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Abstract
Food chain modeling development is a vital part of emergency planning and response in the field of nuclear industries, chemical 

industries, petroleum and fire. The adverse effects of some elements and their properties are of great importance in developing a decisive 
policy approach. Terrestrial food chain modelling gives the predictive approach and forecasted for effects of food substances to the 
general population. Nuclear Emergency Response and planning is a major block in the safety development of Nuclear Power plant. 
To react rapidly and adequately to a radiological crisis, significant level coordination is required between various stake-holders in 
higher organizational level.

In this paper, Nuclear Emergency systems are reviewed and analyzed; from their application in atmospheric dispersion to its 
application in terrestial models (food chain approach) and countermeasures. This study is a review of the existing Nuclear Emergency 
Planning and Response platform such RODOS< ARAC and WSPEEDI; the dynamics and the similarities of modelling approaches and 
its effectiveness in Food chain modelling and policies.

The conclusion from the study illustrate the need to develop a Robust Emergency system that for food chain predictions in radio-
ecological situation.
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Introduction

Nuclear emergency response and Preparedness plays an 
important role in the safe operations of nuclear powerplant. 
However, previous incidents such as the Chernobyl accident, 
Fukushima accident and weapon fall out sparked a new interest 
in the accidental release of radionuclides to the atmosphere 
[1]. These atmospheric releases are further dispersed on soil or 
vegetative cover either by wet deposition or dry deposition [2]. 

Various studies have been performed over the years from the 
Chernobyl accident deposition, however, due to the complexities of 
the environmental factors such as soil properties, litates properties, 
organic matter content and the physiochemical properties of the 

soil and plant, there is the need for adverse research pertaining 
to this area in different geographical location to circumspect the 
disadvantage in food in other to strengthen emergency planning 
should the unexpected happens [3,4].

In view of the current growth of this industry in the world, 
there is an absolute need for nuclear emergency decision system 
to ensure maximum safety and to give adverse security [5]. The 
various emergency systems are analyzed and compared with their 
fundamental use on emergency situation; How these systems can 
be adapted for Food chain predictions in a radiological event. The 
system analyzed are Rodos or JRodos system, Speedi/Wspeedi 
system and the Arac/Narac system
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Rodos system is an online emergency decision supporting 
system that incorporates atmospheric dispersion models and 
the food dose model for terrestrial environment [6]. However, in 
recent years, there has been the need for model development in the 
system as the larger part of the systems values were built on with 
the Chernobyl influences and the geographic conditions in Europe. 
Various challenges were faced in trying to adapt the model with the 
various soil and food dynamics of China. In essence, a comparative 
study was made with the results and conclusions made [5,7].

Nuclear accident in history

In reference to the increasing status of nuclear energy in the 
world, the threat of radioactive material leakage has become 
a concern. Although nuclear power technology is constantly 
improving, the safety level of nuclear power is constantly 
improving, and the probability of nuclear accidents is also reduced. 
But Murphy’s law tells us that if anything is possible to go wrong, 
it will go wrong. Once a nuclear accident occurs, it often has a 
significant impact on the environment, population, economy and 
society, resulting in incalculable consequences [5].

There are three far-reaching nuclear accidents in the account of 
nuclear power development. The first one was the core meltdown 
accident at the Three Mile Island nuclear power plant in the United 
States on March 28, 1979, which caused the release of some 
radioactive materials and the release of about 1017 BQ of rare 
gases into the atmosphere. During the accident, about 140000 
people were evacuated within 20 miles. Although no death was 
caused, it caused panic and protest among the public, causing long-
term social impact. It is the most serious nuclear accident in the 
United States.

The second was the nuclear accident at the Chernobyl nuclear 
power plant on April 26, 1986, which resulted in 31 deaths in three 
months, 60000-80000 deaths in 15 years, 134000 people affected 
by radiation diseases and 115000 people forced to evacuate 
within 30 kilometers. The aggregate sum of radioactive materials 
delivered during the accident is about 12 × 1018 BQ, making it the 
most serious nuclear accident ever. The third is 2011 On March 11, 
2011, the Fukushima nuclear power plant leakage accident caused 
by the magnitude 9 earthquake and huge tsunami in Japan. During 
the accident, the evacuation ranges gradually increased, and nearly 
80000 people were evacuated within a radius of 20 kilometers. It is 
estimated that Iridium 131 released to the atmosphere reached 1.6 
× 1017 Bq, 137Cesium reached 1.5 × 1016 Bq. 

In addition, there are also a large number of radioactive 
effluents leaking into the ocean, which is the largest marine nuclear 
pollution event at present. The leaked radioactive materials have 
caused global impact on both aquatic and terrestrial Foodchain [8].

Real-time online decision support system (RODOS)

Following the Chernobyl mishap, expanding assets were 
apportioned in numerous nations to the improvement of plan of 
off-site crisis reaction in case of a Nuclear accident. The Real-time 
on-line decision support system, Rodos was initiated in the 1990 
[9]. Rodos is a non-commercial comprehensive decision support 
system for nuclear and radiological emergencies. The principle 
goals of Rodos is to give the methodological premise, foster 
models and information bases and introduce the equipment and 
programming structure of a framework which offers an extensive 
choice help from the beginning phases of a mishap up to numerous 
years after the delivery and from the assortment of the site to far 
off regions unperturbed by public limits. The system is capable 
of providing consistent and comprehensive information at local, 
regional and national levels [10].

The system is also a useful tool in the no accident phase thus 
it can be used for preparing a possible future event, plaining and 
training and scenario development.

Briefly, the system contains models for the atmospheric and 
aquatic pathways.

The post-Chernobyl radioecological studies have confirmed the 
long residence time of certain radionuclides, these are Cesium-134 
and cesium-137 in a semi-natural ecosystem [7]. The atmospheric 
dispersion and deposition uses meteorological information, close-
in distances and long-range. The source term serves as an input. In 
the RODOS system, fixed data nuclides which has been currently 
implemented includes all radionuclides in light water reactor 
(LWR) accidents, extra radionuclides for supplement of some 
conceivably significant radioactive rot chains. Some actuation 
items or other radionuclides that are generally significant for 
LWR reactors in typical activity mode, Fast breeder reactors or 
fusion reactors. However, some radionuclide compounds such 
as tritiated hydrogen (HT) and tritiated water(HTO) for fusion 
reactors [11]. The incident in England in 2006 added Po -210 as a 
potentially relevant nuclide for calculations involving radiological 
emergencies.
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In the RODOS system, simulation for an early dose is done with 
the Emersim system and the terrestrial food chain uses FDMT [12].

Figure 1: System Design of RODOS System [12].

Figure 2: General system overview of RODOS [7].

Figure 3: The process flow chart for RODOS.

The Rodos system gives a wide variety of models, however the 
input of the system is from the atmospheric dispersion which is 
estimation of individual and collective doses. The deposition input 
data are calculated using the DEPOM model.

Figure 4: Food chain model of the RODOS system.

In the RODOS system, terrestrial food chain and dose model 
assess doses to population through all relevant pathways such 
as inhalation and ingestion, external exposure from plume and 
ground. The FDMT is generally created on the previous dynamic 
model ECOSYS-87(improving models) [6,13] that was initially 
carried out inside the Microsoft Dominate. In any case, a significant 
part of the formative work including the mathematical particular of 
a significant number of the boundaries utilized in ECOSYS-87 was 
finished in the 1980’s and thus much thought isn’t given enormous 
quantities of radioecology intends brought about by the Chernobyl 
accident in 1986 [6]. Again, the first boundary condition is mostly 
explicit to southern Germany horticultural conditions albeit the 
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model was took into account adaptability and variation to different 
conditions [14].

Comparing the deliverables of the RODOS system to the 
radioecological parameters of the FDMT (Food chain Dose 
Modelling Transfer) to the international recommendation 
according to the IAEA, an implementation of the I131, CS134,137 
and Sr90 the influence of each region must be investigated [15]. 
The starting point of the FDMT computations are the yields from 
the atmospheric dispersion models. In Root take-up is determined 
by means of the utilization of soil-to-plant focus proportion, Fv, (as 
characterized in IAEA (2010)) however referred to as TFi inside 
FDMT (Bq/kg new mass (FM) plant to Bq/kg dry mass (DM) 
soil); note in IAEA (2010) Fv is characterized on a dry mass plant 
premise) [16]. By definition, Fv, suggests balance or semi harmony 
conditions in the dirt plant framework numerous months post-
mishap (IAEA 2009) [17]. In the event that deposition happens 

Figure 5: System overview of Rodos software in atmospheric dispersion.

during the growth season, a decreased root take-up is accepted 
by means of the use of a decrease factor (characterized by the 
proportion of the time frame from statement to collect the entire 
developing period, or 50d if the developing period is longer than 
this) [11]. 

The exchange of radionuclides from grub into animal product 
is depicted by the feed transfer coefficient, Fm (for milk), Ff (for 
meat), alluded to as TFm. in FDMT [18]. The conditions used to 
compute radionuclide activity concentration in the animal (or 
product) with time represent the unique idea of the framework 
by considering the admission of action from feedstuffs by animals 
throughout different time stretches and taking into account the 
misfortune/depuration of the radionuclide by means of natural 
discharge [7] been asserted recently with reference placed on the 
theme several national and international organization such as the 
environmental protection agency, world health organization.

Scientific limitations of the JRODOs system

The JRodos is the nuclear decision support system with a 
wide range of uses for nuclear emergency. It uses ranges from 
atmospheric dispersion models to food chain modelling, however 
in the event proceeding from the fukushima nuclear accident 
proved the existence of limitations for the JRODOS system [11].

In case of Radiological accident and the result of long haul 
recovery measure managing uncertain data is a characteristic issue 
for dynamic model. Uncertain limitation related to for instance, 
incomplete source term and the prevailing whether results in dose 
assessment that differ dramatically from reality [19].

The food chain process in the JRODOS system proves 
complications with its large amount of parameters which may 
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contain significant error. These parameters and dose might 
be difficult to verify. In JRODOS only deterministic outcomes 
disregarding uncertainty groups are accessible for clients. In the 
event that the client needs to research vulnerabilities of the source 
term, numerous models run with various info which should be 
performed. Vulnerability forecasts are not an indispensable yield 
related with the expectations endpoint of JRODOS [20].

The post fukushima and Chernobyl accidents proved a high 
limitation with radio-ecological models which failed to predict 
areas of the Europe region where high radio cesium transfer 
through the food chain has persisted for decades for following 
Chernobyl [2].

Application models limitation based on Fukushima Case

In JRODOS, radionuclide transfer parameters used in model 
predictions were frequently adaptable (IAEA 2010). The 
parameterization of food chain [21] of JRodos system is centered on 
ECOSYS-87 model [6]. This model originates before the worldwide 
assemblage of radionuclide move boundaries upsides of the IAEA; 
which consolidates the enormous of information acquired in post-
Chernobyl studies [22].

The JRodos uses natural half-life values for animal inferred food 
products where there is the requirement for move boundaries 
for explicit food items which are additionally proper from nearby 
conditions [23].

Radioactive iodine has proven to be a major health risk after 
a nuclear accident, however its environmental behavior has been 
poorly studied for the modelling of the food chain in JRodos. The 
comparative short-lived of this radionuclides t1/2 8yrs. However, 
in the data used for JRodos (IAEA 2010) contains no data for 
transfer of I to crops [19].

Underlying limitations are

•	 Lack of transfer boundaries for explicit foodstuffs.

•	 Lack of transfer parameters appropriate for local conditions

•	 Variability in transfer parameters.

Software modelling limitations (Process based models)

JRodos predicts the transmission of radionuclides to human 
food-stuffs which uses stability absorption to define the transfer 

from soil to plants [9]. These are parametric generic data with soil 
categorization.

Recent use of the JRodos model under natural conditions found 
in Fukushima influenced regions in Japan featured a few issues. 
Contrasting grass focus proportions with model with values 
estimated in a few Fukushima influenced regions noticed that the 
determined fixation proportion esteems digressed from noticed 
information. The model extensively thought little of the noticed 
radiocesium take-up into grass when utilizing upsides of soil 
PIP and soil arrangement Potassium (K) focus assessment from 
qualities [24,25].

The model significantly disparaged the noticed radiocesium 
take-up into grass when utilizing upsides of soil Tear and soil 
arrangement potassium (K) focus.

•	 The mathematical mean (GM) of the model focus proportion 
esteems was in excess of a significant degree lower than 
the GM of the noticed qualities. The GM of the model focus 
proportion esteems was just about multiple times more 
noteworthy than that of the noticed qualities when utilizing 
the deliberate Tear and the K fixation [25].

•	 The calculated RIP and K factors of 10 and 3 separately 
overestimation of radio cesium sorption could be credited 
to various elements, the condition in the model used to 
ascertain the Tear had been gotten from European soil 
whose dirt qualities are extraordinarily unique in relation to 
those of the soils in the Fukushima regions [26].

•	 Agricultural soil from Fukushima had multiple times lower 
RIP per unit clay than ordinary European soils

•	 Secondly, the overestimation of K soil arrangement 
focuses was likewise credited to the overestimation of k 
soil arrangement fixations was additionally ascribed to 
overestimation of other model boundaries, specifically the 
centralization of calcium and magnesium in the dirt which 
was multiple times higher than the action esteems. The 
reliance of Ca and Mg fixation on soil ph. as expected by these 
models couldn’t be shown for the Japanese soils [23].

Software modelling limitations (Data)

Another impediment lies in the way that it’s anything but 
practicable to create a powerful, affectability examination utilizing 

33

A Review of Nuclear Emergency System Adapted for Food Chain Model

Citation: Priscilla Oforiwaa., et al. “A Review of Nuclear Emergency System Adapted for Food Chain Model". Acta Scientific Applied Physics 2.6 (2022): 
29-39.



the current adaptation model. (further developing models). Muller 
and Prohl [6] give an primary concern of improbability of the 
default ecosystem-87 values. This parameter is a site specific [27].

FDMT isn’t presently set up to permit the client to settle 
complex powerful frameworks as basically scientific arrangements 
are accommodated essential differential conditions and improving 
on suppositions are made concerning, contributions to and 
misfortunes from, different parts of the displayed framework. The 
FDMT has many default parameters which are not founded on data, 
more transparency is needed on how these qualities have been 
determined and they ought to be considered with the most recent 
IAEA information given. (further developing models). On account 
of move to creatures there is proof that the tissue-diet fixation 
proportion perhaps a more powerful boundary than the exchange 
coefficient. (Further developing models and gaining from Post-
Fukushima contemplates) [3].

To illustrate some parametric replications using the Rodos 
model, a system model was developed using Matlab software tools 
for data testing in the JRodos software. Five radionuclides were 
considered for this study; Cs 137, Cs 134, Sr 90, Sr89 and Ir131; 
Food compartments Tubers, Roots, Rice, Fruits, vegetables, Non-
leafy vegetables and herbs. Figure 5B indicates the availability of 
data for Herbs (7,3) and Rice (3,3) in Cs137 concentration.

Figure 6: Simulation of 24hr food chain model on Rodos system 
(China-HTR10) (A,B).

The JRodos system uses the geographic population by census 
which do not take into consideration the population of the region 
by grid. Moreover, the data for population is duely inherent since 
it does not take into account the site specific population or region 
data.

The summary for data limitation of the JRodos system

•	 Not availability of the post Fukushima data

•	 Use of geographic population by census instead, these 
Geographic populations do not give an account of people 
migrated from the place overtime since update of I is not 
done concurrently.

•	 Site specific data for analysis and evaluation

•	 The empirical approach model is adopted in the RODOS 
system, which gives a complex and not systematic evaluation 
of data

System design for WSPEEDI

SPEEDI and WSPEEDI are two sorts of PC based choice 
emotionally supportive networks that have been produced for 
continuous portion appraisal in radiological crises. SPEEDI is 
created for homegrown neighborhood range crisis engaged 
with public scale crisis reaction program connected to Japanese 
emergency response [22]. The WSPEEDI is a worldwide version 
which has been created to foresee the radiological effects on the 
Japanese individuals of a nuclear accident in an a neighbouring 
country. SPEEDI is generally known as a framework for forecast of 
ecological crisis portion data [28].

SPEEDI codes are systematized in combination with databases 
conversational software and graphic software. Data is divided 
into two parts which are time dependent data like meteorological 
information and invariant data. Meteorological information and 
release information are expected to be the input in real-time from 
a data communication network and keyboard [29]. The worldwide 
version of SPEEDI was developed as remediation for expansion 
of area to assess long reach transport of airborne radioactivity 
because of an extreme atomic mishap in an unfamiliar country. 
The purpose of SPEEDI is to estimate the long range transport and 
deposition of airborne radioactivity over synoptic and hemispheric 
areas [30]. 

WSPEEDI is a recreation framework that figures air fixation and 
surface testimony of radionuclides and radiological dosages by 
progressive utilization of a meteorological expectation model and 
a Lagrangian molecule scattering model (Refreshed examination 
of Fukushima unit 3-Fukushima). The WSPEEDI has a limitation 
for estimating average release over long period of time, that is 
between 0.5-3.5hrs [22].
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Figure 7: Computational flow of SPEEDI and workflow chart of Wspeedi.

Terrestrial model for WSPEEDI

WSPEEDI was created based on SPEEDI. The distinction among 
SPEEDI and WSPEEDI is that WSPEEDI is intended to reproduce the 
long-range transport of radionuclides up to the side of the equator 
scale (Speedi expectation devices) in an upward measurement, 
the computational area been stretched out to the highest point 
of the lower atmosphere. In the WSPEEDI a molecule scattering 
model is utilized to reproduce atmospheric model component. The 
modelling system of the software was modified with Chernobyl 
monitoring data [22]. The dispersion and dose model of the 
WSPEEDI technically follows the same model such as the GEAR 
(Speedi prediction tools). The radioactive model is expressed 
with a mass practical with each position been computed in the 
system. For easy operation of computational codes in emergency 
situations, SPEEDI codes are systematized in combination with 

databases, where the codes are grouped into time dependent such 
as the meteorological and release information and invariant data 
[4]. 

Figure 8: Terrestrial Model of WSPEEDI.
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System design of atmospheric release advisory capability 

(ARAC)

Atmospheric Release Advisory Capability(ARAC) is a system 
established by Lawrence more national laboratory. The ARAC 
system uses three dimensional atmospheric transport models to 
simulate the discharge of contaminants contained in a regional 
scale flow systems and to prepare calculations for dissemination to 
local accident emergency response officials [30]. 

The fundamental goal of the ARAC framework that prompted its 
origin in 1973 was to give constant expectations of portion levels 
and degree of surface tainting from mishap arrival of radionuclides 
from atomic offices. The ARAC framework is utilized by authorities 
specialists to show portion and testimony computation access, 
wellbeing perils, define departure plans and concentrate estimation 
and tidy up endeavors [31].

The various tools and capabilities involve in the ARAC system is 
the atmospheric transport and diffusion models; the Langrangian 
operational dispersion integrator which is a three dimensional 
scattering model created by NARAC to mimic the cycle of shift in 
weather conditions, tempestuous dispersion, radioactive decay, 
first-request substance responses, wet statement, gravitational 
settling, dry testimony and light energy plum rise(NARAC: An 
emergency reaction source for predicting the atmospheric 
dispersion) [30].

The Langrangian approach is used more than the Eulerian model 
because the Langrangian approach avoids numerical dispersion 
and can resolve point sources [32].

Figure 9: System modelling of the ARAC system.

Software system of ARAC

NARAC’s latest version of the software became operational in 
2000. It has the client-server system framework with web situated 
advancements that can deal with various simultaneous clients 
and occasions. The product utilizes a multi-layered disseminated 
programming engineering that gives ongoing admittance to 
the worldwide meteorological and graphical information base 
atmosphere modelling. It has two working component [4]. The 
NARAC focal system(NCS) and the NARAC undertaking framework 
(reference; the public air discharge warning focus demonstrating 
and choice emotionally supportive network for radiological and 
atomic crisis readiness and reaction) [28]. In the NARAC central 
system(NCS), there is a combination of three major subsystems 
demonstrating and choice framework for radiological and atomic 
crisis readiness and reaction. In the NARAC Enterprise system, 
there is a combination of three major subsystems (geospatial, 
metadata and the modelling execution subsystem) that has the 
surrounding for advanced scientific analysis and visualization. 
The metadata subsystem allows temporary and what’s more, 
topographically significant information to be separated for use in 
the model execution subsystem. NARAC uses maps to show areas 
where dose limits are exceeded, areas with protective actions 
(sheltering, evacuation and relocation) thresholds are attained, 
estimated areas affected population and geographic reference 
data. (NARAC; An emergency response resource for predicting the 
atmospheric dispersion and assessing the consequence Michael M. 
Bradley) [11].

Limitation of the NARAC system

The ARAC now NARAC system specializes in the atmospheric 
transport and diffusion. (Atmospheric dispersion models). NARAC 
framework tends to these requirements by giving apparatuses and 
administrations that foresee and guide the likely spread of unsafe 
material inadvertently or globally into the climate (The public 
barometrical delivery warning focus demonstrating and choice 
emotionally supportive network for radiological and atomic crisis 
readiness John S. Nasstrom). The main usage of NARAC system is 
to provide real-time predictions of atmospheric dispersion globally 
[22].

Atmospheric dispersion models need a source term that 
portrays attributes, for example, the mass or movement delivered to 
the environment, the discharge rate, height, spatial appropriation 
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and molecule size circulation. The NARAC software tools integrate 
interface with numerous Gaussian plume and puff models [33]. 

Figure 10: Diagram of the ARAC emergency response.

Analysis of system classification on food chain 

Real time consequence assessment model is a valuation tool 
for emergency response because it can predict the impact on 
the environment and public. Nuclear accident consequence and 
decision support system is an important part of nuclear emergency 
preparedness and is necessary technology in the process of 
decision [20].

Figure 11: Model chain and data stream of an Emergency Plan 
and Policy system.

The results illustrate the higher application of the systems in 
atmospheric modelling and dispersion with Rodos system being 
the widely used model. In the use in the terrestial and ecological 
models its application is sublimely with a lot of influences from the 
atmospheric dispersion model. 

Conclusion

In a nuclear emergency, Protective actions such as evacuation, 
sheltering and food bans can be taken to prevent the radioactivity 
release Following the events of the Fukushima accident, it is 
required to ensure that all maximum system is in placed to in the 
events of an emergency. New technologies and systems are always 
in placed to ensure that the public is safe from any unforeseen 
circumstances. From our study, it can be concluded that Rodos 
system gives a minimal approach to food safety in the event of 
emergency, Further studies is needed in the development of food 
chain models with relevant policy approach and countermeasures 
for a robust emergency response in the Nuclear Industry.
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