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Abstract: On 04th of May 2008, a projector that contains a strongly radioactive source (Ir- 192) of about 1.9 TBq (51.35 Ci) and belongs to a private Industrial Radiography company "Fourm" had been stolen from its storage. The incident took place in "Moleta" near a small town "Melut", Upper Nile state, southern of Sudan. This was the first time that the country faced such incident in this particular radiation practice. The regulatory authority (Radiation Protection Technical Committee (RPTC)) through its technical arm (the Technical Office) initiated an emergency response, formed a technical team and sent them to the incident site where an emergency response plan had been laid down and executed with close cooperation with the local executive authorities. It took about five days before the device was finally found intact by a truck man who noticed the device laid down on the road. The accident showed the importance of activating the national emergency committee already in place since 2007 for the sake of effective response of any radiation incidents should they occur in the future. 

. 

1. Introduction 
According to the SAEC act of 1996, the RPTC is the radiation regulatory authority of Sudan.  The RPTC is a national committee based in Khartoum and executes its activity on behalf of the Sudan Atomic Energy Corporation (SAEC). In 2005, the SAEC formed a Technical Office (TO) as a technical arm for the RPTC by conducting all regulatory functions e.g. licensing, inspection and enforcement and not to be involved in providing any radiation protection services. Members of this office are 22 in number (researchers and technologists). In 2007 the TO's efforts succeeded in formation of a national emergency committee by the minister of Science and Technology. The committee has members from different institutes e.g. civil defense, SAEC, Police, Security & intelligence department and customs among others. However the committee failed to hold any meeting since its establishment and therefore no national radiation emergency plan so far exist in the country. Under these circumstances the RPTC took the task of responding to national radiological emergency situation should they arise in any radiation practices or activities taking place in the country. The following is a description of the most serious and challenged radiological incident faced the country so far. Details of the activities taken by the TO in handling this incident are described. Lessons learned and recommendations are also outlined.  

2. Background information
Moleta is a small area within the Upper Nile state of the southern region of Sudan. Moleta is at about more than 300 Km from the capital Khartoum. The nearby towns to "Moleta" are "Palouge" at about 11 Km and "Melut" at about 12 Km. The inhabitants of these two cities are about 150 thousand. In "Moleta" a construction company "Hegleig" was engaged in building an oil Field Processing Facility (FPF). "Hegleig" Company hired a company Forum
 to check the integrity of some welded joints by using Industrial Radiography (IR) technique. The whole place is allocated to one of the major consortium for oil exploration and production Petrodar

3. Description of the incident
The Radiation Protection Officer (RPO) of Forum Company in "Moleta" phoned the Health, Safety and Environment (HSE) department of Petrodar at about 23:00 on Sunday, 4th of May, 2008 and notified them that when his technicians tried to take the gamma projector out form its storage, at about 10:30 pm they found that the pit’s lock is broken and that the source is not there. The projector (table 1) contains an iridium -192 radioactive source of approximate activity of 1.9 TBq. 

The opening of the pit was usually kept locked and the key was kept with the RPO. Also, the device key was kept in a separate place and under the responsibility of the RPO. The pit is surrounded by a fence of about 3m in diameter. The pit lies outside of the campus of the Heglig Company. There was no specific physical security to the pit; however the whole area was guarded by the army. 

Table 1: Basic Data of the Ir- 192 Projector

	Radionuclide
	Iridium -192 (77192Ir)

	Active Dimension 
	3 mm x 2.5 mm

	Source Serial Number
	M185

	Special Form Certificate No.
	ZA/004/S-96

	Container Number
	1985

	Date of Import
	07/03/2008

	Import License Number
	IM03-2008

	Main Gamma Emissions
	 0.13 – 1.06 MeV

	Half-Life
	 (74 days

	Specific Gamma Ray Constant
	0.125 mSv/h.GBq

	Nominal Activity (on 20/02/2008)
	3.806 TBq (102.86 Ci)

	Activity (on The Day of the Incident)
	1.9 TBq (51.35 Ci)

	Dose Rate At 1m From The Projector
	5.49 µSv/h


4. Initial response to the incident
In response to the incident, the RPO of the "Forum" company took the following actions:

· Informed the security personnel of  Hegleig company who in turn informed the security representative of  Petrodar 

· Started – with four cars and 9 persons (IR technicians and security personnel) - searching for the source using one survey meter. They searched for about 4 hours and covered about 1Km2 of the area around the storage facility but without success in finding the projector.

· Reported the case to : the headquarter office of “Forum”  (Khartoum), the HSE department of  "Petrodar"  (Khartoum) and the local police station

The head of the HSE department of "Petrodar" phoned the chairman of the TO on Monday 5th of May at 09:00 and briefed him about the incident. Also and upon a request from the TO chairman, the HSE department sent a written report by e-mail to the TO.
The chairman of the TO held a meeting with senior personnel's of the office where they discussed the appropriate actions to be taken. During this meeting a team of 5 persons was formed to deal with the incident at the site. Also, the office phoned the RPO of the "Forum" Company to get the latest information. The RPO was advised by the TO to inform all parties that could help in this incident including local media to inform the public about the risk of getting in touch with the projector.   

The TO chairman tried to send his team right away to the incident site by plane however the HSE office of "Pertrodar" indicated that the plane has already took off early in the morning and that there is only one flight per day. Also the HSE office indicated that going to the incident site by land is a very tiresome journey and takes about 10 hours due to the bad road condition. 

The TO chairman asked the HSE department of the ministry of energy and mining for help to send his team to the site, however the department indicated that "Petrodar" is the body responsible of providing all facilities in response to this incident.

After reconsidering the situation the TO decided to send its team to the incident site on the following day (Tuesday) by air flight and to continue its communication with the RPO of Forum company over the phone. Due to the limited time it was possible to find only 3 seats on the next flight to Paloug. The TO’s team was then reduced to three persons instead of five. 

The TO chairman informed the director general of the SAEC- who is at the same time the chairman of the national nuclear security committee- about the incident and response actions taken. The director advised to contact the representative of the security and intelligence department in the committee who in turn promised to provide support to the team at the incident site and to send one person from the department to the incident site. Also the convener of the national radiological emergency committee – from the civil defense department – has been informed where he also promised to contact his colleague at the incident site to provide the team with assistance and support. 

5. Response to the incident at the site 
The TO team arrived at "Palouge" airport at 9:00 am on Tuesday 06th of May where a meeting was held with high officials from "Petrodar" Company and representative of security and intelligence department. During this meeting the HSE supervisor of "Petrodar" distributed a written report on the incident. The meeting was also informed that public was informed – during a large public gathering for a national event – by the local governor and police director about the incident and the public had been urged to be alert and to cooperate with the local authorities in their efforts to find the stolen projector. The head of the TO team indicated – at the meeting - that the incident is a criminal act and the whole searching process should be supervised by the local police. Also the team expressed his consent on what had been already done and explained his plan to be as followed:

· Four teams should be formed to search for the projector in full coordination with local police, joint army and under the supervision of the security committee of "Melut" province. The objectives of searching teams are to :

· conduct radiation survey for all cities and villages around the incident site

· Preparation of photos of the stolen projector, add to them some warning & instructive items in Arabic and English and to post them in public areas. 

· Informing the public - using loud speakers and local radio "Miraya FM" - about the risks and on what to do should the source be found.
· Informing the medical doctors in hospitals and medical centers about the symptoms of the acute effects of radiation.

Another meeting was held between the TO team and the governor of "Melut" province, where the governor was enlightened with the role of the team. The governor instructed the chief police officer to hold a meeting with the TO team and with the security committee of the province. The meeting came out with the following conclusions:

· Forming of a joint police – army forces of 20 persons for the searching missions.
· Strengthening of Security control at the borders of the province.

· Involving the local public administration in the searching process.
At 16:20, the formed force started searching for the device at the military bases of SPLM and of government forces. The projector was not found 

At 17:45, the searching team arrived at "Moleta", where they headed to the source storage site for the purpose of identification of the reasons that lead to the incident by assessing the physical protection of the storage area of the projector and for searching - by the intelligence police - for any criminal marking.

The four searching teams were formed; each team was consisted of a radiation inspector, an IR technologist and four police personnel.
During the period of 5th – 9th of May radiation surveys for the 12 villages and areas around the incident site had been completed. During the same period the public had been informed about the characteristic of the stolen device (shape, size, weight etc.) and the risks that it represents. Also the public were instructed to report to the nearest police station any information that they may know about the incident. Information to the public was conveyed through the photos, direct contact, loud speakers and the local radio station "Miraya FM". 

The TO team also gave training sessions to the joint police – army forces on how to manipulate the source should it be found. 
6. Factors that lead to the incident
The TO team held a meeting attended by security personnel (Petrodar), representative of "Hegleig" Company and a representative of "Forum" Company. In this meeting the reasons that lead to incident were identified as:

· Poor guarding/supervision of the source storage facility e.g. 

· The guard soldiers were not available 24 hours per day at the storage site. 

· The guard soldiers’ tent entrance was not facing the projector storage facility.

· No adequate lighting. 

· The fence was not installed properly to the ground in the west side. 

· Lack of radiation safety and security culture.
7. Finding the projector
On Saturday, 10th of May the security office of "Petrodar" informed the TO team by phone that the device has been found by a truck man who saw the device laid down on the main road, and that the device has been brought to "Petrodar" Headquarter in "Palouge" by a security personnel. The TO team moved to "Palouge" where the following actions had been performed:

· Verification of the projector data e.g. serial number, nominal activity, etc. 

· Inspecting the device for damage or radiation leakage.

· Preparation of the device for transport.
· Notifying officially the local authorities that the projector has been found intact without causing any radiation injuries among the public or the response team.
· Notifying the public with the end of the emergency situation through direct contact as well as through the local radio channel Miraya. Also all warning signs had been removed.
· The source was handed to the “Forum” company after upgrading the security and safety measures through:

· Providing adequate lightening and more safety signs to the storage area. 

· Surrounding the pit with a wire fence.
· Ensuring continuous (24 h) of security invigilation of the store.
On 10th of May, 2008 the incident and emergency centre (IEC) of the IAEA became aware of the lost projector incident and contacted the chairman of the TO in his capacity as the official contact point in Sudan regarding the implementation of early notification and assistance conventions  for more information about the incident. The chairman provides the IEC with a full report on the incident and response activities taken till the projector was found.
8. Lessons learned and recommendations
This was the first time the country is faced with this type of incident in this particular practice (IR). Most of the involved parties were not well prepared to response to this incident. Main lessons and recommendations can be summarized in the following points: 

· Fast responding to any radiological accident is greatly depends on the availability of an emergency plan for each scenario of incidents and on the coordination with relevant parties. Therefore there is a strong demand to activate the national committee of emergency preparedness and response.
· More efforts are very much needed to increase the awareness of the public about radiation, its useful applications as well as its hazards. All types of media should be used for this purpose particularly the local ones. 

· The role of RPO should be further stressed and the legal persons of the licensees should give enough authorities to the RPOs so as to enable them to execute their responsibilities efficiently. 

· Formal agreements between the regulatory authority and relevant parties that address the role of each party in establishing an adequate system of security and safety of radiation sources should be established. 

· Training courses on radiation protection and on emergency preparedness and response should be organized by certified training centres for HSE and security personnel at the ministry of energy and mining as well as at major contractor in the oil and gas industry. 

· The Sudan government and the IAEA should be addressed to increase the capability of the regulatory body (RPTC) in terms of human resources and equipment as well as in logistics to be able to discharge its functions efficiently all over the country (the largest in Africa). 
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