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Objectives

■ The role of science and innovation in preventing and managing 

nuclear disasters.

■ To deliberate on what being prepared means, and lessons from recent 

nuclear disasters.



Outline

■ Nuclear facilities in South Africa

■ Definition of a nuclear disaster

■ Principle of prevention and preparedness and response

■ How does science contribute to the knowledge of radiation safety

■ Past nuclear disasters

■ Examples of how science contribute to the reduction of nuclear 

accidents

■ What does the future hold?



Nuclear facilities in South Africa

Koeberg Nuclear Power Station

Two pressurized water reactors of 970 MW each, synchronized in 1984 and 

1985.

One of the first nuclear power stations designed to be specifically resistant to 

earthquakes. The reactors at the Koeberg nuclear power station are built upon 

an aseismic raft.

The reactors are is cooled by cold water from the Atlantic Ocean pumped 

through an isolated circuit at 80 tons a second.

Low and intermediate level waste from Koeberg is transported by road in steel 

and concrete containers to Vaalputs.

High level waste are stored on-site.

The power station was originally located outside

the metropolitan area. 



Nuclear facilities in South Africa

Necsa

The complex houses several operational 

facilities and also facilities in various 

stages of decommissioning.

The SAFARI-1 research reactor was 

commissioned in 1965 and currently 

operates at 20MW.

Initially the reactor was fueled with HEU 

but was converted to LEU in 2005.



Nuclear facilities in South Africa

Vaalputs Radioactive Waste Disposal Facility

The facility is located about 100 km south-east 

of Springbok in the Northern Cape. 

Developed for low- and intermediate-level 

waste and operation since 1986.



What is a nuclear emergency?

A non-routine situation or event that necessitates prompt action primarily

to mitigate a hazard or adverse consequences for human health and safety,

quality of life, property or the environment (IAEA).

Emergency exposure situations include consideration of emergency

preparedness and emergency response.

■ Emergency preparedness should include planning for the

implementation of optimised protection strategies which have the

purpose of reducing exposures, should the emergency occur, to below

the selected value of the reference level.

■ During emergency response, the reference level* would act as a

benchmark for evaluating the effectiveness of protective actions and

as one input into the need for establishing further actions.



Prevention vs Preparedness 

Principles of prevention

- Design, 

- Confinement, 

- Containment, 

- ALARA, 

- Licensing.



Prevention vs Preparedness 

Principles of preparedness and response

- emergency planning,

- communication, 

- intervening organisations,

- exercises, 

- response actions based on action levels.

ICRP 103: Even if all reasonable steps have been

taken during the design stage to reduce the 

probability and consequences of potential 

exposures, such exposures may need to be 

considered in relation to emergency 

preparedness and response.



How does science contribute?

Everything we know about radiation. 

Humans: The Life Span Study (LSS) is a research program investigating 

life-long health effects based on epidemiologic studies. Periodic analyses 

of the LSS cohort data form the basis of a series of reports on mortality 

(death from cancer as well as other causes) and cancer incidence (rate of 

occurrence). 

ICRP considers the fundamental principles and

quantitative bases upon which appropriate 

radiation protection measures can be established.



How does science contribute?

Everything we know about radiation. 

Environment: Only recently the ICRP concluded that there was a need for a 

broad international basis for evaluating and managing the actual or 

potential impact of radiation on the environment.

Materials:

Radiation may affect materials and devices in deleterious and beneficial 

ways:

■ By causing the materials to become radioactive.

■ By radiolysis (breaking chemical bonds).

■ Radiation detection instrumentation.

■ To treat cancer.



Past nuclear accidents

The Three Mile Island accident in the United States in 1979, 

radioactive material was blocked by containment, only a 

small amount released into the environment;

The Chernobyl accident in 1986, a great amount of 

radioactive materials released directly into the environment, 

resulting in the evacuation of all personnel around 30 km 

range, and causing death of 28 people exposed to radiation;

The Fukushima nuclear accident in Japan in 2011, a direct 

hydrogen explosion destroyed the roof of the plant, 

resulting in a large airborne release of radioactive material 

into the environment, the amount of fission product 

released was about 1/10th of the Chernobyl accident.



Lessons learnt from Fukushima

Higher level of safety

- More demanding requirements for protection against external natural hazards 

and by enhancing the independence of safety levels so that, even if one layer 

fails, another layer is unaffected and stops an accident from happening.

- Design requirements now take into account natural hazards of an estimated 

frequency above 1 in 10 000 years, as opposed to 1 in 1000 years previously.

- Safety re-evaluation or “Stress tests”.

UNSCEAR https://www.unscear.org/unscear/en/areas-of-work/fukushima.html

- Cancer rates to remain stable.

- Theoretical increased risk of thyroid cancer among most exposed children.

- No impact on birth defects/hereditary effects.

- No discernible increase in cancer rates for workers.

https://www.unscear.org/unscear/en/areas-of-work/fukushima.html


Discharges to the ocean

Fukushima

Advanced Liquid Processing System (ALPS) treated water, which is treated 

to remove most of the radioactive materials except tritium, is stored in tanks 

located on the hill at the site. 

The total amount of the ALPS treated water is approximately 1.30 million 

tons as of June 23, 2022. 

Regarding the total amount of tritium

stored in the tanks, TEPCO estimated

it was to be about 780x1012 Bq

as of April 2021. 



Discharges to the ocean

On April 28, 2022, TEPCO applied for revision of the application based on an 

assessment of radiological impact on humans and the environment reflecting 

comments and indications from NRA, the IAEA and the public. 

The assessment found that effects of the discharge of ALPS treated water into 

the sea on the public and the environment is minimal as calculated doses were 

significantly less than the dose limits for the general public and the values 

specified by international organizations for each species.



CTBTO

Comprehensive Nuclear Test Ban Treaty 

Organization.

"The CTBTO is helping to save lives by 

providing data from the International 

Monitoring System for tsunami early 

warning and other natural disaster 

mitigation and prevention efforts." 

The 337 facilities of the International 

Monitoring System, which span

the entire globe, ensure that

no nuclear explosion escapes

detection.



CTBTO

Examples of civil and scientific uses:

- Real time detection of earthquakes and tsunamis

- Radiation dispersal from nuclear accidents

- Volcanic eruptions

The 4 August 2020 Beirut explosion

- Detected by 5 IMS stations from I48 station (2397 km) to I11 (6200 km)

- Multi-technology analysis for yield estimation

- Seismic, infrasound, surface damage

- Location accuracy: 44km



CTBTO

DPRK nuclear tests

On 9 October 2006 conducted its first announced nuclear test. The IMS was able to 

detect the test with 20 seismic stations and 2 weeks later detection of traces of the 

noble gas Xe-133 in Canada. 

On 25 May 2009, the IMS detected a second test = 60 seismic stations.  

On 12 February 2013 = 94 seismic stations, 2 infrasound stations, and 4 radioactive 

xenon isotopes confirming a nuclear fission event.  

On 6 January 2016, 9 September 2016 and 3 September 2017 the DPRK performed 

tests – the last registered by more than 100.



What does the future hold?

Small Modular Reactors (SMRs)

“SMRs are perhaps the most exciting and most watched emerging technology in 

nuclear power today” Mikhail Chudakov, IAEA Deputy Director General

Many advantages

Lower upfront capital investment, better match to 

projected demand, better compatibility with electrical 

grid infrastructure, flexibility in site locations.

Many potential uses

Run factories, medical centers, and universities, 

power desalination plants to prevent drought, 

power small, isolated communities.



What does the future hold?

Small Modular Reactors (SMRs)

“SMRs are perhaps the most exciting and most watched emerging technology in 

nuclear power today” Mikhail Chudakov, IAEA Deputy Director General

In order to embrace technology, it must be clear that the benefits far exceed the 

risks. 

The IAEA is assessing the level to which existing 

IAEA safety standards can be applied to innovative 

Technologies and enhance safety levels – one of the

most attractive features of SMRs. 



Take home points

- Nuclear is inherently safe and based on sound scientific principles

- Nuclear disasters can be prevented by learning and improving on design of 

facilities

- Science plays a significant role in preventing and managing nuclear 

disasters

And finally:

- Science contributes to preventing accidents = accidents contribute to our 

improved understanding radiation science and validation of models.

Thank you


