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The conflict between Israel and Iran raises many threats one of which is waterborne radiation.
  The sites involved in Iran’s nuclear programme are situated across the length of the country in an arc from the far north-west to the south and some are located close to Tehran’s population.
 Subject to the prevailing meteorological conditions when a nuclear containment is breached, the region’s fragile water infrastructure and natural resources may be at risk.  This risk may not be significant but nonetheless it requires study and quantification. 

On May 6, 2012 there was an announcement in Israel of plans to hold an early election so as to provide a mandate ‘on whether to bomb Iran’s nuclear facilities’.
  Following this announcement another solution was found for strengthening the Israeli Government - by way of a political coalition to present a united front on policies.  The capacity for Israel to undertake an all-out bombing programme was also openly discussed in May 2012
.  There have been numerous broadsheet media discussions on the possible involvement of the USA with Israel in a bombing campaign culminating in a statement by General Martin Dempsey who said’ such an attack would clearly delay but probably not destroy Iran's nuclear programme’ and ‘I don't want to be complicit if they [Israel] choose to do it.’
  On 6 June 2012, The Times (UK) stated: ‘If the imminent nuclear talks fail, there will be only a five month window for a strike on Iran with US support.’
 
On September 3, Hezbollah Secretary-General Sayyed Hassan Nasrallah identified as targets: economic, industrial, electrical, chemical and nuclear sites in Israel; US bases in the Middle East; and weakening the fragile global economy by any sharp rise in crude oil prices stemming from conflict in the Gulf. 
   Hezbollah denied future use of chemical weapons but the Syrian chemical and biological sites and transport routes or airport hubs for distribution of any chemical or biological munitions around the country will remain a concern for its neighbours and western countries for the duration of any instability within the country.  
Despite beliefs in underground containments retaining hazardous by-products of explosions it may be useful for some clarification of the potential for radiological emissions, nuclear fallout or poisonous chemical by-products such as uranium hexafluoride gas to impact on the region. An assessment
 quoted in an August 2012 scientific meeting stated ‘ For attacks near or in densely populated urban areas using nuclear earth-penetrator weapons on hard and deeply buried targets (HDBTs), the number of casualties can range from thousands to more than a million, depending primarily on weapon yield'. This assessment was drawn from 'Effects of nuclear earth-penetrator and other weapons,’ a 2005 report of the U.S. National Academies of Science. 

Underground facilities may be constructed with deceptive features and contain many pathways by which a confined explosion would reach the external atmosphere. Additionally any conventional attack on a reactor such as the Bushehr 1,000-megawatt nuclear power plant would have consequences depending on the operational status of the reactor at the time.  The Bushehr pressurised water reactor was confirmed at full power
 on 30 August 2012.  It was connected to the grid in September 2011.  During the construction of this reactor which commenced with German contractors and was completed by Russians, there would have been scenarios developed for the safety processes that document the consequences or any criticality incident in the reactor.  This information would be helpful to the region at this time as there will be considerable concerns over the effects of any attacks on the now operational reactor. 
There are key sustainability issues in relation to water and populations which arise from the risk of conflict with Iran and it may be important for the international scientific community to quantify the waterborne challenges.  A waterborne challenge from radiation contamination within a region which has fragile water resources requires scientific study and discussion, particularly to determine whether pre-emptive planning for protection of the region is required.  Some of these challenges are set out in Table 1 below.  It is to be noted that waterborne risks are one category of a much broader range of effects that would require scientific advice including  critical population protection in relation to airborne radiation and the more immediate and dangerous effects of explosions.  In the nuclear power plant accidents of Chernobyl and Fukushima the radiation effects on water were transitory or non-existent.  Authorities made provision following Chernobyl for new water supplies which were not used and after Fukushima the population of Tokyo experienced a number of days in which there was considerable panic over the city’s water supply and a massive run on bottled water and fears for children and infants.  
Adequate shelter and warning systems are key components  of protection of the population in the region that may be within range of any release of radiation from a breach of the containment of this reactor from the use of nuclear weapons to breach any of underground sites identified as part of the Iranian nuclear programme  or from the use of conventional weapons to breach sites containing nuclear materials.  Although hazardous chemical reactions from destruction of uranium enrichment facilities have been identified these may be a localised effect of uranium hexafluoride gas which has been assessed as a very small amount
 and of less concern than blast and heat effects of weapons on a site.  Regardless of this the health monitoring requirements would be extensive following any exposure of nuclear programme sites by an attack whether by conventional or nuclear weapons.  
Table 1: Threats from Breaches of Iranian Nuclear Facilities


1. Vulnerability of the Bushehr Nuclear Power Plant to a breach of containment whilst the facility is operating. 

2. Nuclear programme sites above ground in Iran - atmospheric consequences. 

3. Nuclear programme sites underground -breached by nuclear or conventional munitions. 

4. Potential nuclear weapons’ effects on containments of nuclear materials – for example, the Fordow Fuel Enrichment Plant, an underground facility near the city of Qom. 
5. Proximity of some sites to dense urban populations. 

6. Rural impacts from contamination. 

7. Meteorological conditions moving radiation beyond Iran’s borders across water and land to the region. 

8. Effects on water resources in Iran and the region. 

9. Effects on water distribution and water quality in Iran and the region. 

10. Effects on seawater and local marine ecology. 

11. Waterborne impacts on the population, animals and agriculture and secondary contamination effects on the population.

12. Immediate risks of population flight, especially from high density urban areas. 

13. Refugee issues across borders. 

14. The immediate and life-long consequences to young persons and adults from atmospheric exposure, particularly in the immediate aftermath of an attack.

15. Minor risks of longer term additional exposure from contamination of water resources and water distribution systems. Although water resources have not been shown to generally be a problem the testing and reporting of water safety would be a priority task for local authorities. 
16. The psychological consequences of a perceived threat to water and impacts on decisions to self evacuate from rural and urban areas. 

It is to be noted that the secondary and tertiary contamination of plants, livestock, food, water and of manufactured products such as infant formula, milk and processed foods caused alarm in different parts of Japan in the first year post 3/11.   This data is valuable for assessment of radiation consequences in any future Iranian incidents along with the more comprehensive 30 year data collection on the environment and from health monitoring of populations affected by Chernobyl.  
Some of the scientific solutions to pre-empt a regional impact from breaches of Iranian nuclear sites are summarised in Table 2.

Table 2: Mitigation of  possible Regional Contamination from Breaching Iranian Nuclear facilities. 
. 
1. Scientific information to inform and protect populations on shelter and self decontamination. See a useful comprehensive analysis of population protection from radiation ‘Dose Thresholds for Evacuation Following Explosion of an Improvised Nuclear Device  or Radiological Dispersal Device’,  http://www.fas.org/rlg/2012%20Erice_DETE7.pdf
2. Reduction of the risk of unnecessary evacuation or large population numbers through fear when the risk may be more safely managed by shelter and simple personal hygiene measures to remove dust or external contamination.. 

3. A crisis water supply plan based on a 12 hour temporary water provision using bottled water, water tankers and emergency arrangements with retail outlets with a secondary long term plan for alternate water supplies in the event of long term contamination of a reservoir or water distribution system.  Some expedient treatment of distribution systems may be feasible if barriers can be developed to limit contact of water with contaminated parts of the system. 
4. Policies for evacuation based on radiation thresholds that have international agreement. Threshold radiation levels with consequences for immediate and long term health will assist the public in decisions to stay in shelter, decontaminate themselves if they have been exposed in the open, limit contamination transfer into shelter or to evacuate to an uncontaminated zone. The importance of threshold risk information is to reduce unnecessary consequences of unwarranted evacuation, allow evacuation to take place with time for a prepared evacuation or to stimulate immediate life protecting movements out of a hazardous zone.  Thresholds have been discussed in the link provided in (1) above. 
5. Radiation exposure creates such concern in populations that some evacuation decisions may be expedient if people perceive there is even a long term health risk. In emergency planning evacuation has generally been based on immediate acute dose effects because of the ambiguity of long term consequences. 

6. Provision of rational information to the public that is both timely and based on plume deposition assumptions and measurement but which may commence with assumptions biased towards public protection where discrete data cannot be immediately collected. 

7. Regional level planning for water, food, shelter, medical assessments, communications and continuous monitoring of the environment in the event of a catastrophic release of radiation from breaches of nuclear sites.

8. Planning for provision of long term health monitoring services for the region 

See Table 3 below for an overview of multidisciplinary scientific challenges.  It is possible to consider appropriate use of some generic responses within the unique cirumstances that also must be considered with any radiation release regardless of the cause. 
Table 3:  Generic Scientific Contributions Threats following a Radiation Incident
 

1. Methods of mitigation to take into account cultural and economic factors and agreed international thresholds for immediate or long term harm.   

2. Communications in near-real time for protection so that the public understand the significance of radiation in water and whether or not there is a health hazard. 

3. Assessment of the residual risks to a country and international risks from waterborne threats arising from an incident.  

4. Replacement of critical water distribution to a population within a time period that is less than the assumed time it will take for a refugee flow to become established from a city. This means expedient 12 hour plans may be an essential factor to reduce unnecessary mass population movements in a region. 
5. Arrangements for a fast inflow of international assistance to strengthen local efforts. This will depend on agreement of any country affected by an incident and the cultural acceptance of assistance is a critical factor.  
In conclusion, the ongoing risks to the region from radiation threats from Iran require a coordinated approach by regional governments to pre-empt mass population movements and mass casualties.   Mitigation of these scenarios requires that information is available to the populations before an incident and during a crisis so that shelter and mitigation of conventional or non-conventional weapons effects can be understood.  Insofar as is possible individuals may protect themselves and these efforts will be more successful than the organised government response which generally comes some time after an incident. It is essential that governments in the region make adequate provisions for their populations commencing with public information and preparation of resources.  There is a potential for mass population movements if there are fears about contaminated local water supplies as well as general public fears of radiation exposure.  All these radiation effects  requires solutions from the local and international scientific community and much of the information that is available from Fukushima and Chernobyl is useful for understanding the level of risk and the long term problems for the region for environmental decontamination and regional health monitoring. 
� The original paper ‘Water and CBRNE/Cyber Terrorism: Waterborne threats and sustainability of cities including unusual secondary and tertiary water contamination lessons from Fukushima'  Dr S Leivesley, presented to the 'Role of Science in the Third Millennium, International Seminar on Nuclear War and Planetary Emergencies', 45th Session in Erice (Italy) in August 2012. The author’s acknowledgements to the World Federation of Scientists, CERN for the opportunity to present this material at the international meeting in August 2012 within the Plenary session on Water and Terrorism., Co-Chaired by Dr Lorne Everett and Dr Sally Leivesley. 


� Data for analysis of waterborne radiation threats for Iran and the Region comes from papers and discussion in annual workshops and Plenary meetings of Permanent Monitoring Panel for the Mitigation of Terror Acts (PMP-MPA) and daily analysis of news media.   


� Cordesman, A.H. and Burke, A.A.,  The new IAEAreport and Iran’s evolving nuclear and missile forces,  November8, 2011, � HYPERLINK "http://csis.org/files/publication/111108_irans_evolving_nuclear_forces.pdf" �http://csis.org/files/publication/111108_irans_evolving_nuclear_forces.pdf�., Accessed 20120606. 


� Mandate to Bomb Iran, Uzi Mahnaimi,  Sunday Times, 20120506, p.11.


� ‘A major Israel TV station on Sunday night broadcast a detailed report on how Israel will go about attacking Iran’s nuclear facilities in the event that diplomacy and sanctions fail and Israel decides to carry out a military strike’. � HYPERLINK "http://www.timesofisrael.com/iaf-plans-for-iran-attack/" �http://www.timesofisrael.com/iaf-plans-for-iran-attack/�  Accessed 20120506.


� Israeli attack on Iran 'would not stop nuclear programme', � HYPERLINK "http://www.guardian.co.uk/world/2012/aug/30/israeli-attack-iran-not-stop-nuclear" �http://www.guardian.co.uk/world/2012/aug/30/israeli-attack-iran-not-stop-nuclear�, accessed 20120907.


� ‘What Israel fears is seeing Obama re-elected’, The Times, 20120604 ,p.19.


� Iran could strike US bases if Israel attacks: Hezbollah, Reuters 03 September 2012, 


http://www.reuters.com/article/2012/09/03/us-lebanon-hezbollah-israel-idUSBRE8820KU20120903





� Richard L. Garwin , Erice, Sicily, 08_20_2012 Science and hazard.doc


 �  Bushehr reaches full capacity, World Nuclear News,  � HYPERLINK "http://www.world-nuclear-news.org/NN-Bushehr_reaches_full_capacity-0309125.html" �http://www.world-nuclear-news.org/NN-Bushehr_reaches_full_capacity-0309125.html�, Accessed 20120903.  


� Each centrifuge contains about 4 grams of uranium as low-pressure uranium hexafluoride gas, so about 200 kg of UF6 per block of 50,000 centrifuges.  This is a tiny amount compared with the standard storage and shipping tank, “drum,” containing 14 tons of UF6.  Uranium is not a radiation hazard, but is a chemical poison.  In case of damage, escaped UF6 combines with water in the air to form hydrofluoric acid gas, HF, and solid uranyl fluoride, UO2F2.
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� Professor Richard Wilson has provided some useful options for alternate water supplies when describing severe threats from arsenic poisoning in water supplies that have continued to be used by local populations - http://phys4.harvard.edu/~wilson/arsenic/conferences/Feroze_Ahmed/Sec_3. 





