gsecurity measures are illustrated here. Above
left, the plant is surrounded by an intrusion
alarm system. Above right, all employees and
visitors are searched for weapons and explosives
at entrances to protected areas of the plant. Any
person entering a material access area (below
left) must also pass through a metal detector
arch and, when leaving the area, be further
gearched with instruments for detecting special
nuclear material (SNM). As shown at lower right,
a central alarm station maintains constant sur-
veillance over all entrances to the plant, un-
occupied areas that contain SNM, and areas where
workers are performing certain material han.
dling operations.




MOX commerce, with or without U.S. partici-
pation.

The third question, concerning the economic
and societal impacts of MOX safeguards, was
addressed by comparing the burdens that would
be borne by a mature light water reactor in-
dustry which used MOX against one that would
continue the present reliance on low-enriched
uranium fuel.

Preliminary views of the NRC staff concern-
ing these three principal questions were that:

® There is no known current threat against

licensed nuclear fuel cycle facilities.

® Use of MOX fuel would have no signifi-

cant impact on the potential consequences
of sabotage to nuclear reactors.

® A potential risk to society could exist if

threats to the MOX fuel cycle industry
materialized and adequate safeguards were
not provided.

® By building on extensive and successful

U.S. experience in safeguarding SNM
utilized in defense programs, in civilian
(ERDA) research and development activi-
ities, and in commercial channels, safe-
guards systems can be designed to protect
a future MOX industry to an extent that
reduces the risk of theft and malevolent
use of plutonium,

® The incremental burdens on society from

the imposition of such safeguards would
consist principally of relatively small in-
creases in MOX industry costs and in the
number of individuals affected by plant
security and safeguards systems. The draft
safeguards supplement was scheduled to
be issued for public comment in 1977.

NRC/ERDA COOPERATION

The Energy Research and Development
Administration, which is responsible for research-
ing and developing alternate energy sources,
including nuclear energy, has authority over
certain nuclear facilities of the U.S. Govern-
ment. The NRC is concerned with regulation
for safety, environment and safeguards primarily
in civilian nuclear activities, but also including
certain of ERDA’s operations. It is desirable
that nuclear safeguards applied by NRC and
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ERDA be consistent, since the purpose for safe-
guards is the same in both areas.

In order to maintain comparability and en-
courage mutual reinforcement in their respec-
tive safeguards, NRC and ERDA adopted, in
1976, a working agreement committing both
staffs to close and continuing cooperation. The
agreement encompasses contingency planning,
safeguards measures for facilities and transport,

_evaluative methodology and criteria, long range

planning, research requirements, technical
assistance studies, and international programs.
Also in 1976, the two agencies collaborated in
a joint report to the National Security Council
on the status of domestic nuclear safeguards,
making recommendations for the strengthening
of both of their programs.

A significant area of NRC/ERDA coopera-
tion was launched on March 12, 1976, when the
NRC Chairman and the ERDA Administrator
met with top officials of the two agencies to
review the safeguards status of nuclear fuel
cycle facilities licensed by NRC and processing
fuel under ERDA contracts. A joint action plan
was adopted to determine the overall status of
present safeguards controls at these so-called
mixed facilities (involved with both NRC and
ERDA), which handle significant amounts of
high-enriched uranium or plutonium, and to
recommend any necessary improvements. As a
result of task force findings, the team recom-
mended that measures be taken to improve the
security of future operations. The NRC is de-
veloping a timetable to provide for the upgrad-
ing of safeguards in order to meet foreseeable
future threats.

SAFEGUARDS INFORMATION
SYSTEM

NRC began development of a comprehensive
information system to collect, process and dis-
seminate safeguards-related information. The
Integrated Safeguards Information System
(ISIS) will be utilized to anticipate and meet
safeguards information requirements into the
mid-1980’s and beyond. Although detailed in-
formation requirements have not been drawn
up, it is evident that certain basic data related
to physical security, material control and ac-



counting, contingency planning, inspection
records, and vulnerability test results can be use-
fully consolidated.

The need for ISIS arises from the need to
define the kinds of information needed to fulfill
the safeguards mission set forth in NRC regu-
lations. As time brings greater complexity and
potential risk in the safe-keeping of nuclear
materials and plants, data dissemination be-
comes increasingly important. A safeguards
information system is to be developed which will
include in-depth requirements analysis, followed
by a general systems, then a detailed systems

design, testing and installation of the system,
and, finally, operation of the system.

NRC rules permit classification of certain
sensitive detailed plant design information. The
question of what types of data dealing with
licensee and NRC safeguards should be with-
held from public disclosure is being explored
jointly by NRC, ERDA, and the National
Security Council.

NRC activities related to international safe-
guards and export-import licensing and control
are discussed in Chapter 11.



Inspection and Enforcement

Ensuring Compliance with Requirements

The NRC’s inspection and enforcement program is based on
the precept that requirements placed or licensed nuclear activi-
ties to provide safety, safeguards, and environmental protection
are mandatory and enforceable under Federal law. NRC there-
fore inspects licensees on a continuing basis and takes enforce-
ment action where necessary. The inspection program also
covers quality assurance activities of applicants for NRC per-
mits and licenses and their major suppliers. This chapter describes
the NRC inspection program and summarizes the investigations
conducted and enforcement activities taken during the past year.

Scope of Program

The Office of Inspection and Enforcement inspects licensees to
ensure compliance with Commission rules, regulations and license
conditions, and to verify that they are acting to protect nuclear
materials and facilities in their charge, the environment, and the
health and safety of the public. It inspects license applicants and
makes recommendations regarding the issuance of authorizations,
permits and licenses. It inspects suppliers of safety-related serv-
ices, components and equipment to assure the quality of their
services and products. It investigates incidents, accidents, alle-
gations, and unusual circumstances associated with nuclear
materials and facilities, and it enforces Commission regulations,
rules and license provisions. Implicit in these basic functions is
the evaluation of licensee performance—the actual functioning
of his plants, components and systems—to identify problem areas
or safety issues, and to take corrective action or recommend
changes to the regulatory process. The Inspection and Enforce-
ment Office manages resources necessary to implement the Com-
mission’s response to events and incidents that present potential
or actual dangers and keeps the Commission, other agencies, the
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‘nuclear industry, and the public informed on

such matters.

NRC INSPECTION PROGRAM

The NRC'’s regulatory philosophy is based on
licensee responsibility for the proper design,
construction, testing, safe operation, and
safeguarding of a facility or activity involving
source, byproduct or special nuclear material.
NRC inspections do not relieve an applicant or
licensee of his responsibility. Rather, they are
directed to the evaluation of a licensee’s efforts
to meet his responsibility and to assure that
corrective action is taken if he is not.

Unannounced inspections by NRC are made peri-
odically during construction of a nuclear power
plant. Here an inspector examines reinforcing steel
to determine that the proper grade and size
were installed.

An essential feature of the inspection program
is that it is decentralized to place the inspectors
near licensed operations to facilitate inspections
and quick reaction. All inspections and
investigations, and most enforcement actions, are
handled by NRC regional offices located near
the centers of licensee clusters. Those offices are:
Region I, Philadelphia, Pa.; Region II, Atlanta,
Ga.; Region III, Chicago, Ill.; Region IV,
Dallas, Texas; and Region V, San Francisco,
Calif. About 56 percent of the Office of
Inspection and Enforcement’s personnel are
assigned to inspection duties.

NRS inspectors are highly qualified by
academic education, specialized training and

experience to perform the types of inspections
and investigations that are required by the
functions assigned to the agency. About 83
percent of the staff have a bachelor’s degree and
27 percent also have advanced degrees. Because
of the scope of activities and facilities covered by
the NRC regulatory program, inspectors with a
wide variety of skills are employed. These
include professionals experienced in plant
design, testing and operation; quality assurance;
metallurgy; electrical and instrumentation sys-
tems; concrete; welding; health physics; physi-
cal protection; materials measurements; and
accounting,

Two Types Of Inspections

The NRC inspection effort comprises planned
routine inspections and reactive inspections, both
of which are primarily preventive in nature.

Planned NRC inspections are based on a
defined program expressed in detailed inspection
procedures and are accomplished at prescribed
intervals by NRC regional inspectors. The prin-
cipal objective of such inspections is to pro-
vide reasonable assurance that licensed activi-
ites are conducted safely and in compliance
with NRC requirements. This objective is met
through selective examinations of systems and
functions, both administrative and physical,
that have an impact on the safety and protection
provided by each licensee.

A planned inspection consists primarily of a
systematic sampling of selected licensee
operations. The Commission does not expect to
detect every minor deficiency that may exist.
The vast numbers and the diversity of plant
operations make such an approach impracti-
cable. Rather, the NRC probes the activities of
a licensee in sufficient depth to assess the
effectiveness of his managerial systems—his
controls—to assure that his performance is
consistent with license requirements and that
the health and safety of the public is protected.

Reactive NRC inspections respond to
particular conditions or events which may affect
the public’s health and safety. Information on
such conditions or events comes to NRC through
notification by an applicant, licensee, contractor
or supplier, or as a result of allegations by a



This inspection was performed
at a pumping station under
construction on the Alaska pipe-
line on the North Slope at
Prudhoe Bay, about 250 miles
north of the Arctic Circle. The
NRC inspector (at left) inde-
pendently verifies the radiation
dose rate being measured by the
radiographer (at center).

member of the public. Each licensee is required
to report any abnormal condition or event to
the Commission, thus providing for continuous
NRQG monitoring of licensee operations.
Compliance with these reporting requirements
is examined during the planned on-site NRC
inspections.

NRC’s response to such reports depends on
the significance of the particular event. The
principal objective of a reactive inspection is to
obtain sufficient information, through inde-
pendent in-depth examination, to establish the
significance of the particular condition, event
or allegation and to effect the appropriate
corrective action.

Constant vigilance. Inspectors are the “eyes
and ears” of NRC in the field. They report back
to their regional offices any situations or con-
ditions that may indicate inadequate licensee
performance. All such reports are evaluated by
the Office of Inspection and Enforcement, and
corrective action is taken. When warranted,
recomendations are submitted to the Commis-
sion for changes to pertinent parts of the regu-
latory program.

Facility Inspections

The inspection program for reactors and fuel
facilities is consistent with the design philosophy
used for these systems, as described elsewhere in
this report. It is structured to determine if the
licensee is constructing and operating the facility
in accordance with the provisions of his license;
the Safety Analysis Reports he must submit as
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parts of his applications for authorization,
permits and licenses; and the rules, regulations,
and standards of the Commission. The program
concentrates on components and systems which
prevent or limit the release of radioactivity to
the environment, and on the licensee’s program
for physical security of his plant and the nuclear
material it uses, both in-plant and in transit.

An NRC inspector takes field notes on his in.
spection of the implacement of foundation pilings
at the construction site of the Hope Creek Gener-
ating Station. The two units of the Salem Station
are in the background. :



Levels of Inspection During
Construction

During the construction of a nuclear facility,
there are normally four levels of inspection.
“First-party” inspections are carried out by the
suppliers of the components or systems, or by
the contractors who install these components
and systems; licensees or their agents review
this work as “second-party” inspectors; “third-
party” inspections are performed by other
outside organizations such as authorized
inspectors for State governments, or insurance
agencies; and NRC performs the “fourth-party”
inspections.

In its “fourth-party” inspections, NRC
reviews the inspection programs of licensees and
others to assure that they have implemented
quality assurance and management control
programs and that their personnel are trained
and qualified to perform their assigned functions.
In general, such inspections (conducted on a
sampling basis) fall in three categories:

@ Examination of quality assurance

procedures—the planning;

® Observation of work performance, testing

and examination—the performance; and

e Examination of records relative to work

performance—the followup.

Reactor Inspection Program

NRC nuclear power plant inspections cover
four phases of a facility’s life: (1) preconstruc-
tion activities, when inspections focus on the
applicant’s quality assurance program for the
design and procurement of safety related
systems; (2) the construction period, when
NRC inspects to verify the suitability of. the
materials used and the adequacy of fabrication
and construction activities; (3) the preopera-
tional testing and startup phase, which involves
intensive NRC inspections and checking of
procedures, tests, results, and vital safety aspects
of operating plans, training, personnel qualifica-
tions, etc.; and (4) operational activities, when
periodic inspections are made throughout the
facility’s life to ascertain whether the licensee is
operating safely and responsibly and is

conforming with NRC requirements. (The
safety matters inspected by NRC during each
phase of a power reactor’s life are described in
detail in NRC’s “Annual Report for 1975,”
page 80.)

The reactor inspection program is carried out
by 181 inspectors located in the five NRC
regional offices. More than half of these
inspectors are engaged in inspection of reactors
during the design, construction and pre-
operational testing stages; and the remaining
inspectors are assigned to inspect reactors in
operation, During the 15-month report period,
this staff conducted 2,420 inspections, with items
of noncompliance found in 34 percent of the
inspections.

Vendor Inspection Program

Equipment malfunctions that cause reactor
facilities to perform improperly often can be
attributed to errors in the selection, design or
fabrication of equipment. NRC's current
licensee contractor and vendor inspection
program was established in 1974 to minimize the
number and significance of such events and to
assure conformance with NRC’s quality
assurance criteria specified in 10 CFR Part 50,
Appendix B. Vendor quality assurance programs
are inspected directly by NRC. However,
responsibility for product-acceptance examina-
tions rests with the individual licensee or his
agent.

The NRC Region IV Office (Dallas) carries
out the vendor inspection program. A staff of
20 inspectors conducts inspections throughout the
country, and in a few firms in foreign countries
where mechanical components are being
manufactured for installation in U.S, plants.
During the 15-month period ending September
30, 1976, NRC made 184 inspections involving
100 shops of nuclear steam system suppliers,
architect-engineers, and suppliers of mechanical
components.

As a means of reducing duplication of
inspection effort, NRC is evaluating the use of
existing “third-party” inspection programs.
These are inspections conducted by a party who
does not have a financial interest in a vendor-
supplied product or service, as do the customer



As well as inspecting construction at the site
of a nuclear power plant, the NRC also visits

reactor vendors to inspect during the manufacture

of the reactor components, These photos were

taken at Combustion Engineering’s manufacturing

facility at Chattanooga, Tenn.

and the seller. Among such third-party systems is
the “N” stamp program for certain nuclear
components designed and manufactured under
the rules of the American Society of Mechanical
Engineers (ASME). NRC has been working
with ASME to achieve a program whereby
NRQC would accept inspection results from the
ASME program, rather than make its own
inspections. NRC would audit the ASME
program to insure adequate performance, This
concept, if adopted, will be tested over the next
two years,

Fuel Facility and Materials Inspections

A staff of 31 inspectors, located in the five
NRC regional offices, conducted 152 fuel facility
inspections and 2,278 materials inspections
during the report period. Items of noncom-
pliance were found in 49 percent of fuel facility
inspections and 48 percent of materials
inspections.

Fuel facilities perform fuel reprocessing,
plutonium processing and fuel fabrication,
uranium processing and fuel fabrication,
uranium hexafluoride (UF,) conversion, and
uranium milling. Materials licenses include
waste disposal, radiopharmaceuticals,
radiography, medical and industrial uses and
academic programs. Frequency of inspection of
of these licenses and facilities varies in
accordance with potential safety and health
hazards from use of the material and operation
of the facility—for example, the inspection
program for a plutonium facility requires four
routine inspections per year, while that for
radiography requires one routine inspection per
year.

Safeguards Inspections

Safeguards inspections are of two types:
material control and accounting inspections,
and physical protection inspections. Fuel cycle
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facilities, power reactors, and research reactors
undergo safeguards inspections with the
frequency depending on the amount and
quality, strategic value, and accessibility of the
nuclear materials a licensee is authorized to
possess.

During fiscal year 1976 there were 41
inspectors in regional offices who made 482
inspections of licensee safeguard programs.
Items of noncompliance were found in 44
percent of these inspections.

Material Accountability

The material control and accounting program
consists of routine nuclear material control
reviews, and independent verification,

Material control inspections ascertain whether
the licensee is performing in accordance with
his license and other applicable regulatory
requirements. NRC inspectors examine the
facility organization and its operation. They
check the licensee’s measurements and
statistics, his shipping and receiving systems,
his inventory comtrols, records and reports, and
his management audits.

Verification inspections involve actual
measurements of material inventories by NRC
or laboratories under NRC contract,
independent of the licensee. The results of these
inspection measurements are used to assure the

accuracy and credibility of licensee measure-
ments and statements of material inventories.
Where appropriate, verification inspections also
include detailed assessments of the licensee’s
measurement systems, his inventory practices
and procedures, and the methods he uses to
verify quantities of material receive and
shipped.

In its verification inspections, NRC employs
both destructive and non-destructive assay
techniques-to monitor licensee SNM inventories.
Effective safeguards depend on timely and
accurate assays to determine the status of
nuclear material in the fuel cycle at any given
time. With this in mind, during fiscal year 1976,
NRC intensified its effort to develop and
employ mobile nondestructive measurement
vans, so that inspectors can more quickly and
accurately perform on-site sampling of licensee
material and get immediate results from
measurement equipment and computers housed
in the vans. Presently three NRC regional
offices—located at Philadelphia, Atlanta, and
Chicago—have this mobile, non-destructive
assay capability. Samples of licensee special
nuclear material also are sent to the ERDA
New Brunswick Laboratory for destructive
analysis, as reported in detail in the NRC
Annual Report for 1975. In fiscal year 1976,
the Laboratory, under NRC contract, analyzed
706 inspection samples of uranium and
plutonium,

NRC licensees are responsible for measuring the radioactivity in the effluents from
their facilities to assure that releases of radioactivity are kept within allowable limits.
Independent measurements are made by NRC inspectors of samples collected during
periodic inspections. At left, an inspector inside a mobile laboratory driven to the facility
site instructs an analyzer to examine a liquid efluent sample to determine what isotopes
are present and in what quantity. At richt, an inspector operates a gamma spectrometer
located in a laboratory at the regional office to examine the samples.



Physical protection program. Physical
protection inspections for facilities encompass
the independent testing of all elements of a
licensee’s security program. NRC inspectors
check all systems for both effectiveness and
conformance with license specifications. In
addition, licensee records pertaining to the
security guard organization, security logs and
security operating procedures are reviewed by
NRC inspectors and verified through interviews
and through direct observation of the process by
which those records are produced. NRC
inspectors are required to observe the licensee’s
plant-protection operations during at least two
different shifts,

Materials in transit inspections. In addition
to the facility program outlined above, NRC
maintains a physical protection inspection
program for nuclear materials in transit. This
program stipulates that NRC inspectors
monitor/inspect export and import shipments
-of significant quantities of special nuclear
material, and not less than 20 percent of other
domestic shipments of strategic quantities of
special nuclear material.

Under a December 1975 change to regulation
10 CFR 73, licensees report all shipments, by
any mode of transportation, to NRC regional
offices seven days in advance of the shipment
date. Thus, all shipments are subject to
unannounced inspection which may include
cxamination at points of origin, points of
transfer, or at the destination, in addition to
observation or surveillance by NRC inspectors
along any segment of the shipment route.

SPECIAL INVESTIGATIONS

A significant part of the NRC’s inspection and
enforcement effort is involved in responding to
reports of radiation incidents, abnormal
occurrences, equipment problems, and allega-
tions of improper or unsafe operations. Although
many of these events prove minor, and can be
reviewed during scheduled inspections, some
require special response. In these cases, a special
inspection is scheduled or, as appropriate, an
immediate, full investigation may be initiated.

During this reporting period, 57 investigations
were conducted by the Office of Inspection and
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Enforcement. Two involved exposures of
licensee personnel as a result of radiation
incidents; 32 dealt with allegations of improper
or unsafe working conditions, operations or
construction activities; 4 concerned alleged loss
of material; and the remaining 19 involved
other matters. In 25 of the 57 investigations,
licensees were cited for failure to meet NRC
requirements.
Substantial inspection effort was given to
three major investigations during the year (see
Chapter 8 for details) :
® NRC review of circumstances related to
the March 1975 fire at the Browns Ferry
nuclear plant in Alabama and inspections
of cleanup, restoration and retesting of the
two units involved, which continued
throughout most of fiscal year 1976;

® Excessive radiation doses to 393 patients at
a Columbus, Ohio hospital, attributable to
improper calibration of a cobalt-60
teletherapy unit; and

® Unauthorized removal of contaminated

equipment and items from a radioactive
waste disposal facility near Beatty, Nevada.

Security Alert

In addition to responding to abnormal
incidents, technical problems, or allegations of
these, NRC responds to actual or potential
threats to the security of nuclear facilities or
materials.

During the several weeks preceding Memorial
Day, 1976, the NRC received information from
various sources—including utilities and other
Federal agencies—that intrusions might be
attempted at several nuclear power plants. It is
not unusual for individual threats to be received
regarding a specific plant. What was unusual
during this period was the number of threats
and the fact that several plants, widely separated
geographically, appeared to be potential targets.

Information received in May suggested a
pattern of suspicious activities in Illinois (over
the Memorial Day weekend), Washington, and
California. Also during May, there were reports
of persons, under unexplained circumstances, in
the vicinity of two power plants in Connecticut
(one nuclear, one fossil-fueled), and a bombing
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of a utility office building in Maine. In two
separate incidents several weeks preceding
Memorial Day, the NRC credentials of two
inspectors were stolen along with other personal
belongings. Their unauthorized possession
created concern that they might be used to
attempt entry to a nuclear facility.

As a result of these events and circumstances,
the NRC informed owners of operating reactors
and major fuel facilities of possible plans by two
groups to take over or occupy one or more
nuclear power plants on Memorial Day weekend
or to take actions in early June, and that
incidents had recently occurred at two other
utility facilities with possible security implica-
tions. NRC requested the licensees to confirm
that security plans, personnel, and equipment
was fully operational during the period Friday,
May 28 through Tuesday, June 8. Subsequently,
licensees reported no unusual incidents during
the period.

To deal promptly with incidents and threats,
the NRC established an interim Incident
Response Center at headquarters in Bethesda,
Md., as the precursor of a permanent, specially-
equipped center with on-call duty officers
available to respond to events at all times (See
also Chapter 6, under “Contingency Planning.”)

Contamination of West Chicago Park

On July 9, 1976, a newspaper reporter
relayed an allegation from an anonymous source
to NRC’s Region III office that thorium ore
processing residues had been dumped in an area
in West Chicago, Illinois now used as a
community park, called Reed-Keppler Park.

A preliminary survey of the park was
conducted by Region III personnel on July 9,
and radiation levels greater than natural back-
ground were measured. A more detailed survey
was conducted on July 12, and it was
determined there were areas within the park
where radiation levels exceeded natural back-
ground—surface level readings of from 10 to 50
mrad/hr were obtained in isolated areas. This
information was transmitted to State and local
authorities and the park was closed by the City
of West Chicago on July 13.

In cooperation with the Illinois Department of
Public Health, inspectors from NRC’s Chicago
regional office assisted in surveying areas of a
West Chicago park where higher-than.-normal
radiation had been found. Low-level radioactive
waste had been buried in the 1930s and 1940s at
the site of the present park, long before licensing
and regulatory standards were developed.

A comprehensive survey of the park and all
structures in it was conducted on July 13 and
14 by a team composed of NRC, ERDA and
State of Illinois personnel. It was determined
that excess radiation levels were confined to two
areas of the park—a 150 x 200 foot plot within
an undeveloped area, and a 24 x 45 foot area
adjacent to a tennis court. The thorium residue
was relocated by the City from the tennis court
to the undeveloped area. With the exception of
the tennis courts and the undeveloped area, the
park was reopened to the public on July 14; the
tennis courts were reopened on July 15. Two
small areas presently used as a City of West
Chicago sewage treatment plant were also found
to have slightly elevated radiation levels.

It was determined that the thorium residues
originated at a nearby West Chicago plant



which originally was owned and operated by
Lindsay Light and Chemical Co. Lindsay
processed thorium bearing ore at its plant
beginning in 1931. Residue was last dumped at
the Reed-Keppler site in 1947. The Lindsay
plant was first licensed by the AEC in 1956. The
present owner of the plant, Kerr-McGee
Chemical Corporation, purchased it in 1968
from American Potash and Chemical Co., which
earlier had purchased it from Lindsay.

At present, access into the undeveloped area
of Reed-Keppler Park and the areas at the
Sewage Treatment Plant is restricted by fence.
The NRC in concert with ERDA, State and
local authorities, is reviewing the situation to
determine the ultimate disposition of the
material.

ENFORCEMENT ACTIVITIES

The primary objective of the NRC enforce-
ment program is to ensure correction of items of
noncompliance and, thus, to improve the
licensees’ performance.

An enforcement action is taken by the NRC
in response to reports of noncompliance.
Severity of the action is based on the seriousness
of an item of noncompliance, or on the
collective seriousness of several related circum-
stances, concurrent items of noncompliance, or
on a licensee’s previous compliance record, or
all of these.

Several threshold levels of NRC action are
provided to allow flexibility in the enforcement
action response:

® Written “notices of violation” are provided
for a spectrum of matters where severity
and punitive considerations are below the
threshold of orders and civil penalties.

o Civil monetary penalties are provided as
an incentive for licensees to assure
compliance on a continuing basis. They are
considered for licensees evidencing chronic,
deliberate. or repetitive items of noncom-
pliance, generally where a “notice of
violation™ has not been effective. Civil
penalties may also be imposed for certain
first-of-a-kind violations.

® Orders to “cease and desist” operations, or
for modification, suspension, or revocation

of licenses are used to deal rapidly and
conclusively with licensees who do not
respond to civil penalties or to deal with
violations that constitute a significant
threat to public health and safety or to the
common defense and security.

Civil Fines Imposed

During the period July 1, 1975 through
September 30, 1976 a total of 15 civil monetary
penalties were imposed upon licensees by NRC
in order to enforce compliance with NRC rules
and regulations:

Darrill Industries Inc., Springfield, N.J.;
$1,800. Investigation of the loss of a 500-
millicurie cesium-137 sealed source revealed
items of noncompliance involving failure to
maintain a radioactive source in a secure
manner, improper disposition of the source, and
failure to properly pay license fees.

International Testing Labs, Newark, N.J.;
$2,250. Inspections of the laboratories revealed
excessive radiation levels in an unrestricted area,
that sealed source leak tests were not performed
at the required frequency, and that a
radiographer was performing radiographic
operations without having received adequate
instructions on the provisions of governing
regulations.

Rochester Gas & Electric Co., Ontario,
N.Y.; $10,000. A contractor employee inside
the Ginna Unit 1 plant containment was
exposed to a concentration of airborne radio-
active materials which was 19 times the regula-
tory limit when averaged over a 40-hour week,
and certain employees failed to use proper
respiratory protective equipment.

Commonwealth Edison Co., Rock Island,
1L ; $25,000. Inspections at Quad Cities Units
1 and 2 revealed noncompliance items including
personnel error and ineffective management
controls over reactor startup procedures, and
items in the area of security.

United States Testing Co., Hoboken, N.J.;
$3,550. Weaknesses in the management of the
radiation safety program included failure to
establish adequate controls in a high radiation
area during radiographic operations at a
construction site, and repetitive radiation
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exposures to four employees in excess of
regulatory limits. The exposures were not
reported to the NRC or the employees.

Carolina Power & Light Co., Brunswick,
N.C., $5,000. This penalty resulted from items
of noncompliance found during a security
inspection at Brunswick Unit 2.

Associated Piping & Engineering Corp.,
Clearfield, Utah; $6,500. Items of noncom-
pliance discovered during inspections included
absence of proper alarm and protective devices
in a high radiation area, failure to post warning
signs and conduct radiation surveys in a high
radiation area, failure to maintain records of
surveys and maintenance of exposure devices,
and use of radioactive materials in a manner
which permitted radiation levels above regula-
tory limits in unrestricted areas. The licensee’s
history of noncompliance and findings of the
last NRC inspection indicated a need for
improvements in the licensee’s radiation safety
program.

Metropolitan Edison Co., Goldsboro, Pa.;
$8,000. Noncompliance items related to the
security program were revealed during an
inspection of Three Mile Island Unit 1.

Babcock & Wilcox Co., Apollo and
Leechburg, Pa.; $19,000. Physical security non-
compliance items were found during inspections
at the licensee’s Parks Township plutonium
facility and Apollo uranium facility.

Commonwecalth Edison Co., Lake, IIl.;
$13,000. At Zion Nuclear Plant Unit 1, an
employee was exposed to radiation in excess of
regulatory limits. The licensee failed to conduct
radiation level surveys, and to maintain certain
controls over the work being conducted in a
radiation area. (See Chapter 8 for details under
“Abnormal Occurrences.”)

Exam Co., Tulsa, Okla.; $7,800. Two
individuals were exposed to radiation in excess
of regulatory limits. The licensee failed to
conduct a physical survey to determine if a
sealed source had been returned to a shielded
condition following radiographic operations, and
failed to submit a written report of the over-
exposures to the NRC. (See Chapter 8 for
details under “Abnormal Occurrences.”)

Consolidated Edison Co. of New York,
Peekskill, N.Y.; $20,850. Items of noncom-
pliance at Indian Point Station Unit 2, related

to the radiation safety program, included the
exposure of an individual to radiation in excess
of regulatory limits, failure to maintain proper
safety controls over an area with high levels of
radiation, failure to post radiation areas in
accordance with regulations, and failure to
assure that employees were utilizing protective
equipment in a radiation area. (See Chapter 8
for details under “Abnormal Occurrences.”)

Jersey Central Power and Light Co., Toms
River, N.J.; $18,000. Items of noncompliance
related to the Oyster Creek Nuclear Power Plant
security program were revealed during an
investigation at this facility.

Niagara Mohawk Power Corp., Syracuse,
N.Y.; $18,000. Items of noncompliance related
to the James A. FitzPatrick Nuclear Generating
Station security program were revealed during
an inspection at this facility.

Nuclear Energy Services, Inc,, CONAM
Inspection Division, Danbury, Conn.; $11,300.
Four individuals received whole-body exposures
and two individuals received extremity exposures
in excess of regulatory limits. A physical survey
had not been performed to determine the
shielded condition of the source and the radiog-
raphers recharged their dosimeters and re-
entered a high radiation area before evaluating
the hazard involved.

On November 12, 1976, the Commission
imposed a fine of $32,500 on the Virginia
Electric and Power Co. for making false
statements to the NRC concerning seismic
conditions at the utility’s proposed plant site at
North Anna, Va. The Commission acted after
review of an earlier decision levying a fine on
the utility by an Atomic Safety and Licensing
Appeal Board, which was itself acting in review
of a fine assessed by the Licensing Board in the
case. The utility has appealed the Commission’s
decision in the U.S. Court of Appeals for the
Fourth Circuit (see Chapter 14 under “Judicial
Review.”)

Enforcement Orders

In addition to the civil penalties listed above,
the following orders were issued during the same
reporting period:



Trail Clinic, Detroit, Mich. On August 15,
1975, an order to suspend a license and an order
to show cause why the license should not be
revoked were issued. This action was based on
an investigation which revealed that radio-
pharmaceuticals were being administered to
patients by an individual who had not received
formal training and experience in the diagnostic
use of radiopharmaceuticals as had been specified
on the license application, The license was
permanently revoked on March 23, 1976.

Nuclear Fuel Services Inc., Erwin, Tenn. On
February 20, 1976, the NRC issued an order to
NFS to keep all of its records pertaining to its
licensed fuel cycle activities secure, intact, on
the premises and undisturbed until examination
by NRC personnel. This order was rescinded on
February 24 after certain records had been
reviewed. (See Chapter 8 for details-under
“Abnormal Occurrences.”)

Value Engineering Laboratory, Alexandria,
Va. On March 2, 1976, the NRC issued an
order to show cause why all activities under the
industrial radiography firm’s license should not
be suspended. This was the result of items of
noncompliance reflecting the failure of
employees to follow NRC requirements, and a
history of seven apparent exposures in excess of
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permissible quarterly limits going back to 1971.
After a subsequent NRC investigation revealed
that the necessary corrective actions had been
taken by the licensee, the order was rescinded
on April 20, 1976. (See Chapter 8 for details
under “Abnormal Occurrences.”)

Nuclear Engineering Co., Louisville, Ky. On
March 11, 1976, an order was issued suspending
licensed activities at the Beatty, Nevada special
nuclear materials burial site. This was based on
the failure of the licensee to control radioactive
materials received for burial. (See Chapter 8
for details under ““Abnormal Occurrences.”)

Dakota Midland Hospital, Aberdeen, S.D.
On June 1, 1976 an order to cease and desist
from unauthorized possession and use of
byproduct material was issued to the licensee.
This action was taken when an inspection
revealed that quantities of certain radioactive
material were being used without being author-
ized by the licenses in effect.

Dr. Peter Kamperschroer, Aberdeen, S.D.
On June 1, 1976, an order to cease and desist
from unauthorized possession and use of
byproduct material was issued to this physician
when it was determined that he had acquired
and was using certain byproduct material not
authorized by his license.
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In addition to on-the-job training and other training activities b;v regiom.al qﬂices, there
is a central NRC training facility in Bethesda, Md. Its mission is to train inspectors
and engineers from the Office of Inspection and Enforcen.\ent and to. provide r?actor
technology training to other NRC offices as needed. During the period, 84 IE inspectors .
and engineers went through hasic orientation, 315 other IE staff meml.:ers togk courses in
reactor technology, and 127 NRC engineers from other omc?s also recelveg] this type of
training. The reactor technology courses include reactor design and operation, radw.aste
systems, quality assurance, concrete structures, welding and nondestructive evaluations.



Inspectors from IE region offices are taught,
with the use of a nuclear power plant simulator,
10w to evaluate power plant operating condi-
ions and the status of technical specifications
:ompliance.

PROGRAM DEVELOPMENT
Somprehensive Study Begun

Towards the end of the year, the Office of
nspection and Enforcement began a compre-
iensive study of the policies and programs it
ises to carry out its assigned responsibilities. The
otal study will take about two years to
omplete,

It includes three major topical areas: (1)
lefinition of the mission and strategies of the
IRC inspection and enforcement programs,
2) evaluation of alternative inspection and
nforcement methods, and (3) application of
uantitative methods for efficient use of
esources and to measure performance of
censees and the inspection program. Three
road topics are partitioned further into 11
:udy modules, each of which is an identifiable
rork package with its own objectives. The
llowing examples from the 11 study modules
il illustrate the nature of the study:

Direct Inspection. Currently NRC verifies,
wrough direct measurement, the results of
censees’ environmental monitoring programs
nd material control and accounting systems
r safeguarding material. Under contract with
RC, State agencies analyze the radioactive
ntent of samples from the environment near
serating nuclear plants. Verification samples
! safeguarded materials are processed in a

Federal laboratory. The question is: To what
extent should this concept be utilized in reactor
safety inspections by replicating selected reactor
licensee measurements, tests and examinations in
order to increase NRC's confidence that li-
censees’ quality control procedures are adequate?

Application of Reactor Safety Study. This
study module will evaluate the applicability to
reactor safety inspection of the Rasmussen
study, “An Assessment of Accident Risks in U.S.
Commercial Nuclear Power Plants,” to de-
termine whether the methods used in that
study can realistically be applied to the inspec-
tion program, whether quantitative relationships
between public risk and inspection effort can be
developed, and whether these relationships can
be converted into an improved inspection
program and a better allocation of inspection
effort,

Incentive Systems for Licensees. The purpose
of this study is to develop an improved system
of incentives that will encourage NRC licensees
to meet fully their safety, safeguards and
environmental responsibilities.
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An NRC inspector (left) lifts a soil sample into
a container held by the Rohm & Haas radiation
safety officer. The sample will undergo an inde-
pendent laboratory analysis of the radioactivity in
the soil. The Rohm & Haas Research Farm is
applying chemicals bearing radioisotope tracers
to the soil in the cornfield to check the uptake of
chemicals by plants.



Nuclear Operational Events

The Lessons of Experience

When the basic design, construction, materials and procedures
associated with any technology are once adopted and employed,
there are two principal ways in which improvements in the
technology can come about: through research into and testing of
current or proposed designs and their theoretical basis, and
through actual operating experience. Experiment and experience
alter original concepts and specifications, revealing weaknesses
and areas where reinforcement is desirable or, on occasion, where
basic design failed to take some reality of operation into account.
Both of these sources of information—planned research and
planned and unplanned operational events—are of great concern
to NRC in seeking assurance that civilian nuclear activities are
safe. Chapter 13 describes NRC’s varied and extensive pursuits
in confirmatory research; this chapter deals with actual events
occurring in licensed facilities or related to licensed activities,
especially those which constituted a departure from intended
and controlled operation and have some implication for public
health and safety.

MONITORING OPERATIONS

Through September 30, 1976, operating experience of com-
mercial nuclear power plants in the United States had produced
more than 300 reactor-years of operation without any radiation
accident resulting in a death among plant personnel or the gen-
eral public. At the end of the year, there was a total of 62
nuclear power plants licensed to operate in the United States
with an aggregate electrical generating capacity of 45,000 MWe
(megawatts electric; one megawatt’ electric equals 1,000 kilo-
watts of electrical capacity). During 1976, nuclear power plants
generated 9.4 percent of all electricity generated by utilities
in the United States.
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Occupational Exposure Reports

In 1968, the former Atomic Energy Commis-
sion (AEC) adopted a plan for the collection
in a central repository of radiation exposure
records for persons working with radioactive
materials or in radioactive environments, under
AEC license. The NRC and the Energy
Research and Development Administration
(ERDA) have continued the program—each
in its respective area of interest—and collected
reports from operating nuclear power reactor
licensees; industrial radiographers; fuel pro-
cessors, fabricators and reprocessors; commercial
processors and distributors of specified quanti-
ties of nuclear byproduct materials; certain
contractors of NRC licensees; and other NRC
licensees.

For the calendar years 1968 through 1975, a
total of 416,849 annual radiation exposure
records (‘“‘whole-body” exposures) have been
amassed by NRC from its various licensees.
About 95 percent of these record an annual
exposure of less than 2 rems per person. Gen-
erally, Federal regulations allow up to 5 rems
per person per year exposure, and, under care-
fully monitored circumstances, permit a nuclear
worker to receive up to 3 rems per quarter,
or 12 rems per year, depending on his cumu-
lative exposure record. In the period 1968-
1975, 22 of the more than 400,000 recorded
annual exposures exceeded 12 rems. Only one
such exposure was reported in each of the last
three years of the period. More than half of
the 78,713 exposures reported in 1975 were too
small to be detected by personnel radiation
monitoring devices, and more than 99 percent
of the total were less than 5 rems. The average
exposure for 1975 was 0.36 rem per person
(NUREG-0119).

Browns Ferry Restart

As reported at length in the 1975 NRC
Annual Report, the two operating reactor units
of the Browns Ferry Nuclear Power Plant in
Limestone County, Ala., were shut down in
March 1975 following a fire in the plant’s elec-
trical cables that burned for about seven hours.
(A third unit at the facility was under con-

struction at that time.) Although there were no
serious injuries sustained by plant personnel
and no adverse impact on the general public
resulting from the fire, the safety implications
of the event evoked a full-scale investigation
by the NRC, involving several offices and a
special review group within the agency. (See
“Fire Protection” in Chapter 2 for recom-
mendations of this group and follow-up activ-
ity.)

A public hearing was held in August 1976 by
an Atomic Safety and Licensing Board on an
application by the licensee for the facility, the
Tennessee Valley Authority, for return to full-
power operation of the two units. Later in
August, the licensee was authorized by the
NRC to operate units 1 and 2 at full power, in
accord with the Licensing Board’s decision,
and also to operate the new unit 3 at full power,
following a determination by NRC of the satis-
factory completion of a detailed fire protection
training program.

Discussion of other occurrences reported in
the 1975 NRC Annual Report—steam genera-
tor tube failure, pipe cracks, fuel channel box
wear, feedwater flow instability—may be found
under “Action on Technical Problems,” in
Chapter 2 of this report.

ABNORMAL O(;CURRENCES—
1976

Complex industrial operations of any kind
are subject to incidents that may involve human
failure (misjudgment or negligence in the de-
sign, construction, operation or maintenance of
a plant, machine, vehicle, etc.) or mechanical
failure (from inadequate material strength,
breakdown of or interference with normal
function), or both. Deficiencies in manage-
ment control and prescribed procedures may
also be involved. To assure that any incident
occurring in NRC-licensed facilities or activities
and related to safety is quickly identified and
corrected, NRC imposes extensive reporting
requirements on licensees to supplement its own
inspection and enforcement program.

Reportable occurrences are not usually acci-
dents in the ordinary sense of the word, but
are any unplanned events of actual or potential



significance to the safe operation of a nuclear
facility or radiological instrument under NRC
license. Those that are generic in nature, with
implications for several facilities or operations,
may result in the issuance of NRC bulletins to
all licensees affected, calling for immediate
inspection, testing and correction where indi-
cated. Data regarding regular plant operations
are also recorded and disse§ninated by NRC
to the nuclear industry and the public. This
information enables all parties concerned to
avoid or correct problems and to gain insight
and foresight from the nation-wide experience.
The data are disseminated through publication
of status reports, bulletins and “Current Events”
reports. In addition, special statistical, analyti-
cal and evaluative reports are prepared and
issued from time to time for NRC and industry
use and for information of the Congress and
the public. All relevant data derived from nu-
clear plant operations are stored in a computer-
based data file for expeditious retrieval and
analysis in developing standards, formulating
regulations, and giving general guidance to the
industry.

Under Section 208 of the Energy Reorganiza-
tion Act of 1974, NRC is required to “. . , sub-
mit to the Congress each quarter a report
listing for that period any abnormal occurrences
at or associated with any facility which is li-
censed or otherwise regulated pursuant to the
Atomic Energy Act of 1954, as amended, or
pursuant to this Act. For the purpose of this
section, an abnormal occurrence is an unsched-
uled incident or event which the Commission
determines is significant from the standpoint of
public health or safety. . ..”

To make the requisite determination, NRC
has developed two major interim criteria, ac-
cording to which abnormal occurrences are:
(1) events involving an actual loss of the pro-
tection provided for the health or safety of the
public; and (2) events involving major reduc-
tion in the degree of protection provided for
the health or safety of the public.

Only one of the events occurring at an NRC
licensed facility from July 1975 through June
1976 had any direct impact on or consequence
to public health and safety. This was the ex-
posure of certain hospital patients to amounts of
radiation in excess of those prescribed, at River-

side Methodist Hospital in Columbus, Ohio,
described below. Of some 2,200 Licensee Event
Reports received during this time (NRC li-
censees are required to report even minor de-
viations from normal operating conditions), a
total of three events at operating nuclear power
plants were considered to have sufficient safety
significance to be abnormal occurrences. For
operating fuel cycle facilities other than reactor
plants, there was one abnormal occurrence, and
for other materials licensees—hospitals, radiog-
raphers, waste disposal contractors, etc.—there
were six abnormal occurrences. A summary
of these 10 occurrences follows.

Hospital Patients Overexposed

In April 1976, the NRC was informed by the
Riverside Methodist Hospital in Columbus,
Ohio that certain of their patients had received
radiation treatment doses in excess of those
prescribed and intended by their physicians over
the period of March 1, 1975 to January 30,
1976. Approximately 400 patients taking cobalt-
60 teletherapy treatment during this time re-
ceived doses that ranged from 10 percent to 40
percent in excess of the prescribed amounts,
with an average overdose of about 19 percent.
The persons affected were primarily patients
taking radiation treatment for cancer, although,
in some of these cases, radiation was prescribed
as preventive therapy following other medical
procedures, and, for some others, to moderate
the intensity of the condition. A radiologist’s
concern about the response of patients to the
treatment led to a calibration check on the
teletherapy unit in January 1976, whereupon
it was revealed that the actual doses exceeded
those prescribed. The unit was correctly cali-
brated at once, and treatment schedules of
patients still taking radiation therapy were ad-
justed, wherever possible, to avoid exceeding
the overall total dose intended for each. All
patients and physicians involved were informed
by the hospital of the situation. With regard to
patients who had died since the time of treat-
ment, reviews were undertaken to determine
whether excess radiation was a contributing
factor in their deaths. The coroner for Franklin
County, Ohio, stated that, of 30 cases reviewed,
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autopsies showed that radiation exposure was a
contributor to death in two instances.

The cause of the excessive doses to the pa-
tients was human error. In the first instance,
the radiation physicist on the hospital staff
prepared erroneous data regarding the tele-
therapy unit’s radiation output, resulting in a
false calibration of the unit. The error was not
corrected for 11 months because the hospital’s
management control system did not assure that

This cobalt teletherapy unit, used primarily for
treatment of cancer patients, is located at the
National Naval Medical Center in Bethesda, Md.
In the lower photo, the unit is being calibrated
using a radiation detection instrument called an
“R chamber.” This instrument is used to measure
the radiation intensity in a phantom—material
whose chemical composition is close to that of
human tissue—so that the therapist can de-
termine the dose to the tumor to be treated.

the output of the radioactive source had been
accurately and competently determined and
was regularly verified. There was no mechanical
malfunction of the teletherapy unit.

While the NRC licenses the medical use of
nuclear materials, the amount of radiation
prescribed in the diagnosis and treatment of a
patient is exempt from NRC’s regulatory con-
trol. Upon notification, the NRC instituted an
investigation and engaged a medical consultant
to review the coroner’s findings and advice on
medical aspects of the incident. In July 1976,
the NRC issued an order modifying the hos-
pital’s licenses to specifically require periodic
calibration of the teletherapy unit by a quali-
fied expert, in accord with accepted professional
procedures. The order also required that man-
agement control systems be improved to ensure
that public health and safety are protected. In
August 1976, NRC sent a bulletin to all licensees
using teletherapy units, directing them to per-
form comparison tests between their units’
actual measured output and the calculated
output and, if variances between the two were
found, to perform a full calibration of the in-
strument. NRC also initiated a program to
verify independently that the difference between
measured and calculated output in the li-
censees’ units was acceptably small. NRC is
studying ways to prevent recurrence of this
kind of event with the teletherapy unit involved
or the approximately 500 other units licensed by
NRC through regulation. Besides these, there
are about 600 teletherapy units operated under
licenses administered by 25 States in the NRC’s
“Agreement States” program (see Chapter 9).
NRC has urged the State authorities to
strengthen their licensing programs along the
same lines, and State personnel have partici-
pated in a three-day training course in tele-
therapy unit calibration under NRC sponsor-
ship.

This occurrence is the only *“abnormal oc-
currence” taking place in fiscal year 1976 which
directly affected members of the general public.

Material Inventory Anomaly

On December 1, 1975, the NRC was notified
by Nuclear Fuel Services, Inc., a company



licensed by NRC to fabricate highly enriched
uranium fuel, that a significant anomaly had
been discovered in its inventory of nuclear
material on hand at its facility in Erwin, Tenn.
The fuel produced at this plant is the property
of the Energy Research and Development Ad-
ministration (ERDA) and is intended for the
use of the military; it contains a much higher
proportion of the fissionable isotope uranium-
235 than does fuel in commercial nuclear power
reactors. Pursuant to NRC regulations, the bi-
monthly inventory of this highly enriched ma-
terial was conducted on October 27, 1975, and
the results did not comport with the “book
value,” the record of quantities of nuclear
material on hand. The inventory anomaly con-
cerned materials from two distinet processing
plants at the facility, one of which is given
over to the fabrication of nuclear fuel and the
other to the recovery of uranium scrap gen-
erated during the fabrication process. The dis-
crepancies uncovered by the inventory consisted
of a shortage in one of these areas and an
excess of the quantity expected to be found in
the other. Taken together, the disparities showed
a net gain in the quantity of material on record.

Transfers of uranium scrap and recovered
uranium routinely occur in the fuel fabrication
plant, and an apparent gain in material is
usually indicative of material accounting prob-
lems—either in the bookkeeping or in the
measurement and assignment of values to the
physical inventory. Large inventory anomalies
are of concern because of nuclear safeguards
considerations, but there were no indications in
the instant case of any material actually miss-
ing or of any attempt to breach plant security.
The licensee suspended activity in both areas
of the plant for reinventory and investigation
into possible causes.

One plausible cause developed from the in-
vestigation was a plugged line in the “account-
ability weigh tank” in the scrap recovery area
of the plant. The plugged line could have caused
an error in measuring uranium transferred
from the production area and received in the
scrap recovery area. Another possible cause was
the licensee’s practice of recording measure-
ments of trace quantities of certain nuclear
materials as “less than” a given quantity, rather
than showing an actual measurement of material

discarded. This practice could have led to an
overestimation of the amount of highly en-
riched uranium in liquid effluents.

The licensee has taken action responsive to
both possible causes. In order to reduce the
possibility of plugged lines in the weigh tank,
the licensee has instituted better control of in-
process solids. The licensee will also measure
the values of highly enriched uranium in the
liquid effluents more precisely in all future
processing.

The NRC imposed an immediate and spe-
cific requirement on this licensee calling for
an upgrading of its nuclear material accounting
and physical protection program. The Com-
mission also assigned a special task force to
investigate the incident, in addition to its regu-
lar inspection and enforcement activity.

Overexposure of Radiographers

Virginia Licensee. This incident involved an
overexposure of a radiographer which may have
resulted in his absorbing a whole-body dose
as high as 28 rems. On November 11, 1975,
after completing work at a jobsite in Wash-
ington, D.C,, a radiographer employed by the
Value Engineering Laboratory of Alexandria,
Va., discovered that his pocket dosimeter showed
an “offscale” reading. He immediately sent his
film badge for processing and, on November 14,
the processor reported that the badge showed
an exposure of 28 rems. (The maximum ex-
posure allowed under NRC regulations for
persons working with radioactive material is 3
rems per calendar quarter.)

Investigation by the licensee and the NRC
disclosed that all the radiographic equipment
and survey instruments involved were operating
properly and that all the survey results and
radiographs taken during the day of the inci-
dent were as expected. Both the radiographer
and his assistant stated that the proper proce-
dures were followed and precautions observed.
Subsequent investigation, however, revealed
that the proper method was not used by the
radiographer and his assistant in performing
certain of their surveys, although the latter
suffered no abnormal exposure, according to
his two dosimeters. Reenactment of his activities
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on the day in question confirmed that the
radiographer may have received a radiation
dose of the magnitude shown on the film

badge, if the radiation source had been in an .

unshielded position while the radiographer was
handling the equipment. Extensive medical
studies failed to confirm that the dose received
was as high as 28 rems, and the possibility exists
that it was 15 rems or less; medical tests could
not conclusively confirm or refute either level
of exposure. .

The cause of the overexposure was personnel
error, consisting of the radiographer’s failure
to perform radiation surveys in the prescribed
manner; a contributory factor was a deficiency
on the part of company management in its
radiation safety program.

A number of interim measures were taken
pending the outcome of the investigation by
NRC. The radiographer was suspended from
all duties involving radiation for at least the
remainder of the calendar quarter; all radiogra-
phers employed by the company were issued
personal radiation monitors equipped with an
audible alarm; and it was reemphasized to all
personnel involved in the radiography program
that a proper use of survey meters at the job-
site was required.

The NRC issued an order to this licensee by
which it was required to show cause why its
license should not be suspended for repeated
noncompliance with NRC regulations. The
licensee satisfactorily demonstrated that it had
improved its monitoring capabilities and train-
ing programs and had instituted an audit pro-
gram on field surveys, and the show cause order
was therefore rescinded. NRC has continued
regular inspection and enforcement procedures
with the licensee.

California Licensee. On January 20, 1976,
NRC received telephoned notification from the
Peabody Testing/X-ray Engineering Co. of
Foster City, Calif., that an overexposure of one
of its radiographers had occurred during oper-
ations at a jobsite in Clearfield, Utah on one or
more occasions in the period of January 1 to
January 14. Formal notice followed. The first
evidence of possible overexposure came on
January 8, when the radiographer reported to
the project manager on the scene that his
pocket dosimeter showed an offscale reading.

They consulted by phone with the radiation
safety officer for the licensee, and, when the
radiographer affirmed that he had not received
excess radiation and the dosimeter was inac-
curate, he was given another dosimeter and
authorized to return to work. Again, on Janu-
ary 14, the same individual reported an offscale
pocket dosimeter. On this occasion, his film
badge was dispatched for processing in Sunny-
vale, Calif. On the next day, however, the
radiographer was permitted to return to work,
with a new film badge and pocket dosimeter
issued for that day only. These instruments
later showed readings of 45 millirems and 22
millirems respectively, for January 15. On Janu-
ary 16, the radiographer terminated his em-
ployment with the licensee. On January 19,
the film badge processor reported that the
radiographer had received an exposure of 6.9
rems during the period of January 1 to January
14, inclusive.

The cause of the overexposure was the radi-
ographer’s entering a high radiation area one
or more times during the two-week period;
deficiencies in administrative controls were also
involved. The company convened a safety meet-
ing to discuss requirements, problems and con-
ditions at the job site, and a “Radiation Safety
Training Refresher Course” was given to all
personnel working there. NRC inspectors in-
vestigated the occurrence and interviewed the
radiographer at his home in South Carolina.
As a result of its investigation, the NRC issued
a notice of violation to the licensee.

Oklahoma Licensee. Two incidents involving
the overexposure of a radiographer’s assistant
to radioactive sources were reported to the
NRC by the Exam Company of Tulsa, Okla.
The first occurred on February 7, 1976, when a
radiographer and his assistant, employees of
the licensee, were radiographing pipe fabrica-
tion using a nuclear source (iridium-192). The
assistant was overexposed when he entered
the area to retrieve some equipment while the
source was still unshielded. His film badge
showed he received a whole-body dose of 5
rems. On April 27, 1976, the same radiographer
and another assistant were radiographing pipe
fabrication when, as in the first instance, the
assistant entered the area while the source was
unshielded. His film badge showed a 5.5 rem



whole-body exposure. Neither individual was
expected to suffer any adverse biological con-
sequences from these exposures.

The cause of the overexposure in both in-
stances was the failure of the assistant to con-
duct the prescribed radiation survey to ensure
that the radiation source was in a shielded
condition before entering the area around it.
Administrative procedures were also found to
be inadequate.

The licensee reprimanded the personnel in-
volved in the incidents, retrained two of the
technicians using an accredited instructor of
radiography, and notified all field personnel of
the incidents and their safety implications. The
NRC inspected the licensee’s activities and
imposed a civil penalty on the company.

Deficiencies In Containment

Late in January of 1976, the NRC received
the results of tests conducted by the General
Electric Co. (GE) in conjunction with a group
representing utilities owning boiling water
reactors with the “Mark I” containment design.
Potential problems with the design first came
to light in April 1975, during safety reviews of
the advanced Mark III containment by the
reactor vendor. In the course of these reviews,
GE identified for the first time the possibility
of certain hydrodynamic loads which the con-
tainment must be able to accommodate, but
which had not been considered in the design
of the earlier Mark I and Mark II contain-
ments. NRC notified all utilities using or plan-
ning to use Mark I, Mark II or Mark III
containments of the need to review these designs
to assess structural adequacy and to ensure
proper safety margins. Nincteen units among
operating power plants have Mark I contain-
ments; six units among plants under construc-
tion will have Mark I containments.

The potential difficulty with this type of con-
tainment relates to a phenomenon called “sup-
pression pool swell.”” The suppression pool is a
pool of water inside a torus or doughnut-shaped
cylinder installed beneath and connected with
the reactor vessel (see diagram) to condense
the steam—and thus suppress the pressure—
which would be produced in the event of a

severe loss-of-coolant accident. Such an accident
would result in a complete, instantaneous rup-
ture of the largest pipe in the primary cooling
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system of a boiling water reactor, with unre-
stricted flow from the pipe. The magnitude of
the loads that would be imposed by this highly
unlikely accident was discovered to be great
enough to cause the suppression pool to swell
and possibly move the torus off its supports and
impair other reactor safety systems. The
vendor's testing of scale models also indicated
that the safety margins at the 19 operating
units with Mark I containment were not as
great as originally forecast. In the case of one
plant—the Vermont Yankee Generating Station
—test results revealed that the impact of the
load on the suppression pool consequent upon
the severe accident postulated might be too
great for the structure to sustain. The licensee
voluntarily shut down the facility for about
one month, while undertaking to confirm the
test results and carry out corrective actions. The
other 18 operating units were found to have
adequate safety margins even under the newly
postulated load conditions; all of the 18, how-
ever, have increased those safety margins by
instituting operating procedures which reduce
the potential loads on the suppression pool.
The NRC’s review of the matter led to the
conclusion that the Mark I containment system
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at operating facilities, including the Vermont
Yankee station, would perform the containment
function and would not impair the function of
other emergency systems, even under the new
load assessments. The review and its conclusions
were explored in hearings on nuclear safety
conducted in February 1976 by the Congres-
sional Joint Committee on Atomic Energy.

The cause or reason for the tests, reviews
and actions undertaken with respect to the
Mark I containment design was the postulation
of load stresses in the review of a new contain-
ment design which had not been considered
in the evaluation of earlier designs. Although
the kind of accident which would impose the
stresses is unlikely to occur, it must be con-
sidered in establishing and confirming adequate
safety margins for all designs in use.

Since the potential problem was identified in
April 1975, the NRC has: requested the addi-
tional information which led to the tests con-
ducted by the vendor and owners’ groups;
closely reviewed the test results as they were
developed; and required all licensees employing
or planning to employ boiling water reactors
with these kinds of containments to increase
the safety margin attributable to them by
altering their mode of reactor operation. One
exception to the requirement for plants with
these types of containments was the Brunswick
plant (Unit 2) in North Carolina, whose sup-
pression pool has a concrete enclosure and does
not depend on columns for external support.

All of the utilities involved as well as the
vendor have undertaken continuing efforts to
obtain the data needed to confirm design ade-
quacy or to plan further actions to provide the
safety margins intended in their original designs.
NRC is following their long-term programs
to achieve this result and is conducting inde-
pendent research to confirm the adequacy of
existing safety margins. Meanwhile, all plants
affected have been required to adopt the new
mode of operation which, of itself, increases
the structural safety margin presently in effect.

Overexposure of Plant Employees

Zion Unit 1. On March 19, 1976, the NRC
was notified by the Commonwealth Edison Co.
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of the apparent exposure on March 18 of one
of its employees to a whole-body dose of 8 rems,
at the power plant in Zion, Illinois (Unit 1).
The exposure was in excess of the allowable
limit of 3 rems per quarter-year.

The incident occurred during refueling of the
reactor, which was shut down for that purpose.
The affected individual was carrying out an
inspection of an area below the reactor in search
of leaks. He was carrying a survey meter to
register the presence of radiation; as soon as
he noticed that the instrument showed an off-
scale reading, he left the area. He had been at
the location under the reactor for from one to
one-and-one-half minutes and had been exposed
to a cumulative dose of at least 200-250 milli-
rems of radiation, as shown on the survey
meter. He then moved to another area for an-
other one to one-and-one-half minutes, having
informally estimated that his total exposure at
the two locations would be within 500 milli-
rems. Subsequent surveys showed the dose rate
at this second location to be at least 200 rems-
per-hour, far higher than the individual’s esti-
mate. His film badge later indicated that he
had received a whole-body exposure of 8 rems.
Although this level exposure exceeds the normal
limit, it was not expected that medical prob-
lems would result. There were no potential
consequences to anyone but the person affected.

The cause of the incident was identified as
personnel error compounded by insufficient
administrative control within the plant. The
reactor cavity was known to have higher than
normal radiation levels during the refueling
process, and access to the cavity should have



been more closely governed. The individual also
should have had a survey meter which would
measure dose rates in each locale he entered.

The licensee’s Station Safety Committee in-
vestigated the incident and went over it at a
general safety meeting at the plant, stressing to
all station personnel the importance of follow-
ing approved procedures. All accesses to the
cavity area are to be padlocked during periods
of cold shutdown of the reactor—as during re-
fueling—and stringent procedures imposed.
The NRC, having completed its investigation
of the occurrence, initiated a civil penalty
against the licensee for acitvities not in com-
pliance with NRC regulations.

Indian Point 2. On April 5, 1976, Consoli-
dated Edison Co. of New York, Inc., reported
an overexposure of one of its employees at the
Indian Point facility (Unit 2) in Westchester
County, N.Y. As was the case with the incident
at the Zion plant of the Commonwealth Edison
Co. described above, this mishap occurred while
the reactor was shut down for refueling. During
the outage, one of the plant operators entered
the reactor vessel sump room to replace light
bulbs in an area used for certain maintenance
activities. Entering through an unlocked access
hatch, the operator spent a short time in a high
radiation area which he did not know existed.
When he saw that his dosimeters were reading
“offscale,” he left the area at once and notified
the health physics supervisor.

Measurement of the radiation field in the
sump area showed levels in the range of 650
roentgens-per-hour, and the operator’s film
badge indicated that he had received a whole-
body dose of 10 rems. The exposure was in
excess of the quarterly 3-rem limit. The dose
was not expected to produce any medical prob-
lems for the operator, and there were no conse-
quences to other plant personnel or the public.

The cause of this occurrence was a weakness
in the implementation of radiation safety con-
trols for protecting plant personnel. Radiation
levels in the sump room changed significantly
during the reactor outage, when the incore de-
tector thimbles were retracted. The required ad-
ministrative controls to protect employees from
normal and changing radiation conditions in
the plant were not adequately carried through.

The licensee took immediate corrective action
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to prevent recurrence of an overexposure by
locking the sump room access hatch, posting
conspicuous warning signs, placing a radiation
monitor in the area to alert personnel to in-
creases in radiation fields and partially reinsert-
ing the detector thimbles into the reactor vessel,
thereby lowering the radiation level. Other
power plants with similar operating units were
advised of the occurrence and the circumstances
that led to it, as was the reactor vendor. The
NRC conducted a special inspection of the
situation and required immediate corrective ac-
tion to improve the implementation of safety
controls. NRC staff imposed a civil penalty on
the licensee.

Cesium Lost In Transit

The Holy Cross Hospital in Chicago reported
on January 22, 1976 that a small quantity of
radioactive cesium-137 had been lost in transit
between the hospital and its destination in
Houston, Tex. The medical radiation source
had been shipped on January 15. Investigation
by the licensee and the NRC disclosed that the
source—which emitted 0.9 roentgen-per-hour
radiation at a distance of six inches—had been
removed from its shielded container before
being packaged, although both source and con-
tainer were shipped in one package. The ship-
ping crate was damaged in transit and the
source and its shield were separated. When the
container arrived in Houston without the radio-
active source, an immediate search was under-
taken which located the source, on January 27,
in the refuse container of a salvage goods dealer
in Atlanta, Ga. The source had been relegated
to the salvage goods warehouse by the carrier,
where it was discarded as trash. The recovered
source was delivered to its original destination
without further incident.

The determination was made that an individ-
ual could have received significant radiation
exposure from the source only if he or she were
in close proximity to it for several hours. By
means of an extensive examination of records
and procedures, interviews with personnel
actually or possibly in contact with the source,
radiation surveys and observations by the in-
vestigators, it was ascertained that no such



exposures occurred. The incident is treated as
an abnormal occurrence because of the fact
that an unmarked, unshielded and potentiaily
hazardous source of radiation had been in the
public domain for nearly two weeks,

The principal cause for the temporary loss of
the radiation source was that the licensee’s
shipping clerk had not been informed that the
container to be shipped held a radioactive source
which required special packaging and handling;
consequently it was not packaged and labeled
or handled by the carrier according to applica-
ble Federal regulations.

The licensee has amended its policies and
procedures to assure that the shipping and han-
dling of radioactive materials will be done in
the future only by persons trained in the proper
procedures and relevant regulations. Education
programs will also be provided for all employ-
ees of the licensee who may have occasion to
deal with radioactive materials. The NRC,
having carried out the investigation which re-
sulted in recovery of the source, held meetings
with the licensee and subsequently verified the
adequacy of corrective actions through a series
of follow-up inspections.

Unauthorized Removal of Waste

The Nevada Department of Human Re-
sources advised the NRC on February 24, 1976
that material contaminated with radiation had

been removed from a disposal facility operated '

by the Nuclear Engineering Co. (NECO) at

a site 10 miles south of Beatty, Nev. As one of
the Agreement States (see Chapter 9), Nevada
licenses and regulates activities at the Beatty
site which involve source and byproduct nuclear
material, while the NRC regulates activities
at that site involving special nuclear material,
which is material containing the fissionable ele-
ments uranium-233, uranium-235 or plutonium
in any percentage higher than that found in
natural substances containing these elements.
Such material comes under direct NRC au-
thority regardless of agreements by which the
States regulate certain nuclear facilities and
related activities. Only a small portion of the
activity at the NECO site near Beatty dealt
with special nuclear material.

Internal investigations by NECO management
revealed that certain of their employees had
allowed a cement mixer used for solidifying
low-level liquid radioactive waste to be used for
pouring concrete slabs at a local saloon, a new
municipal building, and several private prop-
erties in Beatty. NECO notified Nevada au-

An NRC inspector and a member of an Energy
Research and Development Administration’s
Radiological Assistance Team survey salvaged
equipment on a private ranch near Beatty,
Nevada, for radioactive contamination. Contami-
nated equipment which had been removed from
a waste burial facility near Beatty was recov-
ered from a number of sites through joint efforts
of the Environmental Protection Agency, ERDA,
NRC, and the Nevada Department of Human
Resources.




thorities who then requested assistance from
an office of the Environmental Protection
Agency (EPA) in Las Vegas. The EPA sent a
ra