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Chapter Twenty-Five

THREE MILE ISLAND NUCLEAR
ACCIDENT AND ITS EFFECT ON
THE SURROUNDING POPULATION
George K. Tokuhata, Dr. P.H., Ph. D.

Director
Division of Epidemiotogy Research
Pennsylvania Department of Health
PO Box 90
Harrisburg, PA 17108
and
Professor of Epidemiology and Biostatistics
Graduate Schoo! of Public Health
The University of Pittsburgh

Onthe morning of March 28, 1979, aseries of “unlikely events' at the Three
Mile Island (TMI) nuclear plant led to a loss-of-coolant accident which became
the most serious accident yet 1o occur incommercial nuclear power generation',
For several hours after the reactor first tripped, the reactor core was allowed
to overheat. Upto 10 million curies of radioactivity have been estimated to have
escaped into the atmosphere during a tense week of worldwide concern over
the fate of the nuclear plant and its surrounding population.?”?

The maximum possible dose to a hypothetical person standing unproiected
anywhere along the border of the plant site for the duration of the accident
was estimated as no more than 100 millirems*, the approximate equivalent of
one year natural background radiation in the area. The average likely dose to
persons living within § miles of the plant was estimated at 9 millirems’. At these
low doses of radiation, no major health effects on the exposed population can
be expecied. The long-term health effects from the TMI radiation exposure to
the more than 2,164,000 persons living within 50 miles of the plant at that time
was projected as one excess cancer death over the lifetimes of these residents.
The total number of excess health effects from TMI radiation, including all
cases of cancer (fatal an nonfatal) and genetic ill health to all future genera-
tions, was estimated as (wo'.

Despite these radiation estimates and learned opinions of several technical
groups, including those from government, industry, national laboratorics and
universities, substantial amount of anxicty was created and resultant apprehen-
sion remained in the arca. The public questioned the validity of the estimated
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radiation dose to local residents and also th health risk from that dose. The
apprehension was due, in part, to the fact that radiation is invisible and its ef-
fects potentially pernicious. It was felt that even nonletha) doses are capable
of causing immediate detrimental effects, especially on the unborn and the very
young, as well as latent cancers and other chronic conditions. Many local
residents actually believed that they received very high doses of radiation and
some of them in fact developed a “radiation syndrome!" a form of iatrogenic
disease.

Health authorities in both the Commonwealth of Pennsylvaria and the
Federal government agreed that, because of the confusion and uncertainty sur-
rounding the TMI accident from the beginning and because the nuclear acci-
dent was the first of its kind, the exposed population should be followed and
studied for many years in order to monitor any possible changes in health
status,*”” Also, because of the high levels of psychological distress experienced
by the local residents during the crisis period and the likelihood of distress con-
tinuing over the many years needed to clean up the damaged reactor,
psychological health and its sequelae were perceived as important outcomes
to monitor independently of the issue of radiation exposure.

Psychological Siress and Health

Stress is an organismic state that can contribute, under the proper cir-
cumstances, to changes in body function, which, if intense or chronic, may lead
to discase. In other words, stress can trigger a multiplicityof organismic reac-
tions, some of which may contribute to illness, while others may result in nor-
mal adaptive responses.

Psychophysiological studies® indicate that life situations which threaten the
security of the individual would evoke attempts at adaptive behavier and a so
evoke significant alierations in the function of most bodily tissues, organs and
systems. These physiological changes, in turn, will lead to a lowering of the
body's resistance to disease. It is assumed that certain events require more in-
tense and prolonged coping efforts than do others. The greater the s*rz'ns on
the coping mechanisms, the more likely that an inadequate or inapprepriate
response will be utilized, thus eliciting idiosynceratic or pathological physiological
reactions.,

Itis also iinportant to recognize that an understanding of a life event's im-
pact must take into account the physical susceptibility of the individual, the
meaning of an event, the person's ability 1o cope with a variety of stresses and
theindividual's social support network. With the exception of extreme and sud-
denlife-threatening situations, no raw stimulus isa universal stressor. The true
consequences ol stress arise from the manner in which the organism responds
to the presumed danger. [tis the way in which the organism handles perceived
stressors—the defenses it mobilizes and the alarm reactions ignited—that con-
stitutes the true nature of the stress.®
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The psychosomatic approach,® on the other hand, identifies ceriain personali-
ty type and life history that would make themn more vulnerable to certain diseases.
Whenever a stimulus is perceived to threaten a fundamental human need, the
stress response also will be inititated. Imagination can produce its OWn stressors
and prompt a neuroendocrine-autonomic response that itse!l poses a real threat
to the organism.

Stress can cause disease by lowering or exaggerating the immune response,’
creating endocrine problems through either hypoactivity or hyperactivity,’ alier-
ing the balance of autonomic control, resulting in changes in the cardiovascular,
respiratory, secretory, and visceral system,’ altering sleep patterns, with atten-
dant impact on protein metabolism, hormone secretion and other vegetative
functions'* and by affecting the functions of the brain itse!f, which can have
profound impact upon health through a variety of mechanisms, including
changes in eating and health habits, such as exercise, drug, alcohol or cigarette
consumption!’ Numerous studies have shown that the pituitary-adrenal axis
may be activated or inhibited by fear, anger, rage, pain or adverse environmens-
tal conditions.

The stress associated with the TMI nuclear accident cannot be considered
asasingle unique experience because the prolonged recovery period following
the accident gives rise tO numerous additional stressors. However, it is unlikely
that any given psychological stressor w il b= etiologically specific for any given
disease. The important point is that a range of health outcomes, both mental
and physical, need to be assassed in studies of stress or disaster since certain
individuals may be more susceptible to health sequelae than others.

There are a number of studies in humans which have found an association
between prenatal anxiety/siress and gestational, perinatal, and developmental
pathology including complications of pregnancy'*"'’ and infant growth and
development.* These findings suggest a number of practical and scientific ques-
tions to be addressed within the context of the TMI Health Effects Research
Program. The first is whether or not the local population, including pregnant
women, as a whole experienced any detectable stress effects. The second ques-
tion concerns factors which render individual pregnant women, particularly
vulnerable to stress effects. As reviewed earlier, stress may be associated with
morbidity only in the absence of supportive interpersonal relations.

While the specific mechanism of stress induced morbidity is not yet fully
understood, there may be several different explanations with respect 1o pregnancy
outcome; &.g., stress-anxiety induced changes (1) in maternal behavior, such
as increased smoking, drinking or medication while pregnant, (b) in obstetric
practice, such as increased prescription of analgesics and psychotropic €rugs
or use of special diagnostic procedures, (¢)in maternal-infant bonding and child-
rearing practices, agd (d) in the hypothalamic-adrenocortical mechanism.”

Subsequent to the TMI nuclear accident, the Pennsylvania Department of
Hcalth developed a comprehensive plan for a varicty of epidemiologic and
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sociological studies designed 10 assess the impact, both immediate and long-
term, of the accident upon the local population, Some of the short-term studies
are still in progress while long-term followup studies are being planned. In-
vestigators of other organizations and institutions have also conducted short-
term studies. In this paper, findings from certain major studies are briefly sum-
marized in three categories: (a) ps,\cho-bchavioral studies, (b) physical health
studies, and (¢) long-term epidemiologic surveillance.

Psycho-Behavioral Studies

Although no immediate radiation health effects were recognized during the
nuclear accident, and probably no delayed or late radiation health effects are
to be expected, what emerged from this experience was that the major health
¢ffect of the accident appears (o have been on the mental health of the people
living in the region of TAMI and of the workers at the nuclear power plant.

There was immediate mental distress produced by the accident among cer-
tain groups of the general population living within 20 miles of Three Mile
island.’® The highest levels of distress were found among adults living within
< miles of TAL, or those with preschool children; and among teenagers living
within § miles of TMI, those with proschool siblings, of whose families left
the arca. Workers at the TMI nuclear plant experienced more distress than
workers at the Peach Bottom nuclear plantin Pennsyivania whizh was studied
for comparison purposes. The level of distress was higher among the nonsuper-
visory employees and stress continued in the months following the accident,

Health-related behavioral studies conducted by the Pennsylvania Department
of Health in collaboration with the Hershey Medical Center® indicated that
persons who are younger, mor¢ educated, married and female were especially
distressed during the crisis. The greater responsiveness of younger, married per-
sons was probably due to their concerns about the effects of radiation on their
present and future children and, since radiation effects often have along laten-
¢y, concerns about their own future health. However, these demographic
variables did not relate tochanges in the level of distress over time. People who
actively coped had high distress during the crisis and tended to maintain that
distress over time. Persons with poor mental or physical health tended to have
high distress scores and 10 maintain their distress over time.

The number of persons with severe distress dropped shortly after the Crisis,
but between 10% and 20% of local residents residing close 1o TMI remained
distressed nine months after the crisis. Persons residing close to TM1 used more
alcohol, tobacco, sleeping pills and tranquilizers during the two week period
immediately following the crisis than before, but the use of these substances
which were mediated through coping with the crisis situation did not persist
heyong that time. .

The October 1980 survey conducted by the Pennsylvania Department of
Health in collaboration with the Hershey Medical Center indicated that the

- —



130 Managemeni of Radicactive Meterials and Wastes: Issues and Progress

level of anxiety and stress declined more among residents within $ miles of TM1
than among those living more than 40 miles away. Thus, 18 months after the
accident, the previously significant differences in stress-related symptoms, Loth
behavioral and somatic which existed between the close and the far gi ov ps were
no longer present. However, differences still persisted through October, 1980
as far as perceived threat of TM1 and attribution of the recognized symptoms
to TMI were concerned.

An in-depth epidemiologic study of psychological impact in a more
psychiatric context was conducted by Bromet at the Western Psychiatric In-
stitute.”” Her study covered three selected “high risk" groups in the TM1 area,
namely, (a) TMI employees, (b) mothers with preschool children, and (¢) men-
tal health clinic patients. Peoj ** residing around the undamaged nuclear plant
at Shippingport in western Pennsylvania were used as controls for comparison.
One year after the accident, the condition of psychiatric outpatients near TM|
did not differ significantly from that of counterpart in the control group. She
also found that TMI workers experienced only slightly higher rates of clinical
depression and anxiety as compared with Shippingport workers. But, mothers
of preschool children living within § miles of TMI suffered far more anyiety
and depression than did mothers living near Shippingport. Bromet also found
that mothers who evacuated in the height of the accident had more distress one
year later than mothers who did not evacuate. Mothers living within § miles
of TMI reported more distress symptoms than mothers living farther away from
the plant. It wasconcluded that manifestations of clinical levels of mental health
effects occurred primarily during the 2-month period after the accident, but
sub-clinical levels of symptomatology were clevated as late as one year follow-
ing the accident. There was evidence that social support bore an important
relationship 1o these sympioms, Bromet's findings support a view that the
burden oi the stress was determined more by the actual experience, such as
actualliving inthe vicinity of TMI, rather than by the perception of the stressful
situation.

Related to the psychological stress caused by the TMI accident was crisis
evacuation during the accident by local residents. Although the level of radia-
tion exposure was minimal, a substantial number of residents in the vicinity
of the TMI plant left the arca primarily because of their perception of immi-
nent danger associated with radiation. The Governor of Pennsylvania advised
pregnant women and small children to evacuate. Within hours of the Gover-
nor's advisory and with mounting media coverage of the accident, which was
often confusing, mass evacuation occurred. Some 64% of the population in
the Ssmile arca left their homes some time during the nuclear ¢risis. It isimpor-
tant to document individual evacuation as it can be related to estimating radia-
tion exposure and the future health effects studies.

A total cross-sectional population census conducted by the State Health
Department supported by the Federal Centers for Discase Control and Bureau
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of the Census shortly after the accident within five miles of the plant revealed
that evacuation behavior was related 10 several demographic variables.
Specifically, more younger people evacuated and for lo ger periods than older
people. More females evacuated than males. The more cducated. ad white col-
lar workers evacuated somewhat more than the less educated and blue coliar
workers. The strongest predictor of evacuation was the presence of one or more
preschool children in the household. Distance of residence from the damaged
plant was inversely correlated with the decision (o evacuate, There were no ma-
jor differencesin the pattern of evacuation between medical personnel and other
residents in the same community, i.e., nurses and young women behaved similarly
while physicians and middle-age men were alike in their evacuation behavior,

Radiation Exposure and Heolth Risks

Nuclear accidents, suchasthe 1979 episode at TMI, are potentially harmful
to health if the amount of ionizing radiation absorbed by humans is substan.
tially high. However, whether health is affecied by exposure at the low levels
characteristic of natural background radiation is amatter of conjecture. Obser-
vations at higher radiation intensities have implied, but are cifficuit to measure,
that the risk of ceriain healih effects may be increased even at the lowest dose
levels, These effects may include any one or combination of the following: (a)
damage to genes and chromosomes, or mutagenic effects, (b) damage to the
growth and development of the embryo and fetus, or reratogenic effects, and
(¢)damage to cells that increases the risk of their forming cancer, or carcinogenic
effects? ¥,

However, since health effects of radiation at the levels of natural background
cannot be distinguished individually from similar effects produced by othar
causes, the effects of low-level radiation are estimated only by extraporation
from observations at higher radiation doses and dose rates, based on tentative
assumptions about the relevant dose-effect relationships. In the present state
of our knowledge, such estimates must be regarded as highly uncertain at
best?te,

The accidental radiation received by people residing in the vicinity of Three
Mile island (TMI1) came almost entirely from xenon-133 (half-life, 5.3 days),
xenon-135 (half-life, 9.2 hours), and traces of radioactive iodine (principally
iodine-131, half-life, 9.0 days), which escaped intermittently from the plant as
puses?’ . These radioactive gases followed prevailing winds and increased the
level of ionizing radiation along their path. However, the increase was short-
lived because xenon dispersed rapidly and because radioactive iodine was pre-
sent only in barely detectable amounts, No release of long-lived fission pro-
ducts, such as strontium-90, cesium-137, and plutonium-239, was detected.

Based on the available measurements, 1t is estimated that the maximum
cumulative whole-body gamma radiation dose 10 anyone off site was less than
100 mrem, that the average cumulative dose to those within 10 miles of the plant
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was approximately 8 mrem, and that the average cumulative dose 1o those within
50 miles of the plant was about 1.5 mrem. Because these estimates make no
allowances for shielding, they are generally considered 10 represent over-
estimates’ ', Additional exposure of the population came from the beta radia-
tion dose 1o the skin and from the inhalation dose to the lung. It is estimated
that the total dose to the skin could have been much larger than the whole-
body gamma dose by a factor of 3 10 4if the protective effects of shelter and
clothing are neglected.”” The inhalation dose is estimated to have constituted
no more than 3% to 7% of the dose 10 the whole body.

The risk of cancer is generally assumed to be increased by low-level radia-
tion, but it is clear from observations at intermediate-10-high dose levels that
the risk may vary depending on the type of cancer in question, age at the time
of irradiation, the quality of radiation, and other factors. According to a linear,
nonthreshold extrapolation model, with no allowance for biological repair at
low doses and low dose rates, cancer risks are regarded by many experts as be-
ing likely to overestimate the risks of low-level radiation. For this reason, some
experts prefer a lincar-quadratic model, which yields risk estimates that tend
to be 25%-50% smaller’***. If these risk coefficients are applied to the popula-
tion of about 2.2 million people residing within 50 miles of Three Mile Island,
they predict a lifetime risk of less than one extra fatal cancer and less than one
extra nonfatal cancer.

Itis generally assumed that irradiation can causc genetic damage in human
germ cells that is transmissible to future generations in the form ¢f various in-
herited diseases. It has been estimated that the incidence of genetic abnormalities
in humans would be doubled by a dose of 20 rem -200 rem?*?* and, that the
number of descendants of the population within 50 miles of TN who are like-
ly to be affected by genetic disorders resulting from the TMI accident would
be approximately one.

The risks of teratogenic effects of radiation on the human embryo and fetus
are more difficult to estimate, owing to the paucity of relevant data. The evidence
athand implies, however, that the risks of such effects are smaller per unit dose
than are the risks of carcinogenic and mutagenic effects? ., On this basis, it
may be inferred that such effects are unlikely to result from the TMI accident
in view of the small magnitude of the radiation dose.

Physical Health Studies

Although increased risks of cancer, birth defects, and genetic abnormalities
are potential long-term consequences of low-level irradiation, few if any such
¢ifects of the TMI accident are likely 10 be observed, because the collective dose
of radiation received by the population within a $0-mile radius of the plant was
so small. '

Inorder to evaluaie the potzatial effect of radiation and/or acute stress upon
reproductive process, an epiodemiologic study was conducted to determine
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whether the incidence of spontaneous abortion was greater than expected near
the Three Mile Island nuclear plant during the months following the March
28, 1979 accident. All persons including those who were pregnant living within
five miles of TMI were registered shortly after the accident, and information
on pregnancy at the time of the accident was coliected. After one year, all
pregnancy cases were followed up and outcomes ascertained. Using the life table
method, it was found that, given pregnancies after four completed weeks of
gestationcounting from the first day of the last menstrual period, the estimated
incidence of spontaneous abortion (miscarriage before completion of 16 weeks
o1 gestation) was 15,1 percent for women pregnant at the time of the TM1 acci-
dent. Combining spontaneous abortions and stillbirths (delivery of a dead fetus
after 16 weeks of gestation), the estimated incidence was 16.] percent for pregnan-
cies after four completed weeks of gestation. Both incidences are comparable
to baseline studies of fetal loss, indicating that the effects of the TMI accident
upon spontaneous abortion was negligible, if any.

The crisis at Three Mile Island presented a natural experiment in disaster
response, although this disaster was substantively different from any before it.
Not only was this the first to involve a nuclear plant, but no one was bodily
hurt, no property outside the nuclear facility was physically damaged and. it
is generally believed, no excess deaths or illness will be detected as a result o!
the accident. Nevertheless, a disaster situation was experienced psychological-
ly and emotionally by the nearby population.

A study was conducted by the Pennsylvania Department of Health to deter-
mine the effect of the 1979 nuclear accident at Three Mile Island on residential
mobility and subsequent population composition. The entire population liv-
ing within five miles of TNI was registered shortly after the accident and traced
one year later to identify movers. The results of this analysis showed that the
rate at which people moved remained the same the year after the accident as
before, and that approximately 15% of those who moved (changed address)
gave TMI as the main rcason for their decision to move. The study also found
that those moving because of TMI had aitributes highly associated with mobility
in general. When those attributes were controlled in analysis, attitudes about
TMI were virtually the same among movers and nonmovers. On the other hand,
demographic characteristics of new people moving into the area were not dif-
ferent from those who had moved out. However, attitudes about TMI were
significantly more positive among the newly moved-in people than among the
moved-out people.

Probably the most important study developed shortly afier the accident was
todetermine if the TMInuclear accident has had any measurable impacts upon
pregnancy owtcome and infant health in the vicinity of the damaged nuclear
reactor. Theembryo, thetetus and the infant are highly sensitive toenvironmental
insults, such as ionizing radiation and maternal psychological stress, depen-
ding upon the severity or intensity of the insults, the mode of exposure, and
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the gestational-postnatal age at exposure.

A carefully designed retrospective cohort study of pregnancy ouicome was
initiated in August, 1979. This study covered all pregnant womer. residing within
a 10-mile radius of the TMI plant, who gave births between March 28, 1979
and NMarch 27, 1980. This study cohort consisting of some 4,000 deliverics was
compared with a control cohort of another 4,000 deliveries which took place
during theimmediately following one year period for women who also resided
in the same 10-mile area communities.

Measures of adverse pregnancy outcome investigated were: felal deaths
(stilibirths with 16-week or more gestation including abortions afier 16-\veek
gesiation), neonatal deaths (deaths within 28 days postpartum), hebdoriadal
deaths (deaths within seven days postparium) perinatal deaths (combined
measure of fetal and neonatal deatht), prematurity (gestation less than 37 weeks),
invnaturity (birth weight 2,500 grams or less), congenital anomalies (one or
more desclopmental defects observed at birth), and low Apgar score (less than
seven at one minute ¢! delivery),

Since there are numerous factors other than radiation and stress that are
known or suspected to influence the course of pregnancy and fetal outcome,
itis important that the influences of such factors be considered. Detailed data
on these factors have becen collected, including maternal characieristics
(sociodemographic, behavioral, and medical-obsictric historics), heaith care
provider characteristics, and prenatal carc attributes. Theinfluences ot all these
factors were taken into account when matcrnal stress and/or radiation exposure
were related 1o any of the various pregnancey outcome measures under study.

Maiernal stressduring and immediately following the TM1 accident has been
measured by overt personal statements of “‘anxicty-fear™ as experienced and
reported by individual pregnant women, and by actual stress-coping patierns
described, such as taking extra medications (tranquilizers, sleeping pills, anti-
hypertensive preparations, ete.) because of anxiety and fear,

Muternal radiation exposure during the 10-day crisis following the nuclear
accident has been estimated by the Department of Radiation Health, Universi-
ty of Pittsburgh. For this purposc, already documented, reliable thermolumines.
cent dosemetry (TLD) and other source data including time-dependent dose-
rate distribution compiled by government and non-government agencies weie
used 1o estimate maxanum possible and most likely doses, 1o 2ach individual
pregnant woman, of whole-body gamma, thyroid doses to the mother and the
fetus as well us combined gamma and beta doses to the skin For estimating
maximum possible doses the evacuation factor was not considered, but for deter-
mining most likely doses this factor was tahen into account, i, those who
evacuuted during the accident were assigned smaller doses depending upon when
and how long evacuation touk place on an individual basis.

When pregnancy outcome measures were compared between the exposed
study cohort and the unexposed control cohort, no significant differences were
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noted for any of the various outcome ineasures under study indicating that the
impact of the TMI nuclear accident upon pregnancy outcome was negligible,
if any. After adjusting for the influences of the many maternal and provider
characteristics described earlier, the incidences of fetal and neonatal mortalities,
congenitalanomalies, prematurity, immaturity, and of low Apgarscorewithin
the study cohort were not significantly different from those within the control
cohort.

A separate analysis of the comprehensive data by multivariate logistic analysis
indicated that neither radiation exposure nor psychological stress as such was
significantly correlated to the incidence of fetal-neonatal mortality, congenital
anomalies, prematurity, immaturity or low Apgar score within the exposed study
cohort,

It should be noted, however, that the excess medication taken by those preg-
nant women who were severely stressed during and/or shortly after the acci-
dent was significantly correlated to the incidence of low Apgar score whichwas
measured at one minute postpartum, and to the incidence of immaturity, ie.,
the risk of low birth weight. This was interpreted to mean that the one-minute
Apgar scores among newborns were significantly influenced by maternal ex-
cess medication of tranquilizers, sedatives, and anti-hypertensives which was
mediated through the accident-caused stress and anxiety. Our data also indicated
iiat the low Apgar score at § minutes postpartum was not significantly cor-
relart4 to the same maternal excess medication while prenant. This may sug-
gestthatthelow Apgarscoreisa negative, but only avery short-term prognostic
indicator with probably minimal clinical significance. However, the stress-
mediated low birth weight can be a potentially significant long term health ef-
fect which requires special atiention. ~

Apart from the above observations on pregnancy outcome, there was one
other potentially important observation 10 be made particularly with respect
to the effect of radioactive iodine upon thyroid function among newborn in-
fants. Since State Health Department initiated a statewide s¢recning program
for cony2nital hypothyroidism in mis-1978, the available data were analyzed
in relation to the March 28, 1979 nuclear a-sident.

During the March 28, 1979~March 27, 1980 pediod, only one case of con-
genital hypothyreidism was identified withina ten-mile radius of TAMI among
approximately 4,000 newborn infants. This incidence rate is well within a nor-
mul range of ¢xpectation,

Anapparent clustering of seven cases of congenital hypothyroidism reported
in Lancaster County during 1979 presented serious interests among
epidemiologists and was subjected to a special in-depth analysis and investiga-
tion because of physical proximity of the coun.y and timing of the TM1 nuclear
acadent. From this investigadon the following diagnostic and epidemiologic
features emerged: (#) One of jhe seven cases identificd was reported prior 10
the TNM1accident, thus cannot be related 1o the nuclear accident. (b) One with
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undertaken, the primary mission of the TMI Health Research Program is 1o
fullfill the need to respond 1o the much publicised, potentially important publi¢
health ¢ = ncerns. Because of the uniqueness of the TMI nuclear accident, thus
its historical significance, as well as the scientific need to document health ef-
fects of very low dose radiation in humans, the rare opportunity presented by
the TMI nuclear accident should not be lost in the pursuit of these important
epidemiologic studies.

L

10,
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Three Mile Island Unit 1 is World's
Most Efficient Nudear Energy Plant

Mree Mile Island Unit 1 in Middletown, Pennsylvania, led the world's nuclear

clectricity plants in efficient power generation in 1989, according to an independent
newsletter that tracks plant performance worldwide
A recent issue of MeGraw Hill's Nucleanies Week ranks the capacity factor of 359
nuciear electricity } lants in 22 nations for 1989 TM] O  the list with & « apacity
factor of slightly higher than 100 percent
¢ ,

Capacity factor is a key indicator v"',*'ni".(f.n wney. 1t oe XProsses d | ant's elec-
] 1 % . . L 1 ’ ¢ 4 ' £ \ A
MCHY oulpul as a percentage ol what it cou 1p oduce operaling cf ~'.'.'IH_\ Vil

{
Unit § was able to exceed 100 percent of its capacity factor becavse of extraordi

nary operating efficiency and minimum shutdowns
M second-rank i plant was Ohi Unit 2in ::l'l,ﬂ),\ll'l\‘ a capacits factor of 9518
HERRY HUKIL ressdent ¥ s :
' ident . g ) ;
L vice preside percent. The leading U.S. plant behind TN was Wolf Creek in Kansas, with &

and divector of TMI-1,
credits excellent pperations

{

capacity tactor of 96.82 percent. The average 1989 capacity factor for world plants

wis 64 X percent
maixtenance and safety for

TMI's tap efficiency ranking

I'MI's capacity factor has averaged 85 percent for the past five vears, well above
n'uf.:“t) averages

"Capacity factor is Just one indicator of how well a plant is operating,” said
Henry Hukill, vice president and director of TMI1, *To have a safe run with an out
standing capacity factor, you also must have good maintenance, good aperations,
good chemistry support-—every employee in cvery department has to be working
as o tegm "

I'MI Unit 1 produced 7.2 billion kilowati-hours of electricity in 1989, enough to
serve 500,000 homes for ane year. This is & record for GPU Nuclear Corp.. which
operates the plant

“The safe and exemplary aperation of TMI-1 in 1989 reflects the ability and
professionalism of the GPU Nuclear team associa. ) with all aspects of the plant,”
said Hukill

TMI Unit ) is an 872
megawatt pressurized water
reactor owned pintly by
Metropaolitan Edison Co.,
Jersey Central Power & Light
Co., and Pennsvivania Electric
Co., subsidiaries of General
Public Utilities Corp. The GPU
system provides electricity to
approximately 1.& million cus-
tomers in Pennsylvania and

IY'S YHE TOPS, TNV New Jersey

consistontly a ieader in
effictency, had the

world s best capactiy

For more information, con-
tact K. P law, Congressional
Information Program Manager
at (202) 484-2670

factor o ‘.'li_\_‘.a

410 First Street, S Washington, DC 20003 (202) 484-2670 &Ja
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chance, but o have siternatives ready. Peo'h 0

may find the extra fee lees painfal i |t's figured in
with their tax bill, he sald.

e B L Gliliplug € as cety Bong Cherged,
pay for s new landflii the county wili need
within 8 yesr or two.

Mr. Eckel snd John Mathiss, an sitorney. will

Thecommmnnmm
with heulers who would pick up trash in particular
aress. The counly would pay the hsulers amd
collect the coet directly from residents.

Il we add % o the tax Bl people would be
paying even if they take their own trash to the
landfill” Commissioner Mark Hoke said

Peter Eckel, the commissioners’ sdminigtrative

report back o the commissionats next week on
whether they have the authority is give haulers
exciusive franchises and on how other countiss
handis traeh pick. upe

Also next week ‘he commissioners will meet
with trash haulers who are worried shout how the
dumping fee will aflect them

Dnver in ]ured

Bruce ©. Bace, Sr, 58, of Willowdale Drive, was M
MMHW.WMTWM

after -
Ford pickep truck ran Inteo e building o South Street. Po
believe he blacked out due to & medical condition and lost tontr
of his track in the 7 a.m sceident.

stay open

kruptey

The company flled under Chapter
't of the Bankruptey Code owing to
e company’'s inability to repeh
greement with principal lenders on
i financing plan to enable the com.
eey to restructure, according o »
ompany statement dated March 25

| The company has retzined Rear,

iearns & Co. Inc., investment
jankers, tn seek 8 purchaser for the
lompany or merger partner, the
tetement sald.

Glosser Erothers, which was taken
ver in 1885 by » management.led
roup, has experienced financial dif.
ieulties from 1987 tnrough 1938 from

(Continued on Page A-9)
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HARRISAURG, Pa -{AP) —
Aptipuclesr sctiviets marked the

10th acniversary of the Three

Mile Isiand nuclear plant accident
with renswad warnings Mondsy
that the resith offects were
hidden ané the lessons forgotien

Scientiete snd nearby residents

held news ronferences al the siate

Capitol end 2 vigll wee planned

oulside the plant iste Monday and

for 4 2. m. Tuesday, the time the
sccident bagen.

“The so-calied secldent ot TMT

wes an act of violence againgt
mankind, an set
arainet the unhor=" sald Jone

iee, sn activist from nearby .

Etters, referring o the March 28,
1979, incident,
The nallon's worst nuclear

tecident o urred when » serles

of human and mechnica! errors

" allewed the plant's 150.ton

| radioactive core 1o lose cooling

water. Hal? the core melted and |, |
20 fons of molien meterial reced

{0 the dottom of the reactor bafore -

it wag held in chack By 8 remain.

"~ ing poo! of water Racinactive gas

was reieased 10 the simoephers.
“This marks a decads of Talse

denisls and outright lies on the
mno!!how!lythuomlnd’

of violence |

‘Three Mile Island: 10 years after

IRS there — even after attack

WASHINGTON (AP) — Tt will take something
more then » nucleaf sttack to wipe nut your obligs.
tions io the Internal Revenue Service

However, sn sddition to the Intermal Revense
Manual which s supposed tn guide the conduct of
til IRS amployees acknowliedges that tax coller.
tion might suffer if the homb ie dropped. Once the
emergency is over, the manusl declares, “opera.
tions will be coucentrated on collecting the taxee
which will produce the grester revenne yieid =

iRS spokesman Johnel! Hunter ssid Monday that
the new section — titled “Nationa! Emergency
Operations™ — was sdded to the manus! in response
to = dlrective 1o government depariments from the
Faderal Emergency Mansgament Agency The
two.pege policy sistement la dated Dec 141988

“In the event of » nationas! emerygency (especially
resuiting fom nucliear stiack) the primary func.
tion of the gervice ls Lo support the gecretary of the
Tressury ™ the manusl states “This support as 2

minimum will consist of analyring sou .eperiing
upen emergency tsx legisiation prescribing
reguistions snd formae, lesuing rulings and techni.
cal Informetion of an emergenry nsture ™,

Withie 30 days after sn sttack emergency. the
agency would expect tp resume sssessing snd
collecting taves At thet Yime, the manus! states
many empinyres might find themselves reascigaed
to carry out essential functions “regardiees of and
without any effect on the curremt pesitions or
grades of the emplovee ™

“On the premise thet the callection of delinquent
sccounis warld he most adversely sffected and in
muny coses would be impossible in 2 disnster ares.
the service will concentrste on the reilection of
turrent azes,’ the manus! says “However in
aress where the taxpaying potential s substantielly
unimpsired, enforced collection of delinguent
esccounts will be continued ™

- Pennsyivania,
systemically obfuscsted and
© hidden any rem! statistica ahout.

which hoe

the deaths that have necurred in
the wake of the sceident at TMI "
sold Haryey Wasserman, who
wrote 8 ook, “Killing Our Own ™

He aald 73 percent of the

nalion’s commercis! resctors
haven't completed modifications
required in the wake of the
secident

A spokesman for the federa!
Nuclear Reguistory Commission

sharge

the faders! and state governmen's
are covering up the true heaith
effeciz of the accident.

operates Three Mile lelged | -+ about the heelth offects of nuclesr ssid he could not immediately

and on the pert of the state of power. respond to Mr. Wassermas's (Contioued on Page A-14)
f >
, A * - -
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PREPARED BY GRUNUCLEAR COMMUNICATIONS DIVISION

Three Mile Island Unit 2

UNIT 2 IN PROFILE
THE ACCIDENT

«- The TMI-2 accident of March 28, 1878, was the result of equipment
malfunctions and inadequate operator response due to inadequate training.

- The accident severely camaged the ThI-2 fue! core and led 1o minor

I

1

releases of radiation from the plant. Post-accident studies, including that of
"The President's Commission o= the Accident at Three Mile lsland” concluded
that there will be no significant health eects to the public as a resu't of the
accident

-« GPU Nuclear Corporat.cn s dedicated solely to the operation and
maintenance of the GPU Systerm's nuslear stations. The 12 top officers of GFU
Nuclear have a tolal of more tha~ 265 years of collestive exparience in both

mililary and civiigh nuciear mar e sement

CLEANJP OF SANIZETID

- Cleanup of TMI-2 represents a uniquely demanding engineering challenge
it requi.= d creation of a recovery team with both engineering and cperational
gepth, as well as revision of Thi-2 operating procedures that were unsuited 1o
TMI-2 as @ damaged, shul-gown plant.

- GPU Nuclear Corporation and Bechtel, GPU Nuclear's ptime contrastor in

the cleanup, integrated their TA1-2 organizations in 1882 to improve the
agminstration of the cleanup

Re, 1.2
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Unit 2 in Profile
Page 2

-« The Cleanup organization draws on the expertise of many individuals and
organizations, including the TMI-2 Technical Assistance Advisory Group, TMI-2
Sa'ety Advisory Board, TMI-2 Genera! Office Review Eoard, GPU Nuclear
support divisions, Bechtel off-site groups, Babcock & Wilcox, Westinghouse
Electric Corporation, Electric Power Research Institute, U.S. Department of
Ene-gy (DOE), and DOE's TMI-2 site contractor, EG&G Idaho, Inc.

- Organization and taffing for TMI-2 cleanup is completely independent
from TMI-1,

SLEANUP FUNDING

-~ Estimated to cost about 81 billion. About $728 million was spent by the
ena of 1886,

- Cleanup funding developed under a cost-sharing formula proposed in July
1880 by Pennsylvania Governor Dick Thornburgh.

- Major funding sources through 1986 were GPU, cusiomers of GPU in
Fennsylvania and New Jersey, U.S. Department of Energy, Commonweaith of
Pennsylvania, State of New Jersey, Japanese nuclear power industry, domestic
investor-owned nuclear utility industry (via EEI) and rebates from Babcock &
Viizox in settiement of GPU's lawsuit against BEW,

(& ANLID & T

« Clegnup has succeeded in meintaining plant safe'y while reducing hea'r
t gL,
-- The Fith Annual Report of the TW.I-2 Safety Advisory Board (SAB) -
covering the period from April 1885 through March 1885 -- saigd “TI-2 is in a
giat'e condition and does not pose any measurable rigk to public or worker
tea'h and safety.”

- Dr. James C. Fletcher, former SAB chairman, has said, "The Safety
Advisory Board has been increasingly impressed with the quality of the TMI-2
recovery work in progress. . .It is gratifying that, as each milestone is
achieved, the radiation exposures to the workers are proving 1o be less than
1"ose projected originally."

Rev. 1, 2/67



Unit 2 in Prolile
Page 3

-- In a study released in September 1885, the Pennsylvania Department of
Health found no evidence of increased cancer among area residents due 1o the

TMI-2 accident. (See separate Backgrounder on Radiation and Health Effects.)

- The U.S. Department of Energy began rail shipments cf core debrn. ‘rom
the reactor defueling in the summer of 1986.

- Completion of the cleanup is scheduled for 1988.

-- Digposition of the plant - refurbishment or decommission - remains to
be decided.

- August 1678, first low-level, accicent-generated waste shipped 1o
Richland, Washington,

-~ October 167¢, cleaning ¢f contaminated water in basement of auxiliary
building begins.

- November 1€7¢, first television and radiation inspections of inside of
reactor building.

*
« July 1880, venting of 43,000 curies of radioactive krypton gas from
reactor building accomplished safely.

- July 23, 1880, first manned entry into reactor builging.

« Seplembe- 23, 1881, cleanup of radivactive water {:om basement of
réacior building begins.

.

~ May 21, 1282, first waste from cleaning of reactor building water
shipped from Tl

-« July-August 1982, first television camera inspection of the damaged
reacior fue! inside the reactor vesse..

- Spring 1283, program 1o lower radiation exposure to workers achieves
substantial redustions in radiation dose rates 'n reactor building.

Rev. 1, 5/87
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Page 4

- August 30, 1983, last solid waste from the processing of origina!
accident-related water shipped from TMI,

-~ August-October 1983, further exploration inside reactor vessel produce
first samples of damaged fuel core and sonar mapping of the core void.

-- February 29, 1884, TMI-2 polar crane successfully load-tested for
lifting the reactor head.

-- June 28, 1984, first manned entry into reactor building without a
protective breathing respirator. Respirators still are required for work
involving activities such as the use of 100ls, that tend 10 increase leve's of
airborne contamination,

- July 24-27, 1984, head of reactor vessel removed and reacior ¢neld
instalied to provide frst ready access 10 internal components of reactor in
preparation for removal of the damaged fuel.

-~ November 1984, first entry into reactor building baseme st mage by a
tobot.

- Febryuary 1985, first television ingnection of botiom of the reasts:
vesse' shows significant amounts of core debris be'aw the narmal cove region.
Also, Department of EnerQy scientists repont first wvidence of temperat. e
high enouph to me'l uranium ¢'axide fue! in the reactor.

- 1ley 19EC, reasicr plenum removed ant safely stored undenveier in
HeRis ganainmeni bulis'ns

- September 1885, robot obtains sediment samples from floor of rezctor
building basement,

-« November 1285, firs! defueling canisters loarted. .i0bot oblains samples
of concrete from basement of reacicr building.

-- May 1886, latest NRC Systematic Assessment of Licensee Perlormance
(SALP); said: "Overall, the licensee has carried out its cleanup and shuidown
activities in a safe and technically competent manner. The licensee's
emphasis on salety has been demonstrated by a conservative approach and a
generally high degree of management involvement in TMI-2 issues.”

Rev.2, £/87
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Page §

- July 1986, first full-length, two-inch diameter borings taken from
reacior's fuel core for analysis at U.S. Department of Energy's Idaho National
Engineering Laboratory.

- July 18886, first DOE shipmnent of core debris to Idaho National
Engineering Laboratory.

-« November 1988, more than 1,000,000 curies of radioactivity have been
collected in the plant, packaged and shipped off site since the cleanup began.
General radiation levels in the reactor building have been reduced to under 100
millirems per hour, less than 1/6th of what they were when the first entries
were made after the accident,

- April 1887, approximately £0,000 pounds or about 31% of a total of

220,000 pounds of core debris have been loaded into canisters so far under the
defueling and shipping program.

Rev. 2, 5/87
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Three Mile Island Unit 1
UNIT 1IN PROFILE
QPERATIONAL HISTORY

-~ TMI-1 operated from 1874 to 197° at a capacity factor of 77.2 percent,
significantly above the industry average of 65 percent.

-~ TMI-1 began a lengthy restart process on October 3, 1985. 'When the
restart process was completed in April 1988, the plant's capacity factor
through October 30, 1986, when the p'ant shut down for a scheduled refueling
outage, was 99.8 percent. In 1986, the average capacity factor for U.S.
nuclear plants was about 59 percent.

QRGANIZATION

- General Public Utilities Corporation is a holding company. Its
subsidiaries include Metropolitan Edison Company, Pennsylvania Electric
Company, Jersey Central Power & Light Company, GFU Service Corporation and
GPU Nuclear Corporation. }* tropolitan Edison owne 50 percent of TMI-1, and
the Pennsylvania Electric Company and the Jersey Central Power & Light
Company each own 25 percent.

- Since January 1, 1982, TMI-1 has been run by a dramatically new
organization, GPU Nuclear Corporation. GPU Nuclear also is the licensed
operator ¢f TMI-2 and the Oyster Creek Nuclear Generating Station.

- The GPU Nuclear Board of Directors includes three highly qualified
outside directors. They form a Nuclear Safety and Compliance Committee that
has been given independent staff resources to monitor the safety and
compliance of nuclear operations.

- The President, Executive Vice President, and six of th: other officers of
GPU Nuclear have joined the GPU System since 1879,
Rev. 3, 6/87 ﬁ/ é:



Unit 1 in Prolile
Page 2

- GPU Nuclear Corparation is dedicated solely to the operation and
maintenance of the GPU System's nuclear stations. The 12 top officers of
GPU Nuclear have a total of more than 265 years of collective experience in
both military and civilian nuclear management.

STAEEING AND TRAINING
- There ar= ~“~re than 900 people in GPU Nuclear devoted to TMI-1
activities - in. -~ ; 700 located full-time at TMI -- a three-fo!d increase

from the number employed in 1979.

- The staffing include major increases in Training, Quality Assurance,
Radiological and Environmental Controls, and Engineering. All TMI-1 operators
have been examined and licensed or relicensed by the NRC since 1981,
Operators are on a six-shift rotation schedule allowing one week in every six
for training.

- Training programs and operating procedures have been revised to reflect
lessons from the TMI-2 accident. In December 1986, the National Academy for
Nuclear Training admitted GPU Nuclear Corporation to full membership based
on the excellence of its training programs. The SPU Muclear Training Center
at TMI is a campus of the National Academy for Nuclear Training.

- The management and staff of GPU Nuclear have been examined and
endoreed by the NRC's Atomic Safety and Licensing Board (ASLB) and by the
late Admiral Rickover, the former head of the U.S. Navy's nuclear power
program.,

PLANT OPERATION AND REGULATION

- TMI-1 operates under strict technical specifications, procedures and
environmental release limits. Contained in on appendix 10 its NRC license, the
plant's technical specifications describe the technical requirements and
conditions under which the plant operates.

- Unit 1's operations are monitored by GPU Nucle - quality assurance,
safety review and environmental monitoring groups, the U.S. Nuclear
Regulatory Commission's resident inspectors, the U.S. Environmental
Protection Agency, staff members of the Pennsylvania Department of
Environmental Resources and the Pennsylvania Public Utility Commission and
the Institute of Nuclear Power Operations.

Rev. 3 /87
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BEGULATORY HISTORY.

= TMI-1 was ordered shut down by the NRC in the summer of 1979 without
benefit of a prior hearing. Legal justification for this was the *extraordinary
circumstances” surrounding the TMI-2 accident in March 1979.

- There were extensive hearings in Harrisburg, Pennsylvania, involving
intervenors and input from the public. The hearings explored Management,
Emergency Preparedness, Separation of Units 1 and 2, and Design and
Procedure issues. The ASLB found in favor of restart on all issues.

- Emergency preparedness plans for TMI-1 and the surrounding counties
were certfied by the NRC and the Federal Emergency Management Agency.

- In July 1884, the NRC staff concluded "that there is reasonable
assurance that GPU Nuclear can and will conduct its licensed activities in
accurdance with regulatory requirements and that GPU can and will operate
TMI-1 without undue risk o the health and safety of the public.*

- In February 1985, the NRC dacided that no further hearings were
necessary in the TMI-1 restart proceeding, beyond those that had recently
been completed before the TMI-1 Licensing Board.

BESTART

- in February 1985, INPO released a favorable evaluation of TMI-1
operations based on a two week inspection of the plant in October 1984. INPO
said: "Within the scope of this evaluation, the team determined that TMI-1 is
being maintained in a safe manner by qualified personnel.*

-- On May 29, 1985, the NRC voted 4-1 to lift the 1979 shutdown orders and
allow restart subject to two conditic a8 which GPU Nuclear met in early June.
The four commissioners voting 1o allow restart said that the most extensive
examination in NRC's history *...has shown that the present GPU Nuclear
management is fundamentally sound." They also said "...the current company
and management have the necessary competence and integrity to provide
reasonable assurance that TMI-1 will be operated consistent with public
health and safety and the Commission's requirements.”

Rev. 2, 6/87
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-~ Immediately after the NRC vote, William G. Kuhns, GPU Chairman a:.d

" Chief Executive Officer said: "Safety is our number one priority. It is a trust

we will not violate and we will demonstrate that to the country.® Philip R.
Clark, GPU Nuclear's President and Chief Executive Officer said: "The plant
and its staff are ready to restart. The process will be a gradual and
deliberate procedure, carried on with great care and attention to detail. It is
time now to move ahead.”

- On September 19, 1985, the full L\.8. Third Circuit Court of Appeals in
Philadelphia, in a 10-2 decision, lifted the stay on TMI-1 operation effective
September 25, pending action by the U.S. Supreme Court.

- On October 2, 1985, the Supreme Court, in an 8-1 decision, denied the
requests to continue the stay on TMI-1 operation.

-~ On October 3, 1985, at 1:30 p.m., after receiving NRC authorization,
operators reinitiated criticality in the TMI-1 reactor. After a planned series
of tests, operators escalated power to 15 percent and put the turbine on line
October 9, 1985.

- TMI-1 continued to escalate in power and, on October 18, 1885, had met
criteria for returning to the rate base by operating at greater than 35 percent
power for 100 consecutive hours.

- On January 2, 1986, the plant's three-month startup program was
officially completed.

- On January 6, 1986, TMI-1 reached 100 percent power, generating
approximately 860 megawatts of electricity. At 100 percent power, TMI-1
generates enough electricity to power 500,000 homes.

- In March 19886, the NRC's Region 1 issued a special SALP on the restart
program. Of the seven categories evaluated, five areas rece'ved the highec*
achievable rating and two areas received the second highest achievable rating.
*Overall, licensee management prepared their operators and the plant well for
restart in light of the long shutdown,"” the NRC reported.

- On March 21, 1986, TMI-1 shut down for previously scheduled electronic
testing of a broad sampling of its steam generator tubes, as a followup to
repairs that were made in 1983. An NRC licensing board has found that the
generators have been returned to their original design condition.

Rev. 3, 6/87
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~ On April 25, 1986, TMI-1 returned to service, reaching 100 percent

. power on April 26, 1986,

ERREFUELING AND MAINTENANCE OUTAGE

-~ On November 1, 1986, TMI-1 shut down for a scheduled refueling and
maintenance outage and resumed producing electricity on March 26, 1987,
The outage was completed on time and within budget. Major work included
refueling the reactor and performing modifications to enhance the fire
protection system,

- As a result of modifications done to increase the efficiency of the
piant's turbine-generator, TMI-1 is now producing electricity in the range of
860 to 880 megawatts. Unit 1's previous peak generating ievel was 842
megawatis.

= With the completion o1 the outage, the plant switched to an 18-month
fuel cycle from a 12-month refueling cycle.

~ The next refueling outage is scheduled for the summer 1988,
NAC PERFORMANCE REVIEWS

- In January 1887, the NRC's Region 1 issued its latest SALP report on
TMI-1. *Overall,* the NRC team reported, “the licensee has continued to
operate TMI-1 safely with a generally strong orientation toward nuclear
safety. The crganization is comprised of highly-qualified &:d we!l-trained
personnel. Many licensee initiatives go beyond regulate ;- quirements.”

- The SALP report covers the period May 1, 1986 to October 31, 1986, Six
of the 10 areas inspected during that reporting period were rated in Category
1, the highest of three categories. Four areas were rated in Category 2.
Plarits typically undergo one SALP review every two years. In 1986, NRC
logged approximately 6000 inspection hours at TMI-1,

Rev. 2, 6/87
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wg 2t TMI-2. Bit by painstaking
Bit, round-theclock crews here
have removed more than two-
ohirés of (he Getrs, packed
2o sheelded comelers  and
loaded it dto special casks for
sipment 1o the feders! muchor
resrrvation o Mdahc Falla

water was finally rostorad.
The cleanap, nearly two years
from comple* m, 80 far has cost

specually
a the end of A0ioot pokes
thyough the clondy water cov-
ermg the core. Despite their
heavy protective clothing, work-
srx cannot peer directly mto the

and Counting

"'l‘eco‘saudzdmtk
TMI acowdent con't step there.
Like dozens of ather noclear o
stallations, TMI1 has  been
forord 19 apgrade ity operations,
equpment and tramng DO
grams 10 reduce the hkelhood of

Hefore the ar.ndn! thers
were 150 workers nvolved n
omerating weith resctor anits o
the siand. Today, BOD ecmploy-
e~ are involved n operrtmy
TMLL slone Ceneral Pubie
htitws-Naclear  dpokesworan

Carol Clawson amd control-romm

operators spend one-dourth of
thew hme in traming, moch of #

mmm;&m:wm
Across the hack wall of the
onrten) room s 3 sohd panel of

lights attacted 10 wystems that

montor crocml pumps,  valves
wnd eher equioment, The panel
alie =+ operators Yo check the
status o "N enlire veactor at a
glance,

During the TMI accident, »
feast one orucial gauge was not
vimitle 1o operators. About ™0
slepa away [rom 2he man oper-
ptor'a seat facmg awey from the
crmtrol ooy, wak 3 Fauge that
would have warned operators
that a pressare relie] valve had
stk open and was dramning wa-
ter tvom the core.

Clawson, standing n the con-
trd room where the dramas
started 3 decade ago, pointed out
the gruge. "1 they'd looked xt
" she sald, “they would have
known right awsy what the prob-
b was

A xws Potarane

L Ll T T |
T Mal ol mae slugdly 1o
placee! sunl the stste epnionbbogy
director conchuded in 1981 that the
decident wonth' caese “no signdcant
phymcal health pifecea ™

Foderal agevows have reached

hours of The scqwient Many cftioens
remam enconvineed The results of
a Columba University study, the
firnt compreheasive ook 8t canoer
mevdence in the area, are sxpeted
iater this year Few pxpect the find-

m.&ah-mﬂ‘cm
e "1 hold my breath when | thiak
of him having childres”

Tie concrrn sterm from incer-
tamty over how moch radegctivity
was released durng the sccidest,
and each revelation from the n-
rards of the damaged resctor has
raised new questons

Mot Ed estmated initlally that
Jews than one precent of the fuel rods
weie damaged an internal temper-
stures rose above 2000 degrres
Fatwenher When nchnicians pen-
sirated the core wth remote cam-
eras, they focnd (sr more extentive
damage. By the time they had
worked thew way to the hattom of
the rubblestrewn react w vesssl the
eatimats stood M SO percent fusd
mell, 3t tenwmwratares thet excesded

eamre. Treomical experts had to
estimate releamen by analysing data
coflected aftér the nocident

Temreratures inude the resctor
could have affected how much of the
radioac tive material was wolat foed,
£ thus was able 10 sacape the ves.
we! through vents. Corradi aays es-
tuaten of radiation releases should
he recalcuiated taling into acoount
the acCident’s severity

“We had an scoident. T wms ee-
were " she said “We were not told
the truth sod yon cannol sweep
tiseer “hlngs nnder the crrpet ©

ther residents cmanles the s
e a0 old wound thet should e lef?
slome 1o heal!

“14 there s sommething to be foond
out, 1 think #71 be very long-term ™
xaid Muldietown rewtent Denris
Stover. “They dont know how
et was refensed or how much
waan't. What happened o thet 72-
hour peciel Who koows? Which
way wam the wnd Slowmp”

Stower, who says the news media
“gromnly distorted” storkes shout the
sorident, was working m & clothing

- —— A e 108 4 A B U R 8, B e S

LR L R -l

mh—«uw-—dh "-hnbhwn‘ e in e
Streol 1wt t nay they o apetiet s ot Ol @ telling e
i, but THET s there, and s what”™ hhum&-ﬁrb

8y T30 A Bt

THREE MILE ISLAND: A CHRONOLOGY !,m

Mprch 28 197% Trvwe Mie ‘siand Uni 2
o Gme lox il Thema ssonThs and oDueating
AT powed  Butomaticatly shuls o
SPEA A DUMmE DT R (OONNE water o the
reacior core “tops funchonng  Usknown t
opetatory watyes lor SBCkOn puTDs heve
hean closnd A pressire rehe’ voive in the
reacton opens ss Seugred Dt Tady o cloee
when pressyre retorns o nevinsl Water
neaded 1o cool e reactor coem otetinues
10 gt Thenugh The Dpen verve snd
ety The COre M unCoversd

The meritant ieety shent e Seors, 89
OperEton renamtadly misrasd control Sgeals
andt ghot ol new cooling water By the ied
hour, parts of ine Cove have begun to meR
from thew own hest
March 79 Annough e sccider iz over e trame i Aot Metrooafiten
S aison TNI g oparstor Syl that 161 than one percert of The fuel hee
Nenn damagec e scotent Byt “hubbiss” of gee have formead i he
smactorn 3 coolan! gystem and traces Af radioactive oding Nave Heen
et tad i ety Comwnaentien  Gow mmmmnu
femamets 15 slay mdones with windows Cose
M*%mmdwwmw
Joswpts Hondrie Thormburgh stviees svacuation for an astimetec 3 SO0

wormen ard Chiltiren Bving within fve mies of ™he niant Nearly
2000 000 pmopie Pee Thelr Rot o5 sorme Tor severs! weeeks
Rarll & NIC oticinly decinen that the “crish iy over W-&
o,
young Chi e ty retuen
My The roncior bs daciared in “cold shitdown
Bet 79 The NRC S Mutmpotitan Edison, TNIrs perstor, 199 00
Bet. 3D The Desmicinot's Commmvasion on the Acciden! st Three Mie isiend
e sy o « ¥
amvx&-mm.mmnmmdw-m
e nton ana regulation of nuciear ntents
Tofy 1920 Mors than 20 (K00 conmm of rdionctive geees sre venied S
e reactin DolcIng N peans:tion for cheatun Crews.
May 1R The fust teimvision inapection of the reactor vesss! shows St
Cnmags s worse han expacted Dozrens of foel rocs have shaftared Seet
melted forming & motlen mase Seiow & volt! in fhe canter of ha veessl
New. 7, 1902 Metvopotitan £ dison s Indicted am!l‘m“d
TAALZ anct fc matre ing documents Delore e sccident
Toh 78 1684 Mstropoliten T isan plesdy gy T e ot and mo
contes? 10 s counts of the 1 count mdictmen?
Ray 19, 199%: NRC wotas 4 10 1 10 rentart TRI1, the resctor's
eriamaged suter which wes down for refaeiing 8¢ the tme of the
accitnet The giant i restartac in October
Saptamber 1889 S0 penting the Aamage inskde the rmector workers find
& msad of ti¥ile ot e Bottom of he vessal The e avery leads 1o new
axtimates of the socidant 3 severity Cove temperaicres renched 5 000
dogreas Fatuanhnd 33 much o 50 parcent of the fuel melted
Octabar 1985 1ne vow process of “defualing”™ the realiow baging dorkers
AArt ramonng thi Tusl mats and packaging # for shinment to the federal
s imar reasrvalion nesr WahG Fails
Tuty 1988 Ganmeal Pubhic Utilites Nuciser (Melropofitan Edisen’s new
m'amnm)mhm#23mwd
mlifly rndioactive mater from the scoident by evaporating . The request
pending
Decomiar 1988: Conaral Public | Miltins Nuwlesr sonnunces it intends to
put TR 2 n mond e sttwage at the end of the Ceanup

|

¢ Chsing nearty SCHOGT SnC Seys 1 i safe ‘o pregnent women sod ¢

. meer.

g g e osnaisad ame g vl
L e T R

mw’ndhx Fomtes
TA Alert, » citiaens cogees

formed mors thas twn years be
the scvident. “We're just not «
fovtatle  with e =

move trtmgen which hends to w
and wil! he Fvapocated w0 the
ik the wa -

“Were gotan get & dome of 11
wid Whittock, 8 retwed cwil «
“ihey et keep givng
these & wa. I'm oid enoug’
probably an 't hother me,
worry shout youg people g
thess low dosee 3l the time T

Coarol Clawenn, GPU ywe ¢
ident jor Cvmmuonratong, s

il Whittewk says that he w.
not have hoaght ey spacus 1
side home more than 70 years
# ke Rad known » nuclesr
plant wesh! lees e hin peig!
and GFU has dosse little to o

L ture hig trowe

“1 don’t heleve ton much of «
they say,” e wand

Bt on the subaeet of TS
tinued operstion, Whittoark <oy
they close the plant down sow.
be m terrible shape lor electyi
You have to look a0 it obiectivels

“We're 52l comcrrmed, but w
resigned ” he waxl My father -
ro say that you get uwed ta by
# you hang often encugh ™
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The Continuing Cleanup:
$1 Billion and Counting

MIDDLETOWN,  Pa.~The
gt layer of debrws atill tests on
the bottom of the stoel reactor
vesse! 4t Theee Mie fsland Unit
2. An underwater camena pun
ming slowly through the murk at
the vessel Moot shows shattersd
fuel rods and ok! bty of metal

The images Nicker soross (ele-
vison monitors ke okl night-
mares. Here g beoken huel tube,
is ceramie-couted uranium pek
lets spilled nto the dark sludge
below, there 2 blob of soow un-
delimable substance. contoctsd
by lempetatures that soared
over 5,000 degrees Fahrenhest

A decade alter an acowdent
turned the heart of a $700 nub
hon nuclesr reactor mio 150
tons  of radwmctive  rubble,
chuugrmtm are conting-
ing at TML2, Byt by gunstaking
bet, tound-thecionk crews here
have removed axore than two
thirds of the debrs, packed o
nto  shwided canmters and
Koaded 1t into sprcnl ks for
shipment 1o the federal nuclear
reservaton at ldaho Falls,

Shortly after the accident,
some nulear experts estmated
that the cleanup woukd cost
arcusd $40 millow and that the
plant witimuately would be re-
patired and put dack 10 service.

Any thusions abvat future og-
evation at TMI2 were dushed
when technwians got ther frsl
ook #t intenal damign several
years after the acoident. Where
officialy expected to find the

core, there was a voil,
The part of the core left uncov-
ered by cooling water had sinmpiy
melted, resoliddyng several (eet
down like 2 pooi of candle wax,
By sonm estimates, the core was
) manies away from melin
theough  the  eightsnch the
steel reactor vemel when cooling
water was fioally restored,

The cleanup. nearly two yeary
from completam, s far has cost
atout §1 bellion

The cost reflects the miowacy
of the operaton. Wockers atand.
my atop the mactor vessel ma-
peuver speciilly tug:\i toods
at the end of Alfoot poles
through the ok waler cove
erng he core. te their
heavy protective chothng, work
ers cannot peer directly nto the

veuse! or finger loog at the edge -

ol the narrow openmgs that ad-
ruit their toods

The task also bas recuired
exotic technology, such as the
plastra arc torch pow being vsed
10 cul apart five two-mch-thick
staitless stesl gris in the lower
part of the vessel Workers must

remove the grads to gel at core -

material thai shaniped 10 the bot-
tom of the reactor,

The costs aswackited with the
Thl acodent don't stap there,
Like dovens of other nuclear i
stallatems, TML1 has been
forced to upgrade A3 operations,
equpment and  trammg  pen
granm to reduce the bkeihood of
2 wmilar catastrophe

Belore the acodent, there
were 150 workers mvolved
operating both reactor units 90
the st Today, 800 employ-
ees are nvolved @ ogerating
T™MIL alone. General Publx
Utihties-Nuciear  spokeswoman
Carsl Clawson s control reom
aperators spend onedourth of
thetr time o trainmng, mich of it
o simulated contrad rooms grap
pling with a varety of potentia!
maltunctons.

The contrad rmom has bee
changed a¢ well, down to the

deta . . instrufent pan
el 4 & s 1o enhance
eve A ming lghts.
Acrosa the back wall of thwe
control 1¢ 4 m . ol panc! of

hghts 2ttached 1o systems that
mocue crucial pumpn, valves
ard other equipment. The panel
allows operators to check the
statiey _{ *he entire reactor at a

glnce

During U 2 TMI accudent, at
Rast coe crucal gauge was at
visibie to operators. About 20
steps away from Le mam oped:
atoe's seal, facd 3 away from the
cont; ol room, a8 2 gaoge that
would have warned operatoes
that a pressuee relel valve had
stuck open and s deaining wa-
ter from the cace

Chiwson, standing in the con-
ted room  where the drama
started a decade ago, pomnted ast
the gauge. *lf they'd looked at
R oshe  id, "they would have
knowen u!nt away what the prob.
i was,

«~Cass Peterson

. o, iy SR
But ke the initial word on the 3¢+ | "oy o0 0 ey 're [honies) on

cident itsell, subsequent repocts on
health effects have been in conlixt

A year after the acoudent. Penne
sytvania Heaith Secretary Gordon
Macleod found an abnormal num-
per of thyrold problems In new-
borns in three counties sarreanding
TML Macleod was abruotly re
placed, and the state epudenlology
director conchided in 1981 that the
accudent would cnue *o0 sgnificant

cal health effeciy®
ederal agerces have reached

similar conclusions, geserally bas
ing their conclusions on eslimates
of radiation released In the ear's
hours of the accident, Many itizees
remain urconvinced. The recults of
2 Columbia University study, the
first comprebensive fook al cancer
wexdence in the ar=a, are expecied
fater this year. Few expect the find-
ngs o clear the ar

| hold my beeath every time my
©on for 4 physical® Corras
said. *1 hold my breath when | thiog
of hm having chikdren.®

The concern stems [rom uncer-
tatty over how much radusactiviy
was released ¢ iring the accdent,
and each revel toa from the o
mards of the it naged reactor bas
raned new ques ond.

Met B4 esii anted imitially thae
s than one pe cend of the fuel rum
were dimaged a8 internal temipe
atures ee  hove 2000 degrees
Fahreshes  Whea tevhmcians pers
iz . the ¢nee wilh remole fam-
eras, they & ! far mace exteasws
datsige. By the lme they ha
worked thesr way to the dottom of
the rubblestrewn reacior vessel the
estimate stoud at 50 percent fom
melt. 3t temp=—tures thal exceeded

5,000 degrees
Because vent e 0 maifue.
“ped g he x vy, Lhere 8

dxament ton A actual e

Loy Technca) caperts s w

estimale releasea by analyung daca
collected after the o dent,

Temperatures mvide the resctor
cretkd have affected how much of the
radonctive materal was wolatloer
and s was able to eacape the yes
wlt vents. Corradl says ey
tmates of racuation refeases shovwt
be recakculated, taking wlo accowst
the accident’s severity.

*We hal ag acnwdent. R was =
vere,” abe aail "We were not towd
the Lruth, and you cannot swe=p
these things under the carpet.”

Other residents connider the s
sue 20 old wound that should be et
alore to heal,

*li there's something to be fossd
out, | think it be very Jong term.*
said Mddietown resdent Dems
Stover, *They dont know bow
much wits released or how miac
wasn't. What ba m that T2
howr peosxd? knows) Whaoh
way was the wind dlowing™

Stover, who says the news meSa
*grossly distorted” stones atout e
accxdent, wak woring W a‘cbmu

HLAOr TR Wiy th
an engineer who lea
State campus in Harr
home a radiation nv
levels near their home
*He didn"t find &
smid, ‘We're stayin
*You have to have v
person who's teling
lo the kst decade,

the market, ey re sald,” he sud
Civic leader Trunk agrees that
ife has returned to normal in Mid-
getown, @ serene ComMUNILY o
10,000 with a turn-of-the<century
charm ol prosperous-looking
scores lning an old-fashioned Mamn
Sireet. *] wou't sty they re apshet-
&, but TMI & there, and so what™

s
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28, 1979 Three Mile lslare) Unt 2,
for as! iheee months and operaling
f, pUtomatcally shuts gowr
cookng water to the
ope furctioning Unbknown 1
b fov dackup pumps have
pressure el aive w the
# Sesgred, bt fads to ciose

TR
(it

1
1

o weeen and Ehicren iving within fve mules of the gia
Q00 peoghs few thew homes, s Ky sevaral weeks,

Aprdl §: NS affical deciyve that the “oua B ower * Thormby
order closng medrty wheoks and says @ 8 site for pregrant w
young chedren 1 retum
Wy T wactor & dectared i cold hutown *
Ot 2% The NRC fmes Metropolitar Eduson, TMU's cpwrater, §
el 38 T Presadent's Commeasion an the Actwnat gt Thres

dody 1588 More !an 40 000 cures of rpcSosctive gases a2 v
e reacior Sakng N rEpanation o Cesoup Lrews.

Ha7 1582 The st lekeascn mspecton of the racior vessel
Sy 8 worss than expected Do of el rods e shatt
meitesd, formicg @ Moiten mass below @ voed n I cender of I
Ben, 7, 1983 Metropoiitan Edison & mdicied hor fale ' og lead
M 2 arxd for destropng documents defore the adtcest.

Feb. 29, 1884, Matropoitan Edeon peads gty to one count
contes! 5 s coants of 1he | 1 count ictment

May 29, 1825 NRC votes 4 to | to restet TML|, e reactor’
oncaragad sster, which was Gown o refuehing at e tme of
accatert. The plant o restarted w Octader,

Septesber 1985 Sbil probing the damage made the msety, \
2 mound of rubbie 3t the bottom of M vessal The duscavery i
estmates of e accxient’s seventy Cove tempergt ces neadhe,
degrees Fanvernet, s much 23 5O percent of the Rt meftad
Octodear 1985 The tiow process of *setusiing” the meactor beg
stat the tuel mass and packagng R for suprent o |
ket resnaten redr Wano Foil,

oy 1984 Genersi Pubiic Utiites Muckear (Metrogcitan Edsar
subnchary ‘o nuciear plants) propoes fo depose of 2 3 mbion
maly radeactive water b the sccdent By evageratng @ Th
parey,

Pecomber 1884 Gerecy Pubic | iites Nuctea aenaunces f
St T2 0 morvtoced storagn at toe end of the cleacup.

ad




e
i Aaree
5
2 d Ryt
’

leanup:
unling

t the
o opegs O 41

el

sk alse has required
chnotogy, such as the
¢ tarch now being wwed
art hive twoanch-thel
steel grads in the wer
¢ vesnel Workers must

the grds to get al core

that slumped to the bot-
® reactor.

s asscciied with the
dent don'v stop there.
ma of other suckear o
3. TMEL haa been
upgrade its opeTalyons,
W oand tranng  pre
reduce the hikelnocd of

catastrophe
¢+ the acesdeal, there
W0 workers involved 0
¢ both reactor emils on
d Today, 800 employ-
invoived o operaiing
alone.  Genenal  Fubi
Nuchear  spokeswoaun
Y skl cuatrol-coom
3 spend one-fourth of
® 0 traaing, moch of it
Jbed control rooms grap
h a vanety of poteatial

ons.
ootrol toom has been
s well down to the
patating matryment pan:
tecent color to enhance
ity of warnung hghta,
4 the back will of the
room s a sl panel of
ttached 10 systeras that
crvcnl pumps, valves
ot equipment. The pavel
werators o check the
4 the entire teactor at &

g the TMI scoxdent, at

vay from the mun oper-
wat, facing awxy from the
room, was 8 gauge that
Mave warned operaton
seesire rebel valve had
sen and w4 draming wa-
i the core

won, sandag in the oo
om where the drama
4 decade ago, putnted out
sge *lf they'd Woked at
- said, “they woukd have
' r‘hluwvhlunaob—
o

«Cass Potarwos
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Medenl $EeTT et .
ermnpla s &8 aymgd o8 of stress.
Bt ke the mitsal word on the &
exdrni el subssquent reports on
health effects hava boen i conflct

A year alter the acoident, Penn
sytvana Health Secretary Gordon
Macleod four | an abnorma! num
per of thyrow! problems m hew
bots i tiree countees surronediig
TML Macleod was abruptly re
placed, and the state epdemicd gy
drecir conchoded | 1981 that the
secudent would canse *no signilicant

ﬂc‘z ;ulth dla:u.’"'
mitat aum peoerally bus

mg their conchaions o0 estimates
of radation released i the early
hours of the acoident Many citieens
reman unconyinced. The resylts of
2 Cotumixa Unversity study, the
first comgrehenane ook at cancer
moxdence in the area, are expected
wter this year. Few expact the find
ngs t clear the air.

| il my breath every tinw oy
o6 goes for 3 physical,” Corradi
sant 1 hold my breath whes | thick
of b having chikdren ®

Tee concern stems from enoee
tainty over how much radwectivity
was released duning the acoelent,
and each revelition from the
nards of the danmged reactr has
rased pew quastns,

Met Ed estimated mutially that
e thar one percent of the fuel rods
were damaged s mieraal temper
stures rose above 2,000 degrees
Faheeheit. When techmiclans pen-
etrated the cwe with remots canm

evas. they found bir more ettasive’

danage. By the ume they had
worked their way to the bottom of
the rubbie -5t rewn reactor veseel, the
estmite stood at 50 percent foe!
el at temperatures that excesded
£.000 degrees

Because vent mooitors nalfune.
poned during the accident, there %
po documentabicn of actual re
Jeases. Technical experts had W
estimate releasen by analyting data
colmeted alter the accybent.

Temperatures mixle the reactor
covdd Raoew affectad how muck of the
radonctive material was volatilized,
and thas was abk to escape the ves
ol trough yeats Corradi says es.

truth, and you cannol swesp
thingy under the carpet.”
( resdeats consder the s
add weund that should be left
to heal,
there's something to b found
| tuak '8 be very long-term.*
Muklletown rescdenl Denuis
. "They don't know bhow
was released of how much
. What ha in that 72-
hour perid? knows! Whh
mm wind blowing™

. who ;ays the news medis
*grosaly dustorted” stories about the
acoxdent, was wocking b 4 clothieg

ifﬁgefggi

& O S el R g

s S B — it g

€ £

-
appear o have evaprmes
*As gquick s they're
the market, they're sokd.” he said
Civic leadey Trunk agrees that
fife has returned to pormal i M-
disrows, 8 serene community of
10,000 with 2 turvof Lhe-century
charm @' prosperacsdeolong
stores hining an okt fashiceed Man
Sereet *| wou't sy they're apathet.
i, bt T i there, and w0 what™

noows] on |

an engweer who teaches al the Peon
Seate campus in Harmstairg, brought
home & radation monitor to check
levels pear theu hanw

*He didn't fin! anything and be
i, We're staying,' * she ead
*You have to have cotfidecr 10 the
perwe who's tellng you©

In the st decade, the neclear -
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Jonegt Hendre,

order ciong nearty whok a0C
young hddren 1 returm

8 tourd of rubdke &t P Lottom of

o nt scrmen % chuden | crg withen fve mues of the plant
000 prachs fese thew homes, some 10r Severd) woels

Apell & NEZ officals deciere that Bu ‘oruis & ovar * Thombungh
says X 0 sale Ko pregnant wemen anxd
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3,500
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ey
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mxu&umwvw‘omfmdmmmmm
P reactor taading i preparatvn Sor Ceanup Lrews
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domage 1§ wene than spacted Coxpen of hued roads hawe shattersd anc
mn_mommmm.mnmmwdmm
In.?.l!&ueermmwwsm-dhwwummu
TMI 2 ! o destroyng donuvmsents bihore the actadent

Feb. 29, V8B4: Matropcinan Eduson eads guity to one count and mo
contes! to s counts of e 1] csunt rdctment
M“.lm:NRlebleM»Lth
Mn\wm.mnmmwmnnmdw
scexdant The plet s restarted n October.
u«mms.wmuwmmm.mw
v
sstimates of the o -Meeit’s sevenity Care termperatures reaches 3 000
mrm.»m.ﬂ&m«hmmm
Oclobar 1985: Tre sow process of "oefushng” the radtor

versal The Gsoovery ek 1o New

Decomiver 1884 el Public Utikties Nuchar announeas R intecds to
“lﬂ-!nmmﬂWdhmdnm.
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most of Ut related (o how & e
{6 wrap up the TMI-2 cleanup. The
company angered ressdenis by an
nounctng thal it miended to keave
the reactor vessel and other build-
mygs m “mocutorsd storage® for up
o 90 years, and by seeking the
NRC's approval to get 1d o 23
mithon galloes of midly radcactive
water from the accilent by evape
orating it

Many resedents hid thought that
cleanup meant dismanthing the re-
actor, “The tasement s sUll &
tughly radioactive tat human entry
% impossibie * sait Ene Epetem of
TMI Alert, a2 citizens oOf ganiEston
formed more than two years before
the sccwdent. "We're st nx com-
fortapie with leaving 3 g
‘evellowdeve! radeoctive  wasle
dw.~ m w.m:dv}k of the Sanque-

pre-treatment ocess Caniek fe
move tritium, wuch binds to water
and will be evap rated mto the ax
with the water, y

We're goana goc 8 duowe of that”
said Whittack, 3 retired cvy engr
weer. They pst keep gong
these doses, 'm oM enough,
probably weoe't bother me, bt 1
worry about young peogle, gt
these Jow dosses all the une m

Caroi Chawson, GPU wace prose
went for rommuniations, s Ut
witer 15 80 slightly contacumated
that & could be dscharged drectly
sito the Susquehansa under NRC
regulations-—~a plan that the weikty
dropoed Leciuse of concecds that
the public would be aomet, .

“Propie here feel stroog'y about
ths * she sl "Peopie bere woukd
pot be out profestmg soeethng
else o it werent for the saciear
plant. They really fee! atroag'y {%

Yet as strong'y as they fee! aboast
the accxient, the misinlo mation
axd (b trauma, Bany  resehonts
here go out of their way to exress
supgott—aor at least ambivalence -
about nuckear power. Mast crte @b
er concerns: aod ran, whah bas
beert blamed for damagng some of
the state’s finest trout sireams, of
global warming,

Bill Whittock says that he would
pot have bought his spucious nver:
axle home more than 20 peans age
J be had known a nuclear powel
plant would becorue his pesghbor,
and GFU has done bttle W recip
ture hig trost, .

| doa’t befieve 100 much of what
they say.* he sad.

But oo the subect of T™Ts con-
baoed operation, Whittock sayy K
they chme the pliat down sow. we'l
be m terribis shape for elecirety,
You have to jook at it obectrsly

*We're still concerned, bt we're
resgned.* he said. "My father uaed
to say that yeu get used to basgng
if you hang often encugh *

-



