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1. Radiation protection zoning at the IBR-2 reactor.
Controlled area – experimental halls (on the gallery and working sites near the beams) when the reactor is in operation and shut down. 
Restricted access area – premises of the beam extraction area with the closed shutter when the reactor is in operation and shut down.
Prohibited area – premises of the beam extraction area with the open shutter when the reactor is in operation and shut down.
2. Sources of ionizing radiation in the IBR-2 experimental halls. 
The main sources of radiation hazard to the personnel in the experimental IBR-2 halls are:
· extracted neutron beams and gamma radiation when the reactor is in operation; 
· gamma radiation from the reactor core when the reactor is shut down;
· induced radioactivity of the equipment and targets after their exposure to a neutron beam;
· induced radioactivity and contamination of the equipment with beta- and gamma-active substances due to the activation of dust.
3. Basic exposure limits and permissible levels.
3.1. Normal service conditions of radiation sources.
The following categories of exposed personnel are established:

· personnel – individuals who work with anthropogenic radiation sources (group A) or in the zone of action of anthropogenic radiation sources due to their occupational conditions (group B);
· general public including workers from the personnel beyond the sphere of their occupational activities.
3.2. For the categories of exposed personnel three classes of limits are established:
· main dose limits (DL) given in Table 1;
· permissible levels of monofactor effect (for one radionuclide or one type of external radiation, routes of entry) that are the derivatives of the main dose limits: annual exposure limits (AEL), permissible average annual volume activity (PV


A), permissible average annual specific activity (PSA), etc.;
· reference levels (doses, levels, activity, flux densities, etc.). These values should consider the level of radiation safety in the organization and are intended to ensure that radiation exposure will be below the permissible dose limits.
Table 1
Main dose limits
	Normative values
	Dose limits

	
	Staff members (group А)*
	Public

	Effective dose
	20mSv over any consecutive five years, but not more than 50 mSv in a single year

	1mSv over any five consecutive years, but not more than 5 mSv in a single year


* Note: For group B personnel the main dose limits should not exceed ¼ of the values for group A personnel. In what follows, all normative values for the personnel categories are given only for group A.
3.3. Additional restrictions are imposed for occupationally exposed women under 45 years of age: the equivalent dose limit to the surface of the woman's abdomen should not exceed 1 mSv per month, and the annual intake of radionuclides must not be more than 1/20 of the limits of the annual intake for the personnel. Under these conditions the equivalent dose to the fetus during 2 months of unknown or undeclared pregnancy will not exceed 1 mSv. The administration must provide reassignment or change the job duties for a pregnant woman to avoid ionizing radiation exposure starting from the date of declaration of pregnancy, during pregnancy and brestfeeding period.
3.4. For students and pupils of 16 years and older who undergo vocational training involving the use of radiation sources, the annual dose limits should not exceed the values established for Group B personnel.
4. Open and sealed radioactive sources. Definitions.

A sealed radioactive source is a container of encapsulated radioactive material, which is strong enough to maintain leak tightness under the conditions of use for which the source was designed. An open radioactive source is a source of ionizing radiation in the form of radioactive material that is not encapsulated or otherwise contained, which means that there is a risk of escape of radionuclides into the environment when in operation.
5.
Working with sealed radioactive sources. 
5.1. The use of sealed radioactive sources and devices generating ionizing radiation is regulated by the requirements of the Basic Sanitary Rules for Radiation Safety, state standards and technical specifications of radiation sources approved by the State Sanitary and Epidemiological Service of the Russian Federation.

5.2. Hermetically sealed radioactive sources should be subject to control in accordance with the procedures and dates established by the corresponding standards and technical specifications for them. Sealed radioactive sources must not be used in case of leakage and after the expiration of their service life.

5.3. Containers for keeping sealed radioactive sources should be resistant to mechanical and chemical damage, temperature extremes and other stresses, and marked with a radiation warning sign.

5.4. When out of operation, sealed radioactive sources should be placed in special safety containers, and devices generating ionizing radiation should be de-energized.

5.5. For taking a sealed radioactive source out of its container, one must use a remote handling tool or special devices. When working with a sealed radioactive source taken out from its protective container, it is necessary to use protective shields and manipulators, and when handling radioactive sources with a dose rate of more than 2 mGy/h at a distance of 1 m, ( special safety facilities (enclosed boxes, shielded cupboards, etc.) with remote control.

5.6. For radioisotope equipment intended for use in production conditions, the radiation dose rate at the surface of a device with a radiation source should not exceed 100 (Gy/h, and at a distance of 1 m from it ( 3 (Gy/h.

5.7. No special requirements are imposed on the premises if the dose rate from radiation-generating equipment (devices) in service or in storage does not exceed 1 (Gy/h at a distance of 1 m from the accessible parts of its surface.

5.8. If the devices with sealed radioactive sources and radiation-generating equipment are used outside special rooms or in common-access production premises, any unauthorized access to radioactive sources should be prohibited and their safety must be ensured.

5.9. The following radiation protection precautions should be taken to ensure personnel and public safety:

–
emitted radiation should be pointed downwards, towards the ground and never directed at people into potentially occupied areas;

–
physical distance between personnel and radiation sources should be maximized; 
–
time near radioactive sources should be kept to a minimum; 

–
Radiation warning sign must be posted in source proximity and should be clearly visible at a distance of not less than 3 m. 
6.
Procedures and regulations for issue, transfer and return of ionizing radiation sources (IRS).
6.1. The procedures for receipt, keeping record, storage and transportation of radionuclide IRS are regulated by the current safety rules.

6.2. The ordering, receipt and transportation of radionuclide ionizing radiation sources, their technical acceptance, storage, and forwarding to the Laboratory are carried out by the Department of Radioactive and Fissile Materials (DRFM).

6.3. From the Laboratory special warehouse IRS are given at the disposal of the authorized employees appointed by the order of the Director of the Laboratory. Ionizing radiation sources are available on request of the supervisor of radiation-related work activities from a designated person responsible for IRS storage in the Laboratory after approval by the Radiation Control and Radiation Safety Officers of the Laboratory.

6.4. The issue and return of ionizing radiation sources are attested by the signature of a recipient in the record log-book of the person responsible for IRS storage in the Laboratory. 
6.5. Radionuclide IRS, materials irradiated in the reactor and other radiation sources to be transferred from JINR to other organizations should be handed over to DRFM. Their packaging and transportation to destination are performed by DRFM.
6.6. Transportation of packages containing IRS outside the JINR sites requires a materials permit approved by a Radiation Control Officer of the sending Department. It is forbidden to transfer packages containing IRS outside the experimental facilities’ premises without obtaining a special permit in accordance with the JINR rules and regulations.

7. Methods and personal protective equipment for safe work with ionizing radiation sources.
7.1. All employees working with radiation sources or visiting the areas where there is a risk of radiation exposure should be provided with personal protective equipment according to the class and type of work to be done. Those working with sealed radioactive sources should be supplied with coats, hats, gloves.

7.2. Personal protective equipment for safe work with radioactive substances should be made from easily decontaminated materials or be disposable.

7.3. It is necessary to exclude radioactive contamination of personal clothing and footwear. If radioactive contamination is found, personal clothing and footwear must be decontaminated under the supervision of the Radiation Safety Service personnel, and in case decontamination is impossible or impractical they must be disposed.

8. 
Classification of radioactive waste. Regulations for collection and storage of solid and liquid radioactive waste. 
8.1. Depending on its aggregate state, radioactive waste is classified as solid, liquid or gaseous.
Liquid radioactive waste includes organic and inorganic liquids, pulps and tailings, which are unsuitable for further use and have the specific activity of nuclides 10 times higher than the intervention level for drinking water.

Solid radioactive waste includes spent radionuclide sources, materials, goods, equipment, biological objects, soil, which are not intended for further use. 
8.2. According to its specific activity radioactive waste is divided into three categories (low-level, intermediate-level and high-level waste) (see Table 2).
8.3. In case particular waste belongs to different categories according to the presented characteristics of radionuclides, the highest value of the waste category is established for them.
Table 2

Classification of solid and liquid radioactive waste

	Waste category
	Specific activity, kBq/kg

	
	Beta-emitting radionuclides
	Alpha-emitting radionuclides 
	Transuranium radionuclides

	Low-level 
	less than 103
	less than 102
	less than 10

	Intermediate-level
	from 103 to 107
	from 102 to 106
	from 10 to 105

	High-level
	more than 107
	more than 106
	more than 105


8.4. The safe management of liquid and solid radioactive waste involves its collection, sorting, packaging, interim storage, conditioning (concentration, solidification, compaction, incineration), transportation, long-term storage and (or) disposal.

8.5. Radioactive waste should be collected separately from non-radioactive waste directly in areas where the waste is generated taking into account:
–
categories of waste;

–
aggregate state (liquid, solid);

–
physical and chemical characteristics;

–
nature (organic, inorganic);

–
half-lives of radionuclides in the waste (less than 15 days, more than 15 days);

–
explosion hazard and fire risk;

–
accepted methods of waste processing.

8.6. Radioactive waste should be collected in special containers. Solid radioactive waste may be primarily collected in plastic or paper bags, which are then placed in special containers. If necessary, waste collection sites should be provided with special shielding to reduce the radiation outside to acceptable levels.

8.7. If gamma-radiation dose rate at the surface of the waste containers exceeds 2 mGy/h, special repositories and vaults should be used for their interim storage and hold-up. The removal of waste containers from repositories and vaults should be carried out by means of special devices in order to avoid over-exposure of the personnel.
8.8. Liquid radioactive waste must be collected in special tanks. In the organizations where a significant amount of liquid radioactive waste is created (more than 200 L/day), a special sewerage system should be provided, which must not be used for the disposal of non-radioactive sewage. 
8.9. Liquid radioactive waste must not be discharged into sanitary or storm sewer systems, water bodies and wells.
8.10. Radioactive waste of various categories in interim storage must be stored in a separate room, or in a specially allocated area. 

8.11. Radioactive waste containing radionuclides with half-lives of less than 15 days is collected separately from other radioactive waste and is held for decay-in-storage to reduce radiation levels. After decay-in-storage, solid waste is disposed as industrial wastes and liquid waste can be discharged into an industrial wastewater recycling system or sanitary sewer. 

9. Safety rules and regulations for emergency situations (ES) and radiation accidents (RA).

9.1. In case of injury, the victim should be given first aid promptly. If an injured person is still in contact with the electric current, it is necessary to immediately break contact with the electrical source (be sure to take personal safety precautions). Try to rescue the victim either by switching off the power or by forcing him/her away from the source of the current using nonconducting materials (dry clothes, insulating rods, dielectric gloves, wooden and other insulating objects). In all cases the injured person should be kept in a comfortable position at rest until medical help arrives.
9.2. Call an emergency medical service (“03”) and report the situation to the head of the Group/Department as well as to the health-and-safety engineer and FLNP chief engineer. It should be borne in mind that the life and health of the injured person depends on how soon proper first aid is rendered. After first aid is rendered, the victim should be kept at rest under observation for at least 2 hours.
9.3. When performing hazardous activities, the activation of a radiation monitoring alarm system as well as the entry of personnel into prohibited zones are the indication of the occurrence of a radiation accident.
9.4. Upon the detection of an emergency situation, the personnel working in the emergency situation area must: 
a) approximately within 2 minutes leave the ES area and gather in a sanitary lock or at the exit of the area. 
b) within 2-10 minutes inform the shift supervisor (work supervisor) about your location in the area during the emergency situation. 
c) within 2-15 minutes undergo a rapid radiation dose assessment procedure, return your personal dosimeter to be analyzed, follow the instructions of the on-duty shift supervisor.
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