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the four steam generator girth welds The licensee again
used the TIO process, for repair welding, but without the
1125°F post-weld heat treatment. lastead, the licensee
applied a S00°F post-weld treatment to produce a tem-
pered heat-affected rone.

The licensee, assisted by several consultants and research
organizations, concluded that the principle cause of crack
intiation and progression was related to the dissolved oxy-
gen content in the secondary water, which acted on sus-
ceptible material in a high-tensile stress field. The licensee
then machined a 360-degree, 6-inch wide by 3/d-inch
deep groove around the girth welds of the steam genera-
tors and filled the grooves with a low sulfur weld meta!,
followed by an 1125°F heat treatment. The licensee also
will maintain low oxygen levels by using a nitrogen blanket
in tie condensate storage tank and will reduce the tensile
stress by providing a smooth radius at the shell/cone junc-
tion. The licensee 's acuons should provide a basis for con-
tinued safe operation of the stgam generators.

Reviews of Recent Epidemiological
Studies of Radiation Risks

Frank J. Congel and Charles A. Willis

Introduction

The NRC is responsible for protection of the public and
workers from the ill effects of exposure to ionizing radis-
tion, To meet this responsibility effectively, the NRC
needs 1o understand the magnitude of the risks associated
with radiation exposure. Thus, when new studies are re-
ported that purpor o cast new light in this issue, the suaff
examines them carefully. The staff recently reviewed five
new epidemiological studies of radiation risks and the re-
sults of those reviews are summarized here.

Background

Everyone is exposed to radiation at al! times. This has al-
ways been true, although no one knew about it until 1895
when x-rays were discovered Radiation injuries were re-
poried only a few months after radiation was discovered.
Since that ume, rudiation and its biclogical effects have
been the subject of intense world wide scientific investiga-
tan. The important effecis were soon identified Even the
possibility ¢.f genetic damage was reported in 1911, The
fundamentals of radiation protection also were identified
within a few years of the discovery of radiation. The first
person known to be killed by man-made radiation was
Thomus Edison's assistant, Clarence Dally By the ume of
Mr. Dally's death in 1904, Edison reported that praper
precautionary measures had been deveioped and that “I
would continue the work mysel! but my wife won't let
me.”

Radiation protection measures were nat always applied
and, as a result, hundreds of people died of radiation-
induced cancer and others suffered radiation injuries
Early injuries initiated public controversy before 1900. Ra-
diation injuries caused by the use of x-rays to wvestigate
wounds during World War | contributed to the contro-
versy. Despite the controversy, radiation was misused.
Misuse 15 exemplified by Radium tonics being sold through
the mail and fluoroscopes being available in most shoe

stores. The public controversy, legal actions, and volun-
tary control measures combined to eliminaie most of the
gross misuses ol radiation by the end of Warld War 11,

The development of the atomic bomb provided new impe-
tus and funding for radiohiological research. In 1956, the
National Academy of Sciences declared that radiation was
the best undersiood environmental hazard. Research has
conunued and, today, radiation risks are very well under-
siood. However, we have not yet determined the magni-
tude, if any, of risks from exposure 1o low levels of radia-
tion (such as less than about 10 rem per year)

If the mechanisms of raciation injury were known, the
question of risk from low-level exposure could be an-
swered with laboratory investigations. Since the mecha-
nisms are not known, epidemiological studies are con-
ducted 10 try to reduce the degree of uncertainty

Current risk esumates for low-level exposure are based
primarily on the results of eprdeminiogical studies of the
survivors of the nuclear weapon detonations at Hiroshima
and Nagasaki. These results are supported by swudins of
other highly irradiated groups such as the radium dial
painters, patients irradiated as a treatment for ankylusing
spondylitis, and women wradiated as a trearment {-r cerss-
cal cancer. Where doses are high (above aboul S0 rem)
cancer rates are increased. For example, the cancer rates
for the survivors of Hiroshima and Nagasaki apparently
were increased about § percent

Kesearchers have conducted nuinerous swucies of groups
receiving lower doses, but the results are inconclusive
Generally, they have found no increase in cancer rates,
even in Guerapari, Brazil, where 12,000 people receive
doses of about 0 84 rem per year. which is about % times
the average hackprounau dose; in Kerala, India (0 38 rem
per year), or in Yanfiang County, China (0.3 to 0.4 re:n
per veari

No radiation-induced genetic effects have been observed
in any human populauon

Epidemiological Studie: Reviewed

The five studies reviewed were conducted by the Nationa!
Cancer Institute (NCT) [1], the Three Mile Island Public
Health Fund (TMIPH) (2], the Massachuseus Depart-
mert of Public Health (MDPH) [3]. Steve Wing, et al. |4,
§]: and Sternplass and Gould [6]. The populatiens investi-
gated differed in most respects between each of the studies
and the investigators reached markedly differing conclu-
sions. The extremes were the NCI and the Sternglass-
Gould studies. The NCI study reported no Zatectable ill
effect in the populations around any nuclear power plant
or Departmant of Energy (DOE) facility in the U .S, How-
ever, Sternglass and Gould contend that effluents from the
Trojan nuclear piant ase killing thousands of peaple annu-
ally in Oregon

We reviewed these studies and cencluded that none of
them convingingly shawed any discernible effect of low-
level radiation ar provided any reason o velieve that the
NRC should revise its effluent control practi






Electrical Distribution Svstem
Functional Inspections Program
Review And Lessons Learred
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coniservative “worst case” loads and voltage drops for de-
graded voitage conditions. Unanalyzed relay drift in-
creased the ume required to transfer power between
sources. Medi'm voltage circuit breakers had unconserva-
tive short circuit ratings. Neutral resistors were not large
enough 10 handle the current and dissipate the heat.

The largest number of findings identified during the ED-
Fls involved emergency diese! generators and their me-
chanical interfaces. The inspection teams idenufied defi-
ciencies in the capacity of diesel generators to carry tran-
sient loads; the mulupie stant capability; the setpoints for
fuel oil tank levels; the quantity, quality and transfer of
fuel oil, and the air stan accumulator pressure. In addi-
ton, the diesel load sequencers had undersized relay con-
tacts and unanalyzed tumer drift and transient ioads. The
inspection teams determined that these deficiencies could
have compromised the startup and operation of the diesels
and could have affected the supply of emergency power to
accident-mitigating loads.

The inspection teams identified certain weaknesses in the
capability and performance of licensee engineering and
technical support (E&TS) groups. Licensees had not re-
viewed electrical design calculations performed by the ar-
chitect engineer for accuracy and completeness and had
not adequately performed self-assessments of the design
basis of the electrical system. Design basis documentation
for the electrical system, such as calculations covering all
credible failures and modes of operation, was missing or
incomplete, particularly at older planis. Test procedures
did not include correct acceptance criteria and some criti-
cal elecinical equipment was not being tested.

Some inspection teums identified strengths with regard to
E&TS groups. Personinel in the field understood numerous
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technical issues regarding electrical equipment and the
safety significance of these issues. Engineering control of
plant modificatior.s appeared well established. Root cause
analysis of failures of electrical equipment appeared
thorough

By conducting the EDSFls, the staff has helped licensees
improve the functional capability of the electrical distribu-
tion systems. For example, EDSFI findings have focused
the licensees' engineering and technical suppon groups on
(1) the necessity for controling loads relative to the
capacity of offsite and onsite power sources and (2) the
fault protection of electrical equipment In addition to
correcting specific deficiencies, licensees have increased
their attention towa: d evaluaung and improving the design
basis of the electrical distribution system and also toward
related engineering and technical suppont programs. Sev-
eral licensees have conducted their own EDSFIs to assess
the electrical system design basis and its implementation
Various licensees have identified and corrected problems
before the NRC inspected their facilities. Some licensees
have increased the scope of their design reconstitution
programs (o include problem areas, such as instrument
setpoins, identified Uy EDSFIs. EDSFIs have also made
licensees aware of the unpontance of retaining and updat-
ing design basis documentation developed by the architect
engineer, vendor, and licensee to demonstrate that the
electrical system operates properly and to jusufy modifica-
tons 10 its components. The results of the EDSFls, in-
cluding & number of positve findings, have provided in-
creased assurance that the electrical equipment in nuclear
plants will perforn its safety functions. RSIB is developing
a database of EDSF1 findings for further evaluation and
for inclusion in NRC information notices as appropriate
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