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ABSTRACT

The number of commercial airframes exceeding twenty
years of service continues to grow. Atypical aircraft can
experience over 2,000 fatigue cycies (cabin
pressurizations) and even greater fright hours in a singie
year. An unavoidable by-product of aircraft use is that
crack and corrosion fiaws develop throughout the
aircraft’s skin and substructure elements. Economic
barriers to the purchase of new aircraft have created an
aging aircraft fleet and piaced even greater demands on
efficient and safe repair methods. The use of bonded
composite doubiers offers the airframe manufacturers
and aircraft maintenance facilities a cost effective
method to safeiy extend the lives of their aircraft.
Instead of riveting muitipie steei or aiuminum plates to
facilitate an aircraft repair, it is now possibie to bond a
singie Boron-Epoxy composite doubier to the damaged
structure.

The FAA’s Airworthiness Assurance Center at Sandia
Nationai Labs (AANC) is conducting a program with
Boeing and Federai Express to validate and introduce
composite doubler repair technology to the U.S.
commercial aircraft industry. This project focuses on
repair of DC-1 Ostructure and buiids on the foundation of
the successful L-1011 door corner repair that was
compieted by the AANC, Lockheed-Martin, and Delta Air
Lines. The L-1011 composite doubler repair was
instaiied in 1997 and has not developed any fiaws in
over three years of service, As a foiiow-on effort, this
DC-1 O repair program investigated design, anaiysis,
performance (durability, flaw containment, reliability),
instaiiation, a,nd nondestructive inspection issues.
Current activities are demonstrating reguiar use of
composite doubler repairs on commercial aircraft.

The primary goal of this program is to move the
technology into niche applications and to streamline the
design-to-installation process. Using the data
accumulated to date, the team has designed, analyzed,
and developed inspection techniques for an array of
composite doubler repairs with high-use fuselage skin
applications. The generai DC-10 repair areas which
provide a high payoff to FedEx and which minimize

design and installation complexities have been identiied
as foilowsx 1) gouges, dents, iightning strike, and impact
skin damage, and 2) corrosion grind outs in surface skin.
This paper presents the engineering activities that have
been compieted in order to make this technology
avaiiable for m-despread commercial aircraft use.

Typical Composite Doubler Installation - Figure 1
shows a typicai bonded composite doubler repair over a
cracked parent aluminum structure. The number of
piies and fiber orientation are determined by the nature
of the reinforcement required (i.e. stress fieid and
configuration of originai structure).
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Figure 1: Schematic of Bonded Composite
Doubler Installation on an Aluminum Skin

Composite doublers offer enhanced safety through
improved aircraft fatigue iife and corrosion resistance [1-
2]. Cost savings associated with their use (time savings
in installation) is a desirabie by-product which wiii
accelerate their introduction into routine us-e. Other
advantages over mechanically fastened repairs include:
1) adhesive bonding eliminates stress concentrations
caused by addtiional fastener holes, 2) composites are
readiiy formed into compiex shapes permitting the repair
of irregular components, 3) composite doublers can be
tailored to meet specific anisotropy needs thus
eliminating the undesirable stiffening of a structure in
directions other than those required, and 4) a high
strength-to-weight ratio (reduced drag and weight).
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1.0 Chernobyl Accident Facts

1.1 The 1986 Accident

At 1:23 a.m. on April 26, 1986, an accident at Chernobyl Unit 4, a 1000 MWe RBMK(a)nuclear
power plant located in Ukraine, Soviet Union, resulted in destruction of the reactor core and part of the
building in which the reactor was housed. In the initial steam explosion and subsequent fires, large
amounts of radioactive material were released in the form of gases and dust particles. The energy
released in the explosion was equivalent to 40 tons of TNT and resulted in discharge of about 4°/0 of the
reactor’s nuclear fuel to the environment.

As a result of the initial explosion and subsequent fires, which continued for about 10 days after the
accident, it is estimated that approximatey350 megacuries (MCi;)(b)of radioactive material were released
to the environment (NEA 1996). Most of this radioactivity was in the form of short-lived(c)noble gases
such as krypton and xenon, which were quickly dispersed. Radioactive iodine, mainly 1311,was deposited
on vegetation such as grass or was inhaled by emergency workers or members of the public near the site.
The radioactive iodine also was concentrated in the milk of cows that grazed on the contaminated vegeta-
tion. In humans, iodine is concentrated in the thyroid gland. This iodine-cow-milk-human pathway was
responsible for large doses to many children and accounts for one of the subsequent major health effects,
as described below.

Some of the radioactive particles released from the accident were lifted as high as 10 km (6 miles) by
the hot gases of the fire. Upper level winds carried these particles throughout portions of Ukraine,
Belarus, and Russia, and smaller amounts were transported to portions of northern and western Europe.
Fallout from this accident was detected in the Urrited States, although the levels detected were very low.

(a)

(b)

(c)

RBMK is a Russian acronym that literally means “high power pressure tube reactor.” The RBMK
reactor design was unique to the Soviet nuclear program. Instead of a large pressure vessel, the
reactor consists of individual tubes, or channels that contain the nuclear fuel and cooling water.
These tubes are surrounded by graphite, which moderates or slows down neutrons, allowing the
nuclear chain reaction to be controlled. This reactor design also lacks the pressure containment
system found in all western-designed nuclear power plants.

The curie is a unit of radioactivity. Originally, the curie was defined in terms of the number of
nuclear transformations occurring to one gram of radium-226 (zzbRa). One curie is equal to 37 billion
nuclear (3.7 x 1010)transformations per second. One megacurie is equal to one million curies.

Different radioactive isotopes decay at different rates. The half-life of a radionuclide (or radioiso-
tope) is the amount of time required for a quantity of radioactive material to decay (or transform) to
one-half of its original value. Nearly all of the noble gases produced from nuclear fission have half-
lives that are on the order of minutes to hours. 1311,the most significant radioisotope of iodine, has a
half-life of eight days.

1.1
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The principal environmental contaminants transported from the site were radioactive isotopes of iodine
(mainly 1311)and cesium (primarily 137CS).Smaller amounts of strontium (primarily 90Sr)were also
released and detected.

1.2 Causes of the Accident

The root causes of the Chernobyl accident were 1) deficiencies in the plant design and 2) excessive
reliance on administrative controls to fulfill critical safety functions. The design deficiencies combined
with inadequate safety evaluation and multiple operator errors during a test of the turbine-generator
system placed the reactor in an unstable operating condition.

1.3 The Chernobyl Nuclear Power Plant Today

In the first six months following the accident, a building called the “Shelter” was constructed around
the remains of the destroyed reactor. Large quantities of topsoil, contaminated trees, and other vegetation
on the plant site were removed and replaced. The other three remaining units at Chernobyl underwent
extensive decontamination and rehabilitation so they could resume power production. Construction on
two additional plants, Units 5 and 6, ceased after the accident, and there are no plans to complete these
plants.

The extensive contamination of the environment around the Chernobyl nuclear plant site led author-
ities to establish an “Exclusion Zone” approximately 30 km in diameter around the site. Access to this
Exclusion Zone is controlled, and guards are posted at the entry points. Inhabitants of areas within the
Exclusion Zone, including those from several hundred small villages, were relocated after the accident.
In later years, elderly residents have been allowed to re-occupy their homes.

Because of the high radiation levels in the months immediately following the accident, the Shelter
was constructed on top of the damaged remains of the original reactor building and non-compacted fill
placed to assist with the control of contamination and the construction effort. In the years since it was
constructed in 1986, some portions of the original structure have shifted and settled, and there are
concerns about its long-term structural stability. Because of the settling, gaps have developed between
some of the exterior panels of the Shelter. These gaps allow rain and snow to enter the structure, and this
water must be treated and controlled to prevent additional environmental and nuclear safety problems.

Efforts to improve the structural stability of the Shelter and the ventilation stack that it shares with
Unit 3 started in 1998 and are ongoing. Projects to seal the gaps in the Shelter exterior are planned.

After the initial extensive rehabilitation effort, the remaining three plants at Chomobyl were restarted.
However, in 1991, Unit 2 was shut down afler a fire that seriously damaged the plant’s turbine generator.
The fire had no effect on the nuclear portion of the plant. Unit 1 was shut down in 1996 as part of an
international agreement to close and decommission the Chomobyl nuclear plant.

Approximately 6000 people work at the Chomobyl nuclear plant. Nearly all of them live in the City
of Slavutych and commute to the site by bus or train each day.

12



Today the only remaining operational unit at Chernobyl is Unit 3. Under the international agreement
to close and decommission the Chernobyl nuclear plant, Unit 3 will cease operations by the end of the
year 2000.

Figure 1.1. The Chomobyl Nuclear Power Plant As It Appears Today

1.3
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2.0 Medical and Health Effects of the Accident

The medical consequences of the Chernobyl accident often have been the subject of extreme claims
that have no factual basis. A comprehensive treatment of the risks posed by the Chernobyl accident and
its afiermath would be incomplete without some examination of these consequences and their implication
for human health risk assessment. Some accounts place the number of accident-related fatalities at levels
equivalent to nearly all of the deaths from all causes in the affected regions of Ukraine, Belarus, and
Russia since 1986. There are many excellent publications dealing exclusively with the human health
dimensions of the Chomobyl accident included in the references listed at the end of this report. This
summary reviews five major health effects of the accident:

. acute radiation syndrome (ARS)

● thyroid cancer

. leukemia

● teratogenesis-effects on the embryo/fetus

● stress.

There are relatively few sources of data that can be used to evaluate the human health risks posed by
ionizing radiation. Before the Chernobyl accident, the survivors of the atomic bombings of Hiroshima
and Nagasaki were the largest human population that had been exposed to high radiation levels. Much of
the current philosophy of radiation protection and human health risk estimation is based on this popula-
tion along with much smaller groups of individuals who received significant exposures (e.g., the painters
of radium watch dials). For the most part, the individuals in these populations received relatively high
doses at high dose rates. Our understanding of these acute effects is based on a relatively small popula-
tion. In addition, radiation accidents rarely involve uniform irradiation of an individual’s whole body.

This summary of ARS is based on the 1988 Report of the United Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR 1988) and summaries prepared by the International Atomic
Energy Agency (IAEA 1988). The information about thyroid cancer is based primarily on data ,reported
by Stsjazhko et al. (1995) and Likhtarev et al. (1994). The summary on leukemia is based on the 1986
statement of the IAEA as supported by subsequent publications including Ivanov et al. (1997) and
Gluzman et al. (1999). The discussion of teratogenesis is based on a review published by Castronovo
(1999).

2.1
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2.1 Prompt or Early Health Effects

Prompt or early health effects, often called acute effects, are those that occur within hours to weeks
following a high absorbed dose, typically greater than 1 gray (Gy)(’)to the whole body. These effects
exhibit a threshold below which they are not observed; however, above the threshold, the severity of the
effects increases with increasing dose. These effects are sometimes called deterministic effects, although
some deterministic effects such as cataracts can result from large doses accumulated over a much longer
time. Acute effects may be life threatening depending on the magnitude of the dose and other factors
such as the general health of the exposed individual and the effects of other injuries (e.g., burns). Victims
of acute radiation exposure are ofien susceptible to infection that may prove fatal because of associated
severely depressed immune response.

In the Chernobyl accident, acute effects were limited to those personnel who were on-site at the time
of the accident or who were called to fight the fires that followed the explosion of the Unit-4 reactor.
Two people were killed immediately. The body of one of these people was never recovered, and the other
person died of thermal burns the day following the accident. When combined with the 28 fatalities that
occurred in the months following the accident, there were a total of 30 early fatalities attributed either in
whole or in part to ARS.

Approximately 200 individuals were hospitalized either in regional hospitals or in specialized centers
in Moscow and Kyiv. No members of the general public received doses sufficient to result in ARS.

2.2 Thyroid Cancer

The primary medical consequence of the Chernobyl accident was a dramatic increase in child thyroid
cancer resulting from the consumption of milk contaminated with 1311during the months immediately
following the accident.

Stsjazhko et al. (1995) report dose estimates for approximately 100,000 children in Ukraine and
Belarus based on in vivo measurements. These results are shown in Table 1. Of the children measured,
57% had doses less than 300 mGy. Approximately 7’?ZOhad doses greater than 2 Gy and 0.6%
(641 children) had doses greater than 10 Gy. Studies to provide a more comprehensive assessment of the
child thyroid doses are ongoing (Likhtarev et al. 1994). Most of the dose reconstruction is based on
environmental measurements of ‘37CS.The difference in the time course of the release, chemical
behavior, and deposition between cesium and iodine introduces significant uncertainty into such
estimates.

(a) The gray, abbreviated Gy, is the unit of absorbed dose in the International System (S1) of units. One
gray is equal to an absorbed dose of one joule per kilogram (J/kg). One gray is also equal to 100 rads.
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Table 2.1. Preliminary Estimates of Thyroid Doses Among Children in Ukraine and Belarus

t

Based on In Vivo Measurements

Estimated [ Belarus I Ukraine [
I

thyroid dose I
(mGy) Number Percentage Number Percentage

0-300 13,556 49.8 45,938 60.3
300-1,000 8,631 31.7 19,293 25.3
1,000-2,000 2,808 10.3 5,684 7.5
2,000-5,000 1,743 6.4 3,698 4.9
5,000-10,000 370 1.4 1,012 1.3
>10,000 111 0.4 530 0.7
Total 27,217 100 76,155 100
Reference: Stsjazhko et al. (1995)

Table 2 shows the change in reported cancer cases before and following the Chernobyl accident. The
post-accident incidence per million rose by as much as a factor of 200 from pre-1986 levels with an
apparent latent period as short as 4 to 5 years. Tronko et al. (1999) report 577 cases of thyroid cancer in
Ukraine between 1986 and 1997. Buglova et al. (1996) report that the incidence in boys is 50% higher
than in girls. Goldman (1997) predicts that the ultimate number of cases will reach between 3000 and
6000. The normal incidence of child thyroid cancer is low, typically less than 0.5 cases per million.

Table 2.2. Number and Incidence of Child Thyroid Cancer (children under 15 at time of diagnosis)
in Belarus, Ukraine, and Russia Before and After the Chernobyl Accident.

Area Number Rate (per million)

1981-1985 1986-1990 1991-1994 1981-1985 1986-1990 1991-1994

Belarus 3 47 286 0.3 4.0 30.6
Gomel Region 1 21 143 0.5 10.5 96.4
Ukraine 25 60 149 0.5 1.1 3.4
Northern 5 Regions 1 21 97 0.1 2.0 11.5
Russia NA NA NA NA NA NA
Bruansk, Kaluga
Regions o 3 20 o“ 1.2 10.0
NA - Data not available.
Reference: Stsjazhko et al. (1995)
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2.3 Leukemia

An increase in the incidence of leukemia is a major concern following significant radiation exposure.
According to analyses presented at the 1996 IAEA Vienna Conference on the Consequences of the
Chernobyl Accident (IAEA 1996a), the total expected excess fatalities because of leukemia are estimated
to be 470 among the 7.1 million inhabitants of contaminated areas and control zones. When compared to
the expected normal spontaneous incidence of 25,000 cases among the 7.1 million people, these excess
cases would be impossible to distinguish.

The expected number of cases among an assumed 200,000 Liquidators(a)would be on the order of
200 cases compared to a spontaneous incidence of 800 cases. Using current models, 150 of the 200
expected excess leukemia cases would have been expected in the first 10 years after the accident,
following a latent period of 3 to 5 years. The spontaneous incidence in the Liquidator population for the
same period would be approximately 40 cases. To date, no consistent attributable increase in the rate of
leukemia has been detected.

Ivanov et al. (1997) report no statistically significant difference in cancer morbidity or mortality
between inhabitants of contaminated and uncontaminated areas of the Kaluga Oblast.(region) in Russia.
Gluzman et al. (1999) report that while childhood leukemia represents one of the most likely health
effects in a significantly exposed population, no significant increase has been observed.

It is also important to note that cancer rates in all areas of the former Soviet Union have increased
since 1986, regardless of whether the areas experienced any significant contamination from the
Chomobyl accident. Three factors confound development of meaningful conclusions on the link between
the Chomobyl accident and an increase in the incidence of leukemia:

. the poor quality of data on incidence rates in affected areas of Ukraine, Belarus, and Russia
before 1986

● selection bias for participation in health effect studies

. the general decline in nutrition and environmental quality throughout the countries of the former
Soviet Union.

(a) The term applied to the workers who participated in early remediation activities at Chomobyl in
1986-1987.
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2.4 Teratogenesis - Radiation and Pregnancy

“) Teratogenic effects are deterministic with aIonizing radiation is a well-established teratogen .
threshold of approximately 0.1 Gy (1Orads; ICRP 1993). The two specific effects of concern are severe
mental retardation and cancer that may be expressed in childhood or adult life.

The potential for organ malformation in an embryo or fetus is highest when exposure to radiation
occurs between the third and eighth weeks after conception. The natural incidence of such malformation
is 0.06, or approximately 1 in 17 live births.

Exposure to radiation during the eighth through the twenty-fifth week after conception carries the
potential for severe mental retardation. Exposure during the period from the eighth through the fifteenth
week results in the most significant effect with an observed shift of 30 intelligence quotient (IQ) points
per Gy. Doses in the sixteenth week through the twenty-fifth week could show a similar, but less severe,
effect per unit dose above the threshold.

The important point is that, while radiation exposure duringpregnancy carries some risk, severe
health efiects to the emb~o@etus are associated with relatively large doses that arefar in excess of
environmental or occupational radiation exposure limits.

The risk of childhood cancers following irradiation in utero is believed to be approximately the same
as for infants and children irradiated in the first decade of life (ICRP 1993), with a two to three times
higher risk than the general population.

Castronovo (1999) provides a thorough review of embryo/fetal studies conducted throughout Europe
and Asia Minor. Many studies that indicate an increase in fetal abnormality are flawed by poor data
quality, bad experimental design, and selection bias. When such studies are discounted, there is no
evidence that the radiation exposures of pregnant women arising from the Chernobyl accident produced
any harmful effects.

There are, of course, many anecdotal accounts of birth defects and childhood cancers in Ukraine,
Belarus, Russia, and in other countries contaminated by the Chernobyl accident (Kotz 1995). While the
reality of these cases cannot be discounted, the spatial and temporal association of a particular disease or
congenital abnormality does not equal causation. As noted previously here and elsewhere, the effects of
decreased nutrition, stress, environmental pollution from a variety of non-radiological sources, and a
general lack of preventive (and prenatal) medical care must be taken into consideration when attempting
to analyze the cause of such cases. The data are inconclusive and indicate that ionizing radiation should
not be considered in isolation from other human health risk factors in such a complex and dynamic
system.

(a) A teratogen is an agent that interferes with the normal development of the embryo/fetus. A teratogen
may produce physical defects in the offspring.

2.5
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2.5 Stress

It is likely that the greatest health effect of the Chernobyl accident is stress among those who were
actually or potentially exposed to radiation or radioactive contamination. This is especially true among
those who were forced to relocate because their homes or farms received radioactive contamination in
excess of permissible levels.

Stress can manifest itself in a variety of forms. One of these is the dramatic increase in abortions
performed in many parts of Europe and the Former Soviet Union in 1986 and 1987. Additional
manifestations of stress can include increased smoking and alcohol use, fatigue, distraction, elevated
blood pressure, and other signs and symptoms.

2.6 Conclusions Regarding the Medical and Health Effects of the Accident

It will be several decades before the human health consequences of the Chernobyl accident are fully
understood. Even now, only 14 years after the accident, many observations and preliminary findings
indicate that previously held models and assumptions about the effects of ionizing radiation might need to
be revised. The experience gained in the treatment of the acute radiation syndrome cases greatly increas-
ed our understanding and improved techniques for managing major radiation injuries. The dramatic
increase in child thyroid cancer reinforces the need for prompt intervention following a major radiological
accident to control population doses.

The apparent absence of a statistically significant increase of leukemia cases among the 200,000
Liquidators and the larger population in the affected areas of Ukraine, Belarus, and Russia raises impor-
tant questions about existing risk models and may be indicative of the importance of dose rate and genetic
repair mechanisms as major factors in carcinogenesis. Ultimately, this information also might result in
revised risk estimates for some radiogenic diseases.

As our understanding of molecular biology increases, the knowledge gained through a careful study
of the effects of the Chomobyl accident might also provide insights into human health risk factors beyond
ionizing radiation.
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3.0 Current Conditions at the Chernobyl

Nuclear Power Plant Site

As noted previously, Unit 3 at Chernobyl continues to operate, with a planned shutdown date of
December 15,2000. There are now over 6000 workers who support the last remaining operating unit and
provide support to the shutdown Units 1 and 2 and the Shelter. Following the accident, the site was
subject to intense decontamination activities.

3.1 The Shelter

The Shelter still contains the remains of the Unit 4 reactor, most of the nuclear fuel, and radioactive
material. Access to the Shelter is strictly controlled, and a 250-m-radius perimeter is maintained around
the main structures. Many areas inside the Shelter have been decontaminated and are used as normal
work areas for planning and preparing for long-term stabilization efforts. Other areas remain inaccessible
because of very high radiation levels.

3.2 Restoration of the Chernobyl Nuclear Power Plant Site

Because of the extensive decontamination activities performed after the accident, on-site radiation
levels are generally among the lowest found in the Exclusion Zone. The exception is the area surrounding
the Shelter. Gamma radiation levels at the “Pavilion” building (the visitor facility) range from 0.05 to
0.1 millirem (mrem)(a)per hour. A person standing in this area for eight hours would receive a dose
between 0.4 and 0.8 mrem. These levels are within the normal variability of natural background radiation
and are well below radiation exposure limits for members of the general public. The average annual dose
to a member of the public in the United States from all sources is approximately 360 mrem/yr, or about
1 mrem/day.

At ground level, gamma radiation levels within the restricted area surrounding the Shelter range fi-om
0.2 mrem/h to over 25 mrem/h. Access to these areas is strictly controlled.

3.3 Airborne Radioactivity

Airborne radioactivity measurements are made using fixed sampling stations at three locations on the
plant site. Low levels of ‘3’1,coCo, 54Mn,5’Cr, and 59Feassociated with nuclear power plant operations
have been detected; however, air concentrations of these radionuclides on-site are four to six times below
the standard established for exposure of the general public.

(a) One millirem (mrem) is one thousandth of a rem. The rem is a unit of radiation dose.
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3.4 “Food and Water

Because it is the workplace for approximately 6000 people, on-site food service is provided at the
Chernobyl nuclear plant. All food is imported to the site from outside the Exclusion Zone and is
monitored on a regular basis by the Chernobyl plant Radioecology Department.

Drinking water, which is drawn from wells 50 m deep, is routinely monitored. A review of
monitoring results shows that the maximum expected dose to an individual worker who consumes one-
half of his or her daily intake of water at the site would be approximately 16 mrem/yr.
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4.0 Current Conditions in the Chornobyl Exclusion Zone

4.1 Radiation Levels

Radiation levels within the Exclusion Zone can vary from background levels to tens of mrem/h in the
vicinity of waste storage and disposal sites. Measurements made along the driving route from Slavutych
to the Chernobyl nuclear plant and from the plant to Kyiv showed no detectable readings above
background.

4.2 Airborne Radioactivity

Levels of airborne radioactivity are monitored at several sampling stations in the Exclusion Zone.
Analyses of samples taken at these stations mostly show radioactivity to be near background levels, but
occasionally elevated levels occur. These levels are below the exposure limits established for members of
the general public.

Because of the large accumulation of underbrush and grass on evacuated lands, brush or grass fires
are not uncommon. During these fires, measured concentrations of airborne radioactivity occasionally
exceed the established standards for exposure to the general public. The particles carrying the radioactiv-
ity are relatively large, so the concentration of radioactive material in the air decreases rapidly as the
distance from the fire increases. Routine sampling for airborne radioactivity in the City of Slavutych has
not identified any detectable levels during these fires. Persons at greater distances (e.g., Kyiv) are not
expected to receive any radiation exposure as a result of these fires.

During fire conditions, persons with respiratory problems might experience discomfort or other
problems unrelated to the radiation or radioactive material. At these times, it is advisable for the
members of the public to avoid the smoky conditions and, if possible, to remain indoors.

4.3 Living Quarters

There are regulated living quarters (i.e., dormitories) within the Exclusion Zone. Most of these
quarters are located in the City of Chernobyl, which is approximately 12 km fi-omthe nuclear plant.
Anyone living in the Exclusion Zone must have specific permission to do so and is subject to limitations
imposed by the State Sanitary Code.

4.4 Food and Water

As in the case of the Chomobyl nuclear plant, food for residents of the City of Chernobyl is imported
from outside the Exclusion Zone. People should not eat food grown inside the Exclusion Zone including
fruit from the trees that grow in the city. Drinking water for residents of the city is drawn from wells and
has radioactivi~ levels comparable to potable water at the Chernobyl nuclear plant.
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5.0 Conditions in Slavutych

5.1 External Radiation Levels

Before the 1986 accident, natural background radiation levels in Slavutych were 0.009 to
0.012 mrem/h (78 to 105 mrem/yr). Measurements made by the Radioecology Department of the
Chernobyl nuclear plant in 1999 show that approximately 14.8 mrem/yr could be attributed to accident-
related contamination. Background radiation levels in the wooded areas surrounding Slavutych are on the
order of 0.03 mrem/h. These measurements are consistent with similar measurements that have been
made annually since 1991, and the measured doses are well below international (IAEA 1996b) and
Ukrainian (NRBU-97) standards for radiation protection of the public.

5.2 Airborne Radioactivity

Air samples are routinely taken in Slavutych. Analysis of these samples shows that radiation levels
from airborne radioactivity are at or near background levels. The calculated dose fi-omthe air pathway is
0.3 mrem/yr. These doses are well below international (IAEA 1996b) and Ukrainian (NRBU-97)
standards for radiation protection of the public.

5.3 Food and Water

In 1999,87 samples of food from grocery stores and 35 samples from local garden plots were
analyzed for radioactivity. The largest contribution to dose from the food pathway is through consump-
tion of locally harvested mushrooms and game. If mushrooms and game are included as part of the
average annual intake, the dose from *37CSis approximately 17 mrem; otherwise the dose is approxi-
mately 6.4 mrem. The dose contribution from 90Srin food is 4.2 mrem. Therefore, the total annual dose
ranges 10.8 to 21.2 mrem/yr.

The drinking water for Slavutych is drawn from wells, and the dose from 137CSpresent in the water is
calculated to be 0.12 mrem/yr. These doses are well below international (IAEA 1996b) and Ukrainian
(NRBU-97) standards for radiation protection of the public.

5.4 Total Dose to the Resident Population

The Chomobyl nuclear plant Radioecology Department does not have the capability to perform
routine analyses for transuranic radionuclides (e.g., plutonium, americium, etc.). The dose contribution
from these radionuclides is estimated using environmental survey data. The plutonium contamination in
the area of Slavutych is 0.0027 Ciikm2. Using conservative models for environmental pathways, the dose
from transuranics is estimated to be 0.16 mrem/yr.
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The total dose to the resident population from accident-related sources is the sum of individual doses
from each of the pathways and is calculated as follows:

D -Dtotal – external + D food + D airborne + D water + ‘transurani cs

DtOtal= 14.8+ 21.2+ 0.3+ 0.12+ 0.16= 36.6 mrem

This represents approximately 10% of the average annual radiation exposure to an individual in the
U.S., 360 mrem (NCRP 1987). This dose is well below international (IAEA 1996b) and Ukrainian
(NRBU-97) standards for radiation protection of the public.
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6.0 Current Conditions Elsewhere in Ukraine

Radiological environmental monitoring in Ukraine is performed under a program jointly coordinated
by the Ukraine Academy of Technical Sciences, the Minist~ of Emergency Situations, and the Institute
of Radiation Medicine. An annual census of radiation measurements is published. These reports indicate
that the level of radioactive contamination, where detected, is decreasing on the order of 2 to 3% per year.
This decreasing level of radioactivity corresponds to the rate of decay of 137CSand 90Sr. The only excep-
tion to this trend is activity measured in Dniper River sediments. The 137CSin river sediments is slowly
being transported downstream. At the same time, however, the total inventory of ‘37CSin the Dniper
River is decreasing overtime through normal decay processes. This monitoring program provides
continued assurance that the dose from accident-related contamination to the general public in Ukraine is
well below regulatory limits and a fraction of natural background radiation levels.
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7.0 Special Considerations

7.1 General Health Precautions

Prior to any extended stay in Ukraine, persons should check with their health care providers for
appropriate immunizations. Adequate supplies of any prescription drugs should be brought into Ukraine
because of the limited availability of such products. Complete information is provided by the Centers for
Disease Control and Prevention (CDC) and can be obtained from their web site at http://www.cdc. gov/
travell

7.2 Special Accommodations for Physical Disabilities

Special accommodations for physical disabilities in Ukraine are limited or nonexistent. In many
locations, elevators are inoperable. Persons requiring special accommodation should carefully consult
with their host in advance of traveling to Ukraine. Further information is available from the CDC as
noted above.

7.3 Radiation and Pregnancy

As noted above, radiation exposures above 10,000 mrem (1Oreins) could result in birth defects.
Although there are no radiological environmental conditions resulting from the Chomobyl accident that
could result in such doses during the term of a pregnancy, women who are pregnant or who are consider-
ing having a child should confer with their health care provider prior to extended stays in Ukraine.

Also, because of the lack of adequate health care facilities, women who are at risk of any kind of
complication during pregnancy should avoid extended stays.
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