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Abstract  
The accident at the Chernobyl NPP in Ukraine in 1986 was the most severe in the 
history of the nuclear industry, causing a huge release of radionuclides over large areas 
of Europe. Its radiological consequences were recently revisited by the UN Chernobyl 
Forum (2003-2005) and UNSCEAR (2005-2008).  

For the first time environmental impacts were considered in detail, including 
radioactive contamination of terrestrial and aquatic environments, application and 
effectiveness of countermeasures and effects on biota. Updated dosimetric data were 
presented for more than half a million of emergency and recovery operation workers, 
about 100 million inhabitants of the three most affected countries, Belarus, the Russian 
Federation and Ukraine, and for 500 million inhabitants of other European countries. 
The average effective dose of the emergency and recovery operation workers was 
estimated to be about 0.12 Sv. An exception is a cohort of several hundred emergency 
workers who received high radiation doses; of whom 28 persons died in 1986 due to 
acute radiation sickness.  

The majority of the six million residents of the ‘contaminated areas’ in Belarus, 
Russia and Ukraine received relatively minor radiation doses which are comparable 
with the natural background levels. However, those who were children at the time and 
drank milk with high levels of radioactive iodine received during the first few months 
after the accident particularly high doses to the thyroid. Since early 1990s there was the 
dramatic increase in thyroid cancer incidence among those exposed to radioiodine at a 
young age. Also in 1990s there was some increase of leukaemia in most exposed 
workers.  

Apart from those two health effects revealed in the two different population 
cohorts as the result of 20-year epidemiological observations there was, until 2007, no 
clearly demonstrated increase in the somatic diseases due to radiation. There was, 
however, an increase in psychological problems among the affected population, 
compounded by the social disruption that followed the break-up of the Soviet Union. In 
particular, the UN Chernobyl Forum concluded that after a number of years, along with 
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reduction of radiation levels and accumulation of humanitarian consequences, severe 
social and economic depression of the affected regions and associated psychological 
problems of the general public and the workers had become the most significant 
problem to be addressed by the national authorities.  

Introduction 
The Chernobyl accident was the most severe in the history of the world nuclear 
industry. At night of 26 April 1986, Unit 4 of the Chernobyl nuclear power plant, 
located 130 km to the north-east of Kiev, the capital of Ukraine1, was destroyed by two 
powerful explosions in the reactor core. The Chernobyl NPP was equipped with four 
RBMK reactors with a graphite moderator, a thermal power of 3200 MW and an 
electrical power of 1000 MW each. The explosions were caused by gross breaches of 
the operating procedures by staff and technical inadequacies in the safety systems 
(INSAG 1993). As a result of the explosions, highly radioactive core fragments were 
ejected onto the site. The hot graphite exposed to air caught fire and burned for 10 days.   

During that time period, radioactive substances were ejected from the burning 
reactor and spread by winds under changing weather conditions over Europe, 
principally Belarus, Ukraine and Russia. No more than 20% of the radioactive 
discharge spread beyond Europe (De Cort et al. 1998).  

More than 400,000 emergency and recovery operation workers, including army, 
power plant staff, local police and fire services, were involved in containing and 
cleaning up the accident in 1986-1987. Later, the number of registered “liquidators” 
rose to about 600,000.  

About six million people live in areas of Belarus, Russia and Ukraine that are 
‘contaminated with radionuclides’ due to the Chernobyl accident (above 37 kBq m-2 or 
1 Ci km-2 of 137Cs)2. Amongst them, about 400,000 people lived in more contaminated 
areas – classified at the time by Soviet authorities as ‘areas of strict radiation control’ 
(above 555 kBq m-2 or 15 Ci km-2 of 137Cs). Of this population, 115,000 people were 
evacuated in the spring and summer of 1986 from the area surrounding the Chernobyl 
power plant (designated the “Exclusion Zone”) to non-contaminated areas. Another 
220,000 people were relocated in subsequent years (UNSCEAR 2000). 

The consequences of the Chernobyl accident were widely discussed at the Kiev 
conference in 1988 (IAEA 1989), pursuant to the results of the IAEA Chernobyl 
project (IAG 1991), and at the conferences marking its 10th anniversary (Karaoglou et 
al. 1996; IAEA 1996). The health consequences were analysed comprehensively by 
UNSCEAR in its 1988 and 2000 reports (UNSCEAR 1988, 2000). In 2005-2008 
UNSCEAR has undertaken further assessment of the Chernobyl environmental and 
health consequences and recently published the resulting report (UNSCEAR 2010).  

Because of continued contradictions in the interpretation of the Chernobyl 
accident consequences, the IAEA initiated in early 2003 establishing the Chernobyl 
Forum aiming to retrospectively assess the environmental and health consequences of 
the accident and to advise the Governments of Belarus, Ukraine and the Russian 
                                                 
1 Up until 1991, Belarus, Russia and Ukraine were parts of the USSR. 
2 In the mapping of the deposition, 137Cs was chosen because it is easy to measure long-lived 
radionuclide, and it is of radiological significance.  
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Federation on future actions, such as environmental remediation and special health care 
as well as research activities.  

The Forum participants were eight United Nations organisations (IAEA, WHO, 
UNDP, FAO, UN-OCHA, UNEP, UNSCEAR3 and The World Bank) as well as the 
competent authorities of Belarus, Russia and Ukraine. The Forum was created as a 
contribution to the United Nations’ ten-year strategy for Chernobyl, launched in 2002 
with the publication of Human Consequences of the Chernobyl Nuclear Accident – A 
Strategy for Recovery (UNDP and UNICEF 2002). The Chernobyl Forum and 
subsequent conference were chaired by Dr. Burton Bennett, Radiation Effects Research 
Foundation, Japan. 

Forum reports on environment (IAEA 2006) and health (WHO 2006) were 
prepared by corresponding expert working groups and approved by consensus at the last 
Forum meeting in April 2005. The reports were presented and discussed during the 
International Conference entitled “Chernobyl: Looking Back to Go Forwards” 
organised by the IAEA in Vienna in September 2005 (IAEA 2008).  

In November 2005, the United Nations General Assembly considered a report on 
efforts to promote recovery in areas affected by the Chernobyl legacy and adopted a 
resolution /60/L.19 (UN 2005) in which, inter alia, noted consensus reached among 
members of the Chernobyl Forum regarding assessment of the accident consequences 
and future actions.  

This paper presents the recent findings of the Chernobyl Forum and UNSCEAR 
on radiological health and environmental consequences of the Chernobyl accident. 

Environmental Consequences (IAEA 2006, UNSCEAR 2010)  

Radionuclide release and deposition 
Major releases of radionuclides from Unit 4 of the Chernobyl NPP continued for ten 
days following the April 26 explosion. These included radioactive gases, condensed 
aerosols and a large amount of fuel particles. The total release of radioactive substances 
was about 14 EBq, including 1.8 EBq of iodine-131, 0.085 EBq of 137Cs, 0.01 EBq of 
90Sr and 0.003 EBq of plutonium radioisotopes. The noble gases contributed about 50% 
of the total release. The most up-to-date estimates of the amounts released are similar to 
those of the UNSCEAR 2000 Report (UNSCEAR 2000), except for the refractory 
elements, which are now about 50% lower (Kashparov et al 2003). 

More than 200,000 square kilometres of Europe received levels of 137Cs above 37 
kBq m-2, (De Cort et al. 1998). Over 70 percent of this area was in the three most 
affected countries, Belarus, Russia and Ukraine. The deposition was extremely varied, 
as it was enhanced in areas where it was raining when the contaminated air masses 
passed. Most of the strontium and plutonium radioisotopes were deposited within 100 
km of the destroyed reactor due to larger particle sizes. 

Many of the most significant radionuclides have decayed away. The releases of 
radioactive iodines caused great concern immediately after the accident. For the 
                                                 
3 International Atomic Energy Agency (IAEA), World Health Organization (WHO), United Nations Development 
Programme (UNDP), Food and Agriculture Organization (FAO), United Nations Environment Programme (UNEP), 
United Nations Office for the Coordination of Humanitarian Affairs (UN-OCHA), United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR). 
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decades to come 137Cs will continue to be of greatest importance, with secondary 
attention to 90Sr. Over the longer term (hundreds to thousands of years) the plutonium 
isotopes and americium-241 will remain, although at levels that are not significant 
radiologically. 

Environmental transfer 
In the early months after the accident, the radionuclide levels of agricultural plants and 
plant-consuming animals was dominated by surface deposits. The deposition of iodine-
131 caused the most immediate concern, but the problem was confined to the first two 
months after the accident because of 131I decay. The radioiodine was rapidly absorbed 
into milk leading to significant thyroid doses to people consuming milk, especially 
children in Belarus, Russia and Ukraine. In the rest of Europe increased levels of 131I in 
milk were observed in some southern areas, where dairy animals were already outdoors.  

After the early phase of direct deposit, uptake of radionuclides through plant roots 
from soil became increasingly important. Radioisotopes of caesium (137Cs and 134Cs) 
were the nuclides which led to the largest problems. The radiocaesium content in 
foodstuffs was influenced not only by deposition levels but also by types of ecosystem 
and soil as well as by management practices. In addition, 90Sr could cause problems in 
areas close to the reactor, but at greater distances its deposition levels were low. Other 
radionuclides such as plutonium isotopes and 241Am did not cause real problems in 
agriculture, both because of low deposition levels and poor availability for root uptake 
from soil.   

In general, there was a substantial reduction in the transfer of radionuclides to 
vegetation and animals in intensive agricultural systems in the first few years after 
deposition, as would be expected due to weathering, physical decay, migration of 
radionuclides down the soil, reductions in bioavailability in soil and due to 
countermeasures. However, in the last decade there has been little further obvious 
decline, by 3-7 percent per year.  

Currently, 137Cs activity concentrations in agricultural food products are generally 
below national and international action levels. However, in some limited areas with 
high radionuclide deposition (parts of the Gomel and Mogilev regions in Belarus and 
the Bryansk region in Russia) or poor organic soils (the Zhytomir and Rovno regions in 
Ukraine) milk may still be produced with 137Cs activity concentrations that exceed 
national action levels of 100 Bq kg-1. In these areas countermeasures and environmental 
remediation may still be warranted. 

The uptake and retention of 137Cs has generally been much higher in semi-natural 
ecosystems than in agricultural ecosystems, and the clearance rate from forest 
ecosystems is extremely slow. The highest levels in foodstuffs continue to be in 
mushrooms, berries, game and reindeer. 

Levels of radionuclides in rivers and lakes directly after the accident fell rapidly 
and are now generally very low in water used for drinking and irrigation, although the 
radiocaesium levels in the water and fish of some closed lakes have fallen only slowly. 
Levels in seawater and marine fish were much lower than in freshwater systems. 

The deposition in urban areas could have initially given rise to a substantial 
external dose. However, due to radioactive decay, wind, rain and human activities, 
including traffic, street washing and cleanup, surface contamination by radioactive 

Third European IRPA Congress 2010, Helsinki, Finland

S10 S10-01



1523

Session 10: Nuclear and radiological emergencies and incidents – Oral presentations
Balonov, Mikhail et al.
Update of impacts of the Chernobyl accident: Assessments of the Chernobyl Forum (2003 – 2005) and…

materials and air dose rate has been reduced significantly in inhabited and recreational 
areas since 1986, Fig. 1. 

At present, in most of the settlements subjected to radioactive contamination as a 
result of Chernobyl, the air dose rate above solid surfaces has returned to the 
background level predating the accident. But the air dose rate remains elevated above 
undisturbed soil in gardens and parks in some settlements of Belarus, Russia and 
Ukraine. 
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Fig. 1. Dynamics of standardised dose rate in air over undisturbed soil after the Chernobyl 
accident in different geographical areas (Golikov 2006). 

Environmental countermeasures 
The Soviet authorities introduced a wide range of short- and long-term environmental 
countermeasures to mitigate the accident’s consequences. The countermeasures 
involved huge human, financial and scientific resources.  

Decontamination of settlements in the affected regions of the USSR during the 
first years after the Chernobyl accident was successful in reducing the external dose 
when its implementation was preceded by proper remediation assessment. However, the 
decontamination has produced a disposal problem due to the considerable amount of 
low-level radioactive waste that was created. 

In the first few weeks, management of animal fodder and milk production 
(including prohibiting the consumption of fresh milk) would have helped significantly 
to reduce the doses to the thyroid due to radioiodine. However, wide implementation of 
early countermeasures in the former Soviet Union was flawed, because timely advice 
was lacking, particularly for private farmers. Many European countries changed their 
agricultural practices and/or withdrew food, especially fresh milk, from the supply 
chain, and, in Poland, iodine prophylaxis was promptly organized; these actions 
generally reduced thyroid doses in those countries to negligible levels. 
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Over the months and years after the accident, the authorities of the former Soviet 
Union introduced an extensive set of agricultural countermeasures. These helped to 
reduce the long-term exposures from the long-lived radionuclides, notably 
radiocaesium. During the first few years, substantial amounts of food were removed 
from human consumption because of concerns about the radiocaesium levels, especially 
in milk and meat. In addition, pasture was treated, and clean fodder and caesium 
binders were provided to livestock, resulting in considerable reductions in dose. 

In addition, countermeasures were instigated to reduce exposures from living and 
working in forests and using forest products. They included: restrictions on access; 
restrictions on harvesting of forest foods, such as game, berries and mushrooms; 
restrictions of the gathering of firewood; and alteration of hunting practices. 

Early restrictions on drinking water and changing to alternative supplies reduced 
internal doses from aquatic pathways in the initial period. Restrictions on the 
consumption of freshwater fish from some lakes also proved effective in Scandinavia 
and Germany. Other countermeasures to reduce the transfer of radionuclides from soil 
to water systems were generally ineffective. 

Radiation-induced effects on plants and animals 
Radiation of radionuclides released from the accident caused numerous acute adverse 
effects on the plants and animals living in the higher exposure areas, i.e., in localized 
sites at distances up to about 30 kilometres from the release point. Outside this area, no 
acute radiation-induced effects in plants and animals have been reported.  

The response of the natural environment to the accident was a complex 
interaction between radiation dose, radiosensitivity and recovery of the different plants 
and animals. Both individual and population effects caused by radiation-induced cell 
death have been observed in biota inside the 30-km area as follows: 

 Increased mortality of coniferous plants, soil invertebrates and mammals; 
and 

 Reproductive losses in plants and animals. 
Following the natural reduction of exposure levels due to radionuclide decay and 

migration, biological populations have been recovering from acute radiation effects. As 
soon as by the next growing season following the accident, population viability of 
plants and animals had substantially recovered as a result of the combined effects of 
reparation and repopulation from less affected areas. A few years were needed for 
recovery from major radiation-induced adverse effects in plants and animals. 

Genetic effects of radiation, in both somatic and germ cells, have been observed 
in plants and animals during the first few years after the Chernobyl accident. Different 
cytogenetic anomalies attributable to radiation continue to be reported from 
experimental studies. Whether the observed cytogenetic anomalies in somatic cells have 
any detrimental biological significance is not known. 

The recovery of affected biota in the exclusion zone has been facilitated by the 
removal of human activities, e.g., termination of agricultural and industrial activities. 
As a result, populations of many plants and animals have eventually expanded, and the 
present environmental conditions have had a positive impact on the biota in the 30-km 
area. Indeed, this area has paradoxically become a unique sanctuary for biodiversity. 
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Radiation doses to exposed population groups  
(IAEA 2006, UNSCEAR 2010) 
The following population categories were exposed from the Chernobyl accident:  

 Emergency and recovery operation workers who worked at the Chernobyl 
power plant and in the exclusion zone after the accident; 

 Inhabitants evacuated from abandoned areas of Belarus, Russia and 
Ukraine; and 

 Inhabitants of areas with radioactive fallout, who were not evacuated. 
With the exception of the on-site reactor personnel and the emergency workers 

who were present near the destroyed reactor during the time of the accident and shortly 
afterwards, most of recovery operation workers and people living in the contaminated 
territories received relatively low whole-body radiation doses, comparable to 
background radiation levels accumulated over the 20 year period since the accident 
(Table 1). For comparison, the annual average effective dose from natural background 
radiation is 2.4 mSv. 

 
Table 1. Summary of updated dose estimates for the main population groups exposed from the 
Chernobyl fallout  

Population group 
Size 

(thousa
nds) 

Average 
thyroid 
dose in 

1986 (mGy) 

Average 
effective dose b 

in 1986-2005 
(mSv) 

Collective 
thyroid dose 
in 1986 (man 

Gy) 

Collective 
effective dose 

b in 1986–
2005 

(man Sv) 

Recovery operation 
workers (1986-
1990) a 

530 NA 117 a NA 61 200 

Evacuees (1986) 115 490 31 57 000 3 600 

Inhabitants of areas 
of strict radiation 
control c 

216 NA 61 NA 13 100 

Inhabitants of 
contaminated areas 
c 

6 400 102 9 650 000 58 900 

Inhabitants of 
Belarus, Russia (19 
regions) and 
Ukraine 

98 000 16 1.3 1 600 000 125 000 

Inhabitants of 
distant European 
countries d 

500 000 1.3 0.3 660 000 130 000 

NA – Data not available. 
a Effective dose estimates for the workers include only the doses from external irradiation.  
b Effective dose estimates are the sum of the contributions from external and internal irradiation, excluding the 

thyroid dose. 
c  The contaminated areas were defined in the former Soviet Union as areas where the 137Cs levels on soil were 

greater than 37 kBq/m2 and areas of strict radiation control - where the 137Cs levels were greater than 555 kBq/m2. 
d All the European countries except the three republics, Turkey, countries of the Caucasus, Andorra, and San 

Marino.  
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Compared to the UNSCEAR 2000 report: (a) dose estimates have been updated 
for a larger number of the Belarusian, Russian, and Ukrainian recovery operation 
workers (510,000 instead of 380,000), and new information is presented on the 
Estonian, Latvian, and Lithuanian recovery operation workers; (b) thyroid dose 
estimates have been updated for the Belarusian and Ukrainian evacuees, and new 
information is presented for the Russian evacuees; (c) the estimation of thyroid and 
effective doses has been expanded from 5 million to 100 million inhabitants of the three 
republics; and (d) thyroid and effective dose estimates have been updated for the 500 
million inhabitants of other European countries. 

The highest doses were received by emergency workers and on-site personnel, in 
total less than 1,000 people, during the first days of the accident, ranging up to 20 Gy, 
which was fatal for some of the workers. The doses received by recovery operation 
workers, who worked for short periods during four years following the accident ranged 
from less than 10 mSv to more than 1,000 mSv, although about 85% of the recorded 
doses were in the range 20–500 mSv, with an average of about 117 mSv. 

The collective effective dose to the 530,000 recovery operation workers is 
estimated to have been about 60,000 man Sv. This may, however, be an overestimate, 
as conservative assumptions appear to have been used in calculating some of the 
recorded doses. 

Effective doses to the persons evacuated from the Chernobyl accident area in the 
spring and summer of 1986 were estimated to be about 30 mSv on average, mostly from 
external gamma radiation, with the highest dose of the order of several hundred mSv. 

The high thyroid doses among the general population were due almost entirely to 
drinking fresh milk containing 131I in the first few weeks following the accident. 
Figure 2 presents the estimated average thyroid dose to children and adolescents in 
1986. The average thyroid dose to the evacuees is estimated to have been about 
500 mGy (with individual values ranging from less than 50 mGy to more than 
5,000 mGy). For the more than six million residents of the contaminated areas of the 
former Soviet Union who were not evacuated, the average thyroid dose was about 100 
mGy, while for about 0.7% of them, the thyroid doses were more than 1,000 mGy. The 
average thyroid dose to pre-school children was some 2 to 4 times greater than the 
population average. For the 98 million residents of the whole Belarus and Ukraine and 
19 oblasts of the Russian Federation, the average thyroid dose was much lower, about 
20 mGy; most (93%) received thyroid doses of less than 50 mGy. The average thyroid 
dose to residents of the other European countries was about 1.3 mGy. 

The collective thyroid dose to the 98 million residents of the former Soviet Union 
was some 1,600,000 man Gy. At the country level, the collective thyroid dose was 
highest in Ukraine, with 960,000 man Gy distributed over a population of 51 million 
people. At the regional level, the highest collective thyroid dose of about 
320,000 man Gy was to the population of the Gomel oblast, corresponding to an 
average thyroid dose of about 200 mGy. 

As far as whole body doses are concerned, the six million residents of the 
contaminated areas of the former Soviet Union received average effective doses for the 
period 1986–2005 of about 9 mSv, whereas for the 98 million people considered in the 
three republics, the average effective dose was 1.3 mSv, a third of which was received 
in 1986. This represents a minor increase over the dose due to background radiation 
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over the same period (50 mSv). About three-quarters of the dose was due to external 
exposure, the rest being due to internal exposure. About 80% of the lifetime effective 
doses had been delivered by 2005.  

 

 
 
Fig. 2. The estimated district-average thyroid doses to children and adolescents living at the time 
of the accident in the most affected regions of Belarus, Russia and Ukraine (Russian National 
Medical and Dosimetric Registry 2006). 

However, about 150,000 people living in the most contaminated areas received an 
effective dose of more than 50 mSv over the 20-year period. For the population of about 
500 million in other countries of Europe, the average effective dose is estimated to have 
been 0.3 mSv over this period. The collective effective dose is estimated at about 
125,000 man Sv to the combined populations of Belarus, Ukraine and the relevant parts 
of Russia, and about 130,000 man Sv to population in the rest of Europe. 

Early health effects (UNSCEAR 1988, 2010) 
A total of 237 emergency workers were initially examined for signs of ARS that was 
verified in 134 of these individuals. Of these 134 patients, 28 died within the first four 
months, their deaths being directly attributable to the high radiation doses. 

The dominant exposures were external irradiation of the whole body at high dose 
rates and beta irradiation of the skin. Internal contamination was of relatively minor 
importance, while neutron exposure was insignificant. Underlying bone marrow failure 
from the external whole body irradiation was the major contributor to all the deaths 
during the first two months.  

Each patient with bone-marrow syndrome of Grade III–IV usually also had 
serious radiation damage to the skin that aggravated other conditions. Skin doses 
exceeded bone marrow doses by a factor of 10–30, and many ARS patients received 
skin doses up to 500 Gy. Radiation burns to the skin were felt to be a major contributor 
to at least 19 of the deaths and significantly increased the severity of the ARS, 
especially when skin burns exceeded 50% of the body surface area and led to major 
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infections. After 50–60 days, if the skin was not healing, a number of patients received 
skin graft surgery. In addition, the leg of one patient was amputated more than 200 days 
after the accident, gastrointestinal syndrome was seen in 15 patients and radiation 
pneumonitis in 8 patients. 

There were no cases of ARS among the general public, either among those 
evacuated or those not evacuated. This is consistent with the assessment of the radiation 
exposures, which showed that the whole body radiation doses to members of the 
general public were much lower than the well-known dose thresholds for ARS. 

Late health effects (UNSCEAR 2010, WHO 2006) 

ARS survivors 
Among the 106 patients surviving ARS, haematopoietic recovery occurred within a 
matter of few months. However, recovery of the immune system took at least half a 
year, and complete normalization several years. Cataracts, scarring and ulceration are 
important ongoing problems in the ARS survivors. Between 1990 and 1996, 15 ARS 
survivors with extensive skin injuries underwent surgery. Most ARS survivors had 
suffered functional sexual disorders up to 1996; however, 14 normal children were born 
to survivor families within the first five years of the accident. 

The major health consequences from the radiation exposure of the ARS survivors 
remain the skin injuries and radiation-induced cataracts. The current nature and severity 
of the skin injuries depend on their severity during the early period. Patients who had 
suffered first-degree skin injuries displayed various levels of skin degeneration, ranging 
from slight smoothing of the skin surface to more pronounced changes. However, over 
longer periods, the slight changes disappeared almost completely. With third- and 
fourth-degree injuries, there were areas of scarring, contractures, and radiation-induced 
ulcers. However, since the early 1990s, microsurgery techniques have significantly 
reduced the problems of radiation-induced ulcers. 

Many of the patients who suffered moderate or severe ARS, developed 
radiation-induced cataracts in the first few years after the accident, with a strong 
correlation between the grade of ARS and cataract prevalence. 

Over the period 1987–2006, 19 ARS survivors died for various reasons. As time 
progressed, assignation of radiation as the cause of death has become less clear. 

The follow-up of the ARS survivors indicates that: the initial haematological 
depression has recovered substantially in many patients; there remain significant local 
injuries; there has been an increase in haematological malignancies; and the increase in 
other diseases is probably largely due to ageing and other factors not related to radiation 
exposure. 

Thyroid cancer 
A substantial increase in thyroid cancer incidence has occurred in the three republics 
(the whole of Belarus and Ukraine, and the four most affected regions of Russia) since 
the Chernobyl accident among those exposed as children or adolescents. Amongst those 
under age 14 years in 1986, 5,127 cases (under age 18 years in 1986, 6,848 cases) of 
thyroid cancer were reported between 1991 and 2005 (Ivanov et al 2006). A substantial 
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fraction of those cases was caused by internal exposure of thyroids of local residents 
with incorporated radioiodine. 

Figure 3 demonstrates that in Belarus, after the Chernobyl accident in 1986, 
thyroid cancer incidence rates among children under age 10 years increased 
dramatically and subsequently declined, specifically for those born after 1986 (see 
1996–2005). This pattern suggests that the dramatic increase in incidence in 1991–1995 
was associated with the accident. The increase in the incidence of thyroid cancer among 
children and adolescents began to appear about 5 years after the accident and persisted 
up until 2005. The background rate of thyroid cancer among children under age 10 
years is approximately 2 to 4 cases per million per year. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Thyroid cancer incidence rate in Belarus for children under 10 years old at diagnosis. 

This increase has been confirmed in several case-control and cohort studies that 
have related the excess incidence of thyroid cancer to the estimated individual doses 
due primarily to the radioiodine released during the accident. There is little suggestion 
of increased thyroid cancer incidence among those exposed as adults in the general 
population. 

Evidence has also emerged since the UNSCEAR 2000 Report indicating that 
iodine deficiency might have influenced the risk of thyroid cancer resulting from 
exposure to the radioactive isotopes of iodine released during the accident (Cardis et al 
2005). 

Leukaemia, Solid Cancers and Circulatory Diseases 
Given the level of doses received, it is likely that studies of the general population will 
lack statistical power to identify radiation-induced risk of leukaemia, although for 
higher exposed emergency and recovery operation workers an increase may be 
detectable. The most recent studies suggest a two-fold increase in the incidence of 
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leukaemia between 1986 and 1996 in Russian emergency and recovery operation 
workers exposed to external dose of more than 150 mGy. Since the risk of radiation-
induced leukaemia decreases few decades after exposure, its contribution to morbidity 
and mortality is likely to become less significant as time progresses. 

There have been many post-Chernobyl studies of leukaemia and cancer morbidity 
in the populations of ‘contaminated’ areas in the three countries. So far, there is no 
convincing evidence that the incidence of leukaemia or cancer (other than thyroid) has 
increased in children, those exposed in-utero, or adult residents. It is thought, however, 
that for most solid cancers, the minimum latent period is of the order of 10 years or 
more – and it may be too early to evaluate the full radiological impact of the accident.  

There appears to be some recent increase in morbidity and mortality of Russian 
emergency and recovery operation workers caused by circulatory system diseases. 
Incidence of circulatory system diseases should be interpreted with special care because 
of the possible indirect influence of confounding factors, such as stress and lifestyle 
(smoking, alcohol consumption, etc.)  

Cataract 
Clinically significant cataracts developed in some of the ARS survivors exposed to high 
radiation doses. In addition, the recently completed Ukrainian–American Chernobyl 
Ocular Study (Worgul et al 2007) indicates that lens opacity arising in the recovery 
operation workers is related to the dose received. A key finding was that the data were 
not compatible with a dose–effect threshold of more than 0.7 Gy, and that the lower 
boundary of the estimated dose threshold was close to the current dose limit for the lens 
of the eye, i.e. 150 mSv, although this needs to be tempered by consideration of the 
uncertainties in the dosimetry.  

It should be noted that the main findings pertain to subclinical cataracts: 96% of 
observed cases were Grade I opacities. Whether or not some fraction of the 
radiation-associated Grade I opacities eventually progress to become more severe 
vision-disabling cataracts remains to be resolved.  

Psychological and mental health problems (Chernobyl Forum 2006, WHO 2006) 
Stress symptoms, depression, anxiety (including post-traumatic stress symptoms), and 
medically unexplained physical symptoms have been reported in Chernobyl-exposed 
populations. The studies also found that exposed populations were more likely to report 
subjective poor health than were unaffected control groups. In general, the social 
context in which the Chernobyl accident occurred makes the findings difficult to 
interpret because of the complicated series of events unleashed by the accident, the 
multiple extreme stresses and culture-specific ways of expressing distress. 

In addition, individuals in the affected populations were officially categorized as 
“sufferers”, and came to be known colloquially as “Chernobyl victims”. This label, 
along with the extensive government benefits had the effect of encouraging individuals 
to think of themselves fatalistically as invalids. Thus, rather than perceiving themselves 
as “survivors,” many of those people have come to think of themselves as helpless, 
weak and lacking control over their future. 
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Other findings of the Chernobyl Forum  
(Chernobyl Forum 2006, IAEA 2008) 
The Chernobyl Forum also considered social and economic consequences of the 
Chernobyl accident that are out of scope of this paper. The Forum also elaborated 
practical Recommendations to the Governments of Belarus, the Russian Federation and 
Ukraine on health care and research, on environmental monitoring, remediation and 
research and those for economic and social policy that can be found elsewhere 
(Chernobyl Forum 2006, IAEA 2008). 

Conclusions 
From this paper based on 20 years of studies, it can be concluded that although those 
exposed to radioiodine as children or adolescents and the emergency and recovery 
operation workers who received high doses are at increased risk of radiation-induced 
effects, the vast majority of the population need not live in fear of serious health 
consequences from the Chernobyl accident.  

Most of the workers and members of the public were exposed to low level 
radiation comparable to or, at most, a few times higher than the natural background 
levels, and exposures will continue to decrease as the deposited radionuclides decay or 
are further dispersed in the environment. This is true for populations of the three 
countries most affected by the Chernobyl accident, Belarus, the Russian Federation and 
Ukraine, and all the more so, for populations of other European countries. Lives have 
been disrupted by the Chernobyl accident, but from the radiological point of view, 
generally positive prospects for the future health of most individuals involved should 
prevail. 
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Abstract 
On August 22, 2008, a cloud of 131I was released from the Institut des Radioelements 
(IRE), a producer of medical isotopes located in Fleurus, Belgium. The peak of the 
release took place in the weekend of 23-24 August and was followed by a smaller, 
continuous  release which lasted for several weeks. 

Several measures were taken after notification of the release to the Federal 
Agency of Nuclear Control, the Belgian nuclear safety authority. The nuclear 
emergency plan was activated on a N2 level. Under this emergency plan many 
environmental samples were taken and analysed with the purpose of verifying whether 
there was no risk for the population to obtain a significant dose via the food chain. Air 
samples were taken to confirm that no significant persistent release of 131I was still 
occuring. This air monitoring was performed just after notification of the release and 
during major replacement work of the filter systems of the isotope production plant. 

The Belgian Nuclear Research Centre SCK•CEN collected and analysed many of 
the environmental samples, performed the air monitoring and participated in the 
evaluation cell of the National Crisis Centre. In the course of these activities and in the 
period after the immediate crisis, some points were discovered that could be improved. 
Most of these findings dealt with: 

 acquisition and measurement capacity of environmental samples 
 Public communication  
 separation of different tasks in the field 
 communication between experts 
 availability of expert knowledge 

This paper elaborates on the main aspects of the SCK•CEN participation in the 
emergency response of this incident and draws important lessons to dealing with similar 
situations in the future. 
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Introduction 
In nuclear emergency management a relatively low number of real incidents and 
accidents are available for training and improving the emergency plans. Therefore 
nuclear emergency management relies relatively heavily on theoretical exercises, based 
on calculations and hypotheses. A real incident or accident may provide a strong 
confrontation with the existing emergency plans, not only for the technical part, but also 
including the high pressure from the authorities, public and press. 

On August 22, 2008, a cloud of 131I was released from the Institut des 
Radioelements (IRE), a producer of medical isotopes located in Fleurus, Belgium. The 
peak of the release took place in the weekend of 23-24 August and was followed by a 
smaller, continuous  release which lasted for several weeks. 

The release was followed by the activation of the Belgian nuclear emergency 
plan, under which e.g. many environmental samples were taken and analysed to see 
whether there was any radiological risk for the population.  

The Belgian Nuclear Research Centre SCK•CEN collected and analysed many of 
these environmental samples and performed several other duties in the nuclear 
emergency plan. In the course of these SCK•CEN activities and in the period after the 
immediate crisis, several points were discovered that could be improved in the working 
of SCK•CEN. This will be discussed in the following chapters. 

Description of the incident 
The release of 131I started on August 22, 2008. The total release was 45 GBq 131I. The 
peak of the release took place in the weekend of 23-24 of August and was followed by a 
smaller, continuous  release which went on for several weeks. The release is shown 
graphically in figure 1.  

The cause of the release was the mixing of three different waste streams from 
small waste tanks (two of 50 l and one of 23 l) into one main waste tank (2700 l). This 
caused a chemical reaction that produced I2 gas. The total source term in the main tank 
was estimated to be 37TBq. The main part was absorbed by the filters, but 0.1 % was 
released through the stack of the installation. 

Mixing of the different waste streams was common practice. However, this time 
all the three small waste tanks were transferred at the same time onto the main waste 
tank, while normally this was done one small waste tank at a time. Furthermore the 
main waste tank was originally almost empty (200 l), so the remaining concentrations 
were higher than usual. Simulations showed that certain chemical reactions that would 
produce I2 were likely to happen. 
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Figure 1. Released and cumulated activity of 131I from the IRE incident [FANC1]. 

The incident remained unnoticed during the weekend of 23-24 August. It was 
observed on Monday 25 August by the safety engineer of IRE, who started his duty. 
The Belgian authorities (Federal Agency of Nuclear Control, FANC) were notified of 
the release at 17:30 Monday afternoon. Earlier on Monday IRE had already notified the 
TSO, Bel V [FANC1]. 

Simulations of the incident 
On its own initiative SCK•CEN performed calculations with several dispersion models and 
decision support systems. These included Noodplan, a home-made model that is used by 
most Belgian nuclear facilities for emergency planning, HOTSPOT, a simple dispersion 
model, and RODOS, a decision support system developed with support of the EC. 

The calculations with the different models showed a good agreement with each 
other and with the results of the measurements that were performed. Figure 2 shows just 
as an example results from RODOS calculations. The obtained results have not been 
analysed in detail and will not be further discussed in this paper. 

 

  
 

Figure 2. Results of a RODOS calculation of a release of 45 GBq 131I. 
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The Belgian nuclear emergency plan and the role of SCK•CEN 
Figure 3 shows schematically the structure of the Belgian nuclear emergency plan. The 
national crisis centre CGCCR consists of several cells which have their specific 
functions. 

COFECO is chaired by the Minister of Interior Affairs or its representative and is 
responsible for taking decisions how an accident should be dealt with. It is supported by 
several cells for advise: ECOSOC for advice on social-economic consequences of 
countermeasures; INFOCEL for advice on communication to the public, CELEVAL for 
advice on radiological consequences of the accident and countermeasures. CELEVAL 
manages the measurement cell that performs measurements in the field and operates the 
TELERAD system for direct measurements of radioactivity. 

By Royal Decree SCK•CEN provides a radiological expert to CELEVAL, a local 
measurement coordinator and a measurement team for in-situ measurements and 
sampling. 

 
 

Figure 3. Structure of the Belgian nuclear emergency plan. 

Measurements that were performed 
On Wednesday 27 August the first three samples of grass were taken in the close 
vicinity of IRE by FANC. These samples were analysed at the Scientific Institute of 
Public Health ISP/WIV and the results were made available to the authorities on 
Thursday 28 August. They showed contaminations that could result in countermeasures 
for the food chain. 

After the national nuclear emergency plan was activated on Thursday 28 August 
in the late afternoon, SCK•CEN was asked to prepare for the next day an intervention 
team for measurements and sampling. Instructions would follow the next day. 

On Friday 29 August SCK•CEN sent out two teams, one for performing direct 
measurements and one for sampling. Two teams were sent since no instructions were 
received yet and it was not clear what would be asked by the authorities. Upon arrival at 
IRE, instructions were obtained to perform at specific locations air sampling and to 
perform in a quarter of a circle doserate measurements of the ground contamination. At 
15:00 the coordinates were received of the locations were samples of grass or 
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vegetables should be taken. These were five locations that were visited consecutively. 
In function of the availability, samples of grass, cornleaves and lettice were taken. The 
upper leaves of the corn were sampled to take the maximum contamination. 

The samples were taken at the end of the day to SCK•CEN for sample preparation and 
measurement by gamma-spectrometry. Measurements were performed during the evening 
and night in order to provide the results to the authorities at the beginning of the next day. 

Similar sampling and measurement campaigns were held at Sunday 31 August, 
Tuesday 2 September, Wednesday 3 September and Thursday 4 September. At the end 
of each day samples were taken to SCK•CEN in order to provide measurement results 
at the beginning of the next day. On Thursday 4 September an air sample was taken on 
active charcoal. 

On Monday 1 September and Tuesday 2 September SCK•CEN performed, 
together with the University of Liège, a thyroid measurement campaign on the 
population of Lambusart, a village northeast of IRE. This campaign is reported in a 
separate paper [van der Meer et al.]. 

On Friday 5 September it was decided to do another air sampling campaign, since 
at that day an additional filter group was placed between the waste tank and the stack. 
 

    
Figure 4. Ground contamination measurements (left) and air sampling (right). 

 
Figure 5. Sampling of vegetables in local gardens. 
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Countermeasures that were taken [FANC2] 
As mentioned beforehand, the incident remained unnoticed during the weekend of 23-
24 August. It was observed on Monday 25 August by the safety engineer of IRE, who 
started his duty. The Belgian authorities (Federal Agency of Nuclear Control, FANC) 
were notified of the release at 17:30 Monday afternoon. Earlier on Monday IRE had 
already notified the TSO, Bel V. 

On Tuesday 26 August inspectors of FANC and Bel V visited IRE and ordered 
not to start any new production batch. Mobile monitoring systems were installed around 
the installation. 

On Wednesdat 27 August FANC notified the IAEA and rated the incident on 
level 3 of the INES scale. FANC also collected grass samples in the close 
neighbourhood of the plant. 

On Thursday 28 August results of the measurements became available, indicating 
that at certain locations the limits for countermeasures for the food chain could be 
passed. This triggered the activation of the national nuclear emergency plan on 17:00 on 
the level U2, implying no direct risk for the population but potential countermeasures 
for the food chain. A recommendation was issued that the population should not use 
vegetables or fruit from their own garden nor should use rain water in the region 
between 0-5 km northeast of IRE. Selling milk produced in the same region was also 
prohibited. 

On Friday 29 August the sale of milk was again allowed, based on measurements 
on milk carried out on behalf of the Federal Food Agency. The other countermeasures 
remained in force. 

On Saturday 30 August new measurement results were available. Based on the 
results, the affected region was reduced from 0-5 km to 0-3 km, while rainwater could 
be used again. The recommendation not to consume vegetables and fruit from the own 
garden remained. 

On Saturday 6 September the remaining countermeasures were lifted, based on 
the results of all the measurements performed in the course of that week. Furthermore 
the emergency level was reduced from level 2 to level 1. 

On Friday 12 September the national nuclear emergency plan was lifted. 

Possible improvements 
Many aspects of this incident can be used to improve the working of the nuclear 
emergency plan. In this paper we will mainly limit ourselves to propose improvements 
to the duties of SCK•CEN in the framework of the Belgian nuclear emergency plan as 
described above. 

Separation of different tasks in the field 
Before the IRE incident it was always assumed during exercises that one measurement 
team would be able to perform all actions in the field. Very soon it became clear that it 
was very cumbersome to send a team in the field with a combination of tasks. Different 
tasks like performing direct doserate measurements and sampling interfere quickly with 
each other and are best seperated, unless very little samples have to be taken. Separation 
of tasks also improves considerably the flexibility of the teams for answering to specific 
requests from the authorities.  
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Three different measurement teams have been defined after the incident: an 
intervention team responsible for direct measurements (doserate, ground contamination, 
air activity sampling), a sampling team for biological sampling (grass, vegetables, milk, 
water, ..) and an AGS team (Aereal Gamma Survey). The latter is supposed to operate 
from a helicopter or airplane, but at present it is operated by car. 

Due to the fact that the intervention team and AGS team rely partly on the same 
expertise, SCK•CEN may at a certain moment not be able to provide experts for all 
teams in case of a protracted incident that requires measurements for e.g. several weeks. 

Acquisition and measurement capacity of environmental samples 
The IRE incident was a relatively small incident that contaminated only a limited area. 
Nevertheless it resulted in a serious demand on the capacity of the sampling team and 
the gamma-spectrometry measurement lab. 

A larger incident in Belgium would require more resources from SCK•CEN. Both 
sampling and measurement capacity should be increased in that case.  

A more optimized use of sampling and measurement teams seems possible. 
During the IRE incident the sampling locations and types were based on the collective 
results of the previous day resulting in a discontinuous sampling/measurement process 
(sampling in afternoon, measurements over night, analyses next morning + definition 
new sampling locations/types, new sampling in afternoon, ...). A more continuous 
sampling/measurement strategy in combination with the use of pure logistic teams for 
e.g. the transport of samples could already result in an optimization of 
sampling/measurement capacity. 

Not all sampling teams had during the incident access in the field to software for 
the optimization of the route between a set of sampling locations (typical 10-20 
locations). A general procedure on the transfer of measurement locations/type and 
measurement results was missing. 

Sampling capacity was already increased by establishing a dedicated sampling 
team. Further expansion of the capacity is envisaged by increasing the number of 
sampling teams. This is only feasible in case the pool of persons that have sampling 
experience is increased. Expansion of this pool is envisaged by the participation of 
more people in the regular sampling campaigns in the framework of the surveillance of 
the Belgian territory. Additionally written procedures for sample taking have been 
developed that were lacking during the IRE incident. This will provide a better 
guarantee that samples will be taken in a similar way. 

For several types of samples (mainly vegetation) the preparation of the samples 
will prove to be a bottleneck rather than a gamma-spectrometry measurement. At 
present preparation of samples deals with samples from the surveillance programme, 
that have no or very little radioactive contamination. Preparation rooms for these 
samples should not be used in case of contaminated or suspected samples. A dedicated 
room should be established. In case of the IRE incident an ad hoc solution was found by 
using a room with a ventilated box in a controlled area, but this room will not be 
sufficient for large quantities of samples. 

Once prepared, samples can be measured in a rather short time since they are 
either sufficient active to give a good signal or will not give a significant signal from 
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which the onclusion will be drawn that the activity is below a certain limit. However, 
clear measurement procedures still have to be developed for this case. 

More exotic contaminations like beta or alpha contaminations will prove to be 
much more difficult to deal with, since the preparation time for these measurements are 
much longer than for gamma-spectrometry. Again specific measurement procedures 
have to be developed for these contaminations. 

Public communication  
It was inevitable that teams in the field would encounter representatives of the media. 
Although the communication about the incident should go exclusively via the national 
crisis centre, the field teams were sometimes forced to answer at least partially to 
specific questions. In a similar way the people whom were asked to provide their 
vegetables had many questions and also these questions should be answered by the 
teams in an adequate way in order to guarantee a continuous public support for the 
sampling campaign. 

So although the principle of crisis communication demands one clear voice of the 
authorities and therefore demands a central spokesperson, the people in the field are 
exposed to questions from the media and should have adequate means/training to 
respond to these questions, either by providing clear answers or referring to a central 
spokesperson. 

Communication between experts 
Several types of communication could be distinguished: 

 communication between experts for passing through information. This was 
mainly important for the evaluation cell of the national crisis centre. A 
summary of what was discussed during the day had to be given to the expert 
for the next day. This was done either in the form of a written report or 
orally by phone 

 specific questions from the evaluation cell had to be dealt with by 
measurement experts. E.g. the request for a thyroid measurement campaign 
had to be supported by estimates of the detection limits of the available 
equipment and the amount of people that could be measured. This type of 
questions were handed over to a central scientist at SCK•CEN and then 
discussed internally with the relevant experts. An answer was provided in 
the form of a short note to the SCK•CEN radiological expert 

 communication with the measurement team was dealt with by the 
measurement cell coordinator, an official function executed by SCK•CEN 
that takes care for the transfer of information between the federal evaluation 
cell and the measurement team. Coordinates of sample locations and type of 
samples are typical data to communicate to the measurement team. 

Communication was often performed by cellular phone. This worked well, but in 
case of a major crisis it is envisaged that the cellular phone networks will be overloaded 
and cannot be used. Therefore extra phones have been purchased that function on a 
secure and reliable network. 

Third European IRPA Congress 2010, Helsinki, Finland

S10 S10-02



1541

Session 10: Nuclear and radiological emergencies and incidents – Oral presentations
van der Meer, Klaas et al.
Lessons learnt from an accidental release of 45 GBq 131I in Fleurus, Belgium

Availability of expert knowledge 
Both for making available an expert for the evaluation cell of the national crisis centre 
and for providing an expert for coordination of the measurement team, SCK•CEN has 
established a duty cycle. Each expert fulfills a duty of one week and hands it then over 
to the next expert. 

It was noticed that the establisment of such a duty cycle is not a warrant that 
during a real crisis the expert functions can be fulfilled 24 hours per day and 7 days per 
week. The duty cycle is only a warrant that SCK•CEN will be able to provide an expert 
the moment an emergency call comes in for the next 8-12 hours. An expert shift had not 
been established. 

During the incident SCK•CEN provided an expert for each evaluation cell 
meeting, based on the availability within the pool of experts at SCK•CEN. The decision 
who would participate in a meeting was normally taken one or two days before that 
meeting took place, but it cannot be denied that this method of working implied a 
certain form of improvisation. 

The same was true for the establishment of the measurement teams. This was 
done on a daily basis and subject to the demand from the national crisis centre. Since 
only the coordinator of the measurement team is in a duty cycle, but not the team 
members themselves, here the level of improvisation tended to be higher than for the 
evaluation cell expert. 

It has been recognised that the number of available experts should be enlarged in 
several domains: radiological experts, sampling team members, measurement analysts 
and experts (both for in the field and at the labs). However, in view of the limited 
resources available for this enlargement it should also be recognised that a certain level 
of improvisation will always be present. 

Conclusions 
The IRE incident did not cause any radiological harm to the general public. It is an 
interesting case to provide some lessons learnt for the emergency preparedness 
organisations in Belgium and possibly abroad. 

The tasks that had to be executed in the field required one person (or team) for 
one job. Too many different tasks divide the attention people can devote the these tasks 
and imply a risk for making mistakes. 

Sampling procedures have to be improved in order to be able to take more 
samples in a uniform way. Dedicated rooms for active samples should be present where 
many samples can be processed. 

Gamma-spectrometry will not provide a bottleneck in measuring samples. 
However, due to the long preparation time alpha and beta measurements may require 
dedicated measurement procedures for large numbers of active samples. 

Public communication is an important tool to provide the necessary support of the 
public for the measurement campaigns and countermeasures. During the sampling 
campaign SCK•CEN encountered full support of the public to provide samples from 
gardens. 

Communication between the experts was satisfactory, but should be performed in 
a more standardised way by e.g. providing meeting reports after each day. 
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Availability of sufficient experts remains a difficult problem for relatively small 
organisations in a small country. Improving procedures will solve this partly, but a 
certain reliance on improvisation will remain. 
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Abstract 
The EURANOS (European Approach to Nuclear and Radiological Emergency 
Management and Rehabilitation Strategies) project aimed to increase the coherence and 
effectiveness of nuclear and radiological emergency management in Europe including 
the rehabilitation of contaminated areas. Basis of this project was the establishment of 
an effective working platform of emergency management institutions, Research and 
Technological Development (RTD) institutes, end-users and other stakeholders. Within 
the EURANOS project, 17 different demonstrations were conducted. The objective of 
these demonstrations was to apply a certain product in the operational environment of 
an emergency centre and to check its performance either in particular exercises or in 
their daily use. As a result of a demonstration feedback to the development team was 
provided, highlighting requirements for the further development of the product – if 
necessary. A second key pillar in the project was the intensive involvement of the 
RODOS Users Group (RUG) in the research activities. In particular all work packages 
related to the further improvement of the RODOS system have been observed by the 
RUG. In some of the work packages, the RUG was involved from the beginning and 
participated even in the design documents for the software development. Both 
mechanisms, the demonstrations and user involvement, guaranteed that the end user’s 
perspective was considered throughout all phases of the EURANOS project.  

Introduction 
Since the Chernobyl accident, considerable effort has been made in improving 
emergency management in Europe following nuclear incidents or accidents. However, 
many of these methods and information technology (IT) tools developed either 
nationally or under the EC’s 4th and 5th Framework Programme are still not fully 
operational or not disseminated all over Europe. As a consequence, the EURANOS 
(European Approach to Nuclear and Radiological Emergency Management and 
Rehabilitation Strategies) project was initiated to increase the coherence and 
effectiveness of nuclear and radiological emergency management in Europe including 
the rehabilitation of contaminated areas. From the beginning it was obvious that such a 
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task can only be accomplished successfully when Research and Technological 
Development (RTD) institutes, end-users and other stakeholders work together focusing 
on methods and tools that could be used operationally all over Europe. 

The overall goal of the project was the enhancement of the technical, 
methodological and strategic approaches for national and cross-border emergency 
management and rehabilitation in Europe, what could progressively lead to the 
establishment of a European Platform for emergency management and rehabilitation 
strategies. 

This could only be achieved with a large number of partners and when those 
responsible for nuclear or radiological emergency management and rehabilitation 
strategies within their countries and the Research Institutes developing methods, IT 
tools and strategies work closely together. Within the EURANOS project, 50 partners 
(17 national emergency management organisations and 33 research organisations) from 
22 countries established a comprehensive working platform that covered all parts of 
Europe (see Figure 1). 
 

*    1
26 Jan 2004

RTD institutes

National Emergency
Management 
Centres

 
 

Fig.1. European coverage of the EURANOS project. 

The work program of the EURANOS projects was structured in such a way that 
end products of research activities were continuously demonstrated by the operational 
community. This provided immediate feedback on the operation and usefulness of new 
methods, IT tools strategies and guidance (see Fig. 2). 

Third European IRPA Congress 2010, Helsinki, Finland

S10 S10-03



1545

Session 10: Nuclear and radiological emergencies and incidents – Oral presentations
Raskob, Wolfgang and Gering, Florian
How user involvement improves decision support: Experiences from the EURANOS project

Demonstration activities

PHASE 1
first 24 months

PHASE2
> 24 months

RTD results
of FP5

User 
driven and  

and new
RTD work

RTD 
activities

RTD 
activities

Demon-
stration
activities

Demon-
stration
activities

RTD activities

The objective of the demonstrations was to - using the feedback from expected 
future users - identify which of the tools, methods and approaches need further 
development and refinement. The scope of the demonstration activities in the 
EURANOS project encompasses activities in the various RTD work packages. In each 
of these work packages, the tools (in some cases specific elements of the tools), 
methods and approaches have been demonstrated under conditions which reflected as 
close as possible future operational uses of the tools demonstrated. 

As one of the aims of EURANOS was to improve the operational use of the 
RODOS (Real-time On-line Decisions Support) decision support system (Ehrhardt, 
2000), the RODOS Users Group (RUG) has been established as a discussion and 
interaction forum for co-ordinating and managing activities related to the demonstration 
and enhancement of the RODOS system and for providing essential feedback to the 
developers. 

This combination of the user interaction via the demonstration projects and via 
the RUG as forum was one of the pre-conditions for the success of the EURANOS 
project. 

Demonstration Projects 
Demonstration activities were subdivided into two phases. In the first two years of the 
project (phase 1), either products from former research programs were demonstrated or 
products that were accomplished in the beginning of the various RTD activities of 
EURANOS. In the second phase, demonstrations focused on those produced realised 
within the EURANOS project only. 

The demonstrations carried out within Phase 1 focused on the RODOS system. In 
particular the rather complex user interaction with the system was criticised in light of 
the continuously decreasing manpower and resources in emergency centres. Therefore, 
the use of the system has to be guaranteed also with a limited number of operators not 
deeply familiar with the RODOS system.  

Fig. 2. Structure of the interaction between RTD and demonstration activities within phases 1 and
2 of EURANOS. 
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In the second phase, demonstrations focused on the usability of the decision 
aiding component of the RODOS software, small scale exercises dealing with releases 
other than from a nuclear power plant and the two handbooks on assisting in the 
management of contaminated food production systems and contaminated areas, which 
have been developed within the EURANOS project. In these two demonstrations of the 
generic handbooks not only the final product was exercised but also the process how to 
establish the best environment for the usage of these handbooks. This comprised the 
set-up of stakeholder panels which are an integral part of the successful application of 
the handbooks following a nuclear or radiological emergency. The two handbook 
demonstrations provided valuable feedback for the further improvement of the final 
documents available by the end of the EURANOS project. The final demonstration was 
devoted to the re-engineered RODOS system. The following list provides an overview 
on the seventeen demonstrations carried out. 
 
Title Objective of the Demonstration 
Probabilistic Estimation of Source 
Terms from in plant data (SPRINT) 

To demonstrate the use of SPRINT within the emergency 
organisation (plant or site-level as well as national level) to 
determine the feasibility of this tool for early prediction of the 
source term and to resolve related issues.  
To determine the appropriateness and related conditions for 
operational use of SPRINT  
To collect feedback from plant operators, TSC staff and decision 
makers (a/o authorities) in order to produce recommendations on 
further refinements or enhancements needed. 

Networking and processing of on-line 
data in decision support systems 

To verify the operability of the systems and including the 
compatibility of the formats to enable RODOS system to adopt the 
data and use it in its predictions: Specifically, the aims of the 
demonstration are to verify: 
• Transmission of on-line radiological and meteorological data 
from monitoring systems 
• Request and transmission of meteorological forecasts from 
national weather services 
• Further processing and adoption of both types of data within 
RODOS, in particular in the different operating modes. 

Visualisation and evaluation of on-
line data in decision support systems 
(RtGraph) 

To evaluate RtGraph, RODOS’ data visualisation tool for its 
usefulness and possible uses by emergency support organisations. 
To provide specialized user’s perspective feedback to the 
development of the RtGraph on possible needs and ways to 
enhance and optimise the products to achieve the functionality 
needed. 

User interfaces of decision support 
systems 1 – UI provided with patch 
6.0 

To assess the adequacy and usefulness of the RODOS user 
interface that was delivered within the RODOS patch #6. 

User interfaces of decision support 
systems 2 – RODOS Lite 

To assess the adequacy, usefulness and robustness of the new 
RODOS Lite user interface. 

Adequacy of the system results and 
their forms of presentation within the 
decision making process 

To establish to which extent RODOS (or another DSS) fulfils the 
needs of an emergency centre in providing the information that is 
needed for the support the decision making during various phases 
of nuclear emergencies. 

Operation of decision support 
systems in a cluster environment with 
remote users of different access 
rights within one country 

To demonstrate the use of the RODOS system with a central 
installation of the system in a national cluster with several external 
(i.e. remote from the central installation) RODOS users with 
different roles and rights. 
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Title Objective of the Demonstration 
Shared use of and data exchange 
between decision support systems 
installed in neighbouring countries 

To demonstrate the use of the MODEM server for the exchange of 
information between countries using decision support systems, 
RODOS and ARGOS in this case.  
To investigate the benefits and possibilities to enhance the decision 
support while continuously (i.e. discretely, but in relatively short 
intervals) obtaining the data for a country where an accident 
occurred, and using those within RODOS. 

Evaluation of the appropriateness of 
the ASTRID system for source term 
estimations based on in-plant data 

To evaluate if the ASTRID system answers to potential end-users 
needs in emergency situation. 

Small projects To demonstrate the usability and usefulness of RODOS to support 
the decision making related with releases other than major NPP 
accidents. 

Testing atmospheric capabilities of 
RODOS system installations through 
ENSEMBLE atmospheric dispersion 
exercises 

To explore in RUG or elsewhere the interest in the emergency 
management community for having access to results for food 
concentrations, intervention levels, etc, of a similar form to those 
in ENSEMBLE for air concentration and deposition and second to 
attract all emergency management organisations to make use of the 
ENSEMBLE facility and to test the implementation and use of the 
MATCH model (inside RODOS) in the various countries 

Demonstration of the usefulness and 
usability of the evaluation techniques 
in RODOS - Web-HIPRE 

To demonstrate the usefulness and usability of the Web-HIPRE 
(Hierarchical PREference analysis in the World Wide Web) Java 
applet for decision analytic problem structuring, multi-criteria 
evaluation and prioritisation as part of the RODOS system for the 
later phase problems 

Application of the MOIRA DSS to 
evaluate rehabilitation strategies for 
contaminated freshwater bodies at the 
local or regional levels 

Testing the applicability of the MOIRA system for the definition 
and analysis of a variety of appropriate strategies for the long-term 
management of contaminated freshwater bodies, for both lakes 
(local scale) and rivers (regional scale). Testing the validity of the 
MOIRA system as a tool in the decision making process able to 
incorporate inputs from different ranges of stakeholders. 

Demonstration of the usefulness and 
suitability of the hydrological 
dispersion module (HDM) 

To assess whether the use of hydrological dispersion model 
(rivers) is of interest for emergency preparedness and how such a 
model would enable faster and better decision making at 
emergency centres. This was exercised with the help of a Polish 
case study 

Generic Handbook for assisting in 
the management of contaminated 
food production systems in Europe 

The first part of the demonstration aimed at testing the usefulness 
of the Handbook for developing a management strategy for one or 
more scenarios involving contamination of the foodchain. The 
objective of the second part of this demonstration was to assess the 
value of engaging stakeholders in applying the Handbook. 

Generic Handbook for assisting in 
the management of contaminated 
inhabited areas in Europe 

To test the usefulness of the Handbook for developing a 
management strategy for one or more scenarios involving 
contamination of an inhabited area 

Basic Evaluation of JRODOS To evaluate the reengineered RODOS system software, from the 
perspective of its usability and its robustness. Further to 
corroborate that the RUG requirements for the reengineered 
RODOS software are adequately addressed. 

 
A demonstration project consisted of three main steps. First, the demonstration 

notebook was created which defines the main tasks to be carried out during the 
demonstrations and identifies the evaluation criteria. The second step was the 
demonstration itself which was performed either by individual organisations or in 
clusters of countries (which was the case for the demonstration of data exchange 
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between decision support systems installed in neighbouring countries). Finally, the 
findings were summarised and evaluated resulting in recommendations from the 
operational user community how to proceed further with the tool demonstrated. 

Key demonstrations related to RODOS were devoted to the revised user interface 
(RODOS-Lite) and the re-engineering of the RODOS system.  

RODOS-Lite 
In the first phase, the demonstration of the user interface resulted in a complete 
restructuring and improvement of the design, layout and IT-basis of the interface. From 
the beginning, even in the design phase, the RUG was heavily involved and interlinked 
with the research team. The RUG provided guidance in all aspects related to the 
operational use of such input forms. They also defined used cases describing the 
functional specifications needed for their operational application in their emergency 
centres. The demonstration thus focused on the fact to which extent the requirements set 
up by the end users had been realised in the final product. This final product, named 
RODOS-Lite user interface, was and is an integrated part of the RODOS system in all 
its realisations, either on HP, Linux or, with the re-engineered system, also Windows 
operating system. 

Most of the RODOS users participated in the demonstration. At the end 12 
organisations from 9 countries delivered individual reports with detailed information on 
the demonstration and findings that were forwarded to the software developers for 
further improvement of the product. In general it was concluded, that the RODOS-Lite 
user interface met the objectives defined at the start of the development pahse. 
Furthermore, it is applicable also for those users with little RODOS knowledge or even 
for fully untrained users. 

JRODOS 
With the ongoing EURANOS project, the RUG decided to request a fully re-
engineering of the RODOS system. This was partly caused by the success of the 
RODOS-Lite interface demonstrating the capabilities when using state of the art IT 
technologies and modern design aspects. Therefore, two years before the end of the 
project, re-engineering of RODOS started focusing on a complete restructuring of the 
operating system but aiming to leave the simulation models unchanged. The new 
version should be JAVA based and thus applicable under the Linux and the Microsoft 
WINDOWS operating systems. The new version was named JRODOS. As RODOS 
was an important part of EURANOS, the success of the re-engineering of the RODOS 
system was important for the success of EURANOS in general. To demonstrate and 
evaluate the re-engineered RODOS system, four months before the end of the project, a 
demonstration was scheduled with the aim to assess the installation, overall 
performance and robustness of the new version and to test all functionalities by 
applying it to exercises or test runs. The assessment was expected to be done also in 
comparison to existing HP-UX/Linux installations of RODOS. 

The number of participants was the highest among all demonstration projects. 15 
organisations participated and issued either individual or combined reports with their 
main findings. There was a clear positive outcome of this demonstration project. Most 
of the participants concluded that JRODOS would be the version of RODOS that will 
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be used in future in their emergency centres. However, some recommendations should 
still be considered. In this way, this demonstration highlighted the positive feedback of 
the users’ involvement from the beginning of the RTD project and via the 
demonstration up to the final product. 

RODOS Users Group (RUG) 
When starting the EURANOS project, the Management Committee realised quite soon 
the importance of the end users’ integration into the feedback loop – via the 
demonstrations – but also into the software development projects themselves. Therefore 
an imitative was started to create the RODOS Users Group in the first year of the 
EURANOS project. Furthermore, the chair person of the RUG became a member of the 
EURANOS Management Committee. This assured that feedback from this side was 
always represented at the highest level of management of the project. 

The objective of the RUG during the EURANOS project was to provide RODOS 
system users with assurances that their experience and their demands was adequately 
considered. The aim was also to assure that there is a long lasting commitment of the 
RODOS developers to ensure proper operation and maintenance of the system for the 
future. To stimulate the feedback expected from the RUG, a strong interaction with the 
demonstration activities within EURANOS project had been established. 

Specific aims of the RUG included: 
 To provide a platform through which the members of the RUG can 

communicate their views, needs and comments and exchange their 
experience related  with all elements of the RODOS system and its use, in 
particular provide response and guidance on refinements to make the system 
more user friendly and for any future developments of RODOS. 

 To contribute to, to discuss and to approve the evaluation reports of the 
individual demonstration projects.  

 To establish reports on RODOS users’ requirements and views to the 
EURANOS Management Committee, and to provide advice on specific 
questions of the Management Committee, such as on planned directions for 
improvements / development. 

 To share experience gained while integrating RODOS in the national 
emergency management arrangements, and to enable RUG members to 
enhance their own arrangements. 

 To identify best practices, to share technical know-how and organisational 
solutions, software developments and data bases and their implementation, 
and to provide mutual support, particularly on a regional basis. 

 To share practice and solutions related with use of RODOS for training and 
in exercises. 

 To provide a forum through which the members of the RUG can network 
with each other, independent of the RUG’s activities. 

 To establish contacts to the User Groups of other decision support systems 
within Europe (ARGOS and RECASS) and overseas and/or to emergency 
management organisations not involved in the EURANOS project. 

 Strive at reaching compatibility of the RODOS system with other decision 
support systems. 
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 To ensure sustainability of the RODOS decision support system after the 
end of the EURANOS project through the establishment of maintenance 
procedures and sustainable arrangements between the users and the 
developers. 

 Promote the use of RODOS in Europe. 
 
Members of the RUG participated in all demonstrations related to the RODOS 

systems. From the beginning, the user interaction with the system was of highest 
concern for the RUG. In a first step the RUG participated in the development of the 
RODOS-Lite user interface promoting state of the art IT technologies with its 
implementation in JAVA (object oriented programming language). The RUG requested 
functionalities for a direct error management of the user’s input and consequent 
guidance of the user through a series of easy to understand input frames. In a second 
step, the RUG laid down their requirements for the re-engineering of the RODOS 
system in a long “wish list”, in which priorities for the various requirements were 
provided, general demands were listed and more detailed requests were developed for a 
list of 16 use cases, which described typical applications of the system in an emergency 
centre. Especially important for the RUG were the following topics to be considered in 
the re-engineering: 

 User friendly and intuitive graphical user interface with low training 
requirements and easy, consistent and neatly arranged user input forms 

 Graphical representation of results that meets user requirements (e.g. 
integration of GIS functionalities, multi-lingual, annotated, etc.) 

 Easy system administration and low maintenance costs 
 Technical support including hot-line, web page (properly managed, 

supervised and kept actual, with notification on news etc.) for download 
both updates, patches, new versions etc. and guides and manuals, FAQ 
section 

 Easy way of integrating external simulation modules in a framework with 
clearly defined interfaces 

 
The RUG also requested that intermediate prototypes should be released for 

immediate testing. With this prototyping the RUG assured that new features introduced 
in one prototype could be immediately tested and feedback from the tests could be used 
in the development of the next prototype. This feedback loop via the numerous 
prototypes released within the two years of the re-engineering guaranteed that the 
development followed the requests and recommendations of the operational end users. 

Due to the successful cooperation within the RUG and in between RUG and the 
RODOS developers it was decided among the RUG members to keep this group alive 
even beyond the end of the EURANOS project. For the future it is planned that the 
RUG becomes a part of the emerging European Platform NERIS (see further down). 

Conclusions 
When evaluating the results of the EURANOS project, one can conclude that the 
project successfully accomplished most of the objectives defined in its working 
program. This success is clearly the result of the demonstration projects as focal point 
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for the application oriented RTD activities and the intensive interaction with the end-
users organised in the RUG. Both have led to significant modifications of the working 
programme from the beginning of the project. They initiated in particular the 
development of the user friendly input interface RODOS-Lite and the complete re-
engineering of the RODOS system focusing on modern IT-technology and enhancing 
the system to be used as an information platform for tools related to emergency 
management and rehabilitation. In this way, the new concept of involving end users 
from the beginning in a research project has been the key of success of the EURANOS 
project and will build a perfect basis for any further development of decision support 
systems. This success can be also seen in the emerging European Platform on 
Preparedness for Nuclear and Radiological Emergency Response and Recovery 
(NERIS) that will be established as part of the IRPA 2010 congress. In NERIS, for the 
first time research and operational community will form a sustainable platform aiming 
to sustain the current high achievements and further improve emergency management 
and response in Europe. 
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Abstract  
Large scale activities aimed at decommissioning of a great number of Naval radiation-
hazardous facilities are being implemented in Northwest Russia throughout the last 
decade. One of the key elements of safe decommissioning is preparedness to response 
to possible radiological accidents. Therefore, a modern emergency response system in 
the Murmansk and Arkhangelsk Regions are an obligatory element ensuring protection 
of population and territories in case of radiological accidents at facilities connected to 
nuclear submarine decommissioning, spent nuclear fuel (SNF) and radioactive waste 
(RW) management.  

The paper describes the basic results of the international project “Enhancement of the 
Radiation Monitoring and Emergency Response System in the Murmansk region” 
implemented in 2005-2008 by the Energy Safety Analysis Centre of IBRAE RAS. The 
Project was funded by the Northern Dimension Environmental Partnership Support Fund - 
Nuclear Window. The Government of the Murmansk Region was the customer and 
beneficiary of this activity. The same project was started in Arkhangelsk region in mart 2009.  

Introduction 
The key objective of the Project is the cardinal improvement of the Radiation 
Monitoring and Emergency Response System in case of accidents at radiation 
hazardous facilities  related to NPS dismantlement and RW, SNF management. The 
project is directed to the increase of emergency response  forces and techniques 
preparedness, the minimization of possible radiation accidents effect, the increase of 
efficiency of decision-making and the implementation of actions related to population 
and environment protection. Radiation-hazardous facilities integrated into the radiation 
monitoring and emergency response system of the Murmansk region are given in Fig. 1. 

                                                 
1 Presenting author ,  E-mail :k is@ibrae.ac.ru 
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Fig. 1. Radiation-hazardous facilities integrated into the radiation monitoring and emergency 
response system of the Murmansk region. 

The Project Objective are: 
– creation of Regional Crisis Center(RCC) in Murmansk region and Crisis 

Center of FSUE SevRAO; 
– creation of program and technical system of operative expert support to 

make decision concerning the personnel, population and areas protection; 
– development of existing and creation of new automated radiation 

monitoring systems (ARMS) at the areas of the enterprise and facility 
including the mobile systems of radiation survey; 

– creation of communication systems and lines for data transfer, collection, 
processing, storage and representation for emergency response participants 
at facility, regional and federal levels and creation of operative expert 
support system of RCC of Murmansk region and  FSUE SevRAO on the 
basis of Technical Crisis Centre(TCC) of IBRAE RAS. 

Functional Diagram of Emergency Response System in Murmansk Region is 
given in Fig. 2. The main activities in the Project framework included the 
modernization of the existing and creating ARMS for facilities and territories, including 
mobile radiation surveillance laboratories; establishment of the RCC of the Murmansk 
region and the Crisis Centre of the FSUE SevRAO; setting up communication systems 
for transfer, acquisition, processing, storage and presentation of data for participants of 
emergency response at the facility, regional and federal levels; development of software 
and hardware systems for expert support of decision-making on personnel, population 
and environment protection; and establishment of a system for expert support of the 
created centres by the TCC of IBRAE RAS. 
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Fig. 2. Functional diagram of emergency response system of  the Murmansk Region. 

The Regional Crisis Centre(RCC) 
The Regional Crisis Centre is created for the information and technical support of the 
Regional Administration, expert groups and commissions responsible for development 
and decision making for population and area protection in case of emergency at the 
nuclear and radiation hazardous facilities. In routine activity RCC carries out the 
operative monitoring of radiation environment at the local area, planning and control of 
measures for emergency situation prevention, trials and exercises. RCC includes the 
Contingency Center of  the Government of Murmansk area, Crisis Center of Civil 
Defense, Emergency and Fire Protection Agency, Data Collection and Processing 
Center of Murmansk Agency of the Federal Hydrometeorology and Environmental 
Monitoring Service. 

All parts of RCC are equipped with modern equipment and communication 
channels to organize the information interaction with local enterprises, regional and 
federal structures of the executive power. 

 
The key tasks of the RCC: 

 The information and technical support of the regional administration 
 Agencies responsible for decision making under the minimization and 

elimination of the radiation accident effects; 
 Planning and control of measures aimed against the accidents for the region 

as a whole; 
 Current monitoring of key parameters of radiation situation at the overall 

area of the region; 
 Provision of the interaction between participants of emergency response 

system at local, regional and federal levels; 
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The key tasks of the Contingency Center: 
 Operative information provision about current situation in emergency area 

to the regional administration, operative cooperation with the Commission 
on emergency situation in the region, regional and federal executive bodies 
and enterprises; 

 Daily information provision about emergency situation prevention measures 
to the regional administration, control of potentially dangerous facilities and 
environment of the region; 

 Public information. 
The key tasks of the Crisis Center of Civil Defense, Emergency Situations and Fire 
Protection Agency: 

 Information and technical support of the regional commission on 
emergency situations and the Government of Murmansk area in daily and 
emergency modes; 

 Planning and control of commission and execution of actions against the 
emergency situations for the region as a whole; 

 Operative monitoring of key parameters of radiation situation at overall 
region including  mobile laboratories of radiation survey; 

 Support and development of information and program technical resources, 
provision of communication facilities operation and data exchange. 

The Major Tasks of Data Collection and Processing Center: 
 Collection, accumulation, processing, analysis, submission and transfer of 

the radiation situation data of  local ARMS; 
 Processing of current data about meteorological situation in the region and 

prognosis 
 Provision (in case of the radiation situation); technical support and 

development of local ARMS; assessment and prognosis of air and water 
radionuclides transfer including Tran boundary one (together with 
Information Analytical Center of Rosgidromet). 

Crisis Center of SevRAO 
Crisis Center of  SevRAO is intended for support and information reaction at the level 
of radiation hazardous facilities located at the area of the enterprise engaged in nuclear 
fleet decommission, RW and SNF management and the infrastructure facilities 
remediation. There are three branches in SevRAO, i.e. the former coastal technical 
bases of the Navy in Andreeva Bay and Gremikha and reactor compartment storage 
facility in Saida Bay. Crisis Center of SevRAO is formed on the basis of the enterprise 
in administration in Murmansk. The key tasks of the Center: 

 Operative monitoring of main parameters of the radiation situation at the 
area of the enterprise branches; 

 Planning and control of measures against the emergency situations at the 
branches of the enterprise; 

 Assessment of situation, elaboration of recommendations and technical 
support of Commissions on Emergency Situations of SevRAO and branches 
in emergency situations; 

 Information coordination with Rosatom; 
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 Information interchange between participants of emergency response 
system including the  interaction with Regional Center of Murmansk area, 
Contingency Crisis Center of Rosatom and TCC of IBRAE RAS. 

Information and Technical Complex of Crisis Centers  
Information and Technical Complex of Crisis Centers includes: 

– software: data bases, informational systems of radiation hazardous facilities 
condition, scenario of possible accidents, plans of the personnel and 
population protection, electronic maps, design simulated systems of 
prediction and assessment of the radiation situation with radioactive waste 
release in the atmosphere, water pollution assessment system (coastal water), 
engineering application programming of radiation dose and contamination 
assessment, display facilities of radiation monitoring system data; 

– hardware: videoconference system, audio video presentation equipment, 
modern automated working places for the personnel, server and 
communication equipment, no break power system; 

– communication facilities: office automatic exchange, automated warning 
system, fiberoptic communication lines between Crisis Centers; 
communication facilities with centers of the Federal level; satellite network 
for Rosatom data transfer; duplicated communication lines. 

The certain set of the program and information facilities are used in the Crisis 
Centers depending on specific features of work. For example, the systems of assessment 
and prediction of radiation accident effects to the personnel, coastal sites and controlled 
areas are installed in the Crisis Centre of SevRAO. Centralized Information Exchange 
System of Murmansk Hydrometeorology and Environment Monitoring Agency 
provides the opportunity of operative processing of data concerning the radiation 
monitoring and prediction of air, water transboundary radioactive waste transfer. 

In the Crisis Centre of Civil Defense, Emergency Situations and Fire Protection 
Agency it is possible to carry out the preparation of recommendations, concerning the 
population and areas protection measures with help of computer systems.  

Murmansk Territorial ARMS  
Murmansk Territorial ARMS are designed for online data collection about the radiation 
situation in Murmansk region, information of the regional and the Federal executive 
bodies and population. Murmansk Hydrometeorology and Environment Monitoring 
Agency is assigned by the corresponding legislative acts as the center of operational 
data accumulation, storage and the primary analysis. Within the framework of the 
project the works on Murmansk territorial ARMS elaboration including the 
development of new and updating the existing software of the system, the installation of 
23 new automaticdose-rate measuring  points at area of the region, the installation of 9 
automatic meteorological stations, the installation of modern computer and 
communication equipment in Murmansk administration of the Federal 
Hydrometeorology and Environmental Monitoring Service have been carried out. 

Location of monitoring stations of the Murmansk  Regional Radiation Monitoring 
System is given in Fig. 3. 
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Under the initiative of Rosenergoatom Concern the integration of the existing 
ARMS of the supervised area of the Kola atomic power station in the territorial system 
of Murmansk region is provided. Simultaneously the staff of the local Crisis centre of 
the Kola NPP has got the access to the measurement data of the territorial ARMS of 
Murmansk area. 
 

 
 
Fig. 3. Location of monitoring stations of the Murmansk Regional Radiation Monitoring System. 

Mobile radiation surveillance Laboratories( MRL) 
Four mobile radiation surveillance laboratories (MRL) are designed for operative 
radiation surveillance duties in case of radiological emergencies. 

Capabilities: detection and localization of radioactivity sources and contamination; 
sampling and express-analysis of soil, air and water samples; determination of the 
characteristics of contamination; mapping of the boundaries of contaminated areas; 
transmission of measurement data to crisis centers in a real-time mode.( fig.4). 

MRL equipment includes: measurement equipment stationary and portable 
gamma-spectrometer installations, dosimeters, alpha-, beta-, and gamma radiometers, 
sampling equipment; computer and communication equipment Inmarsat satellite 
terminal, cellular telephone communications, VHF radio station, GPS satellite 
navigation system, industrial computer and an auxiliary laptop, photo and video 
equipment; specialized software; auxiliary equipment vehicle power supply system, 
including petrol generator, and adaptation of the equipment to climatic conditions; 
working clothes and deactivation equipment. 
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Fig. 4. Location Mobile Radiation Laboratory( MRL). A fragment of data transferred from MRL 
System. 

System of scientific and technical expert support 
Now the Technical Crisis Centre of  IBRAE RAS carries out the scientific  and 
technical, expert support of Contingency Crisis Center of Rosatom, National 
Emergencies Management Center of the Ministry of Emergencies of Russia, the Crisis 
Centre of Rosenergoatom Concern, Information Analysis Center of Rostehnadzor, the 
enterprises, the regional bodies of the emergency situation prevention and elimination  
The basic functions of Technical Crisis Centre at the Northwest of Russia are: 

– Expert support of the Crisis Centers personnel and development of 
recommendations on  minimization of emergency situation radiation effects 
for the personnel, population and areas of the region; Scientific, methodical 
and technical support of actions on forces and emergency response 
equipment readiness in the course of the exercises and trials included; 
Scientific, information, methodical and technical support for creation, 
development and introduction of new hardware and software systems for 
the support of administrative decisions concerning the protection of the 
personnel, population and areas in case of emergency situation. 

The development of the territorial ARMS  is carried out in Murmansk, 
Arkhangelsk, Kursk, Tver, Kaluga regions and Moscow in the framework of Rosatom, 
EMERCOM, Rosgidromet and IBRAE  RAS cooperation as well as with Russian 
Federation Subjects agreements. There is a public site (Radiation Situation at Rosatom 
Enterprises) (www.russianatom.ru)  created by Rosatom and IBRAE RAS. ( fig 5). 
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Fig. 5 The Internet Site Screen (Radiation Situation at Rosatom Enterprises). 

Command staff exercise Zapolyarie 2007 
Exercise “Zapolyarie-2007” in October 2007 demonstrated operability of all created 
elements and interaction of all participants of emergency response in the Murmansk 
Region.  

All stated objectives of Zapolyarie 2007 Exercise have been reached. The 
interaction of emergency response system elements of Murmansk region and Murmansk 
territorial subsystem of the Unified State System of Emergency Situation Prevention 
and Elimination has been fulfilled. The exercise showed the steady work of all 
automated systems, communication lines under working in various modes. Data of 
current situation were operatively transferred to the exercise control body and all 
participants of the exercise (data from exercise area : branch No.1 of SevRAO, local 
and territorial ARMS, mobile laboratories). The interaction of all parts of emergency 
response system of Murmansk region and Murmansk territorial subsystem of the 
Unified State System of Emergency Situation Prevention and Elimination was 
completed. 

The exercise was acknowledged as very successful by the management of the 
Murmansk Region and observers of IAEA mission. An IAEA mission, while assessing  
the emergency response status in the Murmansk region, confirmed a high level of 
preparedness and recommended the system established for further expansion. 
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Radiation Monitoring and Emergency Response  
System Upgrading in Arkhangelsk Region 
In March 2009 the Agreement of the similar project implementation in Arkhangelsk 
region was signed with EBRD. There are some radiation dangerous facilities where 
works with Spent Nuclear Fuel (SNF) and Radioactive Waste (RW) are carried out. The 
key facilities are in Severodvinsk, Russia. Such facilities are: Zvezdochka Shipyard, 
Sevmash Shipyard, and Mironova Gora (radioactive waste storage facility). 

Safety measures in the radiation emergency situation of the regional scale are taken at 
the local level in accordance with the Federal Law No. 68_  dated December 21,1994 
and regulatory documents (the RF Government Decree No. 794 dated December 30, 2003). 
In case of emergency situation at the radiation dangerous facilities the Administration of 
Arkhangelsk region is to solve the problems of population protection, information delivery 
and intercommunication at the interregional level with the Administration of the 
neighboring Russian Federation Subjects, Authorities of the Federal Districts and Federal 
structures of the executive bodies. The Emergency Response Commission of Arkhangelsk 
region renders the decision on counter measures Implementation  The system will comply 
with requirements of the Russian legislation and the international practice of the radiation 
monitoring and emergency response system organization. 

One more key objective of the Project is the provision of the total radiation 
situation information to the population and public authorities at Arkhangelsk region and 
the transfer it to the neighboring states in accordance with the international obligations. 
The Project implementation will allow carrying out the sustained radiation 
environmental monitoring, the measurements for the short time radiation dangerous 
works execution period at the enterprises and obtaining data about the radiation doses at 
the areas contaminated as  the result of the radiation accident. 

In the framework of the emergency response system development the creation of 
the local and two site ARMS, the delivery of the MRL is of the highest priority. These 
systems are the important parts of the modern early warning and emergency response 
system for the enterprises and the Russian Federation subject. The system is to be 
integrated with similar system of Murmansk region. 

The main scope of Project works will be completed for 20–24 months. It gives six 
months  more for trial operation of subsystems, operators training and systems 
upgrading. Throughout 30 months the system is to be ready for operation as a whole. 
The system operation is to be carried out by owner. 

Conclusions 
NDEP-003 project is incomparable in Russia in terms of the covered territory, the 
number of radiation hazardous facilities and facilities participating in the international 
and Russian programs aimed at NS decommissioning and management of SNF and 
RW. The implementation of the Project provides the Murmansk Region with modern 
systems of radiation monitoring, informational, analytical and operative expert support 
of regional authorities in planning and executing activities  on protection of the 
population in case of radiation accidents. 
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By considering the successful experience in Murmansk region the State 
Corporation Rosatom management included the works concerning the creation of 
similar systems in the regions of nuclear and radiation dangerous facilities location in 
the Federal Target Program (Nuclear and Radiation Safety in 2008 and to 2015). 
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– A regional concept for emergency planning  
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Abstract 
The Chernobyl accident 1986 lead to number concrete steps that were taken worldwide 
aiming at enhancing the preparedness for Nuclear and Radiological Emergencies. One 
of these steps was the establishments of bilateral agreements and associated practical 
arrangements between Denmark, Norway, Finland and Sweden on Early Notification 
and Information Exchange. This in turn lead to an understanding of the feasibility of 
setting up an organised form of cooperation between the Nordic nuclear and radiation 
safety authorities on emergency preparedness matters. This cooperation was formally 
established in the year 1993 and has over the years rendered a regime for regular 
communication tests, good cross boarder knowledge and understating of the set-up in 
our countries, detailed arrangements for the practical implementation of the bilateral 
agreements and a lot more. The presentation will describe the historical background of 
NEP, show its present agenda, work process and highlight some of results achieved. 
The overall objective of the presentation is to, by using the NEP cooperation as an 
example, show the value a good and structured regional cooperation on an institutional 
level could add to existing international agreements and arrangements.  
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Abstract 
The Incident and Emergency Centre of the International Atomic Emergency Agency is 
the global focal point for preparedness, event reporting and response to nuclear and 
radiological incidents and emergencies irrespective of their cause.  

The Centre continuously works to develop standards and guidance for 
strengthening Member States’ preparedness; practical tools and training programs to 
assist Member States in promptly applying the standards and guidance; and organizes a 
variety of training events and exercises. Lessons learned from response to past 
emergencies form the basis for developing such standards, guidance and tools. Together 
with the experts from the Member States and the ICRP the IEC made efforts to develop 
the generic and operational criteria for application in preparedness for and response to a 
nuclear and radiological emergency. A rigorous examination of the response to past 
emergencies has shown that there is a need for international guidance on taking 
protective and other response actions and for placing a guidance in a context that is both 
comprehensive for the decision makers and can be explained to the public. So the 
criteria developed are accompanied by the plain language explanation. In addition these 
generic criteria are developed in the way that there application will ensure consistency 
with the concept of reference levels presented in the ICRP 103. 

The Centre evaluates national plans and assists in their development; facilitates 
effective communication between countries; develops response procedures; and 
supports national exercises. The Centre provides access to multiple information 
resources; assess trends that may influence crisis and consequence management plans 
and response; and develops and continuously enhances methodology for identifying 
conditions needed for early warning and response. The Centre provides around-the-
clock assistance to Member States in dealing with nuclear and radiological events, 
including security related events through timely and efficient services and the provision 
of a coordinated international response to such emergencies. 
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3 SCK•CEN – Belgian Nuclear Research Centre, BELGIUM 
4 Enviros Consulting Ltd., UNITED KINGDOM 
5 HPA – Health Protection Agency, UNITED KINGDOM 
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Abstract 
In the aftermath of the Chernobyl accident European national emergency response plans 
were focused on dealing with accidents at nuclear power plants. The perception of the 
increased threat has shifted the focus to being prepared also for malevolent use of 
ionising radiation. The European Commission through the Euratom Sixth Framework 
Programme was co-sponsoring a specific targeted research project aimed at producing a 
practicable handbook for an adequate response to such incidents (TMT Handbook). The 
handbook gives advice on how to prepare the response for such incidents and how to 
handle the situation both at the scene of the incident and at the hospitals. Advice on 
public health interventions including criteria for the long term follow up are also 
described. 

1 Introduction  
Until recently European national emergency response plans focused on accidents at 
nuclear power plants. Several terrorist acts carried out by disaffected groups have 
shifted the focus to being prepared also for malevolent use of ionising radiation aimed 
at creating disruption and panic in the society. The casualties of these kinds of acts will 
most likely be members of the public. The radiation exposure can range from very low 
to substantial and it could be combined with conventional injuries. It might also be the 
case that the magnitude of the incident is such that the national response capability is 
overwhelmed, calling for international assistance. 

The European Commission through the Euratom Sixth Framework Programme 
was co-sponsoring the specific targeted research project TMT handbook. The main 
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objective of this project was to produce a practicable handbook for the effective and 
timely triage, monitoring and treatment of people exposed to radiation following a 
malevolent act. The TMT handbook project started with the collection of already 
published material to identify useful practices and provide a basis on which to develop 
clear guidance that was consistent with the current knowledge and experience in this 
field. There are a number of recent publications that address some of the issues raised in 
responding to malevolent use of radiation. For example, ICRP Publication 96: 
Protecting people against radiation in the event of a radiological attack [1] focuses on 
protection criteria for responders and the public. US NCRP [2] provides a review of the 
consequences and management of terrorist events involving radioactive material. A 
number of international publications [3-9] including the advice for first responders [10] 
and for medical response [11] provide useful guidance on the early response and 
generic treatment options available. In addition to the published articles in journals [12, 
13, 14] there are some national guidance and protocols available. However, the 
information on triage, monitoring and treatment of people is scattered in several 
documents, especially with regard to a malevolent event scenario. As no single 
reference source existed on dealing with these issues, the need for TMT handbook was 
apparent.  

In order to produce the TMT Handbook a project consortium was drawn together 
including the Belgian Nuclear Research Centre (the project coordinator), the Norwegian 
Radiation Protection Authority, Radiation and Nuclear Safety Authority of Finland, the 
UK Health Protection Agency, the Central Laboratory for Radiological Protection of 
Poland and the World Health Organization. Enviros Consulting was acting as the 
technical secretariat for the project. The TMT handbook was drafted by the consortium 
members with input from subject-matter experts and circulated for feedback to 
European emergency response institutions that would play a part in the handling of 
malevolent acts using radioactive material. These institutions were given a consultation 
time with encouragement to test and evaluate the handbook content through national 
emergency response exercises and stakeholder consultations. A workshop was held in 
December 2008 in Lillehammer, Norway to obtain feedback from the end users on the 
content, structure and usefulness of the handbook before the final version was 
produced. The received comments and suggestions helped in improving and 
harmonising the handbook for the use in European countries. 

The TMT handbook contains both general information and detailed recommended 
actions to be taken at the scene of the incident and in hospitals by specialised response 
teams in radiation protection, monitoring, dosimetry and medical management. It gives 
advice on how to plan the response for such incidents and how to handle the situation 
starting at the scene of the incident going through the response at hospital level and 
further to public health interventions including criteria for the long term follow up. It 
also provides guidance on public information and communication strategies. The TMT 
Handbook is also a useful tool for training purposes. The aim of this paper is to give an 
overview of the contents of the TMT handbook.  
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Figure 1. The cover of the TMT handbook. 

2 Contents of the TMT Handbook 
The content focuses on topics specifically related to the triage, monitoring and 
treatment necessary to respond to a malevolent act, while ensuring the appropriate 
protection of responding personnel. It is not intended as a complete check list for first 
responders, but instructions are given for actions and it can be used in the training of 
such personnel. Nor is the handbook intended to include exhaustive descriptions of 
medical treatment of conventional injuries since hospital staff is already trained for this. 
The handbook includes twelve color-coded chapters, annexes, references and a 
glossary. 
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Figure 2. The content of the TMT handbook. 

Chapter A introduces the handbook. 
Chapter B gives an explanation on the handbook structure and guidance on how 

to use it. It is recommended to read this carefully before proceeding to chapters E to J. 
Chapters E-J give practical guidance for incidental and accidental situations. The 
structure of the handbook is such that the numbered instructions to be used by the 
incident responders are presented on the left hand pages, linked to relevant supportive 
information that is presented on the right hand pages.   

Chapter C gives a short summary of possible malevolent scenarios. The chapter 
does not include detailed descriptions of scenarios in order not to facilitate malevolent 
acts by disaffected groups. The scenarios are not meant to indicate the probability or 
possibility of any such event actually occurring. Neither should it be assumed that the 
scenarios described are an exhaustive list of the possible incidents that could occur. It is 
the responsibility of each country to carry out its own threat assessments as a basis for 
developing national radiation emergency and response plans. 

Chapter D gives general guidelines on public information and communication 
strategies. Public communication should be considered a key function in any response 
involving the malevolent use of radiation. For public communication to be credible and 
trustworthy, the organisation providing it must be seen as open and transparent. To be 
effective,  public information response should be planned in advance. These plans will 
need to be integrated within the overall planning for managing malevolent acts and 
should detail the roles and responsibilities to be carried out during the response. It 
should also be recognised that there exist cultural differences between countries and 
therefore similar means and techniques for communication may not be effective in all 
countries, any approach would need to be tailored to the specific situation and location.  
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Chapter E describes immediate actions specific to the radiological emergencies 
to be taken at the scene mainly during the first hours after notification or discovery of 
an incident. These actions include monitoring to confirm a radiation emergency, 
establishing zones and controlling the exposure situation. In the initial stages of the 
response, there will be little time to carry out detailed planning of the response, and 
minimal information on which to base such plans. The actions given in this chapter may 
be implemented automatically without the need to develop plans that are specific to the 
incident. It is advised, however, to be familiarised with the handbook content before 
using it in the field. 
 

  
 

Figure 3. Generic layout of the red and yeallow zones. 

Chapter F is dedicated to the best practice for triage and monitoring of people for 
the purpose of screening. “Triage” is the use of simple procedures for rapidly sorting 
people into groups based on (a) their degree of physical injury and (b) on actual or 
potential radiation effects on health, and the allocation of care to these people so as to 
expedite treatment and maximise the effective use of resources. Conventional trauma 
triage may be required following incidents involving the malevolent use of radiation or 
radioactive material in a public place. However, the scope of triage is broader for such 
incidents and includes a group of actions that can be termed “radiological triage”. 
These actions are intended to sort people rapidly into groups depending on actual or 
potential effects on their health resulting from radiation exposure. In the handbook the 
objectives of the triage process are presented. The term “monitoring” describes the 
measurement of radiation dose or contamination for reasons related to the assessment or 
control of exposure to ionising radiation or radioactive material, and the interpretation 
of the results.  
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Figure 4. Left: "Lap geometry" for whole body measurement with portable gamma spectrometer. 
Right: Measurement of 131I in the thyroid. These photographs illustrate the method, but when 
responding to an incident, additional measures would need to be employed, i.e. the detector would 
be wrapped in plastic film, and the subject would wear disposable gloves. Photos: STUK.  

Chapter G gives practical advice on decontamination of people in the field. In this 
chapter only the removal of radioactive contamination is considered. People who have 
only been externally irradiated do not require decontamination.  Decontamination should 
be carried out as soon as possible but does not require the same immediacy as chemical or 
biological contamination, except in extreme circumstances where the contamination is 
sufficient to cause deterministic effects. People involved in an incident where radioactive 
material is present in the environment will be prioritised for decontamination using the 
procedures detailed in chapter F. Decontamination of injured people will take place either 
in hospital or adjacent to the incident, depending on the severity of injuries.  
 

        
 

Figure 5. Demonstration of decontamination of people who need assistance. Photos: HPA. 
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Chapter H provides instructions for monitoring of ionising radiation for dose 
assessment purposes. The TMT Handbook is mainly concerned with individual 
monitoring, but the other forms of monitoring (e.g. source monitoring, environmental 
monitoring) also come within the scope of the handbook. Individual monitoring is 
monitoring using measurements of quantities of radioactive material in or on the body 
of the individual, or measurements made by dosimeters worn by individual workers. It 
includes the assessment of radiation doses from the results of such measurements. The 
main objectives of monitoring are: to quantify absorbed doses to organs and tissues for 
people exposed to radiation at a level high enough to potentially give rise to 
deterministic health effects, to provide the dosimetric information that would allow 
urgent decisions to be made to remove individuals from a source of external exposure, 
or to remove or reduce contamination on or in the body, to quantify committed effective 
doses for people with lower levels of internal contamination that could result in an 
elevated risk of stochastic health effects, to provide dosimetric information that could 
be used when making decisions on medical treatment and to quantify committed 
effective doses for people whose exposures are very unlikely to have an effect on 
health. 
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Figure 6. An example of the flowcharts in the handbook. This flowchart shows radiological triage 
based on results of external contamination monitoring. 
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Chapter I gives advice on handling of contaminated casualties and transport to 
hospital.  

Chapter J is addressed at medical doctors, nurses and other health-care workers 
who may have to manage people affected by events involving the malevolent use of 
radioactive sources and would be responsible for actions to be taken at the first referral 
hospital level concerning diagnosis, prognosis and treatment and health-care facilities 
management. The chapter includes the information on management of acute radiation 
syndrome (ARS), local radiation injuries, combined injuries and internal contamination 
including management of contaminated patients and decorporation techniques. The 
chapter highlights the critical links between pre-hospital and hospital response.  
 

  

 

 

 
Figure 7. While conservative treatment may be indicated for superficial lesions, painful deep 
ulcerations and necrosis require surgical treatment. These photos show the evolution of tissue 
necrosis after surgical treatment including artificial skin graft. Photos: courtesy of Percy Hospital 
and IRSN. For artificial skin graft photo, permission also provided by the IAEA. 

Chapter K provides guidance on public health response, including the role of health 
authorities during the emergency, initial actions to be taken, management of outbreaks of 
unusual disease attributable to radiation exposure, and criteria for long-term follow-up. 
During radiation emergencies resulting from malevolent use of radioactive sources, health 
authorities should make provisions for dealing with a large number of people who may self-
report experiencing symptoms or even as asymptomatic patients. Some people may be 
concerned about consequences of possible exposure to radiation, even if not actually 
exposed (“worried well”). Prevention and management of psychosocial effects are also 
addressed in this chapter. Psychosocial impact is one of the terrorism’s chief aims.  

Chapter L provides information on existing arrangements based on the international 
conventions for early notification and assistance in case of radiological and nuclear 
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emergencies. The proper handling of serious incidents or situations where prompt response is 
warranted in order to mitigate the effects of a perceived hazard, may require resources that 
challenge the capabilities of a single country. It is therefore important for countries to co-
operate in order to better respond to such emergencies. The international assistance 
arrangements are set up through formal mechanisms such as the IAEA’s Emergency 
Conventions, the WHO’s International Health Regulations. These mechanisms provide for 
coordination of international arrangements, while not necessarily eliminating the need for 
bilateral or multilateral agreements between countries relating to the information exchange or 
assistance. 

Annexes 1-14 contain a lot of supplementary information and practicable look-up 
tables for both the planning and the response phase: 

Annex 1:  Required facilities  
Annex 2:  Equipment required for radiological triage and monitoring purposes  
Annex 3:  Forms, questionnaires and information leaflets  
Annex 4:  Allocation of roles 
Annex 5:  Interpretation of clinical signs and symptoms  
Annex 6:  Specifying a monitoring strategy for internal contamination  
Annex 7:  Later triage and monitoring  
Annex 8:  Monitoring techniques  
Annex 9:  Biodosimetry  
Annex 10:  Action Levels  
Annex 11:  Sampling of excreta and blood  
Annex 12:  Management of internal contamination  
Annex 13:  Look-up tables for the assessment of internal doses  
Annex 14:  Methodology applied by WHO for developing guidance on health 

interventions for Chapters J and K of this Handbook  

3 Dissemination of the TMT Handbook 
At the start of the TMT Handbook project, an information leaflet was sent to all 
European emergency response organisations with specific functions to plan, coordinate 
and execute mitigating actions in response to malevolent acts involving ionising 
radiation. The leaflet informed about the project and encouraged organisations to join as 
end user. The role of the end users was to give feedback on a draft version of the 
handbook and, if possible, test the handbook in national emergency response exercises. 
End users from 16 countries participated in the project and gave valuable input to the 
draft both by correspondence and by participation at a feedback workshop arranged in 
Norway after a consultation period of about 6 months. This gave valuable input for 
adjusting the layout and content for the final, printed version. 

A training course based on the TMT Handbook was held in February 2009. The 
training was directed primarily to representatives of national emergency response 
organisations with responsibility for first response in emergency situations, hospitals and 
wider health-care infrastructure, such as public health authorities. The aim of this course 
was to enable participants to better understand the principles of management of malevolent 
events involving exposure to radiation, to strengthen national capabilities for planning and 
response to such events and to encourage participants to promote the incorporation of the 
TMT Handbook into exercise and training programmes in their countries. The course also 
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provided a platform to identify common challenges and discuss opportunities for 
harmonised and coherent response strategies within the European Union. 

The TMT Handbook was published in April 2009. The electronic version is 
available on the project’s web page: www.tmthandbook.org upon registration. More than 
one thousand users from 57 countries on five continents have downloaded the handbook 
and nearly two thousand hard copies have been distributed by the summer 2010.  

The TMT handbook will contribute to a harmonisation across Europe of the 
approaches to triage, monitoring and treatment of people exposed to radiation following a 
malevolent act. It will be also a tool to build capacity in the region as well as beyond 
Europe to be incorporated into training programmes at national, regional and global level. 

Acknowledgements 
This work was partially supported by the Norwegian Research Council and the 
European Commission Euratom Sixth Framework Programme through grant number 
FP6- 036497. We are grateful to all European emergency response organisations that 
agreed to test and evaluate the handbook as end users. 

References 
[1] ICRP Publication 96 Protecting people against radiation in the event of a 

radiological attack. Annals of the ICRP, Oxford: Elsevier, 2005. Vol 35, no 1.  
[2] NCRP Publication 138. Management of Terrorist Events Involving Radioactive 

Material. Bethesda, MD: NCRP 2001. 
[3] IAEA-TECDOC 1162 Generic procedures for assessment and response during a 

radiological emergency. Vienna: IAEA 2000. 
[4] IAEA-TECDOC 1092 Generic procedures for monitoring in a nuclear or 

radiological emergency. Vienna: IAEA 1999. 
[5] IAEA Safety Report series 2. Diagnosis and Treatment of Radiation Injuries. 

Vienna: IAEA 1998. 
[6] IAEA-TECDOC 1300. Follow-up of Delayed Health Consequences of Acute 

Accidental Radiation Exposure. Vienna: IAEA-WHO 2002. 
[7] IAEA-TECDOC 746. Rapid monitoring of large groups of internally 

contaminated people following a radiation accident. Vienna: IAEA 1994.  
[8] IAEA Safety Standards Series, GS-G-2.1. Arrangements for Preparedness for a 

Nuclear or Radiological Emergency. Vienna: IAEA 2002. 
[9] IAEA Safety Series GS-R-2. Preparedness and Response for a Nuclear or 

Radiological Emergency. Vienna: IAEA, 2002. 
[10] IAEA Manual for First Responders to a Radiological Emergency. Vienna: IAEA 2006. 
[11] IAEA EPR Generic procedures for medical response during a nuclear or 

radiological emergency. EPR-MEDICAL, Vienna: IAEA-WHO 2005.  
[12] Guidebook for the Treatment of Accidental Radionuclide Contamination of 

Workers. Radiation Protection Dosimetry 1992. Vol 41, no.1.  
[13] Decorporation of Radionuclides from the Human Body. Radiation Protection 

Dosimetry 2000. Vol 87, no.1.  
[14] Musolino, S.V., Harper, F.T., Emergency response guidance for the first 48 hours 

after the outdoor detonation of an explosive radiological dispersal devise. Health 
Physics 2006, Vol. 90 no. 4, pp 377-385.  

Third European IRPA Congress 2010, Helsinki, Finland

S10 S10-07



1575

Topic 10: Nuclear and radiological emergencies  
and incidents – Poster presentations

Norwegian assessment of current national  
nuclear and radiological preparedness 

Selnæs, Øyvind Gjølme; Holo, Eldri Naadland; Eliassen, Karl Emil 
Norwegian Radiation Protection Authority, NORWAY 
       

Summary 
In 2004, the Norwegian Crisis Committee for Nuclear and Radiological Preparedness 
initiated a project to assess the current level of national preparedness regarding nuclear 
and radiological emergencies. The purpose of the initiative was to make 
recommendations on how to further develop preparedness within the Norwegian 
nuclear and radiological preparedness organisation and to improve current national 
emergency response planning. The project is expected to be completed during the 
summer of 2010. 

The first phase of this project was finalised in the autumn of 2008 and constitutes 
a comprehensive hazard assessment. The second phase of the project will address two 
issues. Firstly, based on foreseen scenarios and relevant consequences from the study in 
phase one, it will study management of nuclear and radiological emergencies. It will 
also review the roles and responsibilities of different regional and national authorities 
and explore the practical implementation of different mitigation efforts. Secondly, 
resource requirements within the nuclear and radiological preparedness organisation 
will be addressed.  

Phase 1: Assessment of nuclear and radiological hazards 
The first phase of the project points out changes in the Norwegian perception of nuclear 
and radiological hazards over the last few years. It provides an overview of possible 
nuclear or radiological events which may affect Norway or Norwegian interests abroad, 
as well as relevant consequences for public health, the environment and other public 
interests. 

The assessment of nuclear and radiological hazards was published in the autumn 
of 2008 as NRPA Report 2008:11 (in Norwegian). 

Phase 2: Adequate management of nuclear and  
radiological emergencies and resource requirements 

Roles and responsibilities 
Norwegian preparedness for nuclear and radiological emergencies differs from most 
other national emergency preparedness systems in Norway. In order to ensure an 
efficient, rapid and competent management of the early phase of a nuclear event, a 
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national Crisis Committee for Nuclear Preparedness has been appointed. The 
Committee is authorised to make decisions and order implementation of specific 
countermeasures in the early phase and ensures good coordination on a sub-strategic 
level (directorate level). 

Phase 2 of the project reviews and clarifies the roles and responsibilities of the 
governmental bodies involved in the nuclear emergency organisation and addresses the 
relationship between them. 

Dimensioning of Norwegian nuclear and  
radiological preparedness and crisis management 
There is an evident need for a common understanding of the basis for choices made 
regarding emergency preparedness development. Phase 2 of the project establishes a set 
of six general dimensioning scenarios qualitatively describing the consequences of a 
nuclear or radiological incident. These scenarios enable a better prioritising of current 
needs and have been approved by Norwegian political authorities. 

Emergency management timeline and nuclear emergency phases 
Current Norwegian nuclear and radiological emergency management adheres to the 
“acute” and “late” categorisation of emergency phases. These phases are poorly defined 
in existing emergency plans and the transition between the phases is poorly developed. 
The police and medical services in particular have a different intuitive understanding of 
the term “acute” than other governmental bodies involved in nuclear emergency 
preparedness. A more thorough description of the emergency timeline is therefore 
recommended. 

Necessary management 
Phase 2 of the project reviews necessary management of nuclear and radiological 
emergencies and examines mitigation strategies. Different actions are defined and 
categorised and practical implementation of different mitigation efforts is explored. 

Resource requirements 
In the last few years, there has been a positive development concerning warning 
routines and measurement capabilities. Phase 2 of the project recommends that future 
preparedness development has emphasis on competence, organisation, plans and 
exercises. 
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Abstract 
A lot of expertise and teamwork is needed to understand an evolving nuclear accident, 
to assess its off-site consequences, and to make optimal recommendations. The working 
of the various groups involved relies on information exchange and on adequate 
computer support. In Finland we have been developing a Web platform that makes it 
easier to exchange information and for all users to be kept up-to-date with the 
development of the situation. The platform bridges the spatial remoteness of expertise 
(incl. hardware and software) and provides a consistent user interface to tools that could 
be used before only with special training. In addition, it provides the different users 
with their views of the situation and supports the process from source term input, over 
dispersion and dose assessment, up to the approval of various reports. Although still 
developed, the platform has been in use in the Radiation and Nuclear Safety Authority 
of Finland (STUK) and the Finnish Meteorological Institute (FMI) for roughly two 
years. So far we have received mainly positive feedback. 

Introduction 
Emergency management of nuclear accidents is a collaborative effort: one team 
assesses the plant status and makes an assessment of the likelihood and magnitude of a 
release; another team is in charge of making dispersion calculations with the given 
release assessment; their results are given to yet another team so that they can plan 
suitable measurement campaigns; still another team assesses possible health effects and 
the need for interventions by taking into account the most likely dispersion situation 
and already available measurement results; and there is a need for coordinating all this 
effort and communicating to the public, which in turn can only be done successfully if 
first hand and timely information about the current state of affairs and about likely 
future developments are readily at hand. Of course collaboration does not stop here but 
this does roughly picture the collaboration that is needed at STUK and FMI to cope 
with an event. 

Collaboration, however, is not something that happens spontaneously during an 
event. It has to be planned for and arrangements have to be in place. STUK and FMI 
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have developed therefore a Web application that allows them to manage, view and 
share the results of dispersion and dose calculations and other information related to 
nuclear or radiation accidents (Lahtinen et al. 2008, Ammann et al. 2008). The 
application helps them to produce timely reports of the radiological situation and to 
plan protective actions. In addition, it keeps record of all relevant user activities and 
allows the simulation of measurement data. 

Ketale collaborative software 
The main purpose of the Ketale system is to support the management of nuclear or 
radiological emergencies at STUK and FMI. The use cases of Table 1 are typical in this 
context. 

 
Table 1. Typical uses cases of the Ketale system during emergency management. 

1. The duty officer creates an event ID. 

2. FMI issues weather bulletins and recommends the most appropriate numerical weather 
prediction dataset to be used in subsequent dispersion calculations. FMI also provides weather 
radar images, met tower measurement readings, and other weather related products. 

3. The radiological consequence assessment group requests trajectories.  

4. The accident assessment group makes a release assessment. 

5. The radiological consequence assessment group requests dispersion and dose calculations for 
the given release assessment. The group compiles a report with various forecasts of the 
radiological situation. 

6. The recommendation planning group plans protective actions and compiles a recommendation 
report. 

7. The management group views and evaluates the various reports. 

 
STUK and FMI work together in this process. FMI operates numerical weather 

prediction models, provides access to their long-range atmospheric dispersion model 
and offers other weather related products. STUK, on the other hand, keeps contact to 
the accident site, makes release assessments, compiles all data into various reports and 
recommends protective actions. Within these institutes the work is further distributed 
over different groups, most importantly for our purposes an accident assessment group 
for release assessments, a radiological consequence assessment group for dispersion 
calculations, and a recommendation planning group for the planning of protective 
actions. 

Next to the human aspect of collaboration there is a software and hardware aspect 
as well. Experts use all sort of tools (source term assessment codes, dispersion models, 
environmental transfer models, dose models, etc.) when making their assessments. 
Some of these tools work only on particular operation systems and on dedicated 
hardware. For example the long-range dispersion code runs on a supercomputer at FMI, 
and the dose model is a traditional single-user Windows program. Users need various 
communication software (e.g. FTP, email) to transfer results between tools and other 
users; and they need office tools, GIS, image processing software, and other 
productivity software for various purposes. An additional complication is the need for 
authorization and authentication in order to gain access to the various resources. In 
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practice, it can be therefore quite challenging to timely produce the high-quality reports 
that are required.  

In summary the following observations can be made: 
 Emergency management is a collaborative effort. An easily accessible and 

constantly updated audit trail of all activities such as model requests or 
communications is needed. 

 Modelling applications and expertise are distributed (weather forecasts and 
dispersion predictions by FMI, source term and dose assessments by STUK) 
and have are integrated. 

 Modelling applications run on different hardware and software and often 
have scientifically motivated user interfaces. The users, however, should not 
have to care about these peculiarities.  

 Modelling applications often produce static images that are hardly suitable 
for all users in all cases. 

The Ketale system was created to streamline the data and information exchange 
between the various groups involved in the process. The goal was to create an 
application that integrates the distributed modelling applications and facilitates 
collaboration and sharing of information. It is a Web application that complies with the 
following user requirements (Lahtinen et al. 2008): 

 Collaboratively multi-user: users work together on a single case and need 
access to remote resources; 

 Ease-of-use: there should be only very few client side requirements; the 
system should not require any special or advanced computer skills; different 
users need different views of the system; 

 Multi-purpose: emergencies, exercises, training, measurement simulation, 
comparison exercises, source detection should all be supported; the system 
should have at least European wide coverage; 

 Multi-lingual: Finnish, Swedish, and English should be supported at least as 
far as products and reports are concerned; 

 Reliable: the system should be fit for operational use in emergency centres; 
this must be assured by constant quality control; 

 Open: data import and export should be easy; the system should integrate 
well with other systems; 

Operational experience 
Feedback from emergency exercises is the main vehicle to constantly improve the 
system and make it more apt to the actual process of how emergencies are handled. The 
most recent operational experience comes from the Loviisa preparedness exercise held 
in March 2010. This exercise demonstrated quite well the important role that Ketale has 
today in the emergency arrangements of STUK and FMI. During this exercise 11 Ketale 
users collaborated in the production of 31 different reports, and many more participants 
used Ketale to keep track of the accumulation of information. The system was used to 
exchange 7 different release assumptions, which subsequently were fed into both far-
range and near-range dispersion and dose models.  The results of these model runs were 
again available to all Ketale users.  
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Expectedly, model results changed with new release assumptions; but they also 
changed according to the chosen numerical weather prediction model or dispersion 
model. During and after the exercise the contamination pattern that was estimated by 
the long-range dispersion model was compared with those of three different near-range 
dispersion models (all calculations were basically done with the same release 
assumptions and numerical weather prediction dataset) and they all differed to various 
extents. This raised the problem of how to choose the most suitable weather prediction 
and dispersion models, or how to unify such disparate results and communicate the 
underlying uncertainties to other users. Currently Ketale does not offer a solution to this 
problem.  

Although positive in its general tenor, user feedback pointed out several other 
areas of improvements. Most notably the rather new features of planning protective 
actions, on-line report editing and the integration of measurement data seem to need 
additional attention. For the first time the simulation of measurements was available 
during the exercise. A Ketale user kept all her activities private and feed simulated 
measurements into STUK’s monitoring software, from which it was available to other 
Ketale users as well. This feature was widely appreciated as it allowed testing the use 
and usability of monitoring data.  

Discussion 
In several exercises before the introduction of Ketale it was recognized that the 
handling of dose and dispersion calculations was quite unsatisfactory and that it took far 
too long to produce reports that were needed to brief decision makers or their senior 
advisors. 

First of all, most of the modelling applications were not very user-friendly. 
Models were difficult to use and they often required special operation systems (e.g. 
UNIX). Their graphical results were mostly static maps with poor geographic details 
and lacking annotation. The maps also varied with colour, projection, grid size, etc., 
which made it difficult to compare results from different programs. 

Secondly, the modelling applications did not interoperate well or not at all and it 
was difficult and time consuming to produce reports of the radiological situation. It took 
typically over an hour to produce a first report with a map of the area of risk and 
relevant weather descriptions, which was considered too long a time.  

Information exchange between FMI and STUK happened mainly by telephone 
request and FTP transfer of the results. Telephone requests, however, had major 
drawbacks as lists of phone numbers had to be maintained, messages could be easily 
misunderstood, and the process worked only if there was a counterpart present on the 
other side. Luckily FMI operated a 24/7 person-on-duty service, though. In addition 
there was the problem of how to convey the content of the telephone conversation to 
other participants. 

There were no technical arrangements in place to communicate source terms – 
that is, data on the amount and nuclide composition of the release – to different 
dispersion models. Each model had its own ways (and limitations) of dealing with 
source terms so that the procedures of providing source terms to these models were 
rather cumbersome to follow.  
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Another issue that was not sufficiently supported was the planning of 
countermeasures. It relied on generic GIS software, which was not linked well with 
other software. For example, though desirable, it was not possible to display model 
results as a backdrop map when planning intervention areas. Furthermore, manual cut & 
paste procedures had to be followed in order to get the resulting images into a report. 

Eventually, modelling data and reports were not stored in one place but instead 
were distributed in several places. After the exercise it was difficult therefore to analyze 
the case. 

On the whole, the reliability of the whole process was unknown. Major exercises 
are arranged quite rarely (about once a year) and accidents can happen at any moment. 
That is why it is important to regularly check the availability of all tools. Routine tests 
of such non-automated procedures are quite time-consuming to perform, however, so 
that they were not often enough made. This left the users often in the awkward situation 
that they did not know whether their tools will work or not. 

Many of the just mentioned shortcomings could be remedied. A trajectory model 
and a long-range dispersion model, both from FMI, are coupled to the Ketale system as 
is a dose model from STUK. Results from these models can now be transparently 
requested by filling in and submitting Ketale forms, the results can be displayed 
interactively, and suitable portrayals can be added effortlessly to summary reports. The 
requests appear on a notification page and are accessible to all observers.  

The major advantage compared with the situation before the introduction of 
Ketale is the significant improvement in the time it takes to create reports. It takes now 
less than 10 minutes to create a summary report containing for example a map of the 
dispersion area and a textual weather description. Also the quality of graphical outputs 
is improved. These improvements were achieved by automating some steps that 
previously had to be done by hand with word processors and image manipulation 
programs. Ketale’s translation feature is another major benefit. By changing the 
language settings of the web page it is very easy now to create reports in English in 
addition to reports in Finnish.  

Conclusions 
Information exchange between STUK and FMI has mostly been automated. It is now 
documented and constantly tested. Testing does not only allow increasing the reliability 
of the preparedness tools and communication channels, but also allows putting a 
reliability index on the availability of the system. This is useful for quality assurance 
purposes. 

Ketale was found to be very useful in the exercises held so far. The time needed 
to produce reports for senior advisors or decision makers has decreased significantly, 
and their quality and consistency has improved substantially. The countermeasure 
planning page was highly appreciated by the recommendation group.   

But Ketale was not only found to be useful, it had also a considerable effect on 
the emergency preparedness organization and on how the process could be conducted. 
Prior to the introduction of Ketale, far too much expertise had to be diverted from 
producing assessments and recommendations to the technical details of the process 
(how to get data from here to there, how to produce maps, etc.). Formerly STUK 
needed to maintain trained personnel for the various modelling applications, now this 
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demand has almost vanished. Ketale provides a consistent user interface to the 
modelling applications and hides all technical peculiarities. Questions like: Where is 
program X installed? What is the user account? How do I get the results into the 
report?, do not have to be asked anymore.  

The application supports the process from source term input up to the issue of 
reports. In doing so it preserves a complete audit trail. Data and information exchange is 
streamlined, transparent, traceable, and routinely tested. Reports are produced much 
faster than before, they are standardized and better deliberated, and data portrayals are 
tailored to the needs of the users. Although still developed, the application has been in 
use in STUK and FMI since 2008. So far we have received mainly positive feedback.  
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Abstract 
The paper presents several aspects believed to be relevant for the integration into the 
decision support systems for the management of radiological emergencies, of 
assessment tools addressing surface water contamination. A few exemplary cases are 
discussed, relating to domestic and international alert exercises and including, in the 
major league, tools like RODOS and MOIRA, both developed by multinational 
consortia; and, in the domestic league, solutions trading off scientific appropriateness in 
grasping the complex phenomenology involved, with computational practicality, mainly 
revolving around a radiological assessment toolkit, developed as an open-ended 
software that assemblies requisite source term evaluation, environmental transport, 
dosimetric diagnose and countermeasure projections. Tools complementarity and 
synergy; model streamlining; and interfaces comprehensible and palatable for the 
stakeholders appear to be the key factors paving the way of the aquatic path into the 
emergency response business. 

Introduction 
The National Institute of Physics and Nuclear Engineering (IFIN-HH) in Bucharest was 
the Romanian partner of election for the European consortium that has developed 
RODOS (Real-time, Online DecisiOn Support System for the management of nuclear 
emergencies in Europe); In so doing, institute's underlying strategy has rested on: 

(i) pursuing a substantive participation in the development and promotion of a 
reference, mutually agreed upon, and thereby credible and internationally-credited 
decision support systems in the case in point RODOS and MOIRA (A MOdel-based 
computerised system for management support to Identify optimal remedial strategies 
for Restoring radionuclide contaminated Aquatic ecosystems and drainage areas); 

(ii) developing, parallelly, domestic knowledge and data bases as well and 
innovative tools - methods and software, in order to emulate, at various levels of 
complexity, and get familiar with, the functions embedded in the reference tools; and 
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ensure a meaningful participation in hypothetic incident analysis and periodic national 
and international drills. 

Two decades of tool development and applications have left many practitioners 
with the feeling that, while the atmospheric path of environmental and human 
radioactive contamination is confidently marked, the aquatic path is, comparatively, 
approached with reluctance and treated in much more idiosyncratic ways. The fact may 
be attributable, at least in part, to the modelling complexities of the transport and 
dispersion of pollutants in water, called to account for sensitivities to volumes, 
boundaries, shapes, flows, injection mechanisms, space and time scale of events etc., 
and the reservations of the emergency responders to confront such complexities. 
Indeed, the comparative look at the essentials in the surface water dispersion models 
may result in quite a list of input variables that may be compiled from the variety of 
minimal problems that challenge the analysis. A typical (yet non-exhaustive) set of  
problems may read as follows: 

(1) A single port of cross-sectional area Ao (m2) discharges a liquid pollutant of 
density  (kg/m3) at a volumetric flow rate Qo (m3/s) at, or close to, the 
surface of a water body of depth H (m), density o (kg/m3), and featuring a 
crosscurrent of speed Ua (m/s). 

(2) A single port of cross-sectional area Ao (m2) discharges a liquid pollutant of 
density  (kg/m3) at a volumetric flow rate Qo (m3/s), under an angle  (deg. 
of angle) from the horizontal, deep below the surface of a water body of 
depth H (m) and density o (kg/m3). Determine the concentration field. 

(3) A multiple port of length Ld (m), consisting of n identical ports, spaced at l 
metres from each other, each port d metres in diameter, discharges a liquid 
pollutant of density  (kg/m3) at a volumetric flow rate Qo (m3/s), under an 
angle  (deg. of angle) from the horizontal, deep below the surface of an 
ambient water of density o (kg/m3), depth H (m), crossflow velocity Ua 
(m/s), Lr cross-length, and flow rate Qr (m3/s). Determine the downstream 
concentration field. 

(4) Determine the steady-state bidimensional concentration field C(x,y) (kg/m3) 
resulting from an initial (representative near-field) source concentration Ci 
(kg/m3) of a pollutant released at Qo (m3/s), of decay constant  (1/s), in a 
river with uniform depth H (m), ambient velocity U (m/s), and slope s, 
knowing that, by virtue of either plume narrowness or river’s wide channel, 
there is no significant plume/bank interaction. 

(5) Determine the steady-state bidimensional concentration field C(x,y) (kg/m3) 
resulting from an initial (representative near-field) source concentration Ci 
(kg/m3) of a pollutant released at a rate of Qo (m3/s), of decay constant  
(1/s), occupying a transverse river expanse between y1 (m) and y2 (m), in a 
river with uniform depth H (m), uniform width W (m), ambient velocity U 
(m/s), cross-current velocity Ua (m/s), and slope s, knowing that, by virtue 
of either plume’s wide aperture or river’s narrow channel, there is a 
significant plume/bank interaction. 

(6) Determine the steady-state concentration field C(x) (kg/m3) resulting from 
an initial source concentration Co (kg/m3) of a pollutant released at a rate of 
Qo (m3/s), of decay constant  (1/s), in a river with uniform depth H (m), 
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uniform width W (m), ambient velocity U (m/s), and slope s, knowing that 
the pollutant is short-lived and/or the conditions are highly unsteady (e.g. in 
case of an accidental spill, of an important river shear flow or cross-
sectional turbulent mixing). 

(7) Determine the time-evolving concentration field C(x,t) (kg/m3) resulting 
from an instantaneous discharge of Mo (kg) pollutant of decay constant  
(1/s), in a river with uniform depth H (m), uniform width W (m), ambient 
velocity U (m/s), and slope s. 

(8) Determine the steady concentration field C(x) (kg/m3) resulting from a 
discharge of initial concentration Co (kg/m3) and flow rate Qo (kg/m3) 
pollutant of decay constant  (1/s), in a marine (tide-featuring) estuary with 
uniform depth H (m), uniform width W (m), ambient freshwater velocity Uf 
(m/s), and slope s. 

(9) Determine the concentration, assumed to be uniform, C (kg/m3) resulting 
from a recirculated discharge of initial concentration Co (kg/m3) and flow 
rate qo (kg/m3) pollutant of decay constant  (1/s), in a small lake, pond or 
reservoir of volume V (m3), with a throughput flow rate q (m3/s). 

(10) Determine the time-evolving concentration field, C(x,y,z;t) (kg/m3), with z 
measured from the water surface, resulting from a discharge of initial 
concentration Co (kg/m3), flow rate Qo (m3/s) and pollutant decay constant  
(1/s), into an open sea advective current of velocity U (m/s). 

(11) Determine the time-evolving concentration field, C(x,y;t) (kg/m3), valid 
within a water colomn of depth H (m), resulting from an instantaneous 
discharge of a mass Mo (kg), of pollutant with a decay constant  (1/s), into 
an open sea. 

Fig.1 presents some accidental releases to surface water as model output 
examples like: river release, weak interaction with banks; river release, strong 
interaction with banks; open sea, instantaneous release; estuary, continuous release. The 
DSS software employed is AIDRAM (Gheorghe and Vamanu, 2003; 2005). 

Drills and tools 
An international exercise targeting the response to a virtual (simulated) abnormal event 
with offsite consequences at the nuclear power plant Cernavoda, ConvEX-3 aimed at, 
essentially, comparing national capabilities to conjointly and consistently address the 
same occurence in the nuclear emergency business. On the domestic side, Oltenia 07 
has tested near-site response capabilities in the case of a transborder accidental release 
at the Kozloduy NPP, on the Danube river in nearby Bulgaria. Again looking at 
Cernavoda, Axiopolis 09 challenged, under international monitoring, local authority 
capabilities to mount countermeasures to an abnormal release, in the order of a limited 
evacuation of the population. The impact assessment of the (virtual) radioactive release 
on the hydrological network, especially on the Danube river were looked at as 
obviously less familiar than the atmospheric release (Vamanu et al., 2010), and so were 
also the decision support tools called upon to assist in the process. 
 

Third European IRPA Congress 2010, Helsinki, Finland

P10 P10-03



1586

Topic 10: Nuclear and radiological emergencies and incidents – Poster presentations
Slavnicu, Dan et al.
Assessing the hydrological impact in nuclear emergencies

 
 
Fig. 1. Accidental releases to surface water as model output examples like: river release, weak 
interaction with banks; river release, strong interaction with banks; open sea, instantaneous 
release; estuary, continuous release. 

A comprehensive software package developed by a consortium of European 
research institutions and promoted by EC as a reference DSS, RODOS (Vamanu et al., 
2006; Rafat et al., 2006; Raskob and Ehrhardt, 2000) covers the early (1-7 days) as well 
as the intermediate and long (ingestion) phases (months, years) in the development of 
an accidental radioactive release, with the health-, environmental- and economic issues 
properly considered. The RODOS system includes a specialist module known as HDM, 
covering the relevant transfer processes in the hydrosphere. The HDM facility relies on 
the Saint-Venant equations for water flow modelling, assuming the flow as one 
dimensional. MOIRA (Magan and Gallego, 2006), on the other hand, is a management-
oriented model to identify optimal strategies for restoring radionuclide contaminated 
aquatic ecosystems and drainage areas. The system is able to screen and evaluate a 
variety of strategies for the long-term management of contaminated freshwater bodies. 
MOIRA models the water transport process by the assessment of the input/output 
balance of water flowing to and from each reach, subdividing the river in 20 reaches. 
Both RODOS (RODOS Working Group, 2005) and MOIRA simulate processes of 
migration of radionuclides to sediment, resuspension and to biota. RODOS was 
customised by the Romanian (IFIN-HH) team in charge with its implementation only to 
Cernavoda conditions and was used in ConvEX-3 and Oltenia 07 exercises, whereas 
MOIRA was customised for all Romanian segments of the Danube and used throughout 
the entire series of exercises. 

The first information requested by the decision makers concerned the estimated 
time of arrival of the radioactivity peak from 137Cs due to deposition of the radionuclide 
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on and near the Danube river, along with an assessment as to whether or not the 
concentration in water is harmful. In consideration of this, the assessment was designed 
in two steps: 

(a) The determination of the radioactive peak arrival times, following the 
deposition of radioactivity carriers on water surface, at several cities along 
the Danube river. The computation was conducted using the RODOS – 
HDM (hydrological module) and emphasized the early time estimation of 
concentration in water for the isotopes 137Cs and 90Sr. 

(b) The evaluation of the activity concentration in fish and water in the long run 
(months, years) due to the deposition and radionuclide migration from the 
catchment – this deed performed by the MOIRA system. 

For the sake of illustration, figures 2 reproduce RODOS-HDM results over 
ConvEX-3 and Axiopolis 09 drills, regarding the concentration and peak arrival for 
137Cs and 131I, respectively, at several major cities downstream the Danube. 
 

 
 
Fig. 2. CONVEX-3 and AXIOPOLIS 09. Peak arrival at several major cities downstream the Danube. 

Figure 3 renders findings from MOIRA system runs, concerning 137Cs 
concentration in water, prey and predatory fish in the first 20 and 40 months after 
deposition, due to migration of the radionuclide through river catchment and in the 
absence of any countermeasure. The results are obtained on the Danube segment near 
the Cernavoda – 20 months; and Kozloduy – 40 months, respectively. Another 
important result – coming from RODOS - concerned the evaluation of the radiological 
impact of Tritium – a nuclide expected to abound in releases from CANDU reactors 
like the one at Cernavoda. 
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Fig. 3. CONVEX-3 137Cs concentration – left and, OLTENIA-07 137Cs concentration - right 

Beyond the numbers and graphs however, what the response operatives seemed to 
appreciate even more during the exercises were the ‘verbose’ recommendations such as: 
“Proceed to banning the river water use, yet allow locally-catched fish consumption” – 
in the case on Conv-EX-3; or “Proceed to banning the river water use and locally-
catched fish consumption” – in the case of Oltenia 07. 

Such lessons on ‘how-relevant-is-what, for whom’, resulting from the assistants-
operatives interaction added up into the folkore collection of rules of thumb in the 
emergency support ergonomics, currently open and indeed taken seriously at IFIN-HH. 

Conclusions 
Drill debriefings have consolidated a number of lessons, conducive towards a correct 
assessment of the current status and, in principle, to improving the effectiveness of the 
decision support in nuclear emergencies. Thus, attention was drawn to: 

 the effective role and weight that tends to be retained, in actual practice, by 
Civil Defence and regulatory authorities for decision support systems in the 
response to abnormal nuclear events; and, in the context, the importance of 
listening to stakeholders and speaking their tongue; 

 the complementarity and productive synergy of various systems - including 
RODOS, MOIRA and others, developed and customised for national 
compatibility; 

 the merits of employing expert systems to overcome stress and 
psychological pressure, and avoid confusion or ill-fated decisions, in the 
early phase as well as in the aftermath of emergencies. 

It also becomes increasingly evident that the proper implementation of DSS 
systems requires considerable volumes of custom environmental and socio-economic data 
be collected. The operational use may require that data be prepared ahead and updated. In 
fact, many views nowadays converge on seeing a DSS as a tripolar, integrated  
simulation and visualization platform resting on three resources: the models; the data 
libraries; and the geographic information system (GIS) – all dynamically exchanging 
information at runtime in both inputing and outputing modes. And, looming over 
horizons are the prospects for full ’webification’ of the decision support tools. 
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While the importance of the internationally-accepted reference DSSs – a status to 
which RODOS aspires and was designed for – cannot and should never be underplayed, 
the reality of national authorities and scientific establishments lending a confident ear 
to their own analytic tools should also be properly recognized, and indeed be valued as 
a consolidating, rather than a dissipative, factor. 

Concerning, specifically, the value of pursuing water contamination assessments 
as a consubstantial part of nuclear emergency preparedness and response management 
the following may stand out for consideration: the operation is definitely necessary, 
particularly in view of (i) the stealthy character of both environmental nuclide migration 
and exposure, on the aquatic paths; (ii) the remarkably long time spans involved; (iii) 
the proclivity of the paths for internal – that is aggravating, exposure. Given the 
complexities of the modeling, simulation and visualization techniques involved, the key 
success factor seems however to stay with the advent of a new kind of developer: one 
who is able to think like a scientist – yet speak like a stakeholder.  
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Abstract  
AGMS (Airborne Gamma Monitoring System), equipped with passive detectors, are 
used in many countries to face nuclear or radiological accident that results in a release 
of radioactive plume; however the AGMS is able to provide quantitative assessment on 
the radiological situation (land surface contamination level) only when the air 
contamination due to the passage of the travelling plume has become negligible. 

To overcome this limitation, the Italian Institute of Health has developed and 
implemented a multi purpose air sampling system based on a fixed wing aircraft, for 
time-effective, large areas radiological surveillance (to face radiological emergency and 
to support homeland security).  

A fixed wing aircraft (Sky Arrow 650) with the front part of the fuselage properly 
adapted to house the detection equipment has been equipped with a compact air 
sampling line where the isokinetic sampling is dynamically maintained. Aerosol is 
collected on a Teflon filter positioned along the line and hosted on a rotating 4-filters 
disk. A system of detectors allows radionuclide identification in the collected aerosol 
samples. The correlated analysis of the detectors data provides a quantitative 
measurement of air as well as ground surface concentration of gamma emitting 
radioisotopes. Environmental sensors and a GPS receiver logs the sampling conditions 
and the temporal and geographical location of the acquired data. Acquisition and 
control system based on compact electronics and real time software that operate the 
sampling line actuators, guarantee the dynamical isokinetic condition, and acquire the 
detectors and sensor data. The system is also equipped with additional sampling lines to 
provide information on concentrations of other chemical pollutants.  

Operative flights have been carried out in the last years, performances and results 
are presented.  
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Introduction 
Main motivations for the research program launched some years ago stem from our 
experience gained during the Chernobyl accident. Detailed information on what we 
have learned in that occasion has been already reported elsewhere [Castelluccio et al. 
2006,] here we summarize only what is needed to understand the inputs to our program. 

Flying during the period beginning of May – mid June 1986 with an AGMS, 
mounted in an Agusta-Bell 412 helicopter and developed in the follow up of the 
COSMOS 954 event [Gummer et al. 1980] by Italian Civil Defence (VVFF) and Italian 
National Institute of Health (ISS), three different situations were found.   

Till approximately May the 7th, measurements taken at the same place but at 
different heights could not match the scale behaviour expected if only contamination at 
ground were present. Moreover as the helicopter moved along its flight path a 
continuous increase of the counting rate was detected, showing a clear accumulation of 
radioactivity on the helicopter fuselage. After each flight this contamination  was easily 
removed through a normal procedure of external washing of the vehicle, subsequent 
controls shown no residual contamination.  

From May  the 7th till approximately May the 17th, measurements still did not 
scale in a proper way at different heights but there was not any more the accumulation 
of radioactivity on the helicopter fuselage. This could be understood as a result of a still 
persisting air contamination, but only with fine and ultra-fine radioactive aerosol that 
due to its mobile Brownian-like nature was not fitted to be accumulated by any surface. 
Instead the more gross type aerosol, being dragged off  with an essentially gravity-like 
mechanism, did not represent at that time a significant source of air contamination. 

Starting from May the 19th (25 days since the beginning of the Chernobyl 
accident and 20 days since the arrival of radioactive plume in Italy), measurements at 
different heights scaled as expected and only at that time it was possible to have 
quantitative measurements of (ground) contamination with the required accuracy. 

The lack of quantitative measurements and the ensuing uncertainty in forecasting 
the propagation of radioactive contamination do not help the emergency management in 
the most critical phase, i.e. when countermeasures have to be taken in a preventive way 
and some risk of negative effects is inevitably linked to their enforcement.  

Computer based management tools for nuclear emergency (developed since the 
Chernobyl accident) like RODOS [Raskob et al 2005] and ARGOS [Hoe et al. 2005], 
support integration of AGMSs but the provided information are of relative use during 
the plume phase of an accident. On the other hand  the measurement of  emitters 
concentration in air, extension of the plume, in situ environmental and meteorological 
parameters would be an invaluable help to forecast transport and dispersion of the 
plume and ground contamination levels. 

During the last years research and development of the SNIFFER system, a new aerial 
platform instrumented for in-plume contamination measurements have been carried on; the 
SNIFFER aims to characterize the extension, composition and concentration of the radioactive 
mixture in the plume, as well as to measure in situ meteorological parameters [Cisbani et al. 
1996, Frullani et al. 2004, Castelluccio et al. 2005, Castelluccio et al. 2006, Frullani et al 2008]. 
Here we report the main features of the SNIFFER system and the results obtained. 
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Material and methods 
SNIFFER payload allows the atmospheric and ground radioactive contaminants and air 
pollution monitoring on large areas in relatively short time. 

The system is mounted on board of a fixed wings aircraft (shown in Fig. 1) and 
consists of the following main components: a) aerial platform; b) isokinetic sampling 
unit (probe, suction line and filters subsystem); c) radiation measuring equipments 
(BGO, Geiger, HPGe and NaI detectors and relative electronics); d) VOC - PAH 
(Volatile Organic Compounds - Polycyclic Aromatic Hydrocarbons) sampling unit – 
developed for a program on environmental control on traffic pollutants – not discussed 
in this paper; e) control and data acquisition subsystem (electronic cards, actuators and 
sensors). 

 
 

 
 
 
 
 
 
 
 

 
Fig. 1. Installation of the SNIFFER in the Sky Arrow. 

 
The aerial platform complies with the constraints demanded by sampling 

methodology and operative conditions. The sampling probe is located in a place where 
aerodynamic perturbation induced by the movement of the platform is negligible. The 
profile of the front cap of the airplane has been modified to allocate the sampling unit. 
Safety conditions for the flights are satisfied at an altitude range from some tens of meters 
to a few kilometres while take off and landing operations are possible in a grass type 
airstrip of a few hundreds meters (Short Take Off and Landing – STOL type aircraft).  

To guarantee the representative and significance of the gathered data, the 
sampling has to ensure isokinetic conditions, i.e. the inlet walls of the sampler have to 
be parallel to the gas streamlines and the gas velocity entering the probe has to be 
identical to the free stream velocity entering the inlet. This is equivalent to the absence 
of any stream lines deformation in the neighbourhood of the inlet. A failure in the 
isokinetic sampling may result in a distortion of the size distribution and a 
misrepresentation of the concentration. To fulfil the isokinetic condition, the sampling 
line is then provided with a flow regulator (through a valve) operated by an automated 
control unit that, by means of sensors measuring the relevant environmental parameters, 
can assure isokinetic sampling. The control software regulates the suction of the air and 
computes the needed sampled air volume in the current and nominal (STP, Standard 
Temperature and Pressure) conditions. 

The sampling line is essentially a controlled suction line with filters to collect 
aerosol samples and radiation detectors; its most important subcomponents are (Fig. 2): 
a) the probe; b) the Shutter (a controlled valve that opens or shuts the line); c) the 
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sampling filters and the filter-case disk; d) the Holder (a small movable box containing 
a small BGO detector and a Geiger counter); e) the needle valve that permits to 
maintain the active isokinetic sampling; f) two radiation detectors (BGO and Geiger);  
g) the Venturi flow meter (not shown in the figure). 

 

Shutter

HPGe

Needle
Valve

Heated Probe Filter
+ Disk

Geiger
BGO and
Holder

Disk rotation

Exhaust

 
 

    Figure 2. Scheme of the sampling line unit with its components and radiation detectors. 

To keep isokinetic sampling condition, the velocity of the entering stream must be 
adapted to that of the external air (relative speed of the aircraft respect to the air) 
through a continuous regulation of the inlet flow rate according to the operative and 
environmental parameters (aircraft speed, pressure and temperature).  

The sampling line is therefore operated by the control system that assures 
isokinetic sampling by means of sensors measuring the relevant environmental 
parameters. The control software regulates the suction (through the needle valve) 
according to what the environmental sensors measure. 

The radiation measuring system includes four detectors that, under the 
supervision of the acquisition and control system, allows the quantitative estimation of 
the radionuclide activities and the determination of the environmental contamination.  

A small Geiger detector, having 10 mm external diameter, is mounted inside the 
Holder box with the entrance mica window in front of the in-line filter. It is powered by 
the acquisition and control boards and the generated signals are sent to a pulse counter 
whose contents is periodically read and stored. 

A small in-line gamma detector is made of (1 cm3) BGO crystal, a photodiode and 
a signal preamplifier. It is located inside the Holder box, next to the Geiger counter, 
with the sensible window in front of the filter. It provides online information on the 
presence of radioactive contaminants on the exposed filter (and therefore on the 
sampled air) but, due to its very small size, it does not have enough energy resolution to 
permit the identification of the radioactive isotopes. 

A high resolution HPGe (High Purity Germanium) detector allows radionuclide 
identification in the sample collected on the filters. It has been designed in collaboration 
with Camberra Semiconductor, taking into accounts the constrains imposed by the 
sampling unit and its aerial platform. The system cooling is assured by a dewar filled up 
of liquid Nitrogen, providing the proper cooling for up to four hours, compatible with 
the aircraft autonomy. Due to the crystal size, the detector is not inserted into the 
sampling line, but is located in such manner that with a 90° rotation of the filter disk it 
can face the last exposed filter. The dewar is flanged to aircraft fuselage but installed 
externally to it to minimize its influence on penetration efficiency of the aircraft and to 
facilitate Nitrogen refilling. 
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External to the sampling unit, a large volume high sensitivity NaI(Tl) detector 
( 100100400  mm3, 17.5 kg in weight), is installed in the rear part of the aircraft, 
behind the shoulders of the pilot, in correspondence of an opening hole on the bottom of 
the fuselage.  

Environmental contamination in its airborne (particulate) and ground 
contaminations can be deduced from measurements. Air contamination through the 
direct measurement of aerosol activity deposited on filter and ground contamination as 
derived by the large volume high sensitivity detector measurements, taking into account 
the measured air contamination and a suitable model of the influence of the air 
contamination and possibly other background contributions on the NaI measurements. 

A management unit is dedicated to the control of the devices of the SNIFFER 
(detectors, sensor and transducers) and to the acquisition of signals coming from them. 

This sub-system is made of: 1) two 386-compatible CPU boards (Mesa 4C60 and 
Mesa 4C28) in PC104 and PC104 Plus standard. The two boards communicate by the 
respective parallel ports (laplink protocol) in a master-slave scheme. The use of the 
PC104 offers a reliable operation in a very compact solution, fitting the strong 
constraints on the available room for the electronics; 2) a PC104 card equipped with a 
series of Digital to Analog Converters  to handle the flow regulation valve; 3) a 
standard PC104 card (Mesa 4I22) to manage the digital TTL input/output signals of the 
Shutter, Holder, filter Disk, Canister and Sampler sensors and to drive the regulation of 
the Geiger high voltage; 4) a custom board consisting mainly of voltage regulators to 
provide the proper power supplies to several devices; 5) a custom board for signal 
conversion (sensor specific to TTL and vice versa). 

The initialization and final phases are serialized on the two CPUs. Main control is 
delegated to the 4C60. During the acquisition the 4C60 receives messages from the 
4C28 and handle the commands from operator by means of the 3 keys keyboard. 
Periodically it reads GPS stream data and store them on the on-board flash card. On the 
other hand, the 4C28 is responsible of the regulation of the flow (via the regulation 
valve) in order to keep the isokinetic conditions and periodically reads the Geiger’s 
counter. Besides it stops the acquisitions, read data acquired and save them on files at 
fixed times (defined during the mission plan); eventually it changes the filter (by 
operator action or at planned intervals). 

The interface with the operator (the pilot) consists of a monitor and a small 
keyboard, these two devices allow to the operator to interact in real time with the 
acquisition and control system. The operator screen connected to the 4C60 VGA 
interface is virtually split into two windows: the upper one displays information about 
the status of the devices; on the lower window scrolling log messages are shown. The 
verbosity of the visualized messages can be controlled at configuration time. The 
operator keyboard allows three simple commands: i) start of the acquisition; ii) stop of 
the acquisition and end of the flight program; iii) change of the filter before the pre-
programmed time if an anomalous level of radioactivity has been found. 

Results 
The instrumented aircraft has got the provisional authorization to flight and after 
devoted test flights obtained the full certification to perform environmental campaigns, 
fulfilling the full set of criteria of the Italian Airworthiness Authority. The system 
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obtained also the permission to fly over the Rome urban area in October 2007, in 
connexion with a campaign devoted also, with different instrumentation, to assess the 
levels, at height, of some pollutants connected with vehicle traffic.   

During these tests, the instrumentation performed quite in agreement with the 
design specifications. At the end of every flight mission measurement data stored in 
flash memories were retrieved, analyzed and compared with expectations according to 
the flight operations for what regards aircraft speed patterns, static pressure differences, 
flow variations respect to the controlling valve aperture, isokinetic condition automatic 
regulation, pressure and temperature sensors performances.  

The different detectors have been tested and calibrated, using mainly calibrated 
sealed sources of 60Co and of 137Cs. These sources have been also located very close to the 
filter position in the suction line to simulate a contaminated filter. Tests were done to check 
gain stability of the different detectors and connected electronics before and after the 
flights. 

Fig. 3 shows the GPS data during one of the missions. Two heights have been 
planned on each height, the aircraft has 4 run speeds (60, 70,80, 90 knots aircraft-air 
relative speed), moving forth and back on a fixed direction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. GPS information from mission 07091415.39, (two heights respect to ground with about 150m 
variation and four different aircraft speed) that reflects a more complex trend of the air-ground 
speed registered by GPS module depending on the aircraft flight direction and wind speed. 

Fig. 4 shows aerodynamic data from the same mission. Note as static pressure 
follows aircraft altitude variation during the flight, while dynamic pressure variation 
reproduces the four different aircraft-air speeds for the two altitude reached during the 
flight. Comparison with the certified aircraft instrumentation allowed to obtain the 
proper calibration of the data. 
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Fig. 4. Static and Dynamic pressures, sampled air flux and total sampled air in mission 
07091415.39, see Fig. 3 for a comparison with the correlated GPS data. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5. Calibrated parameters of mission 07100416.52. Data taken at two different speeds at fixed 
height. Upper-right plot: speed derive from the on-board certified Pitot-Prandtl device; bottom-left 
plot: the inlet flow isokinetic values (red squares) derived from pressure and temperature sensors 
are compared to the measured flux (small black cross). The difference shows an uncompensated 
output impedance. 

Data in Fig. 5 have been obtained during a single flight mission at one flight 
altitude and two different aircraft-air speed. The dynamic pressure data are calculated 
from calibrated static and total pressure data. The bottom-left plot shows the difference 
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– due to uncompensated impedance, between the isokinetic optimal flux (used to 
regulate the needle valve) and the measured one. This difference has been eliminated 
with a more effective ejector at the end of the line with the result to lower the line 
impedence 

While the filter  activity characterization is made during the mission,  
characterizations of the aerosol collected on the filters can be done at the end of the 
flight mission through detailed offline-analysis.  

Different kind of analysis can be carried out, in particular as routine analysis we 
can mention: 1) gravimetric analysis to evaluate the particle mass collected; 2) SEM 
(Scanning Electron Microscope) analysis to characterize the morphology and the 
composition of the particulate; 3) ICP - MS (Inductively Coupled Plasma – Mass 
Spectroscopy) analysis to characterize metallic-like components in aerosols. 

As an example, in Fig 6 a 2000x SEM picture of a filter exposed during a flight 
along the border of the high traffic ring road  encircling Rome is shown. Two different 
aerosol size distributions (fine and coarse) are clearly visible, as also is shown by the 
quantitative analysis made and reported in Fig 7. 

 

 
 
Fig. 6 High enlargement (2000x) SEM picture of an exposed filter during an environmental 
campaign with SNIFFER. Two different aerosol size distributions can be seen, as demonstrated by 
the quantitative analysis of Fig 7. 

The analysis can be pushed further determining the spectrum of aerosol elemental 
composition that, in the case discussed, shows a high carbon content in the fine size 
population while there is a high concentration of silicates in the coarse size population. 
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Fig 7. Two populations of aerosol size distribution (fine and coarse) present on an exposed filter, 
probably  attesting different (antropic and natural) mechanisms for their production. 

Both such analysis, size distribution and elemental composition, can be a precious 
element of knowledge in case of an accident to better known the kind of pollutants and 
the possible pathways for radioactivity transport and migration. 

Conclusions and Outlook 
A new type of Airborne Gamma Monitoring System has been demonstrated viable, 
combining a traditional system based on passive (NaI or HPGe) detectors with an active 
sampling system able to collect air sample and measure their  emitters composition in 
real-time. 

In this way, the main limitation of the traditional AGMS, that is the inability to 
provide quantitative measurements on the radioactive contamination during the early 
phase of an accident, when the plume or its residual fine aerosol content result in 
contamination dispersed in air, can be overcome. A precious tool for the quantitative 
radiological assessment can then be available for the emergency management since the 
early phase of an accident. 

The feasibility has been proved for a manned airplane, then useful only in a far 
field situation. The instrumentation used, for its weight and power requirement can be 
easily adapted in an UAV (Unmanned Air Vehicle), suitable then to be used even in 
near field situations. A network of equipped UAVs can give a substantial support in the 
management even of a severe accident.  

The promotion, within an International Cooperative Program, of a project to 
develop new measurement platforms  with the above discussed (and demonstrated) 
characteristics and performances, represents an important opportunity for research, 
industry, safety and security. 
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Abstract 
The Italian Institute of Health in collaboration with the Ministry of Environment 
developed and implemented a multi purpose air sampling system based on a fixed wing 
aircraft, for time-effective, large areas radiological surveillance (to face radiological 
emergency and to support homeland security) and air pollution monitoring. 

The system design has mainly originated from the experience gained during the 
emergency management of the Chernobyl nuclear power accident (1986). 

In order to provide quantitative information on ground as well as atmospheric 
radioactive contamination (and permit, e.g., reliable plume behavior forecast), the 
SNIFFER consists of a fixed wings aircraft (Sky Arrow 650 by 3I) properly adapted to 
house a relatively compact payload equipped with a sampling line that works in 
isokinetic regime. The line serves the  and  atmospheric radiation detection system 
made of: one small BGO scintillator and one Geiger counter providing a near real time 
information on the air sampled radiation excess and one high energy resolution hyper-
pure germanium for radionuclides quantitative identification. 

A large NaI scintillator detects the ground and atmospheric radiations; The 
combination of the information from the above 4 detectors permits the quantitative 
estimation of both atmospheric and ground contamination. 

Two sampling devices devoted to polycyclic aromatic hydrocarbons and volatile 
organic compounds air quality monitoring are also integrated into the SNIFFER. 

A fully automated acquisition and control system actively manage all the payload 
components. 
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The whole acquired data are integrated by environmental (temperature, pressure 
and air density) and geolocation information for a complete characterization of the 
sampling conditions and their temporal and geographical location. 

The system and the results of the first aerial mission will be presented at the 
conference.  
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Abstract  
Accurate and timely weather forecasts provide essential information for the authorities 
by warning them of hazardous conditions (e.g. snow storms or floods). Weather radar 
systems are one of the tools producing such information because they are capable of 
monitoring rain, snow, hail, and wind over large geographical areas with high 
resolution in both time and space. Radiation protection authorities are amongst the 
potential end-user organizations because radar data can be utilized in making forecasts 
of the precipitation scavenging of radioactive particles to the ground. The objective of 
the BALTRAD project is to create a state-of-the-art real-time weather radar network for 
the Baltic Sea Region that facilitates the harmonised production, exchange and use of 
radar data. The project (2009–2012) is partially funded by the European Union’s Baltic 
Sea Region Programme 2007–2013. An integral part of the project includes so-called 
pilots that will demonstrate the value of BALTRAD for end users in the fields of e.g. 
hydrology, aviation and radiation safety.  

Introduction 
The objective of the BALTRAD (An advanced weather radar network for the Baltic Sea 
Region: BALTRAD) project is to create a state-of-the-art real-time weather radar 
network for the Baltic Sea Region, the so-called BALTRAD system. When completed, 
the system will facilitate the harmonised production, exchange and use of real-time 
weather radar data, and contribute to the production of accurate and timely weather 
forecasts that provide essential information for the authorities by warning them of 
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hazardous conditions (e.g. snow storms or floods). Generally, BALTRAD delivers 
value-added precipitation information to improve short-term weather forecasts.  

The project, headed by SMHI, was officially started in February 2009 and 
continues until the end of January 2012. The source of funding is the EU's Baltic Sea 
Region Programme 2007–2013. The Partnership comprises eight national organizations 
from seven countries (Sweden, Finland, Poland, Latvia, Denmark, Belarus, Estonia). In 
addition, there are associated organizations in Denmark, Latvia and Poland which will 
be contributing in various ways. The project contains a few pilot applications that will 
demonstrate the value of BALTRAD for end users in the fields of e.g. flood protection, 
aviation and crisis management (including nuclear accidents). 

The technology developed by and for BALTRAD will be proposed as the 
standard for exchanging weather radar data in the World Meteorological Organization 
Information System (WIS). 

In the following we first describe briefly the project and project’s organizational 
structure. After that we discuss possible uses of the final system from an end-user point 
of view, the emphasis being on applications related to radiation monitoring and 
management of nuclear or major radiological emergencies. 

BALTRAD project 
BALTRAD represents the first dedicated international weather radar networking project 
funded by the EU. However, the concept being followed has already been proven once 
before in the NORDRAD network (involving the radars from Norway, Finland and 
Sweden) some 20 years ago. The original NORDRAD technology is becoming obsolete 
and it is time to go further. Within BALTRAD it is hoped to create:  
– real-time exchange of radar data among all members; 
– a common production framework containing harmonized algorithms; 
– consistent end-to-end management of quality information; 
– an Open Source software system. 

The goal is to achieve cutting-edge distributed radar networking (see Fig. 1 for 
the radars planned to be in the network), i.e. a network where data is exchanged on 
equal terms and where each institute processes the data according to its local needs.  

The work is organized into seven work packages (leader organization given in 
parentheses): 
1. Management and administration (SMHI). 
2. Communications (FMI). This work package is dedicated to both internal and 

external communications. 
3. Core network (IMGW). This work includes creating the real-time networking 

functionality. It is foreseen that it will be based on secure HTTP-based 
mechanisms with subscription services. The long-term goal is to contribute such 
mechanisms to WIS for Europe. 

4. Data catalogue (EMHI). This work involves managing all data to be exchanged 
and processed and focuses on creating a database for all metadata and systematic 
methods for storing data files. 

5. Production framework (FMI). This work package deals with developing, 
collecting, and harmonizing numerous algorithms for improving the quality of 
raw data and creating products from them. 
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6. Deployment (SMHI). This involves integrating the outputs of work packages 3-5 
into a real-time system suitable for operational deployment. Regular releases will 
be installed at all Partners. A case log will be prepared containing cases relevant 
to air traffic, flash flooding, urban hydrology and nuclear or radiological accident 
scenarios. 

7. Pilots (IMGW). This work serves to make the BALTRAD system and its radar-
based information available to test pilots and to collect the pilots' feedback to 
integrate new and improved software and products. In this way the value achieved 
in a true end-to-end radar network will be demonstrated. 
 

 
 

Fig. 1. BALTRAD radars. Radar radius is typically 200 kilometers. 

Importance of weather radar data for end-users 
Weather radar systems are capable of producing information on rain, snow, hail, and 
wind over large geographical areas with high resolution in both time and space. This 
information is of great value for the authorities especially in the context of various 
disasters, such as accidents involving releases of chemical or radioactive substances to 
the atmosphere, or in case of severe weather conditions (heavy rain, tornadoes, very 
stormy wind, air pollution situations…) that may affect the normal functions of the 
society and people’s everyday life. However, accurate and timely weather data are 
needed also during normal situation. In aviation, for example, weather radar is the most 
important tool for monitoring weather for flight planning and air traffic control. The 
most hazardous phenomena in this context are thunderstorms, heavy rain and hails, and 
strong wind shear. Generally, precipitation intensity and accumulation, precipitation 
type, wind velocity and direction are amongst the data that various authorities need to 
have access to both in emergencies and in routine conditions. 
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As already mentioned, the BALTRAD project includes a work package (WP7) 
which is dedicated to end-user views and pilot applications. Radiation protection 
authorities are amongst the potential end-user organizations because rain, for example, 
increases deposition and consequently dose rates at the ground level (see Fig. 2). Rain 
information can be used in planning and directing emergency measurement activities 
and in interpreting exceptionally high radiation levels during routine conditions, and 
numerical data (precipitation rates, accumulated precipitation) can be input to 
consequence assessment models. Heavy rain or otherwise severe meteorological 
conditions (e.g. very strong wind) may also prevent performing certain types of 
radiation measurements, such as measurements using airborne platforms (airplanes, 
helicopters, unmanned aerial vehicles).  

 

 
Fig. 2. Effect of rain occurrence on measured dose rates at ground-level during the Chernobyl 
accident. Uusikaupunki is located on the western coast of Finland. 

End-user applications of the Finnish radiation protection authority 
Currently STUK utilizes radar data from FMI in two basic ways:  
1. The radiation information system (USVA) controlling the national automatic 

dose-rate monitoring network (ULJAS) receives observation data (given as echo 
strengths) every ten minutes. These data can be used in routine conditions to help 
to interpret the increases of dose rate levels caused by natural radioactive 
substances brought down close to the ground by precipitation. 

2. STUK and FMI have developed a system known as KETALE (Fig.3; Amman et 
al. 2010) for the overall management of meteorological data and dispersion and 
dose calculation results in radiation emergencies. Radar images – such as the one 
shown in Fig. 4 – can be downloaded from FMI’s systems and included in the 
situational analysis reports prepared with KETALE but flexible comparison with 
calculation results (mainly deposited activities or ground exposures) is currently 
not easy. 
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Fig. 3. Example of KETALE output on screen (hypothetical scenario). Radar images available in a 
proper format could be compared with calculational results using the same map. This would help 
to assess and interpret the overall situation and to plan further measurement activities. 

 

 
 

Fig. 4. Example of radar images accessible to STUK at FMI’s restricted web site. 

After the completion of the BALTRAD project, STUK would appreciate having 
access to a flexible, reliable and user-friendly system that could provide both high-
quality radar images and numeric data. STUK and many other authorities are interested 
primarily in precipitation-related ground data (precipitation rate, accumulated 
precipitation, precipitation type…), although certain other available quantities may be 
of use in some situations. All data should be given in user-friendly quantities – not as 
echo intensities in desibels but as e.g. rain intensities in millimeters per hour – and 
include some index of uncertainty or inaccuracy.  
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On one hand, numeric data, such as average rain intensities in spatial grid cells, 
can be utilized in emergencies to correct or estimate so-called precipitation scavenging 
coefficients (washout coefficients) used in model calculations (see e.g. Ilvonen 2002). 
On the other hand, graphical images generated from numeric data by e.g. a Web Map 
Service can be used in KETALE to visually compare the observed spatial rain 
distributions with the calculated spatial radionuclide-concentration and dose 
distributions. This kind of comparison helps to assess the overall situation and to plan 
further measurement activities. As mentioned above, in the USVA system radar data 
can be used in interpreting observed measurement results. 

Conclusions 
Weather radars provide meteorological institutes and many other authorities with 
essential data that can be used both in normal situation and during hazardous 
conditions, including various accidents and other events involving releases of 
dangerous substances to the atmosphere. The BALTRAD project aims at creating a 
state-of-the-art real-time weather radar network for the Baltic Sea Region. 

Various end users play an important role in the project by developing pilot 
applications. Radiation protection authorities are amongst the potential end-user 
organizations because precipitation, for example, increases deposition of airborne 
radioactive particles. As an official partner in the project, STUK is responsible for 
creating applications related to emergency activities and radiation monitoring. It is 
foreseen that these applications will have close interfaces with the Finnish 
ULJAS/USVA and KETALE systems, the first being the nation-wide dose-rate 
monitoring system and the latter being the national platform designed to manage the 
assessment of environmental consequences of major radiation emergencies.  

References 
Ammann M, Peltonen T, Lahtinen J, Vesterbacka K, Rantamäki M, Sarkanen A, 

Seppänen M, Siljamo P, Summanen T. Collaborative software for the nuclear 
emergency management. These Proceedings.  

Ilvonen M. Constrained optimization of the VALMA dose assessment model by a 
genetic algorithm. Licenciate Thesis. Department of Computer Science and 
Engineering, Helsinki University of Technology; 2002. 
 

Third European IRPA Congress 2010, Helsinki, Finland

P10 P10-06



1608

Topic 10: Nuclear and radiological emergencies  
and incidents – Poster presentations

The ‘NOODPLAN’ early phase nuclear  
emergency models: an evaluation  

Camps, Johan; Turcanu, Catrinel; Braekers, Damien; Carlé, Benny; Olyslaegers, Geert; 
Paridaens, Johan; Rojas Palma, Carlos; van der Meer, Klaas 
Belgian Nuclear Research Centre (SCK•CEN), BELGIUM  
       

Abstract 
Over the past decades SCK•CEN has developed a set of models –called the 
NOODPLAN models– for consequence analysis of atmospheric releases during the 
early phase of a nuclear emergency. All these models use segmented bi-Gaussian plume 
dispersion algorithms based on the Bultynck-Malet scheme and are limited to a local 
scale (50 km from the release point).  

The different NOODPLAN models are largely customised to the needs of several 
external users. Customisation includes e.g. source term determination from stack 
monitoring, connection to on-site meteorological masts, graphic display of 
countermeasure areas corresponding to intervention guidelines, special modules with 
standard accident scenarios and specific calculations at the location of detector points 
(e.g. corresponding to monitoring network). These models have been primarily 
designed for the Belgian nuclear power plants, the results being used by the radiological 
evaluation cell of the Federal Crisis Centre, within the framework of the Belgian 
nuclear and radiological emergency plan. Additional users include research reactors and 
other nuclear facilities.  

The NOODPLAN models perform real time calculations based on variable on-site 
measured meteorological data, as well as prognostic evaluations. Following a brief 
description of the different functionalities of the models, this paper will focus on the 
evaluation of the different NOODPLAN models. This evaluation will draw on our 
experiences with the NOODPLAN models from regular emergency exercises and will 
include an inter-model comparison study with state-of-the-art atmospheric dispersion 
models integrated into the European decision support system RODOS. The results of 
this evaluation highlight possible future development required to ensure a fast and 
reliable decision making during the early phase of a nuclear emergency. 
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Introduction 
In a nuclear or radiological emergency the release of radionuclides in the atmosphere 
can lead to the external and internal exposure of the surrounding population and the 
contamination of land and water including food products. To estimate the radiological 
consequences and to initiate the essential countermeasures during an incidental release 
historically many organisations have developed their own emergency models or 
systems. Such models combine an atmospheric dispersion part for the calculation of air 
concentrations and deposition values with a dose model to evaluate the dose from 
different pathways. Depending on the complexity of the model, the dose from 
contributions like cloud shine, inhalation, ground shine, ingestion, re-suspension … is 
calculated.  

The NOODPLAN models are a set of models developed for the radiological 
evaluation of an incidental or accidental atmospheric releases from specific nuclear 
sites in Belgium. Off-site radiological evaluations up to a few tens of kilometres from 
the release point by the nuclear operators are a legal requirement in Belgium. The 
results of the radiological evaluations are sent to the Federal Crisis Centre for further 
evaluations and decisions on e.g. countermeasures and measurement strategy. Although 
the NOODPLAN models are historically well established, a regular evaluation and 
confrontation with the latest developments in the field of nuclear emergency modelling 
is required. Over the past decade advanced decision support systems with state-of-the-
art atmospheric dispersion and dose models have been developed and are increasingly 
being installed for operational use in national emergency centres. Examples of the main 
decision support systems for nuclear emergency management used in Europe are 
ARGOS (Information Management and Decision-Support System for Radiological-
Nuclear Hazard Preparedness and Response) and RODOS (Real-time On-line DecisiOn 
Support system for off-site nuclear emergency management). The evaluation and 
confrontation of historical models developed for specific sites like the NOODPLAN 
models with new and generally applicable models can highlight interesting aspects such 
as the use of specific required model input, model differences and uncertainties (under 
specific conditions) and possible requirements on future developments for fast and 
reliable radiological evaluations.  

Description of the models 
The NOODPLAN models are based on the historical work of Bultynck-Malet 
[Bultynck H, Malet L, 1969]. During an extensive measurement campaign in the period 
1966-1968 using the meteorological mast at the Belgian Nuclear Research Centre 
(SCK•CEN) an atmospheric turbulence typing scheme with seven stability categories 
E1-E7 was developed. This so-called Bultynck-Malet categorization is essentially based 
on the ratio between the vertical gradient of the potential temperature (8m -114m) and 
the square of the measured mean wind speed at an intermediate level (69m). During the 
same measurement campaign the appropriate dispersion parameters for each of the 
stability classes E1-E7 were experimentally determined from wind vector fluctuations 
in three dimensions measured by means of an anemometer at a height of 69 m. Based 
on these measurements the dispersion parameters in respectively the horizontal and 
vertical direction are analytically expressed in function of the distance (x) as y=Axa 
and z=Bxb with A, a, B and b depending on the stability category E1 to E7. E1 
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corresponds to very stable, E3 to neutral and E6 to very unstable atmospheric 
conditions. E7 is a special neutral category for high wind speed (  11.5 m/s at a height 
of 69 m). Bultynck-Malet completed these atmospheric dispersion investigations with 
tracer experiments. In total 15 experiments were executed in which 5 to 6 kg of 
fluorescent material/experiment was released by an aerosol generator (aerosol 
dimensions < 4 m) from the meteorological mast at a height of 69 m and during a 
release period of 50 minutes. Air samples were taken at 3 to 7 different 
locations/experiment at distances ranging from 100 m to 15 km. These experiments 
showed no significantly nor systematically difference from the calculated values. In 
addition Bultynck-Malet compared their atmospheric dispersion results with extensive 
field experiments executed by Brookhaven National Laboratory in better experimental 
conditions and for a release height near ground level and at 110 m. Due to the better 
experimental conditions they found even better agreement with these experimental data. 
More recently the model was confronted with additional limited tracer experiments for 
ground releases [Govaerts et al., 1988] and stack releases [Rojas Palma et al., 2004]. In 
both studies the Bultynck-Malet based model performed as good as Lagrangian models. 

It can be summarized that the Bultynck-Malet scheme was experimentally well 
established for hourly values and varying release heights in regions with a rather high 
surface roughness of 1 to 3 m, applicable in large parts of Belgium and Europe and 
from distances of a few hundred meters to a few tens of kilometers from the release 
point. 

Based on the Bultynck-Malet formalism different bi-Gaussian plume and even tri-
Gaussian puff [Govaerts et al., 1988] models were developed. The formalism was used 
as well for the development of short duration discharge models for the evaluation of the 
consequences of accidental releases in nuclear facilities as well as for long duration 
discharge models for the assessment of routine discharges. The latter evolved to the 
Immersion Frequency Distribution Model (IFDM) under current development by VITO 
(The Flemish Institute for Technological Research) which is widely used to calculate 
the impact of routine releases from industrial facilities [Cosemans et al., 2000]. The 
Bultynck-Malet (sometimes also called Mol) parameterization is also part of the 
different parameterization schemes used in the RODOS system. 

To overcome the stationary and homogenous situation inherent to Gaussian plume 
models the NOODPLAN models discussed here make use of the segmented bi-
Gaussian plume approach. This makes it possible to treat time-varying releases and 
transport conditions and especially changes in wind directions. In this approach the 
plume is broken up into plume segments corresponding to fixed time periods of 10-
minutes. To take into account the difference between the original Bultynck-Malet 
sampling time (30-60 minutes) and the 10-minute periods used in NOODPLAN a 
correction factor to the dispersion parameters is applied. 

The difference between the different NOODPLAN models is the specific 
customization for the origin of the release. Because the models were developed 
historically at different moments in time also some –in general minor- differences exist 
in the modeling aspects. Currently three versions are existing corresponding to a 
version specific for the Nuclear Power Plants (NPP's) at Doel, at Tihange and the 
nuclear facilities in the surrounding of Mol (SCK•CEN, Belgoprocess …). All models 
have the same structure and comprise an input, calculation and reporting module. The 
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input module is highly customized and allows the selection of a specific release 
pathway (different stacks, steam generator incidents, releases with fire, ground release 
…) and determines the relative isotopic composition of the different release groups 
(noble gases, iodine, -aerosols, -aerosols, tritium) based on the time of release after 
reactor shutdown. For some of the models automated import of source term data 
(directly converted from e.g. stack monitoring as well as ventilation rates) and 
meteorological data is possible. The calculation module allows for the Doel and 
Tihange systems to add 3 user defined periods with prognostic data.  The output module 
allows printing and visualizing numerical and graphical results. Direct selection of a 
color scale for the graphical results corresponding to the intervention limits in Belgium 
is possible. The Doel and Tihange models have in addition a standard scenario module. 
This is a simple (non-segmented) bi-Gaussian plume model coupled to a database of 
over 100 standard accident scenarios/reactor. When, based on the technical information 
available, the best fitting accident scenario is determined this standard scenario module 
allows doing a first full assessment in less than 1 minute with on-site meteorological 
data. The models are used by the operators and the results (scenario files) are sent to the 
Federal Crisis Centre in case of an emergency (or during exercises).    

A polar spatial grid is used with a calculation point every 5° on concentric circles 
with distances from the release point determined by the arithmetic progression with a 
ratio of 21/8 (for Doel and Tihange) and 21/4 (for Mol) starting from 200 m up to 50 
km. This gives a very high calculation resolution near the release point while the total 
number of calculation points is limited resulting in a very short calculation time. 
Several hundreds additional calculation points can be defined and stored in a database 
by the users (e.g. detector points corresponding to the environmental monitoring 
network and points on pre-defined measurement routes) without increasing the 
calculation time noticeable.    

Results 
The models are regularly –in general at least two times a year - used during emergency 
exercises resulting in an important experience in using the models and interpreting the 
results. Based on the SCK•CEN experience (as utility and operator of the model at the 
evaluation cell of the Federal Crisis Centre) the following shortcomings can be 
identified: 

 The restriction of the calculation area to around 50 km on several occasions 
caused problems and confusion regarding intervention limits especially in 
the case of an important release of I-131. Easy export of all input data 
available in the NOODPLAN models to a model with an extended range 
would be interesting. 

 The transfer of calculation results from the operator to the Federal Crisis 
Centre is slow because old technology is used. For this reason the evolution 
of an emergency –which can easily be calculated with the NOODPLAN 
models by adding 10-minute periods without the requirement for 
performing the original calculations again- cannot always be followed 
continuously. This problem will be solved by using fast data connections in 
the future. 
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 Although the definition of additional (detector) points is possible, a direct 
and fast relation with measurement predictions or results (e.g. combination 
of dose rate from cloud and ground shine) is missing. 

 Although the interface is rather simple, some specific actions of the user are 
necessary (e.g. specific action for selection and validation of input). This 
implies the necessity of a regular training (a limited yearly training session 
seems sufficient) for adequate knowledge of the software. 

Further, an evaluation was made by executing an inter-model comparison with 
state-of-the-art models. Inter-model comparisons are an excellent tool for the 
assessment of model differences and the uncertainties related to these differences as 
shown in [Kok et al., 2005]. In this inter-model comparison the Noodplan results are 
compared with RODOS (ATSTEP) and RIMPUFF results (RIMPUFF within RODOS 
or a RIMPUFF stand alone version).  ATSTEP is a tri-Gaussian puff model with time 
integrated elongated puffs and employs modified Karlsruhe-Jülich/Mol dispersion 
parameters applicable for different types of land-use up to a distance of about 100 km 
from the release point [Pässler-Sauer, 2007]. RIMPUFF is a Lagrangian mesoscale 
atmospheric tri-Gaussian dispersion puff model developed by Risø (RIsø Mesoscale 
PUFF model). For RIMPUFF within RODOS the Carruthers sigma-parameters for near 
range (similarity scaling), and a sigma parameterisation for medium range calculations 
are used. For the standalone version of RIMPUFF different parameterization schemes 
can be used but for the calculations performed here similarity-scaling of atmospheric 
turbulence and diffusion is used in which the calculation of plume spread is based on 
the basic physical parameters that governs the atmospheric boundary layer turbulence 
[Thykier-Nielsen et al., 2004]. 

Both basic scenarios and full realistic scenarios are included in this study. The 
basic scenarios assume a constant release and constant meteorological conditions for 
the duration of the plume passage. Nine basic scenarios are defined, starting from a 
release condition very close to the tracer experiment conditions of Bultynck-Malet, 
investigating the effect of release height and atmospheric stability under dry conditions. 
An additional (tenth) basic scenario is defined to evaluate the effect of rain. The 
scenarios are defined in Table 1. For the RODOS calculations a Cartesian variable grid 
is selected up to 40 km from the release point with near the release point a grid 
resolution of 500 m. 

  
Table 1. Definition of the basic scenarios for the inter-model comparison. As well the Pasquill as 
Bultynck-Malet stability class is specified. 

Basic 
Scenario 

Variable parameters Common parameters 
 

Heff (m) Stability Rain 
(mm/h) 

 

1 72 D/E3 0 Release duration: 60 minutes 
2-3 1/160 D/E3 0 Released nuclide: I-131 (100% elemental) 
4-6 1/74/160 C/E5 0 Total released activity: 6.1014 Bq 
7-9 1/74/160 F/E1 0 Wind speed= 5 m/s at 72 m 
10 72 D/E3 3 No plume rise, no building effects 
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The complex or realistic scenarios comprise a calculation of a stack release for the 
Doel site and a release with fire from the Tihange site. Both scenarios consist of a 
release of 35 periods of 10 minutes, with variable release rates (noble gases, iodine and 
aerosols) and real meteorological data as typically available on-site (measurements 
from mast) including periods with rain as well as important changes in all other 
meteorological parameters. For this study in addition to the NOODPLAN calculations 
RODOS (ATSTEP) calculations are performed on a variable Cartesian grid with an 
extension of 80 km from the release point and for the RIMPUFF stand alone 
calculations with a constant Cartesian grid of 364x364 points with an extension of 50 
km from the release. The models are used at their full complexity for both the basic and 
complex scenarios. This means that standard land use and topography data are taken 
into account for the RODOS and/or RIMPUFF calculations. Also the NOODPLAN 
models are used in the way they are operationally used (i.e. topography used for the 
Tihange site, not for the Doel site, differences due to different land use is not taking into 
account in the NOODPLAN models). 

The basic results (Time integrated concentration near ground level) for scenario 1 
are displayed in Fig. 1. For this scenario the Noodplan results on the plume axis as a 
function of distance from the release point are compared with RODOS results 
(ATSTEP as well as RIMPUFF). Clearly visible is the effect of the polar grid with high 
resolution near the release point of the 'Noodplan' models resulting in a higher value at 
the position of the maximum. For the other basic scenarios a comparison of 'Noodplan' 
with RODOS (ATSTEP) is only made at specific distances corresponding with typical 
distances used for the implementation of countermeasures like sheltering, iodine 
prophylaxis or evacuation (at position of maximum, 5, 10 and 20 km from the release 
point). Results for the time integrated concentration as well as the total effective dose 
are shown in  
Fig. 2. The total effective dose includes only cloud shine, inhalation and ground shine 
integrated for 1 week. For the Noodplan models the ground shine for 1 week is 
calculated based on the value for 24h and 2 weeks (1 week integration time is not a 
standard output). In general the agreement between the models is very good (in general 
within a factor 2). For the value at the position of the maximum, the Noodplan results 
are nearly always higher compared to the RODOS values. This can again be attributed 
to a difference in spatial resolution near the release point of the two models. The 
variation of the ratio of the results seems to be somewhat higher for the location at 20 
km, compared to 5 or 10 km. The total effective dose is mainly determined by the 
inhalation dose. The NOODPLAN results are in general higher. If individual exposure 
pathways are studied the difference is mainly due to a higher contribution from ground 
shine by the NOODPLAN models. 

Results on dry and wet deposition based on scenario 1 and 10 are summarized in 
Table 2. The difference between the models for deposition (as well dry as wet 
deposition) is larger then the differences for the air concentration and total effective 
dose. Differences of a factor 3 to 4 are found here. The Noodplan models show higher 
deposition values which is explained by a difference in deposition velocities used by the 
models.  
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Fig. 1. The Time Integrated Concentration (TIC) near ground level for scenario 1 as a function of 
distance under the plume axis for the NOODPLAN model compared with the atmospheric 
dispersion models ATSTEP and RIMPUFF within RODOS.  

 
 
Fig. 2. Results of the inter-model comparison between NOODPLAN (N) and RODOS/ATSTEP (R) for 
the basic scenarios 1 to 9. On the left site the results of the Time Integrated Concentration are 
shown, on the right side the results for the total effective dose. 

 
Table 2. Inter-model comparison between NOODPLAN (N) and RODOS/ATSTEP (R) based on 
scenario 1 and 10 for dry and/or wet deposition of elemental I-131. The dry deposition velocities 
are derived from the ratio of the deposition to the Time Integrated Concentration at every location. 
For NOODPLAN this deposition velocity is a constant, for RODOS the value can be dependent on 
the land use. The difference between the NOODPLAN and RODOS results for the ground 
contamination is mainly determined by a difference in the deposition velocity (a factor 3). 

Distance 
(max or km) 

Dry deposition Dry+wet deposition 
 

Ratio N/R vd,Noodplan (m/s) vd, Rodos (m/s) Ratio N/R 
max 5.07 1.00E-02 3.39E-03 4.99 

5 3.61 1.00E-02 3.51E-03 3.00 
10 3.94 1.00E-02 3.52E-03 3.28 
20 3.27 1.00E-02 3.97E-03 3.22 
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For the complex scenarios only a qualitative comparison could be made due to 
differences in the calculation grids used by the models. For the NOODPLAN results a 
transformation could be made from the standard polar grid to the Cartesian grid selected 
for the RIMPUFF calculations by a nearest neighbour algorithm. The results for 
NOODPLAN and RIMPUFF for the most complex scenario with fire and in a complex 
region (Tihange site in valley of river Meuse) are shown as an example in  
Fig. 3. The RODOS (ATSTEP) results look very similar. The results for the Doel 
scenario (stack release, flat terrain) match even somewhat better.  
 

 
 
Fig. 3. Time Integrated Concentration (TIC) near ground level of Cs-137 for a release scenario for 
the Tihange site with fire (35 periods of 10 minutes) for NOODPLAN (left) and RIMPUFF (right) on 
top of a map showing the topography (height above sea level in meters). The same (color) scale 
scale for the TIC is used expressed in Bq s/m3 in both graphs. 

Discussion 
Although a good agreement of results in an inter-model comparison is not a guarantee 
for accurate results due to e.g. common simplifications and assumptions, the execution 
of inter-model comparisons can identify differences and give confidence in the typical 
uncertainties present in atmospheric dispersion modelling. Based on this study several 
interesting observations can be made which highlight possible future developments. 

During emergency exercises often the maximal dose or contamination values 
calculated by the models are used as a starting point for a discussion on the advice of 
countermeasures. This study clearly illustrates that the maximal value can be strongly 
connected to grid resolution around this maximum position.  A polar grid as used by the 
Noodplan models has a very high resolution near the release point without having a 
large number of total grid points. In many scenarios, in which the maximum is within a 
few kilometres from the release point, this can be seen as an important advantage. 
However, for specific scenarios with the maximum at several kilometres from the 
release point the resolution near this maximum will also be limited for the Noodplan 
models. Most models have fixed grids (or has to be fixed by the user as part of the input 
data) leading to results in a calculation area and with a resolution which is not always 
optimal for the interpretation of the scenario under study. The development of routines 
with flexible and (automated) guidance on grids based on available input and required 
output seems interesting in this context. 

Third European IRPA Congress 2010, Helsinki, Finland

P10 P10-07



1616

Topic 10: Nuclear and radiological emergencies and incidents – Poster presentations
Camps, Johan et al.
The ‘NOODPLAN’ early phase nuclear emergency models: an evaluation

Although the differences in the inter-model comparison in this study for the basic 
model output (the time integrated concentrations) are small, differences increase clearly 
for derived parameters like e.g. the ground contamination by dry and/or wet deposition. 
This increase in difference is only due to the use of different deposition velocities. This 
shows clearly that good knowledge of basic parameters (such as the deposition velocity) 
is crucial. Apart from effort in better and more accurate atmospheric dispersion 
modelling (especially for specific situations like e.g. influence of buildings, urban areas 
…) a better quantification of basic parameters like deposition velocities seems 
important. In this respect the confrontation of model results for routine releases with 
measurements from these discharges in specific regions can be helpful. 

Executing inter-model comparisons confronts the user of the models with 
differences in the required input. The NOODPLAN models are highly customized in a 
way that all input required by the models is directly related to physical (measured) 
parameters operationally available on-site. For performing calculations with other 
models conversions of some parameters have to be done to be able to run these models 
such as e.g. the parameters for the calculation of the plume rise (specifically for a 
release with fire). Because the NOODPLAN models are only applicable for the early 
phase and local scale of a nuclear incident it is interesting to have all input data 
available for other models.  In the new versions of the NOODPLAN models an XML-
file with all input data is generated. Concerning the output, a specific module is 
foreseen to transfer the output files to CSV files for export to a Geographical 
Information System (GIS). 

Although, it is possible in the NOODPLAN models to define a large number of 
specific calculation points (e.g. detector points) and to display all calculated output for a 
specific calculation point, fast prediction of or comparison with measurement results is 
difficult. The development of (scenario preparation) tools for e.g. direct calculation of 
measurement results in a large number of points (e.g. dose rates, surface contamination, 
air concentrations) for a number of operationally used detectors would be very 
interesting. 

Simple but highly customized models used by different operators like the 
NOODPLAN models are under constant evaluation by as well the users (operators), 
inspectors of the nuclear facilities, and developers. The models are often also used as 
part of the licensing procedures for the nuclear activities as well as for investigations of 
routine releases and their impact. In this respect such models are fully complementary 
to the decision support systems introduced in many European countries the last decade. 
However, results should be in line and/or differences should be well understood.  

Conclusions 
This review and evaluation of the NOODPLAN models used as a fast tool to perform 
radiological impact assessments for the early phase of an accidental atmospheric release 
from specific nuclear sites in Belgium shows that the results of these models are in line 
with state-of-the-art nuclear emergency decision support systems installed nowadays by 
different countries in their emergency centres.  The differences found in the inter-model 
comparison for the basic atmospheric dispersion parameters like air concentrations at 
ground level are typical smaller than a factor 2-3 even for complex scenarios in large 
areas of the calculation grid. Derived values such as deposition and dose values differ in 
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general more. This underlines the importance of a good knowledge of the parameters 
used for the determination of these derived quantities because they determine in a large 
group of scenarios the main difference between the different models studied here. In 
addition the polar grid used in the NOODPLAN models showed that the determination 
of the maximum value of a quantity is less dependent on the gird compared to the grids 
used for the other models when the location of the maximum is within a few kilometres 
from the release point. Optimization of grid format, extension and spacing in function 
of scenario can in this respect be identified as an interesting topic for model developers. 
The high degree of customization of the NOODPLAN models in combination with 
(partly automated) input of source and meteorological data validated by the operators 
during an emergency guarantees the use of as complete and correct as possible data for 
performing the radiological impact calculations. Because the NOODPLAN models are 
limited in e.g. range (50 km) and scope (early phase) the export of all input data in a 
common file structure for use by other models has been identified as an important topic 
for future development. 
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Abstract 
Following an atmospheric release of radioactive material during e.g. a nuclear or 
radiological incident, it is well known that local precipitation can have a large impact 
on the deposition pattern. Atmospheric dispersion and deposition models use different 
approaches to take precipitation into account. Moreover, often only limited precipitation 
information is available. Although rain-radar data are less accurate than rain intensities 
that are measured directly, they ensure a more detailed coverage of the potentially 
affected region, which can, in turn, affect the decisions on management options and 
measurement strategies.  

Data from a C-band Doppler rain-radar located at Wideumont and operated by the 
Royal Meteorological Institute of Belgium were converted to be used with the Risø 
Mesoscale puff model (Rimpuff). This model was then used to execute several 
calculations concerning a possible nuclear event with different rain input data ranging 
from single station to rain-radar data. Results obtained for different parameters, such as 
deposition and cloud-shine, corresponding to precipitation measurements from weather 
stations on the one hand, and from rain-radar data on the other hand, are compared.  

This paper assesses the importance of the rain-radar data in the early phase of a 
nuclear or radiological emergency. The resolution and the uncertainties associated with 
the different available rain data are discussed. Also, a quantitative analysis is presented 
of the results obtained when different rain input data are used. Finally, to strengthen our 
conclusion on the added value of rain-radar data in the early phase, a survey on the 
opinion of several radiological experts on the use of rain-radar data based on a case 
study with calculated examples will be discussed.  
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Abstract  
A common set of intervention levels is still missing for introducing early (sheltering, 
evacuation) and late (relocation, resettlement, returning to evacuated areas) protective 
actions in radiation emergencies. A two-step method has been suggested to derive a 
consistent set of intervention levels. In the first step, the projected effective doses are 
calculated for different accidental release scenarios for three defined time periods which 
corresponds with integration times for sheltering and relocation and the corresponding 
dose ratios estimated. In the second step, it is necessary to adopt a reference dose level 
for a certain time period. The relationships between the projected effective doses and 
the agreed reference level are used to derive a consistent set of intervention levels for 
early and late protective actions. In this contribution the recommendation of ICRP to 
limit the annual dose to the public to 100 mSv in the first year is adopted. Based on this 
reference level, the intervention levels for the early and late protective actions are 
derived for a variety of scenarios. The influence of different parameters on the variation 
of results is analysed and discussed with respect to establish appropriate intervention 
levels. Based on the results, it is further discussed whether it is of advantage to have 
only one set of intervention levels which covers even unfavourable conditions, or, 
whether it might be more appropriate to derive more than one set of intervention levels 
for different scenarios, which enable decision makers for a flexible response according 
to the accidental situation.  

Introduction 
An international agreed set of intervention levels is still missing for introducing early 
(sheltering, evacuation) and late protective actions (relocation and returning to 
evacuated areas) in radiation emergency preparedness. International organizations 
(ICRP 2007; IAEA 2009) recommend a reference level between 20 and 100 mSv per 
year but they do not give guidance how to split this level into discrete values for 
sheltering, evacuation and returning, which is of greatest importance for practical 
decisions. For implementing best radiation protection to the affected population, 
decision makers have to decide on sheltering and evacuation in an event even before 
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radionuclides are released, and on relocation immediately after the passage of a cloud. 
As there is not much time for consideration of protective actions, intervention levels for 
each countermeasure have to be agreed in the planning phase. In this paper sets of 
intervention levels for early and late protective actions are derived, which are in line 
with each other. It is discussed whether one set of intervention level is sufficient to deal 
properly with all kind of radiation emergencies or whether few sets of intervention 
levels might be more appropriate to cover different scenarios. 

Material and methods 
The recommendation of ICRP to limit the maximum annual dose to the public to 100 
mSv in the first year after the accident occurance is adopted. The time dependent curve 
of the projected effective doses within the first year is analysed for different scenarios. 
It is assumed that the integration time for early protective actions will be 2 days and for 
relocation 30 days and 1 year. Accordingly, effective doses are calculated for the three 
time periods separately: from the beginning of the release until the end of the 2nd day, 
from 3rd day until the 30th day and from the 31st day until first year. Then, the ratios of 
the doses for the three time periods are calculated. When a set of dose ratios is adopted 
for one scenario, the recommended annual dose of 100 mSv/a is split according to the 
dose ratios to obtain a consistent set of intervention levels for sheltering and relocation. 
The variation of the dose ratios leads to different sets of intervention levels for 
sheltering and relocation, dependent on each scenario considered.  

Three different kinds of source terms have been defined: 
– two complex source terms for accidental releases from a NPP, 
– Iodine-131 release, as example for short lived - and  radionuclides, and 
– Cs-137 release, as example for long lived - and  radionuclides.  
Six different weather conditions have been assumed: Pasquill stability class B, with 

wind speed of 3 m/s; Pasquill stability D, with wind speed 6 m/s; and Pasquill stability F, 
with wind speed 2 m/s. Both dry and rainy conditions have been assumed. When rain has 
been considered, a wash-out coefficient of 3.5E-04 s-1 has been used for calculations. The 
emission characteristics are: heigh 50 m, duration 2 hours.  The dose calculations have been 
carried out with the Romanian RO-CODE and the German version of RODOS.  

The Romanian RO-CODE is software specifically developed by the 
representative of Regulatory Authority in Romania as an in-house tool for the 
assessment of possible radiological consequences of nuclear accidents at Cernavoda 
NPP (Baciu 2004). The computer code uses the Gaussian plume model to simulate the 
dispersion and the transport of the radionuclides at different distances from the source. 
The dose coefficients are taken from Eckerman and Ryman (1993). The RODOS code 
is described in literature (Ehrhardt and Weis 2000; Ehrhardt et al. 2007).  

Results 
The results indicate that the amount of doses in the first period (the first two days after the 
accident occurrence) depends significantly on the weather condition. The projected 
effective doses vary with the stability class and the kind of deposition – dry or wet. But the 
dose ratios show a different picture: The ratios of the doses in the three periods are fairly 
independent from the stability class but differ significantly for wet and dry deposition. The 
results of both models, presented in Table 1, are in a fairly good agreement.  
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Table 1. Projected effective doses E (mSv) and dose ratios Pn/P2 (n = 1, 2, 3) calculated with RO-
CODE and RODOS for the time periods P1 to P3, in 5 km distance assuming different atmospheric 
stability classes (B, D, and F) as well as dry and wet conditions, for all source terms considered.  

 
Conditions 
 

RO-CODE 
 

RODOS 
 

P1 P2 P3 P1 P2 P3 

 NPP source term - dry conditions 

Stability B 
  E (mSv) 

  Pn/P2 

 
24.0 
3.8 

 
6.3 

1 

 
24.3 
3.9 

 
168.0 

3.6 

 
47.2 

1 

 
40.9 
0.9 

Stability D 
  E (mSv) 

  Pn/P2 

 
151.2 

3.9 

 
39.0 

1 

 
149.0 

3.8 

 
254.6 

3.4 

 
74.6 

1 

 
64.0 
0.9 

Stability F 
  E (mSv) 

  Pn/P2 

 
591.3 

3.7 

 
158.0 

1 

 
610.0 

3.9 

 
2070.0 

3.9 

 
524.0 

1 

 
518 
1.0 

NPP source term - wet conditions 

Stability B 
  E (mSv) 

  Pn/P2 

  
242 
0.6 

 
397 

1 

 
1282 

3.2 

 
1222 

0.5 

 
2470 

1 

 
3330 

1.3 
Stability D 

  E (mSv) 
  Pn/P2 

 
421 
0.8 

 
541 

1 

 
1759 

3.3 

 
1008 

0.5 

 
2063 

1 

 
3620 

1.8 
Stability F 

  E (mSv) 
  Pn/P2 

 
1266 

0.7 

 
1890 

1 

 
6190 

3.3 

 
5200 

0.5 

 
9650 

1 

 
17200 

1.8 
Cs- 137 – dry condition 

Stability B 
  E (mSv) 

  Pn/P2 

 
42.1 

3 

 
13 

1 

 
160 
12 

 
3.0 
2.9 

 
1.05 

1 

 
9.4 
9.0 

Cs-137 – wet condition 
Stability B  

  E (mSv) 
  Pn/P2 

 
72.9 
0.12 

 
706.1 

1 

 
8351 

12 

  
5.0 

0.07 

 
67.8 

1 

 
562.3 

8.3 
I-131 – dry condition 
Stability B 

  E (mSv) 
  Pn/P2 

 
8.39 

3 

 
2.71 

1 

 
0.30 
0.1 

 
2.8 
2.4 

 
1.15 

1 

 
0.1  

<0.1 
I-131 – wet condition 
Stability B 

  E (mSv) 
  Pn/P2 

 
33.6 
0.25 

 
142.4 

1 

 
14 

0.1 

  
5.3 
0.3 

 
18.4 

1 

 
1.5 

0.15 
 
 
To derive sets of intervention levels, the annual reference dose of 100 mSv has 

been split according to the dose ratios obtained for the different scenaris (table 2)  
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Table 2. Derived sets of intervention levels for sheltering and relocation, for all source terms 
considered (source term, Cs-137 and I-131, in dry and wet conditions. 

Conditions Sheltering 
(mSv, 2 days)  
 

Relocation 
(mSv, 1st month) 

Relocation/ 
Resettlement 
(mSv, 1st year) 
 

Dry deposition    
Complex source term for NPP 

Intervention level 
Dose ratio 

 
50 mSv/2 days 
4 

 
65 mSv/1st month 
1 

 
100 mSv/1st  year 
2 

Cs-137 release 
Intervention level 

Dose ratio 

 
22 mSv/2 days 
3 

 
30 mSv/1st month 
1 

 
100 mSv/1st  year 
10 

I-131 release 
Intervention level 

Dose ratio 

 
75 mSv/2 days 
3 

 
100 mSv/1st month 
1 

 
100 mSv/1st  year 
0.1 

Wet deposition    
Complex source term for NPP 

Intervention level 
Dose ratio 

 
12,5 mSv/2 days 
0,5 

 
37.5 mSv/1st month 
1 

 
100 mSv/1st  year 
2.5 

Cs-137 release 
Intervention level 

Dose ratio 

 
1 mSv/2 days 
0.1 

 
10 mSv/1st month 
1 

 
100 mSv/1st  year 
10 

I-131 release 
Intervention level 

Dose ratio 

 
30 mSv/2 days 
0.3 

 
100 mSv/1st month 
1 

 
100 mSv/1st  year 
0.15 

 
 
Concerning the source term of a NPP and assuming dry deposition, about half of 

the annual dose is received during the first 2 days when the radioactive cloud passes. 
Concerning wet conditions, the dose in first 2 days is only about one eighth of the 
annual total dose. What does this mean with respect to emergency management? Many 
countries have settled an intervention level for sheltering of 10 mSv integrated over 2 
days. This means when the dose of 10 mSv is exceed in the first two days and it is 
raining, then it has to be assumed that also reference dose of 100 mSv for one year 
might be exceeded and relocation have to be taken into account directly after the 
cloud´s passage. But a completely different picture is given when it does not rain during 
the cloud´s passage. The projected dose integrated over 2 days could be significantly 
higher than 10 mSv but relocation must not be considered because the annual dose of 
100 mSv will be not be exceeded.  

It is obvious that the results strongly depend on assumption on the radionuclide 
composition. To get an idea on dose ratios for the different time periods, calculation 
were carried out for I-131 as representative of a short lived - and  radionuclide and 
for Cs-137 as representative for long lived - and  radionuclide. Concerning I-131 
about 70 % of the dose is received during the passage of a cloud in the absence of 
precipitations. Under wet conditions, the dose ratios are vice versa. About 30 % of the 
dose is received in the first 2 days but about 70 % in the next 28 days.  

Opposite results are obtained for Cs-137. About 25% of the annual dose is 
received in the first 2 days assuming dry deposition which means that inhalation plays a 
significant role during the passage of the cloud. In the later periods, when direct 
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deposition is the dominant pathway, the monthly exposure declines slowly. Concerning 
wet deposition, the dose from inhalation is becoming of minor importance. The 
dominant pathway is direct radiation in each period. Consequenty only about 1/100 of 
the total annual dose is received in the first 2 days during the passage of the cloud.  But 
when the doses are fairly constant over 1 year, late countermeasures become more 
relevant than short term ones. 

Conclusions 
First analysis show that sets of intervention levels vary significantly with the fraction of 
long-lived and short-lived radionuclide in the source term and with dry or wet 
deposition. But the dose ratios and consequently the derived intervention levels are 
fairly independent from the stability class. 

Concerning dry deposition, an intervention level for sheltering of 10 mSv per 2 
days would make sure that the annual dose of 100 mSv per year will not be exceeded in 
all examples. The annual dose will even stay below 50 mSv in these cases. This means 
when the intervention level for sheltering is not met, also relocation must not be 
recommended too. The derived values are in line with each other.  

A different picture has been received for wet deposition. The contribution of the 
dose received during the passage of a cloud to the total annual dose is significant lower 
for all sources considered. For I-131, the intervention level of 30 mSv during the first 2 
days corresponds with an annual dose of 100 mSv. Concerning releases from NPPs, an 
annual dose of 100 mSv can be expected when the dose within the first period is 
expected to be a little more than 10 mSv for wet deposition. But concerning Cs-137, a 
dose of only 1 mSv during the first 2 days corresponds with an annual dose of 100 mSv.  
This means that the dose reduction by implementing sheltering will be insignificant in 
comparison to the annual dose. Consequently, when the dose is below 1 mSv in the first 
2 days, then neither sheltering not relocation have to be considered. Above 1 mSv per 2 
days, countermeasures to reduce direct radiation have to be taken into account 
immediately. Otherwise evacuation has directly to be taken into account as protective 
action for population.  

Coming back to the question whether one set of intervention level is sufficient for 
emergency planning: The answer is complex: a distinction between wet and dry 
deposition seems to be appropriate due to the differences in results. But on the other 
hand fast and common decisions can rather be expected when only one set of 
intervention has been settled. Based on these calculations, it is would be possible to take 
into account the intervention levels derived for a release at a NPP under wet conditions. 
It covers all situation analysed, excepting the very special situations when only long 
lived - and  emitting radionuclides are released under wet conditions. In this special 
situation, evacuation, respectively relocation has to be considered directly.  

The objective of this contribution is to address the problem of setting up 
intervention levels which are in line with each other. It is obvious that additional 
scenarios and assumptions, like different radionuclide compositions, different 
deposition rates and washout coefficients have to be analysed to create a good basis for 
a final conclusion whether one set of intervention levels is appropriate in radiation 
emergency preparedness.  
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Abstract 
If an accident occurred at nuclear power plant and any plume of radioactive materials 
was released into the environment, country and local government immediately have to 
implement protective actions for people around the plant to reduce exposed dose. In 
order to efficiently implement protective actions, it is important to preliminarily 
develop the good planning for emergency preparedness and response to a nuclear 
accident. In particular, it is important to provide the technical guidance for the 
development of urgent protective actions (e.g. evacuation, sheltering and iodine 
prophylaxis), based upon a comprehensive threat assessment that takes into account the 
full range of postulated events for nuclear accidents. The most effective response 
strategy in nuclear emergency will involve a combination of these protective actions. 
The ICRP recommends focusing on optimization with respect to the overall strategy, 
rather than the individual protective action in the ICRP new recommendation, 
Publication 103. To develop a generic response strategy, probabilistic accident 
consequence assessment models can be very useful for providing a quantitative basis on 
discussing the effective emergency plan. Our study shows results of the technical 
considerations for the overall strategy of implementing protective actions in emergency 
exposure situation using a probabilistic accident consequence assessment model by 
Japan Atomic Energy Agency. For postulated accidents with source terms derived from 
a generic level 2 PSA of the reference plant in Japan, residual doses are calculated in 
case of implementing combination of these protective actions and then optimization 
process being guided by reference levels is applied. The preliminary results will provide 
the insights of technical guidance for the development of these protective actions.  
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Abstract 
A description of the structure and capabilities of the system used for assessment and 
prediction of the effects of radioactive releases from Rivne Nuclear Power Plant 
(RNPP) is given. The system includes models for calculation of the atmospheric 
transport, external and internal doses, as well as module for justification assessment of 
emergency and urgent countermeasures. The calculations of possible impact of beyond 
design basis accident for the population within RNPP’s supervised area were 
performed. It is shown that an increase in efficiency of iodine prophylaxis by using the 
prediction results of the radiation situation can provide a significant reduction of 
avertable dose to thyroid. 

Introduction 
In 2007 Ukrainian state enterprise National Nuclear Energy Generating Company 
(NNEGC) “Energoatom” adopted the concept of a computer decision support system 
(DSS) in the event of radiation accidents at Nuclear Power Plant (NPP), according to 
which DSS must have a two-level structure, consisting of two subsystems: 

– site (plant) subsystem which placed at each NPP in Ukraine; 
– central subsystem which placed in the Crisis Centre of NNEGC 

“Energoatom”. 
The main element of the DSS is site subsystem that efficiently should perform 

decision-making support at an early phase of the accident according to requirements of 
the Typical emergency plan for NPP in Ukraine. 

System of operative analysis of radiation situation due to accidents at NPP in 
Ukraine (SOARS) was established by the Radiation Protection Institute (Kyiv) for dose 
calculation and support decisions about countermeasures. SOARS is used at Rivne NPP 
from 2003, it fully complies with the requirements of Radiation Safety Standards of 
Ukraine. The paper is devoted to a brief description of its capabilities and prospects for 
its further improvement. 
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The generic structure of SOARS 
System of operative analysis of radiation situation is intended for calculation the 
consequences of atmospheric releases from NPP within its supervised area at an early 
stage of the accident. It includes following main modules: 

– module for calculation of atmospheric transport and fallout to the ground 
surface; 

– module for calculation of external doses from radioactive clouds; 
– module for calculation of external doses from fallout to the ground surface; 
– module for calculation of internal doses due to inhalation; 
– module for calculation of internal doses due to ingestion of contaminated 

food (pilot module); 
– module for countermeasures. 
Fig. 1 shows the appearance of the main window of the system and a fragment of 

one of the auxiliary window with summary results of dose calculations and 
countermeasures for settlements in NPP supervised area. 

 

 
 

Fig. 1. The main window of SOARS and a fragment of Summary results window. 

Atmospheric transport module 
The module calculates the field of volume specific activities of radionuclides in the 
surface air and surface specific activities of radionuclides in the fallout to the ground 
surface. It is based on time-dependent model of atmospheric dispersion that is used to 
calculate the possible consequences of accidental releases at distances up to 30 km. In 
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contrast to the standard Gaussian model of atmospheric dispersion (IAEA 1980), time-
dependent atmospheric transport models can be applied in situations characterized by 
rapidly changing trend of release and in conditions with changing of meteorological 
fields during the time of pollutant transport (essentially, speed and direction of wind). 
Prolonged non-stationary release of radionuclides from the source is modelled by a 
sequence of discrete releases (“puffs”) emitted from the source through some 
(sufficiently small) intervals. The detailed model applied in the SOARS for the 
calculation of the volume specific activity of radionuclide in the air is given in (Talerko 
2005). This approach allows to increase the range of applicability of the model for the 
transport distances (within the supervised area of NPP) in comparison with the common 
Gaussian model, which (according to (IAEA 1980)) is recommended for use only at 
distances up to 10 km from the source. Discussion of features and limitations for the 
applicability of these models is given in (Talerko 2009). 

The source data for calculations consist of release parameters and meteorological 
data (variable with time): release rate (activities of separate radionuclides), duration of 
release, release height, stability class, wind speed, wind direction, precipitation rate. 

Module for calculation of external doses 
The module calculates the effective dose and equivalent dose to organs (tissues), formed 
by external exposure from radionuclides in the plume and radionuclides in the fallout to 
the ground surface. 

The module contains two models for calculation the external dose from the plume: 
a) model of a semi-infinite spatially homogeneous source (IAEA 1980); 
b) integrated model of the plume (Talerko 2005). 
The homogeneous semi-infinite source model can lead to large errors in dose 

assessment from radioactive plume on conditions of high spatial gradients of 
radionuclide activity at small distances from the source of releases. Therefore integral 
model is used in substantially heterogeneous and rapidly changing fields of activity of 
radionuclides in the surface air. The model allows clarifying the dose assessment 
substantially, especially at distances comparable with the release height. 

Calculation of effective dose of external exposure from fallout to the ground 
surface is based on the model of source, uniformly distributed on the infinite surface. 
Values of external dose rates per unit of surface specific activity of radionuclides on the 
ground surface are given according to (Eckerman, Leggett 1996). 

Module for calculation of internal doses 
The module calculates the effective dose and equivalent dose to organs (tissues), formed 
by internal exposure of radionuclides. The calculation is performed for each 
radionuclide in release composition and its progeny produced during radioactive decay. 

Inhalation. The projected effective dose (for reference age ), formed by 
inhalation intake of radionuclide i at time t, calculated as follows: 

t
inhal

i
inhal

i dEtE
0

 
     ,,  . (1)
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Internal dose rate due to inhalation intake (   
     ,

inhal
iE , mSv·h-1) is determined by 

the formula 
inhal

iiV
inhal

i gyxAE     ,,     , ,0,, , (2)

where ,0,,, yxA iV  is a volume specific activity of the radionuclide i in the 

surface air at the time  (Bq·m-3) for settlement with the coordinates (x, y); inhal
ig     ,  is an 

effective internal dose rate due to inhalation for reference age  per unit volume specific 
activity of radionuclide i in air, mSv·Bq-1·m3·h-1. 

The calculation of inhal
ig     ,  is based on biokinetic and dosimetry models of the 

International Commission on Radiological Protection (ICRP). These values are pre-
calculated using the IDSS software (Internal Dosimetry Support System), developed by 
the Ukrainian Radiation Protection Institute (Berkovski et al. 1998). The calculated 
coefficients are stored in the internal database, which contains data for more than 700 
radionuclides (for six reference ages). IDSS demonstrated good correspondence of 
calculation results with the values of doses per unit intake published by ICRP. 
Calculation of equivalent dose to organs (tissues) is similar to the calculation of 
effective doses. For this purpose the corresponding values inhal

ig     ,  are also stored in 
SOARS database. 

Ingestion. Module for calculation of internal dose due to ingestion intake is a 
pilot module (under development and testing) which is not included in the SOARS, 
currently operated in RNPP. The projected effective dose, formed by ingestion of 
radionuclide i at time t, is calculated in this module as 

ingest
i

ingest
i EtE ,, , (3)

where ingest
iE ,  is a projected effective dose for the reference age  formed by 

ingestion of radionuclide i during the calendar date . 
The summation in the formula is performed on all calendar dates from the 

beginning of an emergency release to the date corresponding to time t. Effective internal 
dose for the calendar date  is determined by the formula 

ingest
i

ingest
i

ingest
i eIE  ,,, , (4)

where ingest
iI ,  is an ingestion intake of radionuclide i for calendar date  for the 

reference age , Bq; ingest
ie  ,  is an effective dose per unit of ingestion of radionuclide i for 

the reference age , Sv·Bq-1. 
An ECOSYS model (Muller, Prohl 1993) is the basis of assessment of ingestion 

intake, however typical Ukrainian food consumption levels are used in the module. A set 
of pre-calculated daily intakes (for the reference ages), formed by a fallout in every single 
day of the year, is used for dose calculation. The database of doses per unit intake created 
by IDSS software (as well as inhalational intake) is also used (Berkovski et al. 1998). 

Module for countermeasures 
Accordingly to Ukrainian legislation predicted and avertable doses to the population of 
settlements in supervised area are estimated (RSSU 1997). Predicted absorbed doses to 

Third European IRPA Congress 2010, Helsinki, Finland

P10 P10-11



1630

Topic 10: Nuclear and radiological emergencies and incidents – Poster presentations
Bonchuk, Iurii and Talerko, Nikolai
System for the prognosis of the population doses due to emergency atmospheric release from nuclear power plants

organs (tissues) are calculated for 2 days after emergency release (for decision-making 
about emergency countermeasures). Avertable doses to whole body, thyroid and skin are 
calculated for 2 weeks after accident (for decision-making about urgent countermeasures). 
Avertable doses depend on efficiency and duration of one or several countermeasures 
(sheltering, evacuation, iodine prophylaxis, outdoor restriction). Scheme of calculation of 
avertable doses is described below as an example for effective doses. 

For external exposure and internal exposure due to inhalation, the effective dose 
Ecm,  , avertable at time t (for the radionuclide i and for the reference age ), is calculated 
as follows: 

t
p
ip

icm

p
icm dE

k
tE

0

 
,

,,
,,  11 , (5)

where p
icmk ,,  is a reduction function for the effective dose for reference age , 

radionuclide i, and pathway of dose formation p due to applying of countermeasures 
( 1,,

p
icmk  for each ; 1,,

p
icmk  if countermeasures are not applied or they are not 

effective);  
,
p
iE  is an effective dose rate at time  for radionuclide i and pathway p. 

The effective dose due to ingestion for reference age , avertable during time t, is 
determined by the formula: 

ingest
iingest

icm

ingest
icm E

k
tE ,

,,
,,

11 , (6)

where ingest
icmk ,,  is a reduction factor for the effective dose from ingestion of 

radionuclide i during application of countermeasures in the calendar date ; ingest
iE ,  

is a projected effective dose from ingestion of radionuclide i during the calendar date . 
It is necessary to draw attention to ‘behaviour mode’ term, for which the 

following numerical characteristics are specified: for rural population – 0.29, for 
population of urban villages – 0.2, and for urban population – 0.13 (Likhtariov et al. 
1996). The behaviour mode in several times (from 3.4 to 7.7) reduces the estimated 
value of external dose due to fallout to the ground surface. 

For the calculation of avertable doses, SOARS uses charts of countermeasure 
application, which allows specifying the beginning, duration and efficiency (reduction 
factor for each pathway). As far as countermeasures can be applied with some delay, 
their application cannot avert a projected dose completely, but only reduce it 
(sometimes substantially). Therefore, some countermeasures for settlements may not be 
justified, despite significant accident doses. 

Auxiliary modules 
Auxiliary modules SOARS include: module with radionuclides data, reference 
information module, and geographic information module. 

Module with radionuclides data provides detailed radionuclide data (radioactive 
decay constants, decay chains, spectral characteristics), necessary to perform the 
calculation of dosimetry situation. 

Reference information module performs the displaying of data stored in the 
module with radionuclides data. 
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Geographic information module contains cartographic information about Rivne 
and Volyn regions within a radius of 50 km from RNPP and includes basic map layers 
(boundaries of the regions and districts, topography, vegetation, water bodies, 
settlements, roads and railways). 

Application SOARS for impact assessments of emergency releases 
The application of SOARS for the analysis of the impact of beyond design state 
accident (BDSA) on the power unit VVER-1000 on RNPP is considered below 
(NNEGC “Energoatom” 1999). Example demonstrates the possibility of SOARS for 
decision-making support on countermeasures. The release duration is limited to two 
hours (for simplifying the analysis), the release indicated in the Table 1. 

 
Table 1. The composition of the release of radionuclides in the BDSA on VVER-1000. 

Radionuclide Release, TBq 

0 – 1 hour 1 – 2 hrs 

Inert radioactive 
gases 

85mKr 1000 200 
87Kr 2400 200 
88Kr 3700 700 
133Xe 19000 2000 
135Xe 1100 200 

Molecular  
iodine 

131I 810 40 
132I 560 30 
133I 560 – 
134I 410 – 
135I 370 40 

Organic 
compounds of 
iodine ( 3I) 

131I 96 14 
132I 63 7 
133I 67 7 
134I 37 4 
135I 44 4 

Caesium 134Cs 25 – 
137Cs 13 – 

 
Calculations were performed for the following meteorological characteristics: 

atmospheric stability class is E, wind speed is 2 m·s-1, wind direction is toward 
Kuznetsovsk. Calculations were performed for two effective heights of release: 40 m 
(outflow from the containment) and 120 m (release from the stack). The calculations did 
not take into account the ingestion intake of radionuclides with contaminated food. This 
component is essential for the formation of the dose, but it is more delayed in time than 
other pathways. This paper focuses on the first few hours after the release. 

The results of the calculations (projected doses to population of settlements) are 
presented in Table 2. Since the criteria for urgent countermeasures are not achieved, and 
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criteria for the introduction of urgent countermeasures are exceeded only lower bounds 
on the justification, specified for the doses to the skin, Table 2 shows only the values of 
doses to the whole body and thyroid. In the columns “Children” shows the values of 
doses are the highest among all reference ages, except for reference age “Adult”. Mode 
behaviour in Table 2 is not taken into account. 

 
Table 2. Projected dose exposure of various settlements in supervised area of RNPP (indicating the 
distance from the RNPP). 

Release 
height 

Organ 
(tissue) 

Time Kuznetsovsk  
(2,9 km) 

Berezina 
(18,6 km) 

Serkhiv 
(24,9 km) 

Kolodii  
(7,1 km) 

Children Adults Children Adults Children Adults Children Adults 

40 m Whole 
body, 
mSv 

Plume* 56 32 4.7 2.7 3.4 1.9 0.8 0.5 

2 days 65 41 5.3 3.3 3.8 2.3 1.0 0.6 

14 days 81 57 6.5 4.5 4.7 3.2 1.2 0.8 

Thyroid, 
mGy 

Plume* 1000 510 84 43 61 31 15 7.5 

2 days 1010 520 85 43 62 32 15 7.6 

14 days 1030 530 86 45 63 33 15 7.9 

120 m Whole 
body, 
mSv 

Plume* 37 21 5.8 3.3 4.2 2.4 0.9 0.5 

2 days 43 27 6.6 4.1 4.7 2.9 1.0 0.6 

14 days 54 38 8.3 5.8 5.9 4.1 1.3 0.9 

Thyroid, 
mGy 

Plume* 670 340 110 54 77 39 16 8.2 

2 days 670 340 110 55 78 40 16 8.3 

14 days 680 350 110 57 79 41 17 8.6 
* Doses which will be received during the plume passing above settlement are specified. 

 
The main dose formation factor is the inhalation intake of iodine. Its contribution 

to the total effective dose (for the population of Kuznetsovsk) ranges from 80% (for 
release height 40 m) to 82% (120 m). Approximately 70% of these values formed by 
131I, and up to 8% formed by 133I. The external exposure formed by radioactive inert 
gases is the following by importance. Its contribution ranges from 9% (for the release 
height 120 m) to 11% (40 m) of the total dose (most of which goes to 88Kr). The 
contribution of other ways of the dose formation is considerably less: an external 
exposure from fallout to the ground surface gives about 4%, and inhalation intake of 
caesium radionuclides gives about 2%. 

The above mentioned fractions are related to the duration of exposure during the 
plume passage. In considering the longer time intervals (2 and 14 days) for which 
countermeasures are applied, the growth of the fraction of external exposure from 
fallout will be observed. As shown in Table 2, the increase may reach 30% for 2 days 
and 80% for 14 days (for the effective dose). However, for such time intervals a mode 
of behaviour should be taken into account. Using of it will reduce the specified growth 
of doses at least in three times. On the other hand, the dose assessment may increase 
substantially, taking into account the ingestion intake. 
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Concerning doses to thyroid, it is obvious that they are almost entirely (~99%) are 
formed by inhalation intake of iodine radionuclides (~85% by 131I, ~12% by 133I) and 
almost did not increase after the passage of the plume release. 

According to Table 2, levels of unconditional justification for outdoor restriction 
can be exceeded for the population of Kuznetsovsk (for both release heights).  

The levels of unconditional justification of iodine prophylaxis may be exceeded 
for both release heights for children, and for the release height 40 m for adults (lower 
justification limits may be exceeded only for adults for the release height 120 m). 
Exceeding of levels for urgent countermeasures intentionally mentioned as possibilities, 
but it is not obligatory, because it is required to prove (for their justification) the 
exceeding of avertable (not projected) doses. 

Depending of avertable doses from the operability of countermeasures 
introduction is described below. Since this dependence for the outdoor restriction is 
more obvious, it focuses on the iodine prophylaxis. 

Dependence of the effectiveness of iodine prophylaxis on the time of stable iodine 
consumption after intake of radionuclide was adopted in accordance with (Prister et al. 
2007). Results of calculation of avertable doses are given in Table 3. 

 
Table 3. Dependence of avertable doses from the beginning of iodine prophylaxis. 

Release 
height 

Age Organ/tissue Projected 
dose 

Avertable dose 
(depending on the time of the introduction of 
iodine prophylaxis after the release) 

1 hour 2 hrs 3 hrs 4 hrs 5 hrs 

40 m Children Whole body, mSv 56 47 45 37 27 24 

Thyroid, mGy 1000 940 880 740 530 480 

Adults Whole body, mSv 32 24 23 19 14 12 

Thyroid, mGy 510 470 440 370 270 240 

120 m Children Whole body, mSv 37 32 30 25 18 16 

Thyroid, mGy 670 630 590 490 350 320 

Adults Whole body, mSv 21 16 15 13 9.1 8.1 

Thyroid, mGy 340 320 300 250 180 160 

 
The results presented in Table 3, demonstrate a significant reduction of avertable 

doses (to thyroid) with increasing of delay of iodine prophylaxis introduction. Although 
the justification of iodine prophylaxis introduction (for a given release scenario) is 
remained even after 5 hrs after the accident, the fraction of dose that can be averted is 
reduced (compared to 1 h) almost two times (from 9 to 48%). The doses that will not be 
averted due to the late introduction of countermeasures, respectively, exceed half of the 
estimated doses to thyroid. The value of non-avertable effective dose (to the population) 
may even exceed the dose limit for the personal (category A). This example 
demonstrates the necessity for earliest possible introduction of iodine prophylaxis in the 
event of the considered BDSA. 
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Conclusions 
SOARS is installed at RNPP (4 units) for the decision support in case of accidental 
releases of RNPP. SOARS was operated since 2003 and was commended by experts 
from the International Atomic Energy Agency during the OSART (Operational Safety 
Review Team) mission and by experts of the three missions of WANO (World 
Association of Nuclear Operators plants). The latest comprehensive emergency training, 
during which SOARS has been successfully used, were performed by NNEGC 
“Energoatom” in September 2008. 

The further development and improvement of SOARS are planned: 
1. Formation of the release scenario database at different accidents at NPP 

with VVER reactors. 
2. Development and improvement of the atmospheric transport module to 

taking into account physical and geographical peculiarities of the supervised 
area of the NPP (complex relief, presence of large water bodies, and 
irregularities of the underlying surface). 

3. Inclusion of ingestion intake of radionuclides to the module for dose 
calculation. 

4. Automatic input of meteorological information for real-time of system 
operation. 

5. Ability to assimilate the radiation monitoring data from the supervised zone 
of NPP to clarify the characteristics of radioactive contamination and the 
parameters of release sources (inverse problem of atmospheric dispersion 
and dosimetry). 

Taking into account the prospects for above listed expanding of functionality, 
NNEGC “Energoatom” spreads SOARS for all 4 operating Ukrainian NPPs (15 units). 
Works on adaptation of SOARS for use at Khmelnitsky NPP (2 units) are carrying out 
now. 
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Abstract  
Radiation protection of the population in case of a reactor accident utilizes reference 
levels and generic criteria which are based on dose values. Therefore adequate 
provisions for effective and timely dose assessment for population in case of beyond 
design basis accident (BDBA) at NPP are important. Developing the background for 
such provisions is the objective of this study. In the result of our calculations and their 
analysis versus international recommendations it was found that after the BDBA at NPP 
with a PWR reactor there is no need for evacuation or providing sheltering for the 
public because the total effective dose will not reach currently recommended generic 
criteria (100 mSv in the first 7 days). However, emergency plans should be made to: 
a) recommend to the public to avoid eating potentially contaminated food or milk; 
b) perform an environmental monitoring and monitoring of food, water and fodder 
within 25 km from the NPP; c) provide food monitoring on the territory about 300 km 
round the NPP. The results of the study could be used for emergency planning 
purposes. 

Introduction 
One of the most important aspects of managing a nuclear emergency is the ability to 
promptly and adequately estimate the consequences of an accident. Because of the need 
for protective actions to be initiated promptly in order to be effective, nuclear accident 
assessment must take account of all information that is available to on-site and off-site 
organizations. 

Radioecological modeling is used widely to assess the consequences of potential 
or ongoing releases at NPPs within the NPP country and beyond the national borders. 

Models usually require information that might be available during an emergency. 
The data required are accident location, either an assessment of plant conditions or an 
estimated source term, and basic meteorological information.  

All these models have been developed carefully according to the present state of 
science in the field of radioecology. Nevertheless, radioecological models are 
approximations of reality and hence deviations from real accident conditions may 
occur. The bases of all existing models is the principles of radioecological prognosis 
which take into account such parameters as source term, release path, meteorological 
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data, breathing rate, the type of dwelling (e.g. shielding characteristics), dietary habits 
(e.g. special foodstuffs and amounts consumed), domestic habits (e.g. time spent 
indoors, frequency of personal washing, and laundering of clothes), etc.  

Analysis of the consequences of beyond design basis accidents (BDBA) for the 
purposes of emergency preparedness and response are usually made for determination 
of sizes of emergency zones for threat category  and  facilities. Radiation protection 
of the population in case of a reactor accident utilizes  reference levels and generic 
criteria which are based on dose values [1]. Therefore adequate provisions for effective 
and timely dose assessment for population in case of BDBA at NPP are important. 

Material and methods 
Radiological consequences for the beyond design basis accident at NPP with a PWR 
reactor (or WWER in case of a Russian design) were studied. 

Beyond design basis accident is defined in the IAEA Safety Glossary as accident 
conditions more severe than as design basis accident (accident conditions against which 
a facility is designed according to established design criteria, and for which the damage 
to the fuel and the release of radioactive material are kept within authorized limits) [2]. 

Release out of primary system through the containment to the atmosphere was 
included in the considered scenario. 

A gap release assumes that the core is damaged and all fuel pins have failed, 
releasing the gaseous fission products contained in the fuel pin gap. For each release 
route, the mechanisms that will substantially reduce the release are considered (e.g., 
containment sprays). The effectiveness of the reduction mechanism used is 
representative for a range of assumptions. In the case of this study it is a release from 
the containment. It assumes a release into the containment which leaks to the 
atmosphere. It is reduced it the release from the fuel passes through some process (e.g., 
sprays, filters) on the way to the atmosphere that will remove a large fraction of the 
iodine and particulate. It is assumed that an atmospheric release route is not reduced. 
The release is not reduced for large or wet releases because filters may clog and fail. 
Normally it is assumed that the release is not reduced if the filters are in containment 
because a large release may clog them. Hold up time (average time radioactive material 
released from core remains in containment before release) assumed to be zero.  

The release rate will be very difficult if not impossible to determine early in an 
accident and yet it is the single most important factor in determining off-site 
consequences. Therefore it is important to bound the release rates by selecting the rate 
closest to best estimate and a reasonable worst case scenario. Most of the release from 
the core were chosen to be released within 2,5 hours.  

Release from the containment assumed as a ground-level release, not isolated 
release location. In this case building wake effects need to be considered. If the wind 
speed was zero the release would be considered as a release from the definite height [4]. 

Parameters of the model used for calculations are presented in the Table 1. 
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Table 1. Plant conditions. 

Parameter Value 
Power of reactor PWR-1000 3000 MW (th) 
Level of core damage 10-50 % core melt  

(rapid release of volatile fission products) 
Leak rate 0,02 %/hour 
Release condition Not reduced  

(no spray or pool, 
 filters are assumed to blow out) 
Hold up time  any 
Release height 0 m  
Containment volume  71040 m3 
Containment surface space 53250 m2 

 

Real meteorological data which typical for winter and summer seasons in Belarus 
accordingly were used for calculations (see Table 2). 

All plant-specific and meteorological data have been selected for the purpose of 
the assessment of the worst case scenario of beyond design basis accident. 

 
Table 2. Meteorological data for “winter” and “summer” scenarios of beyond design basis 
accident. 

Parameter Value 
summer winter 

Wind direction south-west west, south-west  
Surface wind speed 6,4 – 6,7 m/s 5,5 -11 m/s 
Atmospheric pressure 993,7 GPa 1008,0 GPa 

Air temperature 20 °  
-2,5 - -1,5 °  at night and in the 
morning 
3,7-1,8 °  – in the day time 

Cloudiness 100 % 0 % 

Precipitation rate No rain 1-4 mm/hour,  
snow 1-1.5 cm height 

Mixing layer height 0,6  
1,2 - 1,5 km at night 
0,5 - 0,3 km in the day time and 
at evening 

Stability class D F 
 

Building shielding factor assumed to be zero, i.e. population spent 100 % of the 
time outdoors (conservative assessment). 

Source term estimation in case of BDBA: 
N

j
ijiiii EFRDFCRFFPISourceTerm

1
).( ,   

 (1) 
FPIi  – Isotope inventory; 
CRFi  – Amount of isotope i released out of core/core inventory of isotope i; 
RDFi – Fraction of the isotope i activity available for release following 

reduction mechanism j; 
EF  – Fraction of activity available for release that is released [3]. 

Third European IRPA Congress 2010, Helsinki, Finland

P10 P10-12



1639

Topic 10: Nuclear and radiological emergencies and incidents – Poster presentations
Kliaus, Viktoryia
Dose assessment for population in case of a beyound design basis accident at NPP

Activity of radionuclides and doses for the public in case of the BDBA were 
calculated using The International Radiological Assessment System (InterRAS) 
software, which was developed for use by personnel who responds to a nuclear l 
emergencies. The InterRAS is a set of personal computer-based tools. InterRAS 
Version 1 is based on the U.S. NRC's RASCAL Version 2.1 code (NRC94) but was 
modified to allow assessment a greater range of accidents and to conform to the 
guidance in the IAEA Basic Safety Standard (IAEA96) [4, 5]. 

The “Source Term to Dose” (ST-DOSE) model was used. This model contains 
tools to estimate the distance at which urgent protective actions may be needed based 
on nuclear power plant conditions or release rates. The ST-Dose model will first 
generate a time-dependent “source term”, the release rate for each radionuclide from the 
facility as a function of time. The time-dependent release rate (the “source term”) than 
provides the input to an atmospheric dispersion and transport model. 

The atmospheric dispersion and transport model estimates radionuclide 
concentrations to downwind, both in the air and in the ground deposition. The 
calculated concentrations than are used to estimate projected doses. The dose pathways 
are: cloudshine from the plume, inhalation from the plume, and groundshine from 
deposited radionuclides (assuming 4 days of exposure to groundshine). 

Radionuclide concentrations downwind from the NPP and projected doses due to 
the accident were estimated at distances of 1, 2, 5, 25 and 50 km from the site. 

Results  
Results of calculation of total activity of the accidental release in case of BDBA at NPP 
with a PWR reactor are presented in the Table 3.  

 
Table 3. Activity of radionuclides released to the atmosphere, Bq. 
 

Nuclide Activity, Bq Nuclide Activity, Bq Nuclide Activity, Bq 

r-85 1,00E+13 Kr-85m 4,2E+14 Kr-87 8,4E+14 

r-88 1,2E+15 Sr-89 3,9E+13 Sr-90 1,5E+12 

Sr-91 4,60E+13 Y-91 3,30E+12 Mo-99 1,80E+13 

Tc-99m 1,80E+13 Ru-103 1,20E+13 Ru-106 2,70E+12 

Sb-127 1,2E+13 Sb-129 6,9E+13 Te-129m 1,1E+13 

-131m 2,5E+13 Te-132 2,5E+14 I-131 4,1E+14 

I-132 5,8E+14 I-133 8,3E+14 I-134 9,2E+14 

I-135 7,3E+14 Xe-131m 1,7E+13 Xe-133 3,0E+15 

Xe-133m 1,1E+14 Xe-135 5,8E+14 Xe-138 3,0E+15 

Cs-134 2,6E+13 Cs-136 1,0E+13 Cs-137 1,70E+13 

Ba-140 8,8E+13 La-140 4,40E+12 Ce-144 1,2E+13 

Np-239 2,3E+14 Rb-88 1,2E+15 Rh-106 2,7E+12 

Te-129 1,10E+13 Xe-135m 1,2E+14 Ba-137m 1,70E+13 

Pr-144 1,2E+13 – – – – 
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Total activity of the accidental release was 1,50×1016 Bq for all the scenarios of 
BDBA. 

The dose values obtained using the InterRAS in case of “winter” and “summer” 
scenario of beyond design basis accident are presented in tables 4-5. 
 
Table 4. Maximum early doses for population in case of “winter” scenario of beyond design basis 
accident  

Distance from site, 
km 

Cloud shine dose, 
mSv 

Ground shine dose, 
mSv 

Effective inhalation dose, 
mSv 

1 3,50 11,0 79,0 
2 2,40 6,30 47,0 
5 1,10 2,90 22,0 

25 0,14 0,18 1,30 
50 0,11 0,13 1,00 

 
Table 5. Maximum early doses for population in case of “summer” scenario of beyond design 
basis accident 

Distance from site, 
km 

Cloud shine dose, 
mSv 

Ground shine dose, 
mSv 

Effective inhalation dose, 
mSv 

1 2,10 5,40 40,0 
2 0,97 2,30 17,0 
5 0,44 0,66 5,00 

25 0,05 0,05 0,37 
50 0,01 0,02 0,14 

 
The total effective dose values in the figures 1-4 were obtained by running 

InterRAS and interpreting the results of calculations for near and far zones of NPP in 
case of “winter” and “summer” scenario. 

 

 
 
Fig. 1. Total effective dose in the near zone of NPP in case of “winter” scenario of BDBA, mSv. 
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Fig. 2. Total effective dose in the far zone of NPP in case of “winter” scenario of BDBA, mSv. 
 

In case of “winter” scenario the highest value of total effective dose for 
population living in the near zone was 94 mSv, bearing 70° (south-west) at a distance of 
1 km from the site (see figure 1), the highest value for the population living in the far 
zone was 1 mSv, at a distance of 10,5 km, bearing 72°(see figure 2). The total effective 
dose at a distance of 50 km was 1,24 mSv. 

 

 
 
Fig. 3. Total effective dose in the near zone of NPP in case of “summer” scenario of BDBA, mSv. 
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Fig. 4. Total effective dose in the far zone of NPP in case of “summer” scenario of BDBA, mSv. 
 

In case of “summer” scenario the highest value of total effective dose for 
population living in the near zone was 47,5 mSv, bearing 70° (south-west) at a distance 
of 1 km from the site (see figure 3). The highest value for the population living in the 
far zone was 3 mSv, at a distance of 10,5 km at the same direction (see figure 4). At a 
distance of 50 km the total effective dose was 0,17 mSv. 

Dose decreases with distance as shown in the formulas (1/R — for no rain and 1/R2 
— with rain) [3]. It means that total effective dose decreases with increasing of the distance 
from the site (see figure 5). During Chernobyl accident this was a reasonable assumption if 
all the deposition is averaged, but is not valid for local contamination (hot spots). 

 

 
 

Fig. 5. Decreasing of total effective dose with increasing of the distance from the site. 
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Discussion 
Class stability F (“winter” scenario) is the most unfavorable for radioactive release 
dispersion, as in this case the highest doses were observed (see Table 4). But dose 
reduction factors (e.g., building shielding factor) were not taken into account in 
calculations. In real situation doses for public in winter period would be much less that 
calculated numbers. Contrary to that, if the accident would happen in summer period, 
the doses for public could increase due to consumption of locally produced food which 
will appear to be contaminated. 

The primary objectives for protection are to prevent the occurrence of 
deterministic effects in individuals by keeping doses below the relevant threshold and to 
ensure that all reasonable steps are taken to reduce the occurrence of stochastic effects 
in the population. 

For facilities in threat category I (e.g., NPP) arrangements shall be made for 
effectively making and implementing decisions on urgent protective actions off the 
site [6]. These arrangements shall include the specification of off-site emergency zones 
for which arrangements shall be made for taking urgent protective action. These 
emergency zones shall be contiguous across national borders, where appropriate, and 
shall include: 

(i) A precautionary action zone (3-5 km), for which arrangements shall be made 
with the goal of taking precautionary urgent protective action before a release of 
radioactive material occurs or shortly after a release of radioactive material begins, on 
the basis of conditions at the facility (such as the emergency classification) in order to 
reduce substantially the risk of severe deterministic health effects. 

(ii) An urgent protective action planning zone (25 km), for which arrangements 
shall be made for urgent protective action to be taken promptly, in order to avert doses 
off the site in accordance with international standards. 

(iii) Food restriction planning radius (300 km) – this is the area where preparations 
for effective implementation of protective actions to reduce the risk of stochastic health 
effects from the ingestion of locally grown food should be developed in advance. 

In general, protective actions such as relocation, food restriction and agricultural 
countermeasures will be based on environmental monitoring and food sampling. 

The sizes are shown in terms of a radius of a circle centered at the source of the 
potential release or criticality. However, the actual boundary of the zones should not be 
a circle but should be established to conform the geographical features such as roads, 
rivers or political boundaries [7]. 

Conclusions 
In the result of our calculations and their analysis versus international recommendations 
it was found that after the BDBA at NPP with a PWR reactor there is no need for 
evacuation or providing sheltering for the public because the total effective dose will 
not achieve currently recommended generic criteria (100 mSv in the first 7 days) [8]. 
However, plans should be made to:  

a) recommend to the public to avoid eating potentially contaminated food or 
milk; 

b) perform an environmental monitoring and monitoring of food, water and 
fodder within 25 km from the NPP; 
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c) provide food monitoring on the territory about 300 km around the NPP. 
The need for these actions may be than revised based on prevailing accidental 

conditions, environmental measurements and actual dose values promoted and/or 
received in an emergency. The results of the study could be used for emergency 
planning purposes. 
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Abstract 
Despite all the precautions that are taken at the design stage and during the operation of 
nuclear power plants (NPP), there remains a possibility that failures of any of the 
systems or of the equipment may lead to a nuclear emergency with a release of 
radioactive materials into the environment that may require emergency response 
actions.  

The purpose of this study was to make prognosis of thyroid doses in case of an 
accident at a NPP. In order to achieve this the following was done: 

–assessment of thyroid doses caused by beyond design basis accident (BDBA) at 
NPP with water-water reactor (at different distances from the station); 

–estimation of the length of the territories at which dose exposure may exceed the 
current international generic criteria for protective and other actions in case of the 
BDBA (PWR). 

For modelling of the accident scenario geographic location and technical 
characteristics of the station and weather conditions were taken into account. 

Simulation and evaluation of the potential nuclear emergency were performed 
using the software (InterRAS, RASCAL) which takes into account all the above-listed 
parameters.  

The calculations also took into account the contribution of internal thyroid dose 
due to consumption of contaminated foodstuff into formation of the thyroid dose.  

This study allowed estimating the thyroid doses, as well as the necessity of 
protective and other actions in case of the BDBA.  

Results of prognosis using the international models have demonstrated that:  
–there is a need in thyroid blocking for population at a distance up to 25 km from 

the station;  
–the possibility of restrictions of consumption for potentially contaminated by 

iodine-131 food, milk and other products should be preplanned; 
The results of modelling performed in this study form a basis for developing 

national arrangements for response to a BDBA at considered NPP. 
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Introduction 
Today, the priority in nuclear energy development is improvement of the safety of 
existing nuclear power plants and development of the nuclear power reactors of new 
generation with advanced security features. High security level is achieved due to 
improvement of active and introducing passive protective and localizing systems, as 
well as due to the consequent implementation of the inherent safety concept1. 
Development of modern reactors with the feature of self-protectability can provide the 
resistance to equipment failures and mistakes of staff, limit radioactive consequences of 
the most severe accidents, exclude the need in evacuation of population. 

However, despite the high security of a new type of nuclear power plants and low 
probability of occurrence of any possible failures, the probability still exists, and 
therefore there is no absolute guarantee that the radioactive release due to an accident 
will not happen (IAEA Safety Standards Series GS-R-2, 2002.). Among the possible 
causes of the accident can be a degraded control of nuclear chain reaction in the reactor 
core, the formation of local criticality while refuelling, transportation and storage of 
nuclear fuel, degraded heat removing from the fuel elements, etc.  

A nuclear accident, which accompanied by release of radioactive materials 
outside the station, can lead to environmental pollution and exposure of population. 

The following categories of initiating events are considered within the safety 
justification process: design and beyond design basis accidents. Beyond design basis 
accident is an accident caused by not accounted for the design basis accident initiating 
events, or which is accompanied in comparison with design basis accident by additional 
failures of safety systems, the implementation of staff’s mistaken decisions, which can 
lead to serious injuries or to core melt. Reducing of consequences is achieved by severe 
accident management and / or implementation of emergency plans to protect workers 
and the public. 

As a result of the Chernobyl accident currently there is a significant increase of 
thyroid cancer incidences among inhabitants of Russia, Ukraine and Belarus 
(Kenigsberg J. et al 2004). Taking into account the possibility of such increase in case 
of an accident at a NPP and in order to make prognosis of possible consequences of 
severe accident at a nuclear installation the following was carried out: 

– estimation of thyroid doses at different distances from the station; 
– assessment of length of the territories on which the irradiation doses to 

population may exceed the current international generic criteria for 
protective actions and other response actions in emergency exposure 
situations; 

– suggestion of measures to respond to such accidents. 

Material and methods 
Simulation and estimation of consequences of potential nuclear emergency is possible 
using the software which takes into consideration such significant parameters as 
geographical location and technical characteristics of NPP, weather conditions during 
the potential accident and accident plant conditions. InterRAS (The International 
                                                 
1 Inherent safety concept – is a new level of quality at which the deviation of certain parameters of the 
NPP from the norm is adjusted automatically without operator or, in case of emergency situation, the 
reactor is blocked automatically.  

Third European IRPA Congress 2010, Helsinki, Finland

P10 P10-13



1647

Topic 10: Nuclear and radiological emergencies and incidents – Poster presentations
Kouts, Katerina
Prognosis of thyroid doses in case of an accident at a nuclear power plant

Radiological Assessment System) is a set of personal computer-based tools developed 
for use by personnel who conduct an independent assessment of radiological accidents 
and protective actions and allows to carry out estimations of the release and doses to the 
public. Software models are used by specialists of leading organizations in radiation 
safety area – IAEA’s and U.S. NRC's specialists (IAEA-TECDOC-955, 1997). 

The model «ST-DOSE» (Source Term To Dose) was used for dose estimation. It 
allows calculating activities of released radionuclides, to estimate the distance at which 
the urgent protective actions may be needed and to assess integrated radiation doses 
which form due to accident release of radioactive material into the atmosphere. The 
model enables to estimate consequences of potential or actual release and requires only 
information that might be available during an emergency. The data required are 
accident location, either an assessment of plant conditions or an estimated source term, 
and basic meteorological information. 

In this study a water-water energy reactor (WWER) accident with dry 
containment leakage was considered as beyond design basic accident. The scenario 
assumes releases from the core that are typical of cladding failure or core melt. At the 
beginning of the accident reactor power was 3200 Wt, 10-50% of core melted (rapid 
release of volatile fission products).  

It was also assumed that the release passed by a dry route through the primary 
system into the containment atmosphere without passing through any systems (e.g., the 
suppression poll) that would remove iodine or particulate. Iodine or particulate airborne 
in the containment can be reduced by factors to account for the actions of sprays, filters 
or natural processes before release into the atmosphere. This removal is a function of 
the hold-up time. In this study the hold-up time was set equal to zero, it means that the 
release into the environment started immediately.  

Leak rate of radioactive material is 0.02 % per hour. 
Containment sprays and air discharge purification system are off. The release is 

ground level, the effect of building wake, which leads to the greater spreading of 
radionuclides around the station, are taken into account. 

All above mentioned conditions were chosen like that to consider the worst 
scenario of the BDBA.  

The duration of the radionuclides release into the environment due to the leakage 
through the containment was set equal to 2.5 hour.  

Various real possible weather scenarios were considered to simulate transfer of 
radionuclides in atmosphere. The worst meteorological conditions, which lead to the 
highest doses to population, are presented in Tables 1-2. The data correspond to 
“winter” and “summer” seasons, respectively.  

 
Table 1. Site meteorological data («winter» scenario of BDBA).   

Parameter Parameter value  

Wind Direction western turning into south-western 

Wind Speed 5.5 – 11 m/s 

Air Pressure 1008.0 hPa 
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Table 1. Continued. 

Parameter Parameter value  

Air Temperature -2.5  –  -1.5  at night and in the morning 
 3.7  –   1.8  in the afternoon and in the evening 

Cloudiness 0 % 

Mixing layer height 1200 – 1500m at night 
  500 –   300m in the afternoon and in the evening  

Stability Class F 

Intensity of Precipitation  from 1 to 4 mm/h 

Snow cover height from 0.01 to 0.15 m 

 
Table 2. Site meteorological data («summer» scenario of BDBA).   

Parameter Parameter value  

Wind Direction south-western 

Wind Speed 6.4 – 6.7 m/s 

Air Pressure 993.7 hPa 

Air Temperature 20 °  

Cloudiness 100 % 

Mixing layer height 600 m  

Stability Class D 

Intensity of Precipitation  None 

Snow cover None 

 
Review of “summer” variant of weather conditions allows taking into account 

considerable contribution of internal dose caused by the consumption of contaminated 
foodstuff into total thyroid dose.  

Thyroid dose consists of dose due to the inhalation of iodine-131 and dose due to 
the consumption of contaminated products, generally milk and leafy vegetables. The 
first constituent that is thyroid dose to adult person while he/she is performing an easy 
activity was calculated using the InterRAS model. Dose due to the alimentary intake of 
iodine-131 was calculated by hand to six age groups on the basis of iodine-131 
concentration in food (milk, leafy vegetables).  

Realise of iodine to the environment caused by the accident at nuclear installation 
can be estimated using the formula below:  

N

j
ijiiii EFRDFCRFFPITermSource

1
).( ,  (1) 

where:  FPIi  – isotope inventory; 
CRFi  – amount of isotope i released out of core/core inventory of isotope i; 
RDF(i,j) – fraction of the isotope i activity available for release following 
reduction mechanism j; 
EFi  – fraction of activity available for release that is released.  
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Results 
Total release of radionuclides into the environment in case of the above described 
accident scenario regardless of weather conditions amounted to 1.5 · 1016 Bq. Activities 
of emitted iodine isotopes are represented in Table 3. 

 
Table 3. Activity of iodine isotopes released into the environment due to BDBA, Bq. 

Radionuclide Activity, Bq 

I-131 4.10E+14 

I-132 5.80E+14 

I-133 8.30E+14  

I-134 9.20E+14 

I-135 7.30E+14 

TOTAL 3.47E+15 

 
Iodine emission is 23.1 % of the total radioactive material released into the 

environment as a result of nuclear accident. This value is in a good agreement with 
mean estimate of the iodine fraction usually released during accidents (IAEA-
TECDOC-955, 1997). 

Calculated thyroid doses caused by inhalation of iodine for “winter” scenario of 
BDBA are presented in Figures 1 – 2. 

 

                        
 

Fig. 1. Thyroid dose at a short distance from the NPP, mGy. 
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Fig. 2. Thyroid dose at a long distance from the NPP, mGy. 

The maximum thyroid dose value for “winter” scenario is observed downwind 
1 km away from the station and equals to 1.5 · 103 mGy. At a distance of 10.5 km in the 
same direction dose to the thyroid may reach 1.7 · 102 mGy. 

Estimated doses to thyroid gland caused by inhalation of iodine for “summer” 
accident scenario are presented in Table 4. 

 
Table 4.  Early doses at different distances from the NPP in case of «summer» scenario of BDBA. 

Distance, km Thyroid dose*, mGy 

1 770 

2 330 

5 95 

25 7.1 

50 2.6 

* Thyroid dose includes iodine only. 

  
In the “winter” version of the accident the weather corresponds to the atmospheric 

stability class F (moderately stable condition), which is most unfavourable for the 
dispersion of the radioactive release, and, consequently, leads to higher doses. 

Internal exposure due to consumption of contaminated food contributes 
significantly to the total thyroid dose in the case of “summer” scenario. If the 
radioactive fallout occurred in the pasture period, the radionuclides rapidly incorporate 
into the trophic migration chains through consumption of contaminated pasture 
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vegetation  by animals, and then through the chain of pasture - animal - milk get into 
the human body and deposit at the thyroid gland.  

Figures 3 – 4 show the calculated thyroid doses to six age groups caused by 
consumption of milk and leafy vegetables contaminated by iodine in the case of BDBA. 

 
 

 
 
Fig.3. Thyroid dose to six age groups in 30 days after BDBA caused by their consumption of milk 
contaminated by iodine-131, mGy. 
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Fig.4. Thyroid dose to six age groups in 30 days after BDBA caused by their consumption of leafy 
vegetables contaminated by iodine-131, mGy. 

The highest thyroid doses due to the intake of contaminated milk and leafy 
vegetables are observed at a distance of 5 km away from the station, which can be 
explained by the transition of radioactive cloud by air stream. 

Differences in the consumption of considered products are the reason of that 
thyroid doses caused by the consumption of contaminated milk is much higher than the 
dose due to the consumption of leafy vegetables. Sex, age, and hence physiological 
differences lead to the fact that the largest dose because of consumption of contaminated 
by iodine-131 milk were observed in children that are not older than two years. 

Conclusion  
One of the most important aspects of managing a nuclear emergency is the ability to 
promptly and adequately estimate the consequences of an accident. This will help to 
make a quick justified decision about necessity of protective actions and other response 
actions and consequently will allow to avoid or to minimize different deterministic and 
stochastic health effects.   

Thyroid dose estimation in case of BDBA showed that maximum doses due to the 
iodine inhalation are 1500 and 770 mGy under “winter” or “summer” accident 
conditions, respectively; radiation dose due to the consumption of milk contaminated by 
iodine-131 is 373 mGy, leafy vegetables – 41 mGy. Total exposure doses exceed generic 
criteria for protective actions and other response actions in emergency exposure situations 
– 50 mGy in the first 7 days after accident (IAEA-TECDOC-1432, 2004) – in both 
considered BDBA scenarios. The results demonstrated that there is a need in thyroid 
blocking for population at a distance up to 25 km from the station at the early phase of the 
accident. The possibility of restriction of consumption for potentially contaminated by 
iodine-131 food, milk and other products should be pre-planned as well. In addition the 
possibility of urgent environmental monitoring, monitoring of foodstuff and fodder at a 
distance of not less than 30 km from the station should be ensured, too.  

The results of modelling performed in this study form a basis for developing 
national arrangements for response to a BDBA at considered NPP. 
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Abstract  
After a nuclear accident it is important to reconstruct the individual doses for planning 
the medical treatment. Another task is to establish moderate or small dose levels, in 
order to inform people about expected radiation risk. Electron paramagnetic resonance 
(EPR) spectroscopy provides a mean to measure absorbed doses by quantification of 
free radicals induced in materials by ionizing radiation. Since people normally do not 
wear personal dosimeters, it is of interest to investigate radiation induced radicals in 
materials that are often carried by people with the intent to measure absorbed doses. 
The objective of this study is to investigate sugars and sweeteners for the possibilities of 
using sweets and chewing gum for retrospective dosimetry. 

Sucrose, sorbitol and xylitol are investigated by means of EPR spectroscopy 
regarding the dosimetric properties; radical stability, dose response and dependence on 
environmental factors. The knowledge obtained is applied to one common type of 
chewing gum by determination of the dose response, obtained accuracy and lowest 
detectable dose for that specific material.  

The sweeteners are sensitive to daylight and the EPR spectrum shows a 
complicated evolution with time. This is not a problem if the chewing gum is kept in 
dark and if the signal evolution with time is carefully mapped since the time between 
exposure and analysis is well known. The EPR spectrum of the irradiated chewing gum 
is mainly composed by the spectra from sorbitol and xylitol. By identifying the 
components of the dosimetric signal, the absorbed dose in the chewing gum can be 
determined and thus make an estimation of the effective dose to exposed individuals 
possible. With a new ultra sensitive EPR spectrometer, under installation, we expect the 
lowest detectable dose to be 50 mSv and the uncertainty in dose determinations less 
than 50 mSv.  
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Introduction 
If a radiation accident occurs, it is of great importance to estimate the radiation dose to 
exposed individuals as soon as possible. If the absorbed doses are high (>1Gy) dose 
information may help optimize the medical treatment. At lower doses the information is 
important for risk assessment and epidemiological studies of long term effects of 
radiation. 

Since people usually do not carry personal dosimeters there is a need to make 
retrospective dose assessments after the exposure. If several dose assessments are 
obtained from different locations at the site of exposure, a dose reconstruction map can 
be drawn. Surveillance cameras at the site of exposure can serve as a source of 
information on time and location of the individuals. 

Electron Paramagnetic Resonance (EPR) is a well established method used for 
retrospective dosimetry. A recent review study (Trompier et al 2009) evaluates the 
materials that can be analyzed with EPR. It includes sugar, plastics, glass, cotton, wool, 
nails, hair, bones and tooth enamel. The most suitable materials for retrospective dose 
determinations are the ones best fulfilling the following requirements: High radiation 
induced signal specificity, low background signal, low UV-induced signal, low 
Minimum Detectable Dose (MDD), linearity at low doses, high signal stability and 
ubiquity. Sugar was reported well suited regarding radiation sensitivity and signal 
stability while the ubiquity was mentioned as a drawback.  

Sugar has been used several times for retrospective dose reconstructions after real 
accidents (Hutt et al 1996; Nakajima 1994; Sagstuen et al 1983; Shiraishi 2002). The 
presence of sugar in confectionery and chewing gums nowadays are not as important, as 
sweeteners are widely used. A few studies on sweeteners have been performed (Hervé 
2006; Hervé et al 2006). Using aspartame doses <1 Gy can be measured (Maghraby & 
Salama 2010). There is a need to further investigate irradiated sweetening in order to 
understand the complexity of the EPR spectra. With increased understanding, more 
accurate dose determinations can be performed. The aim of this work was to 
characterize and analyze the dose response signals in sweeteners for the possibilities of 
using chewing gum for retrospective dosimetry.  

Material and methods 
EPR-dosimetry is based on the quantification of radiation induced free radicals in a 
sample. This is done by obtaining the magnetization produced by the unpaired electrons 
of the radicals. When exposing the sample to microwaves while applying and sweeping 
a magnetic field over it, resonance will occur for the magnetic field values creating 
electron spin energy levels that match the energy of the microwaves (Weil 2007). Each 
kind of radical has its own magnetic properties. The radiation induced radicals in 
sucrose are well characterized (De Cooman et al 2008) but in sweeteners to a lesser 
degree. Radical studies have been performed on single crystals of xylitol and sorbitol 
irradiated and measured at low temperatures  4K (Budzinski et al 1980), where 
radiation induced radicals are very stable. At higher temperatures radicals are less stable 
and the EPR spectra changes with time and possibly also with exposure to UV-light.  
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Since different types of radicals often are saturated at different microwave power, 
power saturation measurements may help separate signals from different radical types 
in the EPR spectrum. 

The following investigations were performed: Time dependence, Power 
saturation, Light sensitivity, Sample variation and Dose response. Each experiment 
followed the same scheme of sample preparation, irradiation, EPR measurement and 
data analysis. A standard method to perform each phase is described below. Deviations 
from the standard are then described in the sections of the specific experiments. 

Sample preparation 
Xylitol1 and D-sorbitol2 were purchased from Sigma-Aldrich and chewing gums “dental 
V6 + white fresh fruit3”, “dental V6 + strong teeth spearmint4” and granulated sugar ( 
sucrose ) were bought in Swedish grocery stores. The sweetening of the chewing gum is 
mainly located in the coating while the inner substance is a gum base mixture. The 
coating was carefully separated from the rest of the chewing gum. A manual pellet 
press5 was used for all sample materials, except sucrose, to form cylindrical tablets . No 
binding material was needed to form robust tablets. The tablets had masses of 200±5 
mg which correspond to dimensions of 10 mm height and 5 mm diameter. Between 
irradiation and analyses the tablets were stored in light proof containers. 

Irradiation 
The irradiations were performed at room temperature with a Varian Clinac 600 C/D 
accelerator using a 6 MV photon beam. During irradiation the samples were placed in a 
PMMA phantom of height 17 cm and area of 20x20 cm2 at depth 4 cm. Source to 
surface distance was 100 cm and the radiation field 10x10 cm2. The absorbed doses 
were approximated as dose in water based on the gantry detectors recordings. The 
samples were irradiated at mean dose rate of 6 Gy/min. 

EPR measurement 
All measurements were performed with a BRUKER EleXsys E580 EPR spectrometer 
operating at X-band equipped with an ER 4102ST standard cavity. The tablets were 
placed in a quartz sample tube inserted in the cavity during measurements. A plastic 
pedestal containing a Mn2+/MgO reference sample was placed inside the cavity to 
assure that the sample was centered in the cavity and that the position of the sample 
tube was kept constant between measurements.  

Data analysis 
Data analysis was performed in MatLab. The spectra were corrected for having base 
line slopes by subtraction of a linearly fitted base line. The Mn2+ line at g = 2.034 
served as reference line as the spectra were normalized to its magnetic field value. For 

                                                 
1 Xylitol Crystallin, minimum 99%, Sigma-Aldrich Sweden AB® 
2 D-Sorbitol, minimum 98%, Sigma-Aldrich Sweden AB® 
3 Dental V6 +white fresh fruit®, Cadbury Sweden AB 
4 Dental V6 +strong teeth spearmint®, Cadbury Sweden AB 
5 Manual pellet press®, Parr instrument company 
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the purpose of noise reduction the spectra were thereafter smoothed. The dose response 
signals were then determined from peak-to-peak signals of the spectrum. 

Time dependence measurement 
One pressed tablet of each Xylitol, sorbitol and V66 were irradiated to 50 Gy. The EPR 
measurements were performed with 80 sweeps for each tablet and were carried out 6 
times from 24 hours after irradiation to 84 days after irradiation. Spectrometer settings 
were: 1 mW microwave power, 0.2 mT modulation amplitude, 100Hz modulation 
frequency, 1024 measurement points, 20 s sweep time, 10 ms time constant and the 
field sweep of width 10 mT was centered between the third and fourth line of the Mn2+ 
reference signal. The obtained EPR spectra were not normalized to the Mn2+ line 
intensity. The background was subtracted from all spectra.  

Power saturation measurement 
One pressed tablet of each xylitol, sorbitol and V66 were irradiated to 50 Gy. The EPR 
measurements were performed with 8 sweeps of 10 different microwave effects ramped 
exponentially from 0.2 mW to 100 mW. This was done 1, 16 and 84 days after 
irradiation. Spectrometer settings were: 0.2 mT modulation amplitude, 100Hz 
modulation frequency, 1024 measurement points, 20 s sweep time, 10 ms time constant 
and the field sweep of width 10 mT was centered between the third and fourth line of 
the Mn2+ reference signal. 

Light exposure experiment 
The samples sensitivity to light exposure was tested by within 15 minutes after a 10 Gy 
irradiation placing three tablets of each xylitol and sorbitol in a lightproof container 
while three other tablets of each material were placed exposed to daylight. All tablets 
were stored for 69 days and then measured with the spectrometer settings: Spectrometer 
settings were: 100 mW and 63 mW microwave power for sorbitol and xylitol 
respectively, 0.1 mT modulation amplitude, 100Hz modulation frequency, 1024 
measurement points, 10 sweeps of 20 s, 1.28 ms time constant and the field sweep of 
width 10 mT was centered between the third and fourth line of the Mn2+ reference 
signal. 

Measurement of variation between chewing gums 
Seven V6 chewing gums7 from different batches were investigated. Each was irradiated 
to 1.8 Gy and the coating was then pressed into a tablet. The tablet masses were 102±5 
mg. EPR measurements were then performed three days after irradiation. Each tablet 
was measured once and one of them was chosen to be measured 7 times. The single 
measurements of the 7 tablets were then compared with the seven measurements of one 
tablet. Spectrometer settings were: 1 mW microwave power, 0.2 mT modulation 
amplitude, 100Hz modulation frequency, 1024 measurement points, 80 sweeps of 20 s, 
10 ms time constant and the field sweep of width 10 mT was centered between the third 
and fourth line of the Mn2+ reference signal. The spectra were normalized to the 

                                                 
6 Dental V6 +white fresh fruit 
7 Dental V6 +strong teeth spearmint 
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intensity of the Mn2+ line at g = 2.034. Smoothing of the spectra were also performed so 
that each point in the EPR-spectrum was an average of the nearest 10 points. 

Dose response measurement of V6 
V6 chewing gums8 were irradiated at depth 8.5 cm in a PMMA phantom of surface area 
20 cm * 20 cm. 20 cm of PMMA was also placed behind the samples to assure full 
backscatter. The Source Sample Distance (SSD) was 100 cm and the field size was 12 
cm * 12 cm. For accurate dose determinations an NE 2571 ionization chamber traceable 
to the Swedish secondary standard laboratory was placed at the same depth and distance 
from field centre to simultaneously determine the absorbed dose in water. Two chewing 
gums received doses of 2.04 Gy, two 4.07 Gy, two 6.11 Gy and another two were 
irradiated to a dose unknown to the investigator. Two days after irradiation tablets were 
pressed of the chewing gums to masses of 100 ± 2mg. The tablets were read out in the 
spectrometer after one additional day with settings: 20 mW microwave power, 0.5 mT 
modulation amplitude, 100Hz modulation frequency, 1024 measurement points, 25 
sweeps of 20 s, 10 ms time constant and the field sweep of width 10 mT was centered 
between the third and fourth line of the Mn2+ reference signal. A smoothing of N = 5 
was performed on each spectra. 

Dose response measurement of sucrose 
After irradiation to doses from 1 to 14 Gy 400 mg of granulated sugar was filled into 
tubes of quartz and measured in a JEOL FR30EX Free radical monitor 4 days after 
irradiation. The settings used were: 4 mW microwave power, 2 mT modulation 
amplitude, 4096 measurement points, 4 sweeps of 4 s, and the field sweep of width 10 
mT was centred between the third and fourth line of the Mn2+ reference signal. 

Statistics and uncertainty analysis 
To obtain the regression parameters  and  in the relation , where 

 is the EPR peak-to-peak signal and  is the absorbed dose, a least square fit was 
obtained from the measured peak-to-peak signals, . The least square fit was 
performed with the uncertainty of  given as 

 . The uncertainty of the regression curve was 

calculated from . 
The uncertainty of the dose  was given by the ionization chamber measurement and 

,  and  were acquired from the least square fit function. 
The dose of the unknown chewing gum was estimated by calculating the mean of 

the measured unknown dose peak-to-peak values and inserting it in the regression 
equation,  . The uncertainty of the unknown dose, , was then obtained by 

adding the equivalent uncertainties of the peak-to-peak value, , and the 

regression uncertainty at the estimated dose, , resulting in 

                                                 
8 Dental V6 +strong teeth spearmint 
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 .  

Results and discussion 
The spectra from the time dependence measurements are shown in figures 1 and 2. The 
spectra of V6 were found to be very similar to those of xylitol, which indicate that the 
content of xylitol in the chewing gum coating is large compared to the content of 
sorbitol. The xylitol spectrum was found to change considerably from 1 day after 
exposure to 84 days after exposure. At one day after exposure peaks, X1 at 341.5 mT 
and X2 at 343.6 are pronounced (see figure 1). The X1 peak is decreasing after 1 day 
while the X2 peak is slightly increasing with time up to 16 days, thereafter the peak is 
decreasing. A peak X3 at 342.5 mT appears at 36 days and is increased till 84 days after 
irradiation. A negative peak X4 at 345.1 mT was initially increasing until 16 days after 
exposure after which it decreased. This behavior is similar to the X2 peak.  

 
 

Figure 1. EPR spectra of xylitol irradiated to 50 Gy measured ‘A’ = 1, ‘B’ = 4, ‘C’ = 8, ‘D’ = 16, ‘E’ = 
36, ‘F’ = 84 days after irradiation. Microwave power used was 1 mW. The peaks X1 at 341.5 mT, X2 
at 343.6 mT, X3 at 342.5 mT and X4 at 345.1 mT were used for saturation measurements. 

The sorbitol spectrum changed less than xylitol with time after irradiation (see 
figure 2). One peak, S1 at 342.6 mT was found rather stable through all measurements 
while S2 at 344.2 increased up to 36 days. A third negative peak S3 at 345.5 mT 
decreased gradually with time after exposure. These measurements indicate that S1 is 
the most stable signal and therefore best suited for dose response determinations. 
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Figure 2. EPR spectra of sorbitol irradiated to 50 Gy measured ‘A’ = 1, ‘B’ = 4, ‘C’ = 8, ‘D’ = 16, ‘E’ = 
36, ‘F’ = 84 days after irradiation. Microwave power used was 1 mW. The peaks S1 at 342.6 mT, S2 
at 344.2 and S3 at 345.5 mT were used for saturation measurements. 

Power saturation measurement 
The saturation curves were obtained from peaks in the EPR spectra at 10 different 
values of microwave power, see figure 3. The xylitol peaks were measured at magnetic 
field values X1 at 341.5 mT, X2 at 343.6 mT, X3 at 342.5 and X4 at 345.1 mT, see figure 
1. The X2 and X4 peaks show similar behavior while the X1 and X3 peaks saturate at 
different power. The high magnitude of the X2 and X4 signals at high microwave 
powers suggest that these peaks might be most suitable for dose assessments. 

The corresponding saturation curves for sorbitol showed that the signals of S1 and 
S3 were saturated at a microwave power of about 20 mW, while S2 was saturated at 
about 3 mW. 

 
 

Figure 3. Saturation curves of xylitol at magnetic field values X1 at 341.5 mT, X2 at 342.5 mT, X3 at 
343.6 and X4 at 345.1 mT. 
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Investigation of the variation between chewing gums 
Peak to peak values were obtained from the EPR spectra at the magnetic field values of 
X2 and X4 and plotted for the background, single tablet measurement, one tablet 
measured 7 times and multi tablet measurement, 7 tablets measured one time. The peak-
to-peak values of the single tablet show less scatter than those of the multi tablets. The 
scatter is about 3 times larger for the multi tablet measurement, which shows that the 
contribution of uncertainty from the tablet composition variation is large. 

 

 
Figure 4. Peak-to-peak values obtained from EPR spectra of background and irradiated 1.8 Gy 
irradiated chewing gums. The background values correspond to two tablets measured 3 times each. 
The single tablet values correspond to one tablet measured 7 times and the multi tablets values 
correspond to seven tablets each measured once. 

Dose response measurements 
The dose response determinations of the chewing gum was performed for the peaks X2 
and X4, see figure 1. The result is displayed in figure 5 showing the regression line with 
± 1 Standard Deviation (SD) uncertainty indicated. To the right in figure 5 the dose 
determination of the unknown dose is inserted. The vertical error bar corresponds to one 
SD of the peak-to-peak signal of the chewing gum of unknown dose. Its corresponding 
uncertainty in dose is shown as the horizontal dotted line. This uncertainty was added to 
the uncertainty of the regression curve to obtain the combined uncertainty of the dose 
determination for the unknown dose. This dose was determined to be 3.76 ± 0.18 Gy (1 
SD), which well agree with the given “unknown” dose of 3.56 Gy, indicated as a star in 
figure 5. 

The sucrose dose response curve is showed in figure 6. 
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Figure 5. The figures show the dose response of V6 chewing gum. To the left the regression curve 
with the ± 1 SD uncertainty lines. The regression was obtained from two tablets irradiated with 2 
Gy and measured 4 times, 2 tablets irradiated with 4 Gy measured 3 times and 2 tablets given 6 Gy 
measured 4 times. To the right the dose determination of the unknown dose is displayed. The 
vertical error bar corresponds to the uncertainty ( ± 1 SD ) of the peak-to-peak signal points of the 
unknown dose chewing gum. Its corresponding uncertainty in dose is shown as the horizontal 
dotted line. The unknown dose was determined to be 3.76 ± 0.18 Gy (1 SD). The dose given was 
3.56 Gy, indicated as a star. 

 
Figure 6. The dose response curve of sucrose. Signal peak-to-peak was measured in arbitrary 
units. The thinner lines indicate the limits of 2 standard deviations. 
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Conclusions 
The EPR spectra of irradiated xylitol and sorbitol are analyzed regarding time evolution 
and microwave power. A chewing gum containing these sweeteners was analyzed 
regarding possibilities for retrospective dosimetry. An absorbed dose of 3.5 Gy given to 
a piece of chewing gum was possible to determine with an uncertainty of 5 %. 
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Abstract 
The review of activity levels used in legislation is given and background discussed. We 
present basic presumptions, reference doses and scenarios used for calculation of 
exemption level, clearance level, D-value, A1 value, A2 value and level for high-activity 
sources. These levels are compared for some most common radionuclides.  

Especially useful are A1 value (for sealed sources), A2 value (for unsealed sources) 
and D-value (for general sources). Practically in all incidents with sources below A1 
value or A2 value it is highly improbable that the dose limits for professionals will be 
exceeded, if the persons involved are aware of source presence. If the persons are 
unaware of source presence, which could be the case when the source is uncontrolled, 
then the source with activity close to, or above D-value can be dangerous to all 
involved. The fact that the D-value is usually below or close to A1 and A2 values 
additionally supports the importance of source supervision and control.  

It seems, as a rule, that in realistic circumstances and incidents with sources with 
activities below 1 GBq permanent injuries are not possible, and it is also very unlikely 
that dose limits for professionals would be reached. All sources with activities more 
than 1 TBq are very dangerous, with the potential to create permanent injuries, or even 
a person’s death. 

Introduction 
During the licensing or registration process and also during the use of radioactive 
source all applicants, and later licensees or registrants, meet with some kind of the 
classification method when the source is categorised according to some predefined 
scheme. The purpose of this approach is to simplify legal decision process and to 
optimise requirements regarding required documentation and requests for safety 
measures and emergency preparedness. 

Authorities use different categorisations for different purposes: the first and basic 
one is the decision whether some material should be considered radioactive source. For 
that purpose they use exemption level. And when some source should be released from 
regulatory control, the clearance level is used. For other categorisations D-value (for 
emergency preparedness requirements), A1 and A2 values (for transportation 
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requirements) and high-activity level (for radiation safety and security requirements) are 
used.  

For practically all radionuclides, all these levels are conveniently listed in relevant 
(but separate!) documents and available to all users. However, the real background of 
the values is not evident and clear to majority of people involved in authorisation 
process and use of sources. Therefore, we are going to review and describe scenarios 
that were used to develop and calculate the values that are used for categorisations and 
to compare them. 

Since all values were calculated by experts and for realistic scenarios, they have 
also practical meaning and could be used as basis for quick and relevant estimates of 
potential exposure in different accidental situations. 

Backgrounds of values used for categorisations, exemptions and 
clearance 
The motivation for the introduction of categorisations, exemptions and clearance of 
sources originates in variety and quantity of practices where different radioactive 
sources with range of activities are used. The consequence is the quantity and 
complexity of requirements that should be implemented in legislation and supervision 
of sources. One of the basic principles of the system of radiation protection is 
optimisation, which also requires that the legal requirements and control should be 
commensurate with the potential magnitude and nature of the hazard. Similarly, the 
application of the requirements of legislation and practical radiation protection 
measures should be commensurate with the characteristics of the practice or source and 
with the magnitude and likelihood of the exposures (IAEA 1996). 

Considering these requirements, the use of categorisations has positive influence 
on the following aspects of radiation safety: 

 Regulatory measures: enables graded system for notification, registration, 
licensing and inspection, ensuring also optimisation of human and financial 
resources; 

 Register of sources: provides ground for (optimised) decision which sources 
should be included and required level of details; 

 Import/export controls: provides ground for (optimised) decision regarding 
the level of import/export controls and facilitates the communication 
between national authorities; 

 Emergency preparedness and response: ensures that emergency 
preparedness and response to accidents are appropriate with the hazard 
posed by the source. It can also serve as a guide for prioritisation when 
control over multiple orphan sources must be regained; 

 Security measures: enables graded basis for assisting in the choice of 
security measures; 

 Communication with the public: provides basis for explaining relative 
hazards associated with events involving radioactive sources. 
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Use of exemption and clearance levels relies on similar foundations: besides 
establishing formal border between natural materials and radioactive materials (where 
exclusion does not apply), it also prevents unreasonable spending of resources and 
efforts on sources with insignificant radiation risk for workers or population. 

Exemption levels 
According to (IAEA 1996) and (EUC 1996), the basic criteria for the exemption of 
radioactive sources (and practices) are as follows: 
a. The radiation risks to individuals caused by the exempted practice or source must 

be sufficiently low as to be of no regulatory concern; 
b. The collective radiological impact of the exempted practice or source must be 

sufficiently low as not to warrant regulatory control under the prevailing 
circumstances; and 

c. The exempted practices and sources must be inherently safe, with no appreciable 
likelihood of scenarios that could lead to a failure to meet the criteria in a. and b. 
These criteria were elaborated in (IAEA 1988) and later in (EUC 1993) with 

conclusion, that source within practice may be exempted without further consideration 
if the following criteria are met in all feasible situations: 
 The effective dose expected to be incurred by any member of the public due to the 

exempted practice or source is of the order of 10 µSv or less in a year, and 
 Either the collective effective dose committed by one year of performance of the 

practice is no more than about 1 man·Sv or an assessment for the optimization of 
protection shows that exemption is the optimum option. 
The value 10 µSv/year was chosen making an allowance for the possibility that 

more than one source can contribute to the exposure. 
In the calculations for specific radionuclides effective dose value 10 µSv/year and 

equivalent dose 50 mSv/year to skin was used for normal working conditions and 
disposal, while for accidents, misuse and unexpected situations dose limit for members 
of public was used. Calculations were performed for 299 radionuclides, starting from 
six physical forms considered to cover existing range of use: gas/vapour, 
liquid/solution, dispersible solid (e.g. powder), non-dispersible solid, thin film/foil, and 
sealed source/capsule. All three exposure pathways were considered and total dose 
calculated summing across pathways. The most limiting value from all calculations was 
chosen for the exemption level. For activity concentrations, the source size of 1 m3 was 
taken into account. 

The rounded results of these calculations are summarised in tables with 
exemption levels (exempt activity concentrations and exempt activities of 
radionuclides) in (IAEA 1996) and (EUC 1996) and are used internationally. 

Clearance levels 
The EC Directive (EUC 1996) does not define clearance levels, except for provision 
that clearance levels shall follow the basic criteria used for exemption as stated in 
Annex I of the Directive and shall take into account any other technical guidance 
provided by the EU. The problem of clearance levels is more complex than the problem 
of exemption levels since it is not possible to satisfactory predict and describe all 
specific circumstances and destiny of radioactive material released from the control. 
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A specific approach is required e.g. for buildings, rubble and metals originating 
from dismantling nuclear installations. The European Commission has prepared and 
published special recommendations regarding these subjects (EUC 1988, EUC 1998, 
EUC 2000A and EUC 2000B). One of these documents, namely (EUC 1988), has been 
published at the end of the eighties, and was used as a basis for establishing basic 
criteria for exemptions, as we have already mentioned in the previous subchapter. 

Ten years ago, EC introduced general clearance levels to cover any possible 
application (EUC 2000D, EUC 2001), without special restrictions on the origin and 
type of material to be cleared. These general clearance levels apply to any solid, dry 
material, also to natural radiation sources. Basic criteria for clearance are based on 
requirements of the EC Directive, as we have discussed previously in relation to 
exemption levels. 

In scenarios used for calculation of general clearance levels, the following 
exposure pathways to a member of the public were considered: inhalation, ingestion, 
external gamma radiation and beta skin irradiation. In each case the most restrictive of 
the scenarios was adopted and the mass activity concentration resulting in dose 
10 µSv/year was used to define the radionuclide specific clearance level. To clarify 
these calculations additionally, we will enlist some of used scenarios: inhalation of 
contaminated dust on the workplace during the whole year, inhalation of dust during a 
whole year by an infant, ingestion of material on the workplace (hand-to-mouth 
pathway, 20 g/year intake), a child playing on the soil with undiluted material 
(100 g/year intake), landfill worker who is working full time on the waste, person living 
in the house for which cleared building rubble has been used in construction, etc. 

Ingestion via water pathways and vegetable consumption was also considered in 
clearance calculations. Rounded general clearance levels are listed in Table 1 in (EUC 
2000D). 

A1 and A2 values for transport 
The risk associated with the transport of radioactive materials is specific and relates to 
manipulation and transfer of packages in conditions that are not controllable. Therefore, 
it is not possible to anticipate possible smaller or larger incidents, or even accidents. 
Even more, we can say that incidents and minor mishaps represent part of normal 
transport. 

Type A packages are intended to provide economical transport for large numbers 
of small activity consignments, while at the same time achieving a high level of safety. 
They are tested for routine (incident free) transport conditions and normal transport 
conditions (with minor mishaps, like falling from vehicles, being dropped during 
manual handling, being exposed to the weather, being struck by a sharp object, or 
having other packages or cargo stacked on top). However, it is not possible to expect 
that the package will retain integrity in accident. In that case, we have to expect that 
integrity of built-in shielding or integrity of containment will be degraded. As a result, 
exposure of workers and/or public to the source is highly probable. The only possible 
solution for limiting the risk to workers or members of the public in that case is to limit 
the content (activity) of the package. 

A1 and A2 values are used as limiting values for Type A package contents. These 
values were calculated with realistic scenarios for special form radioactive material (either 
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an indispersible solid radioactive material or a sealed capsule containing radioactive 
material; integrity of both must be preserved under all applicable conditions, even an 
accident) and non-special form material.  The Type A package contents limits are: 

 A1 – for special form material, and 
 A2 – for non- special form material. 

The contents limits are set so as to ensure that the radiological consequences of 
severe damage to a package are acceptable. Although the dose limits do not apply to 
potential exposures, it was decided (as described in (IAEA 2002)) that the dose limits 
for professionals for effective, committed and equivalent dose shall be used. The 
assumptions of potential exposure following the transport accident were as follows: 
a. The effective or committed effective dose to a person exposed in the vicinity of a 

transport package should not exceed a reference dose of 50 mSv. 
b. The dose or committed equivalent dose received by individual organs, including 

the skin, of a person involved in the accident should not exceed 0,5 Sv, or in the 
special case of the lens of the eye 0,15 Sv. 

c. A person is unlikely to remain at 1 m from the damaged package for more than 
30 min. 
Scenarios used in calculations considered the following exposures and exposure 

pathways: 
 external dose due to photons (0,5 h exposure at 1 m from the source), 
 external dose due to beta emitters (0,5 h exposure at 1 m from the source), 
 internal dose via inhalation (committed dose from 10-6 fraction of package 

content) 
 skin contamination and ingestion doses (5 h exposure from beta contamination 

with 10-3 fraction of package content per m2 of skin) 
 submersion dose due to gaseous isotopes (0,5 h exposure) 

Results of calculations can be found in (IAEA 2002) together with derived A1 and 
A2 values for different radionuclides. These values are used internationally (IAEA 
2005A) as a part of legislation for the transport of dangerous goods 

D-values 
The idea behind the introduction of D-values (D for “dangerous source”) is to provide 
the tool for risk based ranking of different sealed and unsealed radioactive sources. 
Sources with high activity, if not managed safely and securely, can cause severe 
deterministic effects to individuals in a short period, whereas low activity sources are 
unlikely to cause exposures with harmful consequences. The D-value is that quantity of 
radioactive material, which, if uncontrolled, could result in the death of an exposed 
individual or a permanent injury that decreases that person’s quality of life (IAEA 
2006). In the calculation of D-values, the dose criteria listed in Table 1 were used 
(IAEA 2005B).  
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Table 1. Reference doses for D-values (from IAEA 2005B). 

Tissue Dose criteria 

Bone marrow: 1 Gy in 2 days 

Lung: 6 Gy in 2 days from low LET radiation 
25 Gy in 1 year from high LET radiation 

Thyroid  5 Gy in 2 days 

Skin/tissue (contact) 25 Gy at depth of 2 cm for most parts of the body (e.g., from a source  
in a pocket), or 
1 cm for the hand for a period of 10 hours 

Bone marrow: 1 Gy in 100 hours for a source that is too big to be carried 

 
In possible scenarios different realistic accident situations were considered and 

also dispersion situations that may be relevant to malevolent acts. It was found (IAEA 
2006, IAEA 2003) that the following realistic scenarios for sealed source and dispersal 
of source are the most limiting: 
a. An unshielded source being carried in the hand for one hour or in a pocket for 10 

hours, or being in a room for days to weeks  
b. Dispersal of a source, for example by a fire, explosion or human action, resulting 

in exposure due to inhalation, ingestion and/or skin contamination. 
The results of calculations for each radionuclide were two values: D1 for sealed 

source and D2 for dispersal of source. Values are listed in Table 1 in (IAEA 2006) but 
for regulatory use, only one (lower!) value was designated as D-value for that particular 
radionuclide. 

D-values for particular radionuclides serve for ranking the radioactive sources and 
practices in five risk categories, according to involved source activity (IAEA 2005B). In 
Table 2 risk categories of sources, corresponding A/D ratios and brief descriptions of 
associated risk are listed.  

 
Table 2. Risk categories with corresponding A/D ratios and risk description for radioactive sources 
(from IAEA 2005B). 

Category Activity Ratio (A/D) Risk Description 

1 A/D  1000 Extremely dangerous to the person 

2 1000 > A/D  10 Very dangerous to the person 

3 10 > A/D  1 Dangerous to the person 

4 1 > A/D  0.01 Unlikely to be dangerous to the person 

5 0.01 > A/D  Exempt. Lev./D Most unlikely to be dangerous to the person 

High-activity value 
The legal term high-activity sealed  source was introduced in the HASS Directive (EUC 
2003) issued by European Commission as a result of a recommendation from the 
Working Group on Control of Sources, which was established by EURATOM Treaty 
Article 31 Group of experts. The aim was to improve the safety and security of sources, 
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prevent orphan sources from arising and to harmonise requirements between EU 
countries without imposing unnecessary additional burden to holders of small sources. 

The Directive introduced special requirements regarding authorisation, transfers, 
records, common requirements for holders, identification and marking, training and 
information, special arrangements for dealing with orphan sources, request for financial 
security and international cooperation and information exchange. 

Technically, the high activity source is a sealed source that produces a dose 
exceeding 1 mSv/h at the distance of one meter. In the HASS Directive, the high-
activity values for the most important radionuclides are listed, and for other (non-listed) 
the instruction to use 0.01 fraction of A1 value from transport legislation (IAEA 2005A) 
is given. 

Comparison of values 
In Table 3 Exemption level, A1, A2, D-value and high-activity level are listed for some 
more common radionuclides. The data of Table 3 are also presented on Figure 1, but on 
the chart the order is changed to illustrate the relations between particular values. 

 
Table 3. Different activity levels for some more common radionuclides. 

Radionuclide Exemption 
level (Bq) 

A1 (Bq) A2 (Bq) D (Bq) High-activity 
level (Bq) 

Co-60 1×10+5 4×10+11 4×10+11 3×10+10 4×10+9 

Ni-63 1×10+8 4×10+13 3×10+13 6×10+13 4×10+11 

Sr-90 (Y-90) 1×10+4 3×10+11 3×10+11 1×10+12 3×10+9 

Mo-99 1×10+6 1×10+12 6×10+11 3×10+11 1×10+10 

Tc-99m 1×10+7 1×10+13 4×10+12 7×10+11 1×10+11 

I-131 1×10+6 3×10+12 7×10+11 2×10+11 3×10+10 

Cs-137 1×10+4 2×10+12 6×10+11 1×10+11 2×10+10 

Ir-192 1×10+4 1×10+12 6×10+11 8×10+10 1×10+10 

Ra-226 1×10+4 2×10+11 3×10+9 4×10+10 2×10+9 

Am-241 1×10+4 1×10+13 1×10+9 6×10+10 1×10+11 

Cf-252 1×10+4 1×10+11 3×10+9 2×10+10 5×10+8 

 
As can be seen on Figure 1, the prevailing order is: exemption level, high-activity 

level, D-value, A2 value and A1 value. This is not completely true for pure beta sources 
(the highest is D-value, but very close to A1 and A2) and heavy radionuclides (where A2 
is low, due to their radiotoxicity, ). 

Except for heavy radionuclides, A1 and A2 values are quite close. We can also see 
that D-value, A1 and A2 values are close for all radionuclides, except for heavy 
radionuclides, again. For these, the D-value is approximately the geometrical mean of 
values A1 and A2.  

For all listed radionuclides (except for Am-241) the high-activity level is lower 
than other levels. It seems that the value is really well chosen and could be used not 
only for sealed sources, but also more generally. 
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For majority of sources practically all levels are between 1010 Bq and 1012 Bq. For 
heavy radionuclides these values are between 109 Bq and 1011 Bq. It seems that we can 
use, as a rule of thumb, that with any source below 109 Bq we cannot expect permanent 
injury in realistic scenarios. We can also conclude that there is just a small probability 
that the dose limits for professionals would be achieved. On the other side, sources with 
an activity over 1012 Bq are always extremely dangerous for all radionuclides. 

 

 
Figure 1. Activity values for some common radionuclides in prevailing order. 

Conclusions 
We have seen that different activity levels used in the legislation have also a practical 
meaning: the calculation was based on realistic foundations and scenarios. We can use 
them as an orientation regarding potential exposures and for rough assessment of dose 
in possible incidents or accidents. 

It seems that especially useful are A1 value (for sealed sources), A2 value (for 
unsealed sources) and D-value (for general sources). We can say that when the persons 
involved in incident are aware of the source presence (like exposed workers or 
emergency personnel) and when the activities are below A1 or A2 value (as appropriate), 
it is highly improbable that dose limits for occupationally exposed workers will be 
exceeded. When the source is not under control and persons involved are unaware of it, 
and activities are close to or above D-value, then the source could be dangerous to 
involved persons. 

The high-activity value could be used for simple and straightforward calculation 
of dose rate from the sealed source. 
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For the majority of examined radionuclides values are increasing in the following 
order: high-activity level, D-value, A2 and A1 value, while the exemption level is at least 
four orders of magnitude below these values. The fact that D-value (when the source is 
considered dangerous) is usually below or close to A1/A2 values additionally supports 
the importance of supervision and control of sources. 

Except the exemption level, the values of other levels for almost all common 
radionuclides are higher than 1 GBq. Therefore, it seems that in realistic circumstances 
and accidents it is very unlikely to expect permanent injury, or even achieving the dose 
limits for professionals for sources below 1 GBq. Sources with activity over 1 TBq are 
always very dangerous with the potential to create permanent injuries, or even a 
person’s death.   
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Abstract 
Since 1987 Italy has not been producing electricity through nuclear fission; 
nevertheless, due to the presence of four Nuclear Power Plants undergoing 
decommissioning and to the increasing use of radioactive sources in medical, industrial 
and research applications, potential accidents involving radioactive materials can still 
occur (and actually took place). Italian Fire Brigades, which are a national 
Organization, represent one of the main government structures involved in this kind of 
events, as far as the initial phase in concerned. Actually, Italian Fire Brigades teams act 
as first responders for any kind of calamity. 

Accidents involving radioactive substances may be accompanied by hazards of 
different nature, and in these cases the wide range of tasks Italian fire fighters are used 
to face and their high level of training greatly simplify the approach to intervention. 

During the last five years some small accidents took place in Italy involving 
radioactive materials such as orphan sources; in all cases the action of the first 
responders has proved of fundamental importance. Italian Fire Brigades have special 
trained teams equipped with suitable devices and dresses for monitoring and protection, 
and they are able to manage emergencies involving radioactive materials.  

The aim of this article is to show the Italian response system provided by the 
Italian fire brigades from the very beginning of the accident until the post-emergency 
phase: some examples will be shown concerning recent events. Moreover the fire 
fighter’s way of training, as far as radiation protection is concerned, will be presented. 

The authors will illustrate also the co-operation between different organizations 
and services involved when a relevant accident occurs. 

Introduction 
A valid response to the emergency starts with an efficient organization in which the 
formation and maintenance of operational capabilities are constantly pursued goals.  

Below, the position of C.N.VV.F. about it is shown and it will be shown how, 
through that organization, it has been possible to deal effectively with three types of 
radiological emergencies completely different from each other. 
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Material and methods 

The organization of C.N.VV.F. in radiological emergencies 
Control of radiation hazard is one of the institutional duties of C.N.VV.F. that, as a 
national technical organization, gets involved from the very beginning of the 
emergency. The response provided by C.N.VV.F. is based on a pyramidal structure in 
which at the bottom each Italian province is able to ensure first intervention just with 
limited equipment and training.  

The intermediate level is represented by 22 special NR (Nuclear and 
Radiological) intervention teams, that are able to make more detailed assessments and 
measurements.   

At the top of the pyramid there is the personnel of a specific laboratory in Rome 
with the most advanced equipment and training in Italy (Fig. 1). 
 

 
 

Fig 1. Dislocation of the teams in Italy. 

Basic team 
103 teams, one for each provincial fire brigade headquarter, are able to respond within 
an hour from emergency. They may assess mainly the dynamics of the accident, getting 
useful technical information and performing instrumental measurements limited to 
gamma exposure (effective dose and effective dose rate) and to the presence of surface 
and air contamination (counts per second relative to the environmental level). The 
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instrumentation and preparation do not allow to quantify the level of risk but only to 
asses and monitor an anomalous presence of radiation. Self protection is the 
fundamental skill for these teams, through safely dressing and  sampling. 

Special NR team  
22 teams are distributed throughout national territory, roughly one in each region. They 
are able to respond within 3-4 hours when alerted. The members of these teams are 
instructed in a theoretical-practical course three weeks long and then they are called 
annually for the retraining. In addition to the basic teams, the special teams use 
instruments to perform qualitative analysis on gamma-emitting radioisotopes and 
neutron dose measurements; moreover they sample environmental matrices, manage the 
containment and confinement of contaminated objects, and provide to the staff 
monitoring and decontamination.  

Central NR Laboratory  
A central laboratory is located in Rome and it is the apical response of C.N.VV.F. when 
a radiological emergency occurs. Personnel in the laboratory carries out dosimetric 
control activities of staff, qualitative and quantitative measurements of alpha, beta and 
gamma spectrometry, dose evaluation to personnel and operational planning to perform 
in accordance with Italian and international rules, together with other organizations 
relevant in post-emergency phase. The laboratory personnel manage the training of all 
the teams, the verification and calibration of instruments used by the teams and 
coordinate the staff in case of national or interprovincial emergencies. 

Results 
Although in Italy there are no more working nuclear power plants, increasing industrial, 
medical or research activity, use of radioisotopes is a source of significant risk.  

The accidental scenarios that can be faced with the organizational structure of 
C.N.VV.F. include localized or diffuse emergencies in terms of released contamination, 
with restoration of normal conditions in the short or long term and emergencies 
requiring the employment of several special teams.  

As an example three different situations that occurred in Italy over the past two 
years will be considered. These emergencies tested the system response confirming the 
effectiveness of the organization. 

Discussion 
The first case is the accidental melting of a source of  137Cs in a brass refinery in 
Brescia.  

The second concerns the presence of radioactive sources in the waste during the 
maxi emergency in Campania mainly in Naples.  

The third arose by pellets with high concentration of  137Cs coming  from Eastern 
Europe that have been used for domestic stoves. 
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Accidental melting of a radioactive source  
Too often sealed radioactive sources are hidden in metal scraps going to melting plants. 
If these sources are not detected they can be melted in the ovens and spread in the 
metallic ingots or dust. 

In November 2008 a 137Cs source was melted in a metal refinery working brass; 
ingots and bags of dust that were accidentally produced and sent to Germany for the 
recovery of residues of brass.  

The alarm was triggered after several days, when the German authorities blocked 
some of these bags at the boundary because they were exceeding the threshold of 
radioactivity. They immediately informed the Italian authorities about it. 

 

 
 

Fig 2. Brescia. Brass dust sampling for measurement of gamma spectrometry. 

In that occasion all 3 levels of the fire brigades organization were involved. 
Actually after the first intervention performed by the basic team, the central Laboratory 
took over: its experts planned a thorough activity that went on for two months with a 
strong contribution of the special NR teams.  

In summary, under the coordination of the central area three main activities were 
carried out:  

– Boundaries and zoning of industrial area and access control  
– Monitoring of remediation of contaminated plant components  
– Measurements on samples of dust and ingots in order to authorize the 

release of the store and the resumption of the activity (Fig. 2)  
This emergency was confined, since it involved just the area of the refinery and 

material contained within bags. Nevertheless, the duration of operations made it 
necessary to involve three special NR teams working alternated. 
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Emergency Campania radioactive waste 
In June 2008 the region was the scene of a maxi emergency for the presence of large 
amount of waste in the streets and the lack of suitable locations to store it.  

It was decided to ship the waste towards burning plants in Germany until a 
storage place was identified. As the previously shown emergency, German authorities 
detected some radioactive substances in the refuse. Then, a strict radiological 
monitoring of leaving waste was requested. This monitoring activity was managed by 
C.N.VV.F. 

 

 
 

Fig 3. Naples. Measurements of dose rate on the field 

In this case, with the central laboratory management, activity took about five 
months and involved many special NR teams coming from all over Italy as well as local 
basic teams that were working mainly to make measurements (Fig. 3).  

Several radioactive sources were found and isolated, almost entirely of hospital 
origin. 

Radioactive pellets emergency 
In June 2009, widespread in north-central Italy, unusual concentration of 137Cs were 
found in ashes coming from the combustion of certain types of pellets. The specific 
activity values were so high that, according to Italian law, ashes could have been 
included into restrictions for detention. 

In order to contain the emergency some type of pellets supplies not yet sold were 
seized and a monitoring activity was scheduled. A collection of ashes in the houses of 
people who had requested help calling the emergency phone number was possible.  

Although it was already clear that the concentrations did not show a serious 
radiation hazard, alarm and concern of citizens were such as to require a real response 
from the authorities.  
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In particular, using the widespread presence of local Fire Departments, tens of 
thousands of visits were conducted from the basic teams. When measurement’s results 
were showing to pass a threshold of five times the value of the environmental 
background in total measures alpha , beta and gamma, samples of ashes were taken and 
related unburned pellets to evaluate later by gamma spectrometry.  

The samples were brought at the nearest special NR teams building to carry out 
gamma spectrometry in order to estimate a presence of 137Cs at least twice the 
environmental background.  

 

 
 

Fig 4. Rome. Radioactive pellets samples. 

Following this screening, positive samples of ashes and related unburned pellets 
were sent to the central NR laboratory for quantitative analysis (Fig. 4).  

Sometimes, concentrations of 137Cs  up to 80 kBq/kg were found in the ashes 
while concentrations of about 300 Bq/kg were found in the unburned pellets.  

Conclusions 
Currently in Italy, as far as radiological emergencies is concerned, C.N.VV.F. is the 
organization most directly involved, certainly in the initial phase, due to widespread 
presence, but also in later stages. The C.N.VV.F. can provide technical experts who are 
able to plan operations in the medium and long term on the basis of assessments and 
measurements that could be conducted in complete autonomy from trained personnel 
for this purpose. 

The current organization, together with relationships with technical personnel 
from other relevant authorities in radiation protection allows to maintain a sufficient 
team’s level of training and to increase the professionalism of radio protection area. 
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Abstract 
In the last years several unforeseen events happened leading to internally contaminated 
workers and members of the public. Beside committed effective dose estimations 
incident investigations were performed into the direct and underlying causes. Using the 
Tripod method Basic Risk Factors were identified and used for prioritizing actions to 
prevent occurrence of these incidents in the future. Besides poor design characteristics, 
human failures could be traced back to organisational shortcomings as procedures, 
education and training and communication. An important finding was the personal 
perception of an internal contamination leading to concern and anxiety by those 
exposed. Justifying investment in terms of means and human capital according to the 
ALARA principle in relation to the gain in terms of dose reduction this fear perception 
is not taking into account. This suggest that a kind a “psychological” weighting factor 
must be introduced correcting for the enhanced ‘dose’ perception of internal 
contamination and in this way justifying extra effort preventing internal contamination. 
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Abstract 
Microphonic noise caused by vibrations can be a problem in mobile gamma-
spectrometric measurements using HPGe detectors. When driving on uneven roads 
moderate speeds might give raise to a considerable amount of vibrational stress. The 
resulting distorted spectra can be difficult to interpret, and potentially important spectral 
information may be lost. However, accelerometers can be used to detect and quantify 
the vibrations. These measurements can then be used to reduce the vibrational stress on 
the detector system.  

To demonstrate the impact of noise from detector microphonics, vibrational data 
was gathered along with spectral measurements from an experiment with a car-borne 
mobile platform. The acquired accelerometer data could then be connected to the 
spectrum where distortions were observed. Speed and position on the road was also 
recorded and stored in the same record. This technique makes it possible to evaluate 
and compare different detector mounting configurations. 

As this article shows, a sane mounting configuration will reduce the microphonic 
noise. This could be crucial for example in an orphan source emergency situation, 
where measurements must be gathered with speed and accuracy. Using accelerometers 
can be one way of achieving a reliable car-borne HPGe system by reducing the 
interference from microphonic noise. 

Introduction 
Vibrations causing small movements of the components in a Germanium detector's 
mounting can alter the capacitance between the field effect transistor (FET) gate and the 
detector bias supply. This may change the noise characteristics of the detector and in 
turn give raise to an electrical signal. Even a small change (10-7 pF) in the capacitance 
can cause an electrical signal equivalent of a few keV (Gilmore 2008). This 
mechanically generated noise is referred to as microphonic noise. Its main sources 
during normal operation conditions are environmental acoustic noise, vibrations of the 
surrounding equipment and events connected to liquid nitrogen such as turbulence and 
bubbling in the dewar affecting the cryostat (Morales et. al 1992). 
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Although this should be a common problem in mobile gamma spectrometry using 
HPGe detectors, where, by necessity, some vibrations occur, most of the literature 
found on the topic of microphonic noise deals with low background experiments 
(Baudis et al. 1998; Morales et al. 1992) or electrically cooled semiconductor systems 
(Upp et al. 2005). Ways of discriminating microphonic pulses include digital signal 
processing (Keyser et al. 2008) and statistical rejection techniques (Morales et al. 
1992).  

Possible explanations for the lack of applied studies are; 
 NaI(Tl) detector systems are more frequently used in mobile gamma 

spectrometry 
 The microphonic noise mainly affects low energy region (<100 keV) 
 The ambient background is not controlled, hence disturbances might be 

overlooked 
This article shows the importance of a vibration dampening mounting 

configuration when using a HPGe detector in mobile measurements and how 
accelerometers can be used to optimize the same configuration. Digital signal 
processing and statistical rejection techniques are out of the scope of this work since 
they do not deal with the source of the problem, but rather its consequences. 

Material and methods 

Spectrometry system 
In the experiments a ruggedized, coaxial, P-type High-Purity Germanium (HPGe) 
detector1, model no. GEM 100-S, with 123 % relative efficiency from Ortec2 was 
mounted in a GMC van at a height of approximately 1 m above ground. The detectors 
cylinder axis was horizontally orientated with the end-cap facing the rear of the van. A 
digital, portable, Multi-Channel Analyser (MCA, Ortec Digidart), with the conversion 
gain set to 2048 channels was used. The MCA communicated with a laptop-PC over the 
USB (Universal Serial Bus) interface, sending a new pulse height distribution when 
requested. Measurements in the region below 40 keV using a P-type HPGe detector is 
normally pointless due to the thick dead-layer. But these noise pulses could potentially 
have effect on critical things higher up in the spectra, leading to peak-broadening.  

A linear 3-axis accelerometer from ST Microelectronics (LIS3LV02DL) was 
mounted on the detectors aluminium cap to measure vibrations. The sensors can 
measure accelerations up to ± 6 g in three orthogonal directions, with a specified 
resolution of about 4 mg at 610 Hz. Acceleration directions are henceforth referred to as  
X, Y and Z, where -X is an acceleration in the driving direction, +Y to the van's right 
when driving and +Z down towards the ground. 

To scrutinize the influence of the detector mounting configuration, two different 
sets of dampeners were used. Fist the ‘bare-bone’ configuration, where the detector was 
mounted directly on the floor of the car. Second the ‘dampener’ configuration, where 
the detector was mounted in a plastic tube, isolated with approximately 10 cm of 
polyester foam. 

                                                 
1 s/n p41629A 
2 Ortec, 801 S. Illinois Ave., Oak Ridge, TN, USA. 
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Experiment 
By observing spectra while driving on an uneven road, conclusions about different 
mounting configurations and their effect on the microphonic noise level can be drawn. 
In this work, a straight stretch about 400 m long was driven repeatedly while sampling 
spectral and vibrational data. To estimate the radiation background, 22 stationary 60 s 
background spectra was first measured at ~ 20 m intervals along the road. The straight 
stretch was then driven at three different velocities; 10, 20 and 30 km h-1 to gradually 
increase the mechanical stress on the detector. Each speed was driven four times, giving 
a total of 12 measurement sets. Spectrometer, accelerometer and GPS data were 
collected at 1 Hz using in-house software written in C#. This procedure was repeated 
for both mounting configurations. 

Statistical analysis 
To separate the microphonic noise from the ambient radiation background a region of 
interest R was chosen, ranging from the cut-off energy at 10 keV to 100 keV. The 
distribution of the number of gross counts per second nb within R will be approximately 
normal with mean m0 and standard deviation , if measured repeatedly. Thus 
an observation x, which is significantly greater than m0, would be an indication that 
microphonic noise was detected in a spectrum. 

Using the null hypothesis, H0, "no microphonic noise detected" and the research 
hypothesis, H1, "microphonic noise detected" the test statistic 

 
      (1) 
 
where  was calculated for each set  of measured spectra. Under 

H0, u will be observations from N(0,1). The null hypothesis can thus be rejected on the 1-
 level if . The single sided critical regions for u are presented in Table 1. 

 
                  Table 1. Significance levels for the test statistic u. 

Significance * ** *** 

 0.05 0.01 0.001 

u 1.64 2.33 3.09 

 
The sample size of the test group, n, was chosen to be 3 spectra to avoid the worst 

fluctuations and the level of significance, , was set to 0.001. The limit for rejection of 
H0, then becomes 

     (2) 
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Results and Discussion 
Figs. 1-2 show the results from the hypothesis tests using the ‘bare-bone’ and 
‘dampener’ configurations. The results summarized in Table 2 show that the number of 
rejected samples increases with increasing driving speed, which was expected. At the 
slowest speed (10 km h-1), the statistical tests showed no evidence of microphonic noise 
being detected. By increasing the driving speed to 20 km h-1 about 19 % of the 
measurements showed a significant number of microphonic noise pulses in the low 
energy region, R, when using the ‘bare-bone’ configuration. The number of rejected 
samples increased to 79 % when driving at the fastest speed (30 km h-1) using the same 
configuration. By mounting the detector in the ‘dampener’ configuration, these numbers 
sank drastically. The rejection fraction, also shown in Table 2, was 2 and 19 % for 20 
and 30 km h-1 respectively. To summarize, the total rejection fraction, i.e. the total 
fraction of measurements showing an significant increase of the count rate in R due to 
microphonic noise were 20 and 4 % for the ‘bare-bone’ and ‘dampener’ configurations 
respectively. 

 
              Table 2. Summary of hypothesis tests. 

Test group Samples Rejection of H0 Rejection of H0 (%) 

bare-bone u10  391 1 0.2 

bare-bone u20 213 40 18.8 

bare-bone u30 138 109 79.0 

dampener u10  392 0 0.0 

dampener u20 219 4 1.8 

dampener u30 146 28 19.2 

bare-bone total 742 150 20.2 

dampener total 757 32 4.2 

 
Two samples with extreme test statistic values from each mounting configuration, 

thus containing significant levels of microphonic noise were analysed in detail. The 
samples, labelled A, B, C and D are marked in Figs. 1-2. Acceleration data for these 
four samples are presented in Figs. 3-4 and spectra in Figs. 6-7. 

The accelerometer data in Figs. 3-4 reveals both vibrations and more shock-like 
events. The detector is subject to forces mainly in the Z (up, down) and Y (left, right) 
directions, while the data show more moderate vibrations along the detector's cylinder 
axis (X). An offset of about 1 g is present in the Z-direction due to gravity. The 
frequency of the vibrations seems to be generally higher in the samples A and B (bare-
bone) than in C and D (dampener) while the amplitudes show a reversed relationship. 
This clearly demonstrates the complexity of the microphonic noise problem. By 
introducing a dampening material much of the microphonic noise disappears. As shown 
in Table 2, but some measurements with large (several g's), shock-like, accelerations 
still appear because of the uneven road and high velocities.  
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Fig. 1. Test statistic u for the ‘bare-bone’ configuration. The limit for rejection of H0, , is marked 
with a dash-dotted line. 

 
Fig. 2. Test statistic u for the ‘dampener’ configuration. The limit for rejection of H0, , is marked 
with a dash-dotted line. 
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Fig. 3. Accelerometer data for ‘bare-bone’, samples A and B. No shock-like events are present,  
rather a steady ripple, especially in  the Y and Z-directions. 

 
Fig. 4. Accelerometer data for ‘dampener’, samples C and D. Some shock-like events can be 
observed in the Y and Z-directions. 
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That a frequency shift occurs when introducing the dampener is confirmed in Fig. 
5, where the single-sided Fast Fourier Transform (FFT) of all Z-direction acceleration 
measurements at 30 km h-1 is presented. All measurements for each of the two 
configurations were summed to show the different vibration characteristics. While 
frequencies in the range 10-50 Hz dominated in the ‘bare-bone’ measurements, the 
‘dampener’ shows a peak below 25 Hz. When introducing the ‘dampener’ the total 
mass of the vibrating body also increases. This could be one factor that leads to a shift 
of vibration frequencies. The most obvious reason is of course the introduction of a soft 
dampening material - the polyester foam between the van's floor and the detector. 

Spectral data for the four samples A-D are presented in Figs. 6-7. The 
microphonic noise mainly adds pulses in the low energy region below 20-30 keV. As 
much as 80 extra pulses per second due to microphonic noise were recorded (sample 
A). The ‘bare-bone’ samples A and B show more microphonic pulses than the 
‘dampener’ (C and D), which also can be seen in the test-statistic, u, when comparing 
Figs. 1 and 2. 

 

 
Fig. 5. Summed Single sided Fast Fourier Transform plot for all Z-direction acceleration 
measurements recorded at 30 km/h. A frequency shift occur when changing from the 'bare-bone' 
to the 'dampener' configuration. 
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Fig. 6. Spectra for ‘bare-bone’ samples A and B. The main contribution in the low enery region 
(below 30 keV) is from microphonic noise. 

 
Fig. 7. Spectra for ‘dampener’ samples C and D. The main contribution in the low enery region 
(below 30 keV) is from microphonic noise. 
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Conclusions 
As shown in this work microphonic noise occur when driving on uneven roads in 
moderate speeds. The microphonic noise increases as the speed of the vehicle, and 
hence the vibrations, increase. However, a few simple measures can reduce the 
microphonic noise considerably when using a car-borne HPGe detector system. A 
polyester foam dampener led to a reduction of the microphonic samples from 20 to 4 % 
of the total number of samples. Using a 3-axes accelerometer this work shows that the 
reduction was mainly due to a frequency shift in the vibrational forces acting upon the 
detector. 

The results presented in this paper are hard to generalize, since they depend on a 
specific detector model, possibly even on an individual detector. However, it should be 
possible to conduct a more general experiment in a controlled laboratory environment 
using induced vibrations. 
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Abstract 
In Northwest region of Russia there are the sites of storage and decommissioning of 
retired nuclear submarines, their nuclear reactors, spent nuclear fuel and radioactive 
waste. Many of those sites are not isolated and protected. There are also the atomic 
shipbuilding plants, naval objects. In the seas there is the traffic of atomic-powered 
vessels (submarines, ice-breakers). There is a hazard of release of radioactivity from 
those sites. This was the reason of implementing of the International Project 
“Improvement of the Murmansk region system of radiation monitoring and emergency 
response” (Project), managed by the European Bank for Reconstruction and 
Development. The Nuclear Safety Institute (NSI) of Russian Academy of Sciences was 
the main executor of the Project. Hypothetical scenarios and consequences of accidental 
radioactive contamination of coastal waters of North-Western region of Russia are 
discussed in this work. The scenarios assume the location of the hypothetical accidents 
to be in the White Sea and in the one of the Bays of the Barents Sea. The modeling of 
possible consequences of radiological incidents was implemented for water bodies that 
strongly differ in size (from 5 to 300 kilometers), tides, currents, and characteristic 
times of water exchange with Arctic Ocean. The modeling of migration of the 
radioactive substances was carried out with the use of computer model developed by 
the specialists of the NSI. This model is based on the well-known three-dimensional 
Princeton Ocean Model. The results of modeling of considered scenarios of accidents 
have shown that these hypothetical incidents do not constitute danger to the areas of 
industrial fishing in the Arctic Ocean as so as to the sea-shore coasts outside the water 
bodies were the hypothetical accident have taken place.  
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Abstract 
In December 1993, the decommissioned cruiser Murmansk was torn from its towing 
towards India for dismantlement and ran aground just outside the fishing village Sørvær 
on the coast of Finnmark in Northern Norway. The Norwegian Radiation Protection 
Authority (NRPA) received information about the wrecked vessel from the Norwegian 
Defence Command Headquarters. The coast guard carried out measurements and 
collected sea water samples. The initial concern was the possibility that there might be 
nuclear materials onboard the vessel, either in form of nuclear weaponry or spent 
nuclear fuel. NRPA made initial assessments and concluded that it was very unlikely 
that the vessel would contain radioactive substances that could pollute the surrounding 
area In June 2007 NRPA was notified by a private recycling firm that items taken from 
the wreck of the cruiser Murmansk showed sign of gamma radiation. The source was 
sent to a low level radioactive waste depository. Friday 1 August 2008 major 
Norwegian newspapers have lead stories on public concerns regarding radioactive 
substances at the ship. NRPA realized the need for a more thorough follow-up and 
decided to visit the wreck for new investigations. The investigations on the wreak was 
gamma dose rate measurements and collected samples of sea water and biota inside and 
outside the wreck. All samples was analysed and compared to expected values based on 
the Norwegian marine monitoring programme. The analysis did not show any 
radioactive contamination from the wreck. Also further measurements of concentrated 
sea water samples, alpha spectrometry of biota and sediments samples have not shown 
any trace of radioactivity. Handling of media was a main challenge through this event 
and it proved to be the most publicised news bulletin concerning NRPA in 2008. NRPA 
received very good public, political acceptance for handling the case and lead to a good 
cooperation between responsible authorities.  
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Abstract  
The Chernobyl nuclear accident happened in the former Soviet Union on 26 April 1986. 
The air parcel trajectories originating from Chernobyl at the time of the accident show 
that the radioactive plume moved first northwestwards  Over Lithuania the plume 
separated to two main paths. At lower altitudes (750-1000 m) the plume continued 
towards Sweden and Norway. At higher altitudes (1500-2500 m) the plume turned 
towards north. The plume arrived in South-Western Finland 27 April at 12 UTC for a 
release height of 2000 m. Then the plume went across the country north-eastwards and 
back to Soviet Union. 

An aerosol beta activity monitor reacted to the Chernobyl-derived airborne 
radioactivity at Nurmijärvi, 40 km north-west of Helsinki, on the afternoon of 27 April. 
Unfortunately the alarm issued by the instruments did not cause any action due to a 
civil cervants' strike. The first alarm leading to a nation-wide alert occurred at Kajaani, 
north-eastern Finland, on the evening of 27 April 1986. A monitoring station of the 
Ministry of the Interior measured an increased exposure rate value of 0.1 mR/h (  1 

Sv/h) in connection with a rain shower. 29 April a rain area moved from the west coast 
of Finland in an easterly direction. The rain scavenged the activity to the ground 
causing notable increases in the external dose rate at several monitoring stations. 

The monthly mean total beta activity concentration in April 1986 was the highest 
ever recorded, 1 Bq/m3. The total beta activity concentration decreased five orders of 
magnitude at Nurmijärvi from 27-28 April to 31 May. In northern Finland the 
concentration level was clearly lower. In striking contrast to the 1960's nuclear weapons 
test fallout, the Chernobyl fallout was very unevenly distributed in Finland. The 
existence of "hot particles", highly radioactive agglomerates, in the Chernobyl plume 
was a specific feature during the early stages of emissions.  
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2

Introduction 
The Chernobyl nuclear accident happened in the former Soviet Union, 130 km north of 
the city of Kiev, 26 April 1986. The reactor model, RBMK-1000, at Chernobyl was a 
graphite-moderated design using light water for cooling. The electrical output of the 
reactor model is 1000 MW. The accident destroyed one of the four reactors of the plant 
and released a huge amount of radionuclides into the atmosphere (International Atomic 
Energy Agency 1986). 

The fourth unit of the power plant was scheduled for a regular maintenance 
shutdown 25 April 1986. In this connection a test programme was planned to be 
conducted. During the test a power surge in the reactor caused two subsequent 
explosions destroying the reactor and its surroundings. The graphite moderator caught 
fire and was burning for at least a week, thus prolonging the emissions of radioactivity 
into the atmosphere (International Atomic Energy Agency 1986). According to the 
Soviet estimates, all the radioactive noble gases of the core inventory were released 
during the accident as well as 10-20 % of the volatile nuclides and 2-6 % of plutonium 
isotopes and other refractory nuclides, e.g. 95Zr and 144Ce. A summary of the 
meteorological and radioactivity observations made in Finland is given in the following 
based on the paper of Paatero et al. (2010a). 

Meteorological and hydrological situation 
The energy released during the accident caused the radioactive plume to break through 
a ca. 400 metres thick inversion layer to the free troposphere. The air flow in the area 
around Chernobyl above the inversion layer was towards Poland and Lithuania, anti-
cyclonally around the high pressure area in Russia (Fig. 1). Over Lithuania the plume 
separated to two main paths. At lower altitudes (750-1000 m) the plume continued 
towards Sweden and Norway. At higher altitudes (1500-2500 m) the plume turned 
towards north. The plume arrived in South-Western Finland 27 April at 12 UTC for a 
release height of 2000 m. Then the plume went across the country north-eastwards and 
back to Soviet Union. A frontal zone north of this route hindered the plume to reach 
northern Finland. The air stream brought, taking into consideration the season, 
exceptionally warm weather to southern Finland (Paatero et al. 2010a). 

During 27 April, when the passage of the plume associated with the initial 
explosion occurred, there was no or very light rain in southern Finland. Slightly larger 
amount of precipitation occurred along the previously mentioned frontal zone from 
south-western Finland north-eastwards (Fig. 2a). During 28 April the weather was also 
quite dry in southern Finland except some local showers but during the next three days 
there was heavy precipitation along a zone from the coast of the Bothnian Bay south-
eastwards towards the Kotka region (Fig. 2b).  One third of the country was still 
covered by snow and even in southern Finland the agricultural activities hadn’t started 
yet (Fig. 3)). Also the cattle was kept still indoors. This reduced the effects of the 
accident on various agricultural products during the early phase of the accident. 
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Fig. 1. Air mass trajectories from Chernobyl on 25 April 1986 at 21 UTC calculated with the 
TRADOS computer code (Redrawn from Valkama et al. 1995). Effective release heights: A = 750 m, 
B = 1000 m, C = 1500 m, and D = 2500 m. 

 

 
 
Fig. 2. Amount of precipitation (mm) in Finland, A) 27 April 1986, B) 28 April – 1 May 1986 (Data: 
Finnish Meteorological Institute). 
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Fig. 3. Depth of snow cover (cm) in Finland 1 May 1986 (Data: Finnish Meteorological Institute). 

Airborne radioactivity 
An aerosol beta activity monitor (Paatero et al. 1994a) of the Finnish Meteorological 
Institute (FMI) reacted to the artificial radioactivity at Nurmijärvi but not in Helsinki on 
the afternoon of 27 April despite the only 40 km distance between the monitoring 
stations ((Fig. 4). This was probably due to the convection over inland Nurmijärvi while 
the lower troposphere was stratified in Helsinki due to the cold sea surface. 
Unfortunately the alarm at the Nurmijärvi monitoring station did not cause any action 
due to the civil cervants' strike. Most of the FMI's aerosol beta activity monitors in 
southern and central Finland detected artificial radioactivity on 28 April, especially in 
the afternoon owing to the increased vertical mixing of the troposphere. 

The FMI has collected daily aerosol samples with a high-volume filter sampler at 
Nurmijärvi since 1962. The filter samples have been measured for total beta activity. 
The measurements are carried out five days after the end of sampling when the short-
lived daughter nuclides of radon-222 have decayed to lead-210 (210Pb) and the radon-
220 progeny have decayed to stable lead (Mattsson et al. 1996). The measured activity 
consists of 210Pb and possible artificial beta-emitting fission products. The monthly 
mean total beta activity concentration in April 1986 was the highest ever recorded, 1 
Bq/m3 (Paatero et al. 1994b). However, the time-integrated activity concentration was 
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significantly higher in the early 1960s due to the Soviet and U.S. atmospheric nuclear 
tests. The total beta activity concentration decreased five orders of magnitude at 
Nurmijärvi from 27-28 April to 31 May (Fig. 5). Simultaneous data from Sodankylä 
showed that the daily activity concentrations were 1-4 orders of magnitude lower in 
northern Finland compared with Nurmijärvi during the first two weeks after the plume 
arrival. 
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Fig. 4. Artificial aerosol beta activity in ground-level air (Bq/m3) in Finland  26 April – 1 May 1986 
(Redrawn from Mattsson and Hatakka 1986). 

Between 28 April and 16 May 1986 the concentration of 137Cs in ground-level air 
at Nurmijärvi decreased four orders of magnitude, starting from 104 mBq/m3 (Finnish 
Centre for Radiation and Nuclear Safety 1986a). On 28 April the ground-level air at 
Nurmijärvi contained 32 µBq/m3 of 239,240Pu and 506 µBq/m3 of 242Cm (Jaakkola et al. 
1986). For comparison, the annual mean 239,240Pu concentration in the air in Helsinki 
varied between 7 and 26 µBq/m3 in 1962-1964 due to the atmospheric nuclear tests 
(Jaakkola et al. 1979). Carbon-14 and tritium could be observed in the air in Helsinki 
only during the first three days after the arrival of the Chernobyl plume (Salonen 1987).  

Highly radioactive agglomerates, so-called hot particles, were observed in Finland 
among other countries. These particles were either fragments of the nuclear fuel or 
particles formed by condensation of radionuclides and inactive structural materials of 
the reactor (Devell et al. 1986, Raunemaa et al. 1987, Lancsarics et al. 1988). The 
aerodynamic diameter of the Chernobyl-originated hot particles varied from one to 
several hundred micrometres; gravitational settling thus had to be taken into account 
when assessing their transport behaviour in the atmosphere (Pöllänen et al. 1997). 
Dozens of hot particles having an activity of over 50 Bq were detected from daily 
aerosol samples collected at Nurmijärvi, southern Finland between 27 and 30 April 
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(Fig. 6). The air volume of these samples was about 3500 m3. The number of particles 
with the activity ranging from 0.05 to 50 Bq in these filters varied between several 
hundreds and over ten thousand during these first days. Starting from 1 May only a few 
occasional hot particles were found (Mattsson and Hatakka 1986). 
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Fig. 5. Total beta activity concentration in ground-level air (µBq/m3) at Nurmijärvi and Sodankylä 23 
April – 31 May 1986 (Paatero et al. 1994b). 
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Fig. 6. Hot particles (> 50 Bq and 0.05-50 Bq) in the ground-level air at Nurmijärvi 27 April – 31 May 
1986 (Mattsson and Hatakka 1986). 

Deposited radioactivity 
In striking contrast to the 1960's nuclear weapons test fallout, the Chernobyl fallout was 
very unevenly distributed in Sweden and Finland (Paatero et al. 2010b). In Finland the 
regional deposition pattern of different nuclides has been studied by in-situ gamma 

Third European IRPA Congress 2010, Helsinki, Finland

P10 P10-21



1698

Topic 10: Nuclear and radiological emergencies and incidents – Poster presentations
Paatero, Jussi et al.
Overview of the observations on airborne and deposited radioactivity in Finland after the Chernobyl accident

 

7

spectrometry and by collecting lichen, peat, soil and precipitation samples followed by 
laboratory analysis. Two main deposition patterns have been found. Refractory 
nuclides, such as 95Zr and transuranium nuclides, were mainly deposited on a relatively 
narrow band from southwestern Finland towards north-east (Fig. 7. This pattern is 
associated with the passage of the air mass, that was over the Chernobyl region during 
the explosion of the reactor, and that contained debris of the reactor fuel (Paatero et al 
2010a). The second pattern is associated with the volatile radionuclides, e.g. 134Cs and 
137Cs. The deposition pattern of these nuclides is dominated by a heavy fallout area 
from western Finland towards south-east. The emissions of the volatile nuclides were 
more affected by the fire of the reactor ruins. The deposition pattern of these nuclides 
resembles the precipitation map of  28 April – 1 May in Figure 2b showing the 
importance of wet deposition mechanisms for removing these nuclides from the 
atmosphere. 

 

 
 
Fig. 7. Deposition of 239,240Pu (Bq/m2) in Finland after the Chernobyl accident (Paatero et al., 2006). 

External radiation 
The external dose rate was not significantly affected by the radioactivity in the ground-
level air. The first alarm leading to a nation-wide alert occurred at Kajaani, north-
eastern Finland, on the evening of 27 April 1986. A monitoring station of the Ministry 
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of the Interior measured an increased exposure rate value of 0.1 mR/h (  1 Sv/h) in 
connection with a rain shower scavenging the radionuclides to the ground (Finnish 
Centre for Radiation and Nuclear Safety 1986b). However, at the time the ground-level 
air there, as well as in most of Finland, was still practically clean from artificial activity 
excluding the above mentioned Nurmijärvi (Mattsson and Hatakka 1986).  

Two days later, 29 April, a rain area moved from the west coast of Finland in an 
easterly direction. The rain scavenged the activity to the ground causing notable 
increases in the external dose rate at several monitoring stations. The recording of the 
external radiation in Uusikaupunki, on the west coast of Finland, is depicted in Fig. 8. 
The local rescue chief reported 2 May 1986 that the rain started just after the noon, at 
12:30, of 29 April 1986 (Paatero et al. 2010a). Within three hours there was a 20-fold 
increase in the external dose rate. After its maximum, 3.7 Sv/h at 20:00 of 29 April 
1986, the dose rate started to decrease with a half-time of 4.8 days. This suggests that 
much of the external radiation was due to 131I (half-life 8.0 days) and 132Te/132I. The 
half-lives of 132Te and 132I are 3.2 days and 2.3 hours, respectively. 
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Fig. 8. External dose rate (µSv/h) in Uusikaupunki 28 April – 4 May 1986 (Data: Ministry of the 
Interior, Rescue Department). 

Conclusions 
The Chernobyl accident once again showed how a released radioactive or otherwise 
hazardous plume can, under certain meteorological conditions, rapidly move over long 
distances. A similar case was observed in December 1966 when radioactivity from a 
leaking underground nuclear test in Semipalatinsk, Kazakhstan, then USSR, was 
transported to Finland in three days (Kauranen et al. 1967).  

In Finland medical consequences of the accident were mild and mostly 
psychological. No increase in birth defects or thyroid cancer occurrence has been 
observed in Finland (Harjulehto-Mervaala et al. 1992, Auvinen et al. 2001, 
Ikäheimonen 2006). 
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The Chernobyl accident revealed serious shortages in information dissemination 
between different agencies in Finland and abroad and to the mass media and the general 
public. After the accident a lot of resources in Finland were invested to improve the 
situation. These actions include both technical and organizational improvements. The 
authorities participating in the national radiation surveillance programme were able to 
obtain a variety of new radiation measurement equipment during the months and years 
following the accident. An important lesson was also that the proper functioning of the 
operational weather service, including weather observations, numerical weather 
prediction models and dispersion models utilising the previous two, has to be secured in 
all circumstances. Finnish authorities and university researchers managed, thanks to the 
experience gained since the late 1950's and the very rapid organisation of a coordinated 
research programme and funding by the Academy of Finland, to produce a huge amount 
of data in a very short time period after the accident covering a large variety of radiation 
protection aspects. Much of the information was gathered by research teams other than 
the actual radiation protection authorities. A possibility for such an ad hoc cooperation 
is important in a small country like Finland with limited human, economical and 
technological resources. 
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Abstract 
Hot particles were often observed with autoradiography in the 1960s and 1970s as a 
result of the atmospheric nuclear tests. These particles were formed by condensing 
material, both radioactive and inactive, from the exploding nuclear device, underlying 
soil etc. The Finnish Meteorological Institute (FMI) has monitored atmospheric 
radioactivity since the early 1960’s at several monitoring stations in Finland by 
collecting aerosol particles onto paper or glass-fibre filters. After the measurement of 
total beta activity the collected filter samples have been archived. Since the mid 1960s 
some of the filters were also examined with autoradiography. Hot particles were 
frequently observed after atmospheric nuclear tests in Lop Nor, People’s Republic of 
China. In this work the archived filters were analysed by digital autoradiography for 
screening the radioactive particles from them. Further analyses were done by scanning 
electron microscopy and energy dispersive X-ray spectrometer to study morphology, 
size and surface elemental composition of the localized radioactive particles. Based on 
electron microscopy results gamma and alpha measurements were performed. After this 
the samples were analysed by fission track technique to find out if fissile material is 
present in the particles. ICP-MS analyses were performed to determine plutonium and 
uranium content of the particles. Pu-239/Pu-240 ratios were determined with a sector 
mass spectrometer and U-235/U-238 ratios with a quadrupole mass spectrometer. The 
objective was to utilise modern instrumentation in the detection and analyses of hot 
particles in order to get new information on their physical and chemical characteristics. 
Contrary to particles found in e.g. lake or sea sediments or ice cores, the particles can 
be connected to individual nuclear tests. According to the preliminary results, uranium 
and plutonium were found in particles with a diameter of about 10 microns.  
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Abstract 
Biological dosimetry is an internationally established, independent method, employed 
in the area of radiation protection. Mainly utilised in addition to physical dosimetry, 
biodosimetry provides a chance for individual dose reconstruction and is often 
performed after an unclear or suspected radiation exposure in man. The field of 
application involves detailed individual dose assessments as well as fast, rough 
estimations in case of a large-scale radiological event. In this context, special 
cytogenetic markers such as chromosome aberrations and micronuclei analysed in 
blood lymphocytes turned out to be highly reliable and solid biological endpoints and 
are therefore widely used for biodosimetry purpose. The Federal Office for Radiation 
Protection (BfS) operates a laboratory which represents the national reference 
laboratory for biodosimetry in Germany. The focus lays on the dicentric analysis with 
dose effect curves for various radiation qualities, on FISH-analysis of stable 
translocations and on the analysis of micronuclei. The method of choice depends on the 
particular circumstances. Over the years, individual dose estimations in one or only a 
few persons have been a routine task. However, a new challenge has emerged in recent 
years in the form of a possible large-scale radiological event with the potential to 
involve a large number of exposed persons. In order to be prepared to act in an efficient 
manner in such an event, the BfS biodosimetry laboratory has improved its own 
capacity, in particular by increasing the throughput of analysed cells, e.g. by automation 
or by optimisation of the calculation mode in dependence of the required information. 
Nonetheless, the power of a single laboratory is only limited. To meet the requirements 
in case of a mass casualty, the BfS has established close working arrangements with 
several biodosimetry laboratories in Europe as well as on international level and is 
actively involved in national and global networking.  
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Abstract  
Industrial krypton gas is produced by fractionated distillation of liquefied air, in which 
it has a natural abundance of about 1 ppmV. The radioisotope 85Kr is present in the 
atmosphere at a concentration of about 1.5 Bq/m3, due to continuous emissions from 
nuclear installations. Pure krypton gas thus will contain 0.35 MBq/kg of 85Kr, and gas 
cylinders will contain many MBq of the isotope, making it detectable by radiation 
monitors. A case of an explosion of such a cylinder inside a facory building with 
subsequent detection of increased radiation levels by the fire brigade, followed by 
evacuation of the building and decontamination of persons, is reported in the U.S. press. 

We report on a case of transcontinental transport of krypton gas, triggering of a 
radiation alarm and subsequent in situ measurement by different radiometric 
techniques. Quantitative in-situ gamma spectroscopy identified the isotope 85Kr and 
revealed activity levels consistent with its atmospheric concentration and with measured 
and calculated dose rate values. 

Possible other cases of such „TEARM“ (technonogically enhanced artificial 
radioactive material) and possible techniques for detection and discrimination from 
attempts of nuclear smuggling are discussed.  

Introduction 
The radioisotope 85Kr is a main fission product and contributes significantly to the 
releases of nuclear power installations. The main emissions occur during fuel 
reprocessing and are estimated as about 104 TBq/GW yr (UNSCEAR 2000). In 2008, 
the main emitter worldwide was the fuel reprocessing plant at La Hague, France, having 
released about 1.55 1017 Bq of this isotope (BMU 2009). The atmospheric distribution 
is homogeneous and currently the equilibrium between atmospheric releases and 
radioactive decay results in a concentration of 85Kr in air of about 1.5 Bq/m3, relatively 
constant with location and time. 

The radiological properties of 85Kr, apart from the well-known half-life of 10.756 
yr and ß- decay mode, include a low-abundance (0.43%) gamma emission of 514 keV. 
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Stable krypton is an inert gas, which is present in the Earth’s atmosphere at a 
concentration of about 1.1 ppmV (CRC 1984, Aoki 2005). It is used industrially in the 
production of halogen sealed beam headlights and high-efficiency dual-pane and triple 
pane windows. Pure krypton is obtained by fractionated distillation of liquefied air. 
Given the abovementioned concentration of 85Kr in the atmosphere, a 85Kr 
concentration in pure krypton of about 350 kBq/kg can be predicted. 

The documentation for industrial krypton gas mentions the „slightly radioactive“ 
property (Air Liquide 2005a), in one case a value of 300 Bq/g is given for the activity 
concentration (Air Liquide 2005b). 

Press records reveal an event involving the explosion of a krypton gas cylinder in 
a factory building located in Jacksonville, FL, USA, on January 31 2006 (New York 
Times 2006, First Coast News 2006). During rescue operations, a radiation alarm was 
triggered, and in consequence, about 40 persons were decontaminated. Apparently, the 
radioactive propertiy of pressurized krypton was neither known to the company using it 
nor to the first responders, nor was the uselessness of decontamination measures known 
when dealing with an inert gas. 

Material and methods 

Record of events 
A cargo of industrial krypton in 159 steel cylinders, each containing about 30 kg of 
pressurized gas, was shipped from Russia to the U.S.A. by truck and ship. On its way it 
had activated a radiation alarm during a border crossing in East Europe, but was 
allowed to continue its itinerary. No records of the measurement had been taken, and 
none of the persons involved was aware of the inherent radioactive properties of the 
cargo. The authors’ institution was asked by the shipping company to identify the 
source of the radiation and to determine the possible dose to workers during a planned 
manual repacking of the cylinders. 

In situ measurements 
The cargo was investigated using standard handheld instruments (beta/gamma 
contamination monitor and dose rate meter) in a first field trip, and by application of in-
situ high-resolution gamma spectroscopy, using a hpGe detector of 10% relative 
efficiency, performed one day later. A photograph of the cargo with the dose rate meter 
in measurement position is shown in Fig. 1. A sketch of the measurement geometry for 
gamma spectrometry (with the detector in the same place) is displayed in Fig. 2. 

Dose and dose rate calculations 
External and internal doses and dose rates were calculated by different methods, in 
order to take into account radiation protection issues of the current situation and of the 
reported gas cylinder explosion. 

Results 

Handheld instruments 
The measurements using handheld instruments revealed values about 50% above 
background (dose rate and count rate of the contamination monitor), at various 
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positions on top of the cargo. Background subtraction resulted in a net mean dose rate 
of 0.058 Sv/h at the cargo surface. Shielding of natural background radiation from the 
ground by the cargo was assumed to increase this value. 

 
 

 

Fig. 1. Cargo of steel cylinders containing pressurized krypton gas, with the dose rate meter in 
measurement position. 

 
 

Fig. 2. Schematic representation of the geometry applied in the gamma spectrometry 
measurements. 

Calculation of dose rate from activity concentration 
After the first set of handheld meter measurements, an attempt was made to estimate the 
expected dose rate under the hypothesis of 85Kr being responsible for the increased 
values. This was done using a handbook developed for photon shielding calculations 
(Foderaro 1976). The handbook did not provide the complicated geometry present in 
the measurement (similar to the gamma spectroscopy geometry shown in Fig. 2). 
Instead, a simplified planar geometry of 20 cm of pressurized krypton gas below 1 cm 
of steel was used. Including build-up effects, a dose rate of 0.074 Sv/h was obtained. 
The measured dose rate increase above the cargo was 0.058 Sv/h, plus an unquantified 
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contribution from shielding of natural background. In view of this uncertainty, the result 
could be considered satisfactory. 

In a second calculation, the Monte Carlo code EGS-Ray (Kleinschmidt 2001), 
which is based on the code EGS4 (Nelson 1985), was used with the same goal. Here, the 
geometry could be modelled more precisely, resembling the structure shown in Fig. 2. 
The obtained result was 0.77 Sv/h, in good agreement with the estimate based on tables. 

Calculation of internal and external dose after a krypton gas release 
Internal and submersion doses for the case of a release of krypton gas were obtained by 
applying tabulated dose conversion factors. The applied scenario was the complete 
release of the content of one gas cylinder (about 30 kg) and its homogeneous 
distribution within an air volume of 10,000 m3, like it could be expected in a factory 
building, leading to an activity concentration of about 1000 Bq/m3. The exposure time 
was taken as 10 minutes, and no ventilation was assumed (both values together were 
intended to be conservative for most situations). Dose conversion factors were obtained 
from ICRP Publication 72 (ICRP 1996) and German state regulations (BfS 2001). The 
former include doses from inhalation together with beta and gamma submersion, whilst 
the latter, also based on the ICRP model, allow for discrimination between the different 
dose contributions. Results are shown in Table 1 and reveal the dominant contribution 
of beta submersion. In general, doses are low, but the isotope concentration might 
trigger radiation alarms. 

 
Table 1. Organ and effective doses resulting from a 10-minute exposure to the content of one 
krypton gas cylinder released accidentally into the air volume of a 10,000 m3 building. 

Exposure path Conversion factor
 (Sv d/Bq m3) 

Data 
source 

Dose type Dose value ( Sv) 

Inhalation, beta and gamma 
submersion 

2.2 10-11 ICRP 1996 Effective 1.5 10-4 

Gamma submersion 1.4 10-13 BfS 2001 Skin 9.6 10-7 

Gamma submersion 7.8 10-14 BfS 2001 Effective 5.4 10-7 

Beta submersion 1.1 10-9 BfS 2001 Skin 7.8 10-3 

In situ gamma spectrometry 
Spectra recorded on the cargo surface (in the geometry shown in Fig. 2) and at 1 m 
lateral distance both revealed a prominent peak at 514 keV, proving the involvement of 
85Kr. The spectra also revealed the 511 keV e+/e- annihilation peak and several signals 
from natural isotopes (indicated in Fig. 3). 

After performing a numerical efficiency calibration for the detector in 
measurement geometry by means of a commercial program (LabSOCS, Canberra Inc.), 
the obtained activity concentration in the cargo was 0.37 MBq/kg, in very good 
agreement with the expected value of 0.35 MBq/kg. Furthermore, the comparison of the 
spectra on top of the cargo and at the side of it revealed a decrease of the peaks 
resulting from natural background by about 40% or more. This finding supports the 
assumption of a decreased natural background dose rate above the cargo. 
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Fig. 3. In situ gamma spectra recorded on top (grey, right y scale) and at 1 m lateral distance 
(black, left y scale) of the gas cylinders. Spectra have been normalized for count rate. The insert 
displays the 85Kr peak region, revealing also the 511 keV annihilation peak. 

Discussion 

By which methods could the isotope be identified unequivocally? 
Knowing the concentration and the radioactive properties of 85Kr in pressurized krypton 
gas, the measured dose rate is already a plausible indication for its presence. The 
increase of the reading of the (beta/gamma sensitive) contamination monitor by the 
same factor indicates the absence of external contamination by beta emitters. However, 
the expected dose rate is not readily available, e.g. in data sheets, and requires 
considerable knowledge and effort to be calculated. Judged from the present case, 
gamma spectroscopy appears to be the most straightforward way towards an 
unambiguous result. As in this case the characteristic gamma energy of 514 keV is 
extremely close to the 511 keV annihilation line, high resolution is required, requiring a 
semiconductor detector. 

Which occupational doses could be expected? 
Due to the low gamma emission probability in 85Kr decay, despite the high activity 
involved (about 1.5 GBq in total), expected and measured external dose rates are very 
low. 

Could an attempt of nuclear smuggling be excluded? 
The overall consistency of the results revealed 85Kr as the main radiation source. An 
additional source of radiation, which might have been hidden within the cargo, would 
have been detected in the gamma spectra in case of a gamma source of considerable 
activity. Pure alpha or low energy gamma emitters would not have been detected, but 
they would not have been found either by any other radiometric procedures. 
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Can similar cases be expected in the future? 
The authors expect similar findings to appear with increasing frequency, due to the 
increase of the numbers of radiation monitors at borders, ports, scrap yards and waste 
repositories. The author’s laboratory experience includes findings of 60Co in stainless 
steel, depleted uranium in scrap metal and 131I in hospital waste. The common property 
of these objects is their artificial origin and their concentration in specific materials due 
to human technical action. The authors therefore propose the usage of the term 
“TEARM” (for technologically enhanced artificial radioactive materials) in analogy to 
“TENORM” (for technologically enhanced naturally occurring radioactive materials). 
Labeling of such materials might help to identify them as (often weak) radiation sources 
and to discriminate them from potentially more hazardous material. 

Conclusions 
The measurements, calculations and considerations show that 
– 85Kr in industrial krypton gas is a weak source of radiation, often unknown to 

persons involved in its usage or transport; 
– it might be advantageous to label materials like krypton gas as “slightly 

radioactive”, indicating expected dose rate levels; 
– high resolution in situ gamma spectroscopy appears to be the method of choice in 

the unambiguous identification of unknown radioactive materials. 
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Abstract 
In case of the fallout from large accident of a nuclear power reactor or other large-scale 
release of radioactivity into the environment, a large area to the extent of 10 000 –
100 000 km2 could be contaminated. To find out as quickly as possible the extent, 
magnitude and radionuclide vector of the contamination is important task for 
agricultural countermeasures and foodstuff restrictions in early/middle phase of 
accident. In this paper are analyzed the modern data gathering methods of landscape 
contamination. They are based on combination of satellite technology and airborne 
gamma dose rate and/or gamma spectroscopy. The issue of optimal height of flight, 
plane velocity, “hot spot” detection and strategy of mapping process are discussed. This 
work was supported by the grant of the State Office for Nuclear Safety Czech Republic 
No. 1/2008 “The new methods for evaluation of landscape contamination after large 
accident of NPP“. 
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Abstract  
Radiological long-term measurements were performed between 1998 and 2007 in 
Korma County, Belarus. The internal radiation exposure of the inhabitants in the village 
of Volincy was assessed by mobile in-vivo monitoring and has experienced a significant 
decrease from a high level. This was the result of the decreasing environmental con-
tamination (top soil and crops) and specific advice offered to the population.  

Presently the internal dose is only slightly enhanced over background values and 
of no special relevance to health. It is expected to decrease to less than 0.2 mSv/a in 
2011 and to below 0.1 mSv/a in 2020.  

Introduction 
Due to the Chernobyl accident (Hill 
2003) in 1986 large parts of Belarus 
(fig.1) suffered from radioactive 
fall-out. The German Chernobyl 
project (Hille et al. 1996] assessed 
the situation of the population dur-
ing the years 1991-1993. Approx. 
317.000 mobile in-vivo measure-
ments had been performed in more 
than 240 settlements of Belarus, 
Russia and the Ukraine. Environ-
mental measurements and some di-
rect measurements of external dose 
added to the assessment of popula-
tion dose. 

In follow-up studies the long-
term development of population 
dose has been investigated in highly 
contaminated regions. One project 
concentrated on the situation in 
Korma County (Dederichs et al. 

 
Fig. 1. Confiscated/closed and control zones after the 
Chernobyl accident; location of Korma County indica-
ted (CIA 1996). 
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2009). The measurements included among others mobile in-vivo monitoring of the 
population. We report on measurements performed between 1999 and 2007.  

Korma County is situated approx. 70 km north of the city of Gomel/Belarus and 
about 200 km from the Chernobyl NNP (fig. 1). There are areas of comparatively low 
contamination, but also confiscated zones. The municipality of Volincy is quite remote, 
since it can be reached only by a road (fig.2) passing through the confiscated zone of 
Strumen. The municipality of Volincy is situated in the forest belt of Korma County. 
Though there is some agriculture it can be considered to have a more forestal character. 
On this account elevated body burdens had to be expected. 

 

 
 

Fig. 2. Mobile in-vivo monitoring laboratory on the road to Volincy (Dederichs et al. 2009). 

Material and methods 

Mobile in-vivo monitoring 
Van type mobile in-vivo monitoring laboratories were used to assess body burdens. The 
most recent version was based on a Mercedes Sprinter van. Fast enough to be moved 
from Germany to Belarus in a reasonable time and small enough for the small roads 
typically encountered at the remote areas it still is able to carry the weight of a heavily 
shielded incorporation monitor. The latter one is a self-designed whole body counter 
based on two large NaJ-detectors (40cm x 10cm x 10 cm). Data acquisition and analysis 
is PC-based. The calibration is weight dependent. A brick phantom (Kovtun et al. 2000) 
had been used to determine peak efficiencies.  

Dose calculation 
The calculation of dose is based on dose factors directly related to body burdens since a 
more or less chronical incorporation can be assumed. They were derived from age-
dependent dose factors given in ICRP67 (ICRP 1994). For youths and children dose 
factors were extrapolated for each year of birth.  
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Results 
At the municipality of Volincy mobile in-vivo measurements from autumn 1998 to au-
tumn 2006 and at the municipality of Starograd from spring 2004 to spring 2005 are 
included in the present evaluation. Measurements were performed for a total of 499 in-
dividuals at Volincy and 274 individuals at Starograd. Measurements were sometimes 
done twice a year (spring, autumn), sometimes once a year (spring or autumn) and there 
were no measurements in 2003. Though many persons participated regularly in the 
measurements this has not been the case for everybody. A complete list of more than 
2600 measurements including the results for each individual is given in the final report 
of the project (Dederichs et al. 2009).  

In-vivo measurements at the municipality of Volincy 
The municipality of Volincy consists of the three settlements Volincy, Kljapin and 
Klapinskaya-Buda. The conditions of living are slightly different in the three settle-
ments. Measured body burdens (spring values) have been plotted in dependence of the 
year of birth of the person concerned for each of the settlements individually (Volincy 
fig.3, Klajpin fig.4, Kljapinskaya-Buda fig. 5 ).  

Generally the highest body burden has been observed at Volincy itself. The bulk 
of body burdens strayed within a range of values which was more or less the same in 
each year.  
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Fig. 3. Body burden (Cs-137) of the population at the locality Volincy (Dederichs et al. 2009). 
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Fig. 4. Body burden (Cs-137) of the population at the locality Kljapin (Dederichs et al. 2009). 
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Fig. 5. Body burden (Cs-137) of the population at the locality Kljapinskaya-Buda (Dederichs et al. 2009). 
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Body burdens at Volincy were in the beginning generally 4 times higher than in 
the other two settlements and even in 2005 still two times higher. High values of several 
hundred Kilo Becquerel Cs-137 were occasionally observed and got less over the years. 
Such values were more common with people born between about 1970 and 1980 than 
with others. This effect of age was neither seen at Kljapin nor at Klapinskaya-Buda, the 
latter however not having much inhabitants born in those years. The population of 
Kljapin is characterized by a large fraction of employees of the local school. 
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Fig. 6. Time-development of mean body burdens (Cs-137) at the municipality Volincy for different 
age groups and localities (Dederichs et al. 2009). 
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The arithmetic means of the body burdens have been evaluated for the municipal-
ity Volincy and each of its localities Volincy, Kljapin and Klapinskaya-Buda. Their 
development with time is shown in Fig. 6 for three different age groups: 

 Adults  > 35 a 
 Young adults  ( 19 a – 35 a) 
 Children and other young people ( <19 a). 

Open symbols represent mean body burdens obtained by including all measurement 
results. Closed symbols represent mean body burdens calculated by excluding all out-
liers deviating from the mean more than three times the standard deviation obtained 
from the variance of the distribution of results. 

 In 1999 body burdens were quite high, especially in the locality Volincy. Over 
the time body burdens generally dropped significantly: 66% at Volincy itself and about 
50 % in the other two localities. This can be compared to a decrease of Cs-activity in the 
environment of about 30%. It should be noted that people had been individually advised 
on possible means of dose reduction by the measuring team. 

A first period of funding ended in spring 2001. Villagers did not expect an early 
continuation of the field missions and the campaign in spring 2002 somehow seemed to 
catch them by surprise. The discipline in following dose avoidance procedures had be-
gun to decrease and not surprisingly the mean body burden increased significantly. 
However at continuation of regular field missions in 2004 mean body burdens had 
dropped down back to reasonable values. 

To account for seasonal effects some measuring campaigns have been performed 
in autumns. In spring 2006 no assessment could be done since the municipality Volincy 
was not accessible by the mobile in-vivo monitoring laboratory due to high waters at the 
river Sotch. The mean body burdens for autumn 2005 and autumn 2006 are comparable. 
Only the age group of adults older than 35 years shows a slight enhancement, which is 
attributed to the consumption of mushrooms and the especially large number of mush-
rooms available in 2006. 
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Fig. 7. The mean annual dose due to internal contamination (Cs-137) observed for different locali-
ties in Volincy municipality (Dederichs et al. 2009) 
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Internal doses have been calculated from measured body burdens individually. It 
has been assumed that for conversion to annual dose a seasonal factor of one can be 
applied. The mean annual dose is shown in fig. 7 for Volincy municipality as a whole as 
well as for the three localities separately. No distinction has been made between the 
different age-groups. Outliers have been included in the calculation of the mean. 
Though age-dependant dose factors have been applied time-development of the mean 
annual doses show the same tendencies already observed for the underlying body bur-
dens: sharp drop from high to moderate values, increase in 2002, back to reasonable 
values in 2004 and stabilization of doses received in subsequent years. Especially in  
spring 1999 some rather high individual doses have been observed , in one case even 
exceeding the annual limit for professional radiation workers and in some other cases 
getting quite close to it. 

In-vivo measurements at the municipality of Starograd 
At Starograd and its different localities measurements were performed in spring 2004 
and spring 2005. The people measured were mainly pupils, as can be seen from fig. 8 
which is once more a plot of body burden against year of birth. Body burdens at Staro-
grad are much lower than in the municipality of Volincy. The contamination of ground 
is comparatively low and the municipality’s basic character is more agricultural. There 
is no necessity to plot the results obtained for the different localities of Starograd sepa-
rately. The results correspond to internal doses of less than 0.1 mSv/a, with the excep-
tion of one single child, which only slightly exceeds this value. 
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Fig. 8. Body burden (Cs-137) of the population at the municipality Starograd (Dederichs et al. 2009). 
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Discussion 
In 1999 body burdens were quite high. Over the time body burdens dropped significant-
ly. Besides the knowledge of the personal burden individual advice provided by the 
measuring team led to a changed attitude towards the consumption of contaminated 
food. Body burdens stabilized at more reasonable values. A slight increase in autumn 
2006 is believed to be connected with the measuring campaign correlating with the end 
of the mushroom season and especially large harvest of mushrooms. 

Comparison of different population groups at Volincy 
The body burden of children and teens is quite low. Mean values of internal dose where 
below 0.2 mSv/a both at Kljapin and Klapinskaya-Buda after autumn 2000, at Volincy  
below 0.3 mSv/a. Children and teens usually receive meals at school where ‘clean’ 
foodstuff is used. It is obvious that additional meals taken at home do not create any 
considerable internal burden. 

In the age group of 19-35 years old the situation is completely different. Whereas 
in the other two settlements the mean internal dose is comparable to other adults, at 
Volincy up to the 4-5 fold has been observed in some years. After thorough individual 
counselling mean values finally in 2005 and 2006 got more close to those of  the older 
adults. It seems that members of this age group were especially careless in consuming 
forest products and contaminated meat. 

Generally men seem to have about two times higher body burdens than women. 
About the cause can only be speculated (different composition of food, different 
fat/muscle ratio….). 

Comparison of agricultural and forestal districts 
The municipality Volincy is situated in a forestal area with elevated ground contamina-
tion, whereas the municipality Starograd is situated within an agricultural area which be-
longs to a part of Korma County where deposition of Cs-137 had been comparatively low.  

Mean values of body burdens at Volincy and Starograd are shown in table 1 for 
the years 2004 and 2005. For the total population the incorporation in Volincy is about 
20 times higher than in Starograd. This is more than the difference in deposition would 
count for.  

It is known (Dederichs et al. 2009) that  agricultural products and garden products 
contain considerable less activity than forest products. Forest products contribute essen-
tially to body burdens observed.  

The huge difference in body burdens is in agreement with an habit of consuming 
local food with no or only marginal exchange of products between different settlements 
of the county.  

 
Table 1. Comparison of mean values of body burdens at the municipalities of Volincy and Staro-
grad. 

Population Group Volincy 2004 Starograd 2004 Volincy 2005 Starograd 2005 
Total 8.1 ± 7.0 kBq 0.38 ± 0.28 kBq 5,7 ± 4.9 kBq 0,28 ± 0.23 kBq 
Adults 12,2 kBq (19-35 a) 

  8,5 kBq ( >35 a )  
0,84 kBq ( > 18 a) 7,1 kBq (19-35 a) 

6,4 kBq (>35 a) 
0,52 kBq ( > 18a) 

Children and youths 2,4 ± 4,1 kBq   0,27 ± 0,18 kBq 1,6 ± 2,1 kBq   0,23 ± 0,19 kBq 
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Contribution of internal dose to population dose 
The internal dose is only part of the population dose. Within the project also the contri-
bution of the external dose has been evaluated. It could be shown that in the municipali-
ty of Volincy the major part of population dose is due to the external dose. Over time it 
seems to drop more slowly than the intermal dose (Fig. 9).  
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Fig. 9. Evaluation of annual dose at Volincy from 1999-2007 (Dederichs et al. 2009). 
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Fig. 10. The projected long-term development of population dose at Volincy (Dederichs 2009). 
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A model of the transfer of Cs-137 in the environment ( Dederichs et al. 2004 ) has 
been applied to investigate the long-term development of population dose. The results 
are shown in fig.7. The mean annual internal dose (Cs-137) is likely to drop below 0.3 
mSv in 2010. This value is comparable to the dose typically received from the natural 
body content of K-40.  

In the years to come internal dose will gradually become negligible in relation to 
external dose, which already now governs population dose. It should be noted that the 
underlying estimation of external dose is rather conservative. Hence in the real world 
the population dose might drop below 1 mSv/a already before the year 2022 as fore-
casted by the model.  

Conclusions 
Generally the mean incorporation dose is about to drop below 0.3 mSv/a , a value com-
parable to the dose obtained by the body content of K-40. This was the result of the de-
creasing environmental contamination (top soil and crops) and specific advice offered to 
the population.  

Presently the internal dose is only slightly enhanced over background values and 
of no special relevance to health. It is expected to decrease to less than 0.2 mSv/a in 
2011 and to below 0.1 mSv/a in 2020.  
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Abstract 
In emergency events, environment could be polluted very severely and need a variety of 
environmental surveys. The environmental survey workers may be exposed to radiation 
and radioactive pollution. There is a need to confirm these survey workers are safe 
when they are working for emergency response.  

This study attempts to establish a management system with real-time interaction 
for environmental monitoring, which could analyze monitored environmental quality 
immediately, and manage the plans and areas of monitoring action online. The plans 
and areas of monitoring action could be adjusted interactively according to the 
managers’ decision and monitoring results of environmental radioactivity. If the 
analyzed monitored results of the environmental quality exceeds a threshold standard, it 
can be an index of warning. Another purpose of this study is to provide a management 
system which could provide a safe area of monitoring actions with real-time interaction 
for environmental monitoring teams. The management has a data processing apparatus 
which could analyze the monitored data of the monitoring apparatus and send warning 
signal when it found that the monitored data exceeds threshold value. Then the 
monitoring teams and personnel could execute the work in safety.  

Introduction 
After nuclear power plant accidents at Three Mile Island and Chernobyl, Taiwan has 
intensified the efforts on the works of radiological emergency response and 
preparedness as other countries. Institute of Nuclear Energy Research (INER) belongs 
to Atomic Energy Council, Taiwan. One of INER’s important mission is to 
continuously develop the tool for nuclear and radiological emergency response and 
research the effective strategy and police. However, the 911 event in 2001 in USA 
made us realize that the environmental survey for radiological emergency should be 
more active than conventional methods because of the increasing uncertainty on 
locations, environments, source terms, and occasions of radiological emergency events.  

INER launched a project for establishing a mobile environmental survey system 
for Taiwan in 2003. At that time, Internet and geographic information system (GIS) 
have become the essential technologies of radiological emergency response that should 
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be good at monitoring and data management for communicating and decision making 
[Jaromir Kolejka et al. 2002; NEA 2000]. We also noticed that GPRS (General Packet 
Radio Service), one of early stage wireless data internet services provided by GSM 
(Global System for Mobile communications) network, was in service in Taiwan and 
thought it can help submitting data real-time for environmental survey. Finally, we 
established a mobile survey system for the survey task of radiological and nuclear 
emergency in 2004. The mobile survey system was tested by encircling Taiwan Island 
mission. There was no monitoring data lost in the mission that shows very good 
network stability. After the successful mission, the system has been used in the 
radiological bomb emergency and nuclear emergency exercises in recent years.  

There are more and more attentions paid on the safety and health of first 
responder. U.S. Department of Homeland Security (DHS) issued ”Planning Guidance 
for Protection and Recovery Following Radiological Dispersal Device (RDD) and 
Improvised Nuclear Device (IND) Incidents HS Planning Guidance provided a 
summary of radiation emergency worker guidelines (DHS 2008). Following that, 
“Planning Guidance for Response to Nuclear Detonation” was developed by U.S. 
Homeland Security Council (DSC 2009). This guidance emphasizes that Incident 
Commanders should make every effort to employ the “as low as reasonably achievable” 
(ALARA) principle when responding to an incident. Protocols for maintaining ALARA 
doses should include the following health physics and industrial hygiene practices.  

The assessment error of evaluating contamination distribution for emergency 
response is usually very high comparing to real monitoring data. The error could lead 
first responder to a dangerous situation and exposure an unnecessary radiation dose. 
This study attempts to establish a management system with real-time interaction for 
environmental monitoring, which could analyze monitored environmental quality 
immediately, and manage the plans and areas of monitoring action online. The plans 
and areas of monitoring action could be adjusted interactively according to the 
managers’ decision and monitoring results of environmental radioactivity. If the 
analyzed monitored results of the environmental quality exceeds a threshold standard, it 
can be an index of warning. Another purpose of this study is to provide a management 
system which could provide a safe area of monitoring actions with real-time interaction 
for environmental monitoring teams. The management has a data processing apparatus 
which could analyze the monitored data of the monitoring apparatus and send warning 
signal when it found that the monitored data exceeds threshold data. Then the 
monitoring teams and personnel could execute the work in safety. We hope this study 
could give first responder more safety and health.  

Material and methods 
The primary working framework of the mobile survey system is shown in fig 1. The 
system consists of the mobile unit and the monitoring center. The mobile unit and the 
management center are connected by the wireless data service network (GPRS, 3G, 
HSDPA, et al.). The mobile unit was operated by a PDA initially, but it has been 
extended to could be operated by smart phone or notebook now. The monitoring center 
is operated by a server with GIS and SQL database. The coverage of wireless data 
network service is very good in Taiwan. The monitoring data collected from remote 
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place could be displayed on the screen of the monitoring center in 10 seconds normally 
in the encircling Taiwan Island mission.  

 

 
 

Fig. 1. The primary working framework of the mobile survey system. 

The mobile unit could receive the survey mission map in a GIS electronic map 
format. Then the environmental survey workers execute environmental survey according 
to the map. The map also could include the GIS information of survey mission and 
dangerous areas and their expected survey data values. The warning signal of the mobile 
unit will be initiated when it gets into any dangerous area or the survey data value 
exceeds the preset limit of the specific areas. The preset limit of the specific areas can 
depend on the assessment results or regulation. The monitoring center can update the 
survey mission map according the new survey results and send the new mission map to 
the mobile unit through wireless data network immediately. The procedures could be 
explained by Fig. 2. The system could check the position data and the monitoring data 
automatically. It also could calculate the error between the monitoring data and the prior 
assessment if it found the monitoring data did not comply with the tolerance limit of the 
prior assessment. When the monitoring data exceed the preset limits, the monitoring 
center will send the warning message to the mobile unit and display is on its screen. The 
update of the mission map is determined by the survey manager.  

 

 
 

Fig. 2. The procedures for updating the mission map. 

Third European IRPA Congress 2010, Helsinki, Finland

P10 P10-27



1724

Topic 10: Nuclear and radiological emergencies and incidents – Poster presentations
Fang, Hsin-Fa and Chang, Bor-Jing
A real-time interaction environmental survey management system for nuclear and radiological emergencies

The mission map needs to be revised by the survey manager’s professional 
judgements before sending to the mobile unit. The revision mainly depends on the error. 
The system provides a function to get the correction factor from the error to adjust the 
preset value of the survey mission map. The manager could determine the final value of 
the correction then the system will change its survey mission map automatically. The 
survey manager could examine and investigate the survey the survey mission map 
before pushing the bottom to send the new survey map to the mobile unit. Figure 3 is 
the screen of the mobile unit showing the survey mission map and its position.  

 

              
 

Fig. 3. The mobile unit and the survey mission map. 

Discussion 
The development of information and communication technologies has provided 
opportunity and stress. INER has established a mobile survey system that can really 
support environmental surveys, especially for nuclear/radiological emergency response. 
The benefits include:  

 Visulization of showing the survey results; 
 Imporving the ability of integrating survey data and relative information; 
 Higher quality and quantity for collectind survey data; 
 Inquiring survey data and making reports sooner; 
 Interactions between the field survey workers and the survey manager; 
 Better ability to reanalyze the data (fig. 4). 

The car represents the 
location of the mobile unit. 

The polygons with different 
colors represent the survey 
mission map. 
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Fig. 4. Reanalyzing and visualizing survey results by classification with colours. 

The protection of survey worker for emergency response has become a very 
important issue recently. However the environmental situation could change very 
quickly. A real-time interaction environmental survey system could be a very effective 
and helpful tool to the issue. That is a major purpose of developing our mobile survey 
system. The mobile units can get the survey mission map from the monitoring center 
before the survey workers go to the field of the nuclear/radiological events. The survey 
workers execute the mission according to the survey mission map. When the mobile 
unit arrive in the target area, the survey data will be sent back to monitoring center 
continuously. The mobile unit also could judge the position of the survey relative to the 
specific area of the survey mission map and send the relative message to the survey 
worker, including dangerous warning message. So the survey worker could be protected 
according to the initial assessment result. After collecting survey data, the survey 
manager could real-time revise the survey mission map through wireless network. Then 
the survey workers could be protected according to the real situation.  

Conclusions 
There are many ways that modern technologies could benefit environmental survey. 
INER has established successfully a mobile survey system by integrating modern 
electronic map, positioning and wireless data network that can really support 
environmental surveys, especially for nuclear/radiological emergency response. The 
protection of survey worker for emergency response has become a very important issue 
recently. A real-time interaction environmental survey system could be a very effective 
and helpful tool to the issue. The mobile survey system developed by INER could be a 
very effective and helpful tool to the issue.  
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