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Guidelines on the Applications of Nuclear Techniques for Flood Mitigation and Management

Executive Summary

The aim of these Guidelines is to provide Member States with information on the applications of nuclear-based techniques for the development of integrated soil, water, nutrient, plant and animal management practices for both flood mitigation and post-flood management. These Guidelines are part of the Regional Coordination Project (RAS 5069) entitled: “Complementing Conventional Approaches with Nuclear Techniques towards Flood Risk Mitigation and Post-Flood Rehabilitation Efforts in Asia.” 

The Guidelines will provide information on the application of nuclear-based techniques in the following four areas:
(i) Isotope Hydrology
(ii) Animal Production and Health
(iii) Plant Breeding and Genetics
(iv) Soil and Water Management & Crop Nutrition
Details on the principles of these nuclear techniques in each of the above areas, can be found on the IAEA Websites: http://www-naweb.iaea.org/napc/ih/index.html; http://www-naweb.iaea.org/nafa/index.html
Nuclear-based techniques involve both stable and unstable (radioactive) isotopes. Isotopes are defined as atoms of an element (e.g., oxygen, O; nitrogen, N or phosphorus, P) which may exist in both stable and unstable (radioactive) forms, depending on the degree of stability of the nucleus in an atom (Nguyen et al. 2011).  A radioactive isotope (e.g., P-32, often written as 32P) with the non-stability of its nucleus spontaneously emits radiation (alpha or beta particles and/or gamma electromagnetic rays), while a stable isotope (such as O-18 and O-16; nitrogen-15 and nitrogen-14) does not emit any radiation and exists in light (e.g., 16O; 14N) and heavy (e.g., 18O; 15N) forms.  Heavy isotopes have a higher atomic weight than light isotopes. Because of their different mass (for stable isotopes) or radiation characteristics (for radioactive isotopes), these isotopes can act as tracers to: (i) provide quantitative data on soil transport and the size of carbon, nutrient and water pools and fluxes in the soil-water-plant system, (ii) identify factors that influence the soil-water-plant-livestock interactions in agro-ecosystems and their resilience to flooding impacts. Stable isotopes do not pose safety hazards, while the use of radioactive isotopes requires stringent safety measures and protection procedures to be put in place in relation to storage and transport, source handling, sampling, analyses and waste disposal, in order to prevent the harmful effects of radiation on living organisms and environments. 
It is important to note that nuclear-based techniques like any other techniques, have both advantages and limitations. They can complement conventional non-nuclear techniques such as remote sensing and GIS (Geographic Information Systems) to pinpoint sources of soil erosion hazard and identify soil and water management practices that can enhance the resilience of soil and agricultural ecosystems against flooding events. Sometimes several techniques (nuclear and non-nuclear) are used to achieve the required information. However in other situations, nuclear techniques offer comparative advantages of high specificity, accuracy and sensitivity over non-nuclear techniques in identifying hot spots of land degradation and soil erosion hazards. Because of these advantages, they generate quantitative data, providing direct answers to the questions posed and thus, save considerable time and effort. 
Stables isotopes are measured by special instruments for example, Isotope Ratio Mass Spectrometry (IRMS) equipment, in which the ratio of the heavy and light stable isotopes of interest (e.g., 15N/14N and 18O/16O) is determined. In the case of radioisotopes (e.g., 32P), the radiation (i.e., disintegrations per minute) emitted can be tracked by means of specific radiation detection devices, for instance Geiger-Müller counters or scintillation counters for beta emitters; gamma spectrometers for gamma emitting radionuclides and alpha spectrometers for alpha emitting radioisotopes (Nguyen et al., 2011). Environmental radionuclides originating from natural and man-made sources such as caesium-137 (137Cs), excess lead-210 (210Pbex), and beryllium-7 (7Be), are gamma-emitters deposited on the soil surface by dry deposition and rainfall, where they are adsorbed to fine soil particles. Their distribution in soil profiles and across agricultural landscapes resulting from the movement of soil particles can then be used to document soil erosion and deposition rates and patterns (Nguyen et al., 2011).

1. Background Information
Climate change and variability is expected to bring about increased typhoon activities, rising sea levels and out-of-phase monsoon seasons in many parts of the Asia and Pacific region. These changes can lead to devastating floods which endanger the life and health of the regional population and cause serious losses and damage to people’s livelihoods, including crops, food and livestock. For the past 30 years, around 40% of the total floods worldwide have occurred in Asia, where more than 90% of the global population exposed to floods live.  Recurrent floods in the Asia and Pacific region have resulted in countless loss of lives, the widespread destruction of food crops and livestock, diseases and trauma, in addition to practically wiping out decades of infrastructure investment and the personal wealth of people. In response to this devastation, a Regional Coordination Project (RAS 5069) entitled: “Complementing Conventional Approaches with Nuclear Techniques towards Flood Risk Mitigation and Post-Flood Rehabilitation Efforts in Asia” was initiated to promote regional cooperation and enable less experienced countries to benefit from the expertise of others in the application of nuclear techniques together with  conventional non-nuclear techniques to develop management practices which would help to minimize flood risks and enhance post-flood rehabilitation. 
The Guidelines on the Applications of Nuclear Techniques for Flood Mitigation and Management are developed as a result of recommendations from the First Coordination Meeting (10-13 June 2014, Vienna) of RAS Project 5069. These Guidelines aim to enhance the awareness of various stakeholders in Member States that the application of nuclear techniques can be complementary to conventional approaches when developing integrated soil-water-crop-livestock management practices for flood mitigation and post flood management. This is because nuclear techniques using both stable and radioactive isotopes can be effective as tracers to track the sources and pathways of diseases, nutrients and soil and water movement within agricultural landscapes (http://www-naweb.iaea.org/napc/ih/index.html; http://www-naweb.iaea.org/nafa/index.html). The resulting information obtained from the application of these nuclear techniques will help to identify management practices that enhance the resilience and adaptive capability of agricultural systems to flood events.



2. Guideline Goals

The Guidelines were developed with technical experts from China, India, the United States of America and Vietnam, together with technical officers from different disciplines relating to soil-water-crop and livestock management. In developing the Guidelines, it is recognised that flooding in low-lying farmlands (floodplains) is common in many tropical Asian countries and this can bring many positive benefits. These include: (i) the deposit of fertile sediments to enrich soil fertility and increase crop productivity and (ii) the enhanced ecosystem services of wetlands, through the addition of water and nutrients. The Guidelines therefore aim to provide information on the application of nuclear-based techniques to develop integrated soil-water-crop-livestock management practices that enhance the resilience/adaptive capacity of systems to both withstand and benefit from flooding events, while minimizing any negative impacts that may occur. 
The Guidelines takes into account an integrated watershed management approach involving multi-disciplinary skills in isotope hydrology, animal production and health, plant breeding and genetics and soil and water management and crop nutrition in flood risk mitigation and post-flood management. This approach requires the involvement of multiple sectors and the collaboration of all stakeholders. In addition, the nuclear techniques stated in the Guidelines need to be used as complementary to conventional techniques to track the sources and pathways of diseases, nutrients, and soil and water movement within agricultural landscapes. For example, the use of isotopic techniques in isotope hydrology can provide a comprehensive water resources assessment, including river basin and groundwater systems, so that sound scientific knowledge is available for forecasting both the occurrence and the potential extent of flooding. In addition, information obtained from soil, nutrient and water movement using environmental radionuclides and stable isotopic techniques can be used with a topographic database and other geo-information data to:  (i) exploit the potential of floodplains and on-farm water conservation zones to absorb the floodwater up to the extent possible, (ii) provide a comprehensive picture of potentially-flooded agricultural areas and (iii) pinpoint areas in agricultural landscapes that are not prone to soil erosion and flooding so that they can be used for holding livestock.  Another example is the use of nuclear techniques to accelerate the development of flood-tolerant crop varieties via mutation breeding.  These flood-tolerant crops can then be combined with best soil-water-nutrient management practices as evaluated by isotopic techniques, to bring about effective flood adaptation-rehabilitation.

3. Guidelines
The Guidelines on the Applications of Nuclear Techniques for Flood Mitigation and Management (as shown in Annex 1) recognise the need for flood risk management within the context of an integrated watershed approach involving soil-water-crop-livestock interactions. Flood risk is defined as the likelihood of a flood occurrence and its impact on people, crops, livestock, sustainable agriculture and the environment. The approach involves multi-sectors and stakeholder coordination and management of land (soil-crop-livestock) and water resources, which take into account both: (i) pre-flood mitigation and preparedness and (ii) post flood response, recovery and rehabilitation. In the pre-flood phase, there is a need to: (i) characterize the inter-dependencies of soil and water conditions and agricultural systems and (ii) identify areas and systems at risk of flooding so as to develop effective flood risk mitigation and post-flood response and recovery strategies. For post-flood management, there is a need to quantify the impact of a flooding event on the redistribution and quality of soil-water across agricultural landscapes, crop yields, livestock production and health.  The information obtained can then then be used to improve the adaptability of agricultural land and animal management practices to flooding.
Nuclear techniques involving a range of stable and radioactive isotopes can help in both flood risk mitigation and post flood management as shown below:
3.1. Flood risk mitigation 
3.1.1.	Identify areas prone to floods resulting from inappropriate land use and land degradation:  
Runoff events from upland agricultural catchments to lowland  floodplains are not only the result of  extreme rainfall events, topography and soil types but also caused by land use and farming practices that affect soil water holding capacity and aggregate stability before and during rainfall events.  The mapping of potentially degraded land that is prone to soil erosion and sediment runoff resulting from flooding events will provide valuable information for flood preparedness and risk management. Fallout radionuclides (FRNs), such as 137Cs, 210Pbex, and 7Be, the carbon (C) isotope discrimination technique (13C/12C ratios) and compound specific stable isotopes (CSSI) can be used in an integrated approach to help  quantify the extent of soil erosion, to determine soil organic matter dynamics and to identify and apportion the sources of eroded soils. Information obtained is valuable in targeting appropriate soil and water conservation practices/strategies where they are best deployed to enhance on-farm water conservation storage, minimize area-wide land degradation and soil erosion, reduce runoff and enhance soil stability. The strategies may include the use of: (i) mulch, plant covers and soil fertility enhancement to increase soil organic matter and soil aggregate stability, thus reducing water and sediment runoff downstream, (ii) riparian and buffer strips to capture water-sediment-nutrient runoff and (iii) avoidance of unsustainable land-use practices such as deforestation, large scale land clearing, over-grazing and floodplain encroachment. Information obtained from area-wide soil erosion/land degradation could be linked with topographic databases   and other geo-information data to provide a comprehensive picture of potentially hazardous areas for soil erosion resulting from floods.
3.1.2.	Enhance on-farm water and nutrient conservation and storage: 
On-farm water conservation zones can help to absorb water and reduce runoff water and the associated erosion of soils and nutrients during a rainfall event and they can also be used effectively for irrigation during dry seasons. The use of stable isotopes such as 18O, deuterium (2H) and 15N can help to quantify the effectiveness of these water conservation zones as on-farm water storage for food production and assess their ability to reduce and filter sediments, nutrients (N) and water runoff into receiving streams and rivers. Measuring area-wide soil moisture status using a Cosmic Ray Soil Moisture probe could also help to assess area-wide antecedent soil moisture and water infiltration prior to a rainfall event. Information obtained thus helps to assist in flood forecasting and flood water storage.
3.1.3.	Characterize surface-subsurface water components and identify water flow paths in agricultural watersheds/flood plains
Flood forecasting and management requires extensive knowledge of the hydrology of river basins and the relationship between rivers and aquifers. In this context, isotope hydrology, using a range of isotopic  tracers (stable isotopes of oxygen, hydrogen and age dating tools; Appendix 1) can: (i) characterize the surface-subsurface water components in  floodplains, (ii) quantify the baseflow component of rivers, (iii) partition available rainfall into stream flow and groundwater recharge, (iv) identify water flow paths in agricultural watersheds/flood plains, (v) highlight potential of flood plains to generate additional recharge if groundwater table is lowered through extensive use of groundwater during a lean flow period and (vi) enable better calibration of flood forecasting models with the correct information of recharge and base flow parameters. Information obtained can then be used to capture runoff and recharge groundwater for subsequent irrigation and drinking water purposes and to improve forecasting of flood events. If these investigations reveal that flood water can be exploited in upstream flood plains and action is taken accordingly, it will reduce the negative impact of flood in the downstream part of the river. Isotopes can also be used in conjunction with conventional hydrogeological and hydrochemical techniques to understand the behaviour and dynamics of contaminants entering into either surface water bodies or aquifers as a result of flooding. The resulting information will be valuable, as it will allow policy makers/stakeholders to take the required measures to avoid the movement of contaminants in a certain direction/area. The information can then be linked with data obtained from the transport of sediments and nutrients in upland catchments to pinpoint the major sources of pollutants.

3.2.	Post flood management 
3.2.1.	 Characterize soil and pollutant movements caused by floods
Fallout radionuclides (FRNs), CSSI and stable isotopes such as 13C, 2H, 15N and 18O can act as tracers to characterize the sources and sinks of eroded soils and associated pollutants (nutrients and agrochemicals) from different land uses and farming systems as the result of a flooding event. This information can then help to identify management practices that will minimise the impacts of subsequent flood events on soil erosion, land degradation and water degradation. With the use of stable isotopes, soil moisture neutron probes and Cosmic Ray Soil Moisture probes, information on area-wide soil nutrient and water distribution and attenuation after a flooding event can also be used to target effective rehabilitation efforts through optimising nutrient and water use efficiency. 
3.2.2 	Diagnose animal diseases, assess feed and food quality, ensure public health and food safety and support animal reproduction
Information on potential hot spots of soil erosion and the hydrology of an area obtained from soil and water organisations through the use of nuclear and conventional techniques can be integrated into sustainable animal production systems, including the feed supply chain, pasture and waste management.  This is to ensure that: (i) feed is not contaminated and remains sufficient to maintain livestock productivity after a flooding event and (ii) areas are mapped and designated for livestock production and temporary displacement of livestock. Both stable and radioactive isotopes as shown in Annex 1, can help to: (i) ensure safe and adequate feed supply for maintaining animal production systems, and (ii) provide effective and timely disease detection and control of vector-borne and trans-boundary animal diseases and those of a zoonotic nature.
3.2.3	Accelerate the development of flood tolerant crop varieties 
Mutation induction (gamma, X- rays and ion beam irradiation) can be used to accelerate the development of mutant varieties with tolerance to submergence and other flood related stresses (including short duration growth, salt tolerance and ion toxicity resilience). Isotopic techniques can also be used to identify optimum applications of fertilizers, water and pesticides for maximizing the productivity of flood tolerant crop varieties.

4. General Discussion and Conclusions
[bookmark: _Toc403488622]The nuclear techniques as outlined in the attached Guidelines are complementary to and not a substitute for conventional non-nuclear techniques in understanding the interaction between soil-water-crop and livestock components in agricultural landscapes.  They have comparative advantages over  conventional techniques because they are able to: (i) develop integrated approaches to manage water, soil, crops and livestock, (ii) be applied cost effectively to large areas and large populations of livestock and (iii) provide unique tools to fingerprint water, soil and pollutants. With the integrated use of nuclear techniques and information obtained from disciplines such as isotope hydrology and soil and water management & crop nutrition, assistance can be given with flood forecasting, on-farm and area-wide soil water storage and the identification of land use and farming practices that are resilient against flood events through unravelling the interactions and linkages between the activities  of upland farming practices and their impacts on water quantity and quality in lowland areas.  Likewise, the integrated use of isotopic techniques in soil-water-crop-livestock systems can help to: (i) optimise the utilization of locally available feed resources for animal production through the deployment of land that is not prone to soil erosion and flood impacts on livestock manure management and (ii) enhance the productivity of flood-tolerant crop varieties through best-fit soil-water-nutrient management. 
Through partnerships and multi-sector collaboration, the Guidelines aim to bring about awareness and co-ordinated action in Member States in the application of nuclear techniques as a complementary approach to conventional techniques in flood risk mitigation and management. This integrated approach can assist in flood forecasting and provide land inventory data of potential areas at risk of flooding, on-farm and area-wide soil water storage, enhanced land resilience against soil erosion-degradation, development of flood tolerant crop varieties and early detection and prevention of disease outbreaks in livestock. However, although nuclear techniques offer comparative advantages over conventional techniques, they demand skilled and trained personnel and adequate laboratory facilities, in particular measurement equipment/techniques or alternatively, financial support for analytical services. In the case of radioactive isotopes, strict compliance with safety regulations and radiation protection procedures is also required. IAEA with its technical cooperation programme can assist Member States with all of the above requirements through training and technical support in the application of nuclear techniques as a complementary approach to conventional techniques in flood risk mitigation and management. 
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Annex 1. Detailed Guidelines on the Applications of Nuclear Techniques for Pre-flood Mitigation and Post-flood Management (Please see attached copy of Annex 1).
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