[image: image48.png]/| NP A,.
/A VA

National Nuclear Security Admmlsrrauan






Radiation Protection
Qualification Standard
Reference Guide
September 2005
1PURPOSE

SCOPE
1
TECHNICAL COMPETENCIES
2
1.
Radiation protection personnel shall demonstrate a working-level knowledge of the various types of radiation and how they interact with matter.
2
2.
Radiation protection personnel shall demonstrate a working-level knowledge of radioactivity and transformation mechanisms.
19
3.
Radiation protection personnel shall demonstrate a working-level knowledge of principles and concepts for internal and external dosimetry.
24
4.
Radiation protection personnel shall demonstrate a working-level knowledge of the biological effects of radiation.
40
5.
Radiation Protection personnel shall demonstrate a working-level knowledge of the principles and use of radiological instrumentation and radiological monitoring/survey practices.
51
6.
Radiation protection personnel shall demonstrate a working-level knowledge of internal and external radiation protection principles and control techniques.
70
7.
Radiation protection personnel shall demonstrate a working-level knowledge of ALARA principles, and their application to radiological work activities.
82
8.
Radiation protection personnel shall demonstrate a working-level knowledge of the application of engineered radiological controls and facility design, including containment/confinement systems.
91
9.
Radiation protection personnel shall demonstrate a familiarity-level knowledge of the radiological hazards associated with the following and a working-level knowledge for site specific radiological hazards:
99
10.
Radiation protection personnel shall demonstrate an expert-level knowledge of the DOE radiation protection system for occupational workers as set forth in the following policy, requirements, and guidance documents:
113
11.
Radiation protection personnel shall demonstrate a working-level knowledge of the following DOE Policy, Order, and Manual Directives, and Technical Standards related to radiation protection:
114
12.
Radiation protection personnel shall demonstrate a familiarity-level knowledge of the identification, reporting, investigation, and enforcement related to potential noncompliance with nuclear safety requirements.
119
13.
Radiation protection personnel shall demonstrate a familiarity-level knowledge of radioactive waste management:
123
14.
Radiation protection personnel shall demonstrate a working-level knowledge of DOE requirements and guidance related to safety management.
127
15.
Radiation protection personnel shall demonstrate a familiarity-level knowledge of Federal regulations and DOE Orders related to emergency planning and preparedness as they pertain to radiological incidents.
138
16.
Radiation protection personnel shall demonstrate a familiarity-level knowledge of DOE Orders related to federal and contractor personnel training and qualification.
148
17.
Radiation protection personnel shall demonstrate a working-level knowledge of national and international radiation protection standards and recommendations.
149
18.
Radiation protection personnel shall demonstrate a familiarity-level knowledge of the federal regulations, guidelines, and DOE Orders pertaining to the decontamination and decommissioning of nuclear facilities.
153
19.
Radiation protection personnel shall demonstrate a familiarity-level knowledge of the standards and DOE Orders pertaining to the packaging and transportation of radioactive materials.
164
20.
Radiation protection personnel shall demonstrate a familiarity-level knowledge of the Department’s philosophy and approach to implementing Integrated Safety Management.
166
21.
Radiation protection personnel shall demonstrate a familiarity-level knowledge of the Department’s guidance for the structure, function, and operation of a radiation generating device (RGD) control program as discussed in Implementation Guide G 441.1-5, Radiation Generating Devices.
168
Selected Bibliography and Suggested Reading
A-1


PURPOSE

The purpose of this reference guide is to provide a document that contains the information required for a National Nuclear Security Administration (NNSA) technical employee to successfully complete the Radiation Protection Functional Area Qualification Standard.  In some cases, information essential to meeting the qualification requirements is provided.  Some competency statements require extensive knowledge or skill development.  Reproducing all the required information for those statements in this document is not practical.  In those instances, references are included to guide the candidate to additional resources.  

SCOPE

This reference guide has been developed to address the competency statements in the December 2003 edition of DOE-STD-1174-2003, Radiation Protection Functional Area Qualification Standard.  Competency statements and supporting knowledge and/or skill statements from the qualification standard are shown in contrasting bold type, while the corresponding information associated with each statement is provided below it.  The qualification standard for Radiation Protection contains 27 competency statements.  This reference guide will address statements 1–21.  The remaining statements address administrative and management competencies, which will not be covered in this reference guide.

Every effort has been made to provide the most current information and references available as of September 2005.  However, the candidate is advised to verify the applicability of the information provided.

Please direct your questions or comments related to this document to Gary Gilliland, Training and Development Department at (505) 845-5689.

TECHNICAL COMPETENCIES

1. Radiation protection personnel shall demonstrate a working-level knowledge of the various types of radiation and how they interact with matter.

a) Describe each of the following forms of radiation in terms of structure, mass, origin, and electrostatic charge:

· Alpha

· Beta

· Neutron

· Gamma

· X-ray

Alpha

Alpha radiation is particulate radiation emitted from the nucleus of an unstable atom.  The alpha particle has a mass of 4 atomic mass units (amu) and consists of 2 protons and 2 neutrons.  Since the alpha particle has 2 protons, it has a positive charge of + 2.  With few exceptions, only relatively heavy radioactive nuclides with an atomic number (Z) less than 82 will decay by alpha emission.  Alpha radiation is monoenergetic, meaning its emissions are at discrete energies.  The symbol (α) is used to designate alpha particles.

A nucleus emitting an alpha particle decays to a daughter element, reduced in Z by 2 and reduced in mass number (A) by 4.  The standard notation for alpha decay is:
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For example, Radium-226 decays by alpha emission to produce Radon-222 as follows:
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Alpha particles are the least penetrating of the three types of particulate radiation (alpha, beta, and neutron).  They can be absorbed or stopped by a few centimeters of air or a sheet of paper.
Beta

Beta radiation is particulate radiation in the form of an electron emitted from the nucleus of an unstable atom.  The beta particle has a mass of 0.000548 amu and can have a negative charge of -1, a beta minus particle or negatron (β-), or a positive charge of +1, a beta plus particle or positron (β+).

Atoms that emit β- radiation do so because the nucleus has an excess number of neutrons.  An excess number of neutrons can occur when atoms are bombarded with neutrons (called activation), or when heavy atoms fission to produce neutron-rich fission fragments.  In β- emitters, the nucleus of the parent gives off a negatively charged particle, resulting in a daughter more positive by one unit of charge.  It has been postulated that a β- particle is formed by the transformation of a neutron into a proton and electron.  Because a neutron has been replaced by a proton, the Z number increases by one, but the A number is unchanged.

There is also the emission of a neutrino or an antineutrino (ΰ) which are neutral (uncharged) particles with negligible rest mass.  They travel at the speed of light, and are very non-interacting.  They account for the energy distribution among positrons and beta particles from given radionuclides in the positron and beta decay processes respectively.  Because they are so non-interacting, no energy is deposited in tissue, and therefore, no dose results to personnel exposed to neutrinos.

The standard notation for β decay is:
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For example, lead-210 (Pb-210) decays by beta-minus emission to produce bismuth-210 (Bi-210) as follows:
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Beta particles are emitted in a spectrum of kinetic energies ranging up to the maximum value of the decay energy, Emax.  The average energy of beta particles is about 1/3Emax.  They travel several hundred times the distance of alpha particles in air (approximately 10 feet per MeV) and require a few millimeters of aluminum to stop them.

Proton-rich nuclei achieve stability by converting protons into neutrons.  This results in the emission of a β+.  Positrons have only a transitory existence.  The positive electron can be interacting, producing ionizations and excitations until it comes to rest.  While at rest, the positron attracts a free electron, which then results in annihilation of the pair, converting both into electromagnetic energy.  Two photons of 511 keV each arise at the site of the annihilation, accounting for the rest mass of the particles.

Neutron

Neutron radiation is particulate radiation in the form of a neutron emitted from the nucleus of an unstable atom.  The neutron particle has a mass of 1 amu and a charge of 0.  Neutrons are emitted during the fissioning of a heavy atom, or are emitted from a nucleus of an atom that has been made unstable by the addition of energy in the form of particles or waves.  Neutrons emitted from fissioning atoms have a spectrum of energies.  Neutrons emitted by those atoms that have been bombarded by particles or waves tend to be monoenergetic.  For example, take a thermal fission of uranium-235 (U-235):
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The neutrons given off in this reaction will have a spectrum of energies.

Gamma and X-ray

Gamma waves and x-rays are electromagnetic waves (photons) that travel at the speed of light and have no mass or electrical charge.  The difference between gamma waves and 

x-rays is one of origin.  Gamma waves are emitted from the nucleus of an unstable atom and x-rays are emitted from the electronic shell of an atom.  Gamma wave emission does not change the number of protons or neutrons in the nucleus, but does rid the nucleus of excess energy.  Most radioactive atoms emit photons in addition to other types of radiation.  The most common types of radionuclides that emit gamma radiation are activation or fission products.  No nuclide decays solely by gamma emission.  Gamma waves are produced only to relieve excitation energy.  They are emitted from nuclei of excited atoms following a radioactive transformation, and occur only after decay has occurred by alpha emission, beta emission, or electron capture.  Although most nuclear decay reactions do have gamma emissions associated with them, there are some radionuclide species that decay by particulate emission with no gamma emission.

b) Describe the interactions of the following with matter:

· Charged particle interactions

· Alpha particle

· Beta particle (Positron annihilation and Bremsstrahlung)

· Neutron interaction

· Elastic scattering

· Inelastic scattering

· Fission

· Capture, absorption, or activation

· Photon interactions

· Photoelectric effect

· Compton scattering

· Pair production
Charged particle radiations, such as alpha particles or electrons, will continuously interact with the electrons present in any medium through which they pass because of their electric charge.  These particles must undergo an interaction resulting in a full or partial transfer of energy of the incident radiation to the electron or nuclei of the constituent atom. If the energy transferred to the electron is greater than the energy holding the electron to the atom, the electron will leave the atom and create ionization.  Ionization is the process of turning an electrically neutral atom into an ion pair consisting of a negatively charged electron unbound to an atom, and an atom missing one electron creating a net positive charge.  If insufficient energy is transferred to the electron to leave the atom, the electron is said to be excited. Excitation does not create ionization or ion pairs, but does impart some energy to the atom. In general, charged particles deposit energy in matter or interact by:

ionization

excitation

· bremsstrahlung

Ionization

Ionization is any process that results in the removal of an electron (negative charge) from an electrically neutral atom or molecule by adding enough energy to the electron to overcome its binding energy.  This leaves the atom or molecule with a net positive charge.  The result is the creation of an ion pair made up of the negative electron and the positive atom or molecule.  A molecule may remain intact or break-up, depending on whether an electron that is crucial to the molecular bond is affected by the event.  Figure 1 schematically shows an ionizing particle freeing an L shell electron. (The K shell is the closest to the nucleus; the L shell is the second shell.)
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Figure 1.  Ionization

Excitation

Excitation is any process that adds enough energy to an electron, bound to an atom or molecule, so that it occupies a higher energy state (lower binding energy) than its lowest bound energy state (ground state).  The electron remains bound to the atom or molecule, but depending on its role in the bonds of the molecule, molecular break-up may occur.  No ions are produced and the atom remains electrically neutral.  Figure 2 schematically shows an alpha particle (2 protons and 2 neutrons) exciting an electron from the K shell to the L shell because of the attractive electric force (assuming there is a vacant position available in the L shell).

Nuclear excitation is any process that adds energy to a nucleon (a nuclear particle, such as a neutron or a proton) in the nucleus of an atom so that it occupies a higher energy state (lower binding energy).  The nucleus continues to have the same number of nucleons and can continue in its same chemical environment.
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Figure 2.  Excitation

Bremsstrahlung, illustrated in figure 3, results from the interaction of a charged particle, such as a moving electron (negative charge), with the nucleus of an atom (positive charge) via the electric force field.  The attractive force causes a radical deceleration of the electron, deflecting it from its original path.  The kinetic energy that the electron loses is emitted as a photon (called an x-ray because it is created outside the nucleus).  Bremsstralung has been referred to variously as “braking radiation,” “white radiation,” and “general radiation.” Bremsstrahlung production is enhanced for high Z materials (larger coulomb forces) and high energy electrons (more interactions before all energy is lost).
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Figure 3.  Bremsstrahlung radiation

Indirectly Ionizing Radiation

Radiations that have no electrical charge (gamma, x-rays, and neutrons) cannot interact with electrical fields created by electrons and protons.  They must collide with these particles to interact.  Since matter is made up of mostly empty space, electromagnetic radiation and neutrons are able to move freely through matter and have a small probability of interacting with matter.  In contrast to directly ionizing radiation, as described above, uncharged radiation does not continuously lose energy by constantly interacting with the absorber.

Instead, uncharged radiation may penetrate material and move through many atoms or molecules before it physically collides with an electron or nucleus.  In a chest x-ray, the image is the distribution of x-rays that made it to the film without interacting in the patient’s chest.  When the x-rays do interact, they produce directly ionizing particles (charged particles) that cause secondary ionizations.  This type of radiation is called indirectly ionizing radiation.  The probability of interaction is dependent upon the energy of the radiation and the density and atomic number of the absorber.

Photon Interactions

Gamma waves and x-rays are photons which differ only in their origin, and an individual x‑ray cannot be distinguished from an individual gamma ray.  Both are electromagnetic waves, and differ from radio waves and visible light waves only in having much shorter wavelengths.  The difference in name is used to indicate a different source: gamma rays are of nuclear origin, while x-rays are of extra-nuclear origin (i.e., they originate in the electron cloud surrounding the nucleus).  Both x-rays and gamma rays have zero rest mass, no net electrical charge, and travel at the speed of light.  After photon radiation interacts via one of the following mechanisms, electrons are liberated from an atom.  These electrons interact by ionization and excitation.  There are three major mechanisms by which photons lose energy by interacting with matter:  (1) the photoelectric effect, (2) compton scattering, and (3) pair production.

The Photoelectric Effect

In the photoelectric effect, the photon imparts all of its energy to an orbital electron of some atom.  The photon, since it consisted only of energy in the first place, simply vanishes.  Figure 4 schematically shows a photoelectric interaction.  The energy is imparted to the orbital electron in the form of kinetic energy of motion, overcoming the attractive force of the nucleus for the electron (the binding energy) and usually causing the electron to fly from its orbit with considerable velocity.  Thus, an ion pair results.

The high velocity electron, which is called a photoelectron, is a directly ionizing particle and typically has sufficient energy to knock other electrons from the orbits of other atoms.  It goes on its way producing secondary ion pairs until all of its energy is expended.  The probability of photoelectric effect at its maximum occurs when the energy of the photon is equal to the binding energy of the electron.  The tighter an electron is bound to the nucleus, the higher the probability of photoelectric effect, so most photoelectrons are innershell electrons.  The photoelectric effect is seen primarily as an effect of low energy photons with energies near the electron binding energies of materials and high Z materials whose inner-shell electrons have high binding energies.
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Figure 4.  Photoelectric effect

Compton Scattering

In Compton scattering there is a partial energy loss for the incoming photon.  The photon interacts with an orbital electron of some atom, and only part of the photon energy is transferred to the electron.  Figure 5, below, schematically shows a Compton scattering (also called Compton interaction).
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Figure 5.  Compton scattering

After the collision, the photon is deflected in a different direction at a reduced energy.  The recoil electron, now referred to as a Compton electron, produces secondary ionization in the same manner as does the photoelectron, and the scattered photon continues on until it loses more energy in another photon interaction.  By this mechanism of interaction, photons in a beam may be randomized in direction and energy so that scattered radiation may appear around corners and behind “shadow” type shields.  The probability of a Compton interaction increases for loosely bound electrons and, therefore, increases proportionally to the Z of the material.  Most Compton electrons are valence electrons.  Compton scattering is primarily seen as an effect of medium energy photons and its probability decreases with increasing energy.

Pair Production

Pair production occurs when the photon is converted to mass.  This conversion of energy to mass only occurs in the presence of a strong electric field, which can be viewed as a catalyst. Such strong electric fields are found near the nucleus of atoms and are stronger for high Z materials.  Figure 6 schematically shows pair production and the fate of the positron when it combines with an electron (its anti-particle) at the end of its path.
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Figure 6.  Pair production and annihilation

Neutron Interactions

The neutron has a mass number of 1 and no electrical charge.  Because the neutron has no electrical charge, the neutron has a high penetrating ability in matter.  To interact, the neutron must collide with a massive object such as the nucleus of an atom.  Electrons, because they are only about 1/1800 the mass of a neutron, do not slow down or deflect a neutron.  Therefore, neutron interactions are governed by the velocity or kinetic energy of the neutron and the size of the target nucleus.

When neutrons are classified by their kinetic energies into various categories, frequently the energy ranges and names given to each neutron energy range are determined by the materials being used or the research being conducted.  For example, reactor physics, weapons physics, accelerator physics, and radiobiology each have generated a classification system that serves their needs.  Typically, the only category common to them all is thermal.  

One should be familiar with the classification of neutrons by energy that applies to the area where they are working so no confusion arises when using terminology.  Classification of neutrons according to kinetic energy is important from two standpoints: (a) the interaction of neutrons with the nuclei of atoms differs with the neutron energy, and (b) the methods of producing, detecting, and shielding against the various classes of neutrons are different.

Neutron Reactions

When describing neutron reactions with a nucleus, the standard notation is (nγ) where n is the initial neutron and γ is the resulting wave following the interaction with the nucleus. Radiative capture with gamma emission is the most common type of reaction for slow neutrons.  This (nγ) reaction often results in product nuclei which are radioactive.  For example:
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This process of converting a stable nucleus to its radioactive counterpart by neutron bombardment is called “neutron activation.”  Many radionuclides used in nuclear medicine are produced by this process.

A second type of general reaction for slow neutrons is that giving rise to charged particle emission.  Typical examples include (n,p), (n,d), and (n,α) reactions (i.e., a reaction in which a proton, a deuteron, or an alpha particle is ejected from the target nucleus).  An example is given below:
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A third type of neutron-induced nuclear reaction is fission.  Fission occurs following the absorption of a slow neutron by several of the very heavy elements.  When uranium-235 (U‑235) nuclei undergo fission by neutrons, an average of two to three neutrons are expelled along with associated gamma radiation.  The nucleus splits into two smaller nuclei which are called primary fission products or fission fragments.  These products usually undergo radioactive decay to form secondary fission product nuclei.  As an example, if one neutron fissions a uranium-235 nucleus, it could yield yttrium-95, iodine-139, two neutrons, and fission energy. There are some 30 different ways that fission may take place with the production of about 60 primary fission fragments.  These fragments and the atoms which result from their decay are referred to as fission products, and they number between 400 and 600, according to the type and number of nucleons their nuclei possess.

Many fission products have found applications in medicine, industry, and research. A well- known example is iodine-131, which is used extensively in medicine as both a diagnostic and therapeutic agent.

The fission process is the source of energy for nuclear reactors and some types of nuclear weapons.  Also, neutrons generated from the fissioning of the fuel in a reactor are used to activate stable materials to a radioactive form.  Many radioisotopes used in medicine are produced by neutron activation in this manner.

Elastic and Inelastic Scattering

Neutron scattering is a fourth type of interaction with the nucleus.  This description is generally used when the original free neutron continues to be a free neutron following the interaction.  Scattering is the dominant process for fast neutrons when the neutron is moving too fast to become a part of a nucleus.  Multiple scattering by a neutron is the mechanism of slowing down or moderating fast neutrons to thermal energies.

This process is sometimes called thermalizing fast neutrons.  Elastic scattering occurs when a neutron strikes a nucleus (typically of approximately the same mass as that of the neutron) as schematically shown in figure 7, on the following page.  Depending on the size of the nucleus, the neutron can transfer much of its kinetic energy to that nucleus which recoils off with the energy lost by the neutron.  Hydrogen causes the greatest energy loss to the neutron because the single proton in the nucleus is the same mass as the neutron.  The process is analogous to the rapid dissipation of the energy of a cue ball when it hits other balls of equal mass on a billiard table.  It is worth nothing that during elastic scattering reactions, no gamma radiation is given off by the nucleus.  The recoil nucleus can be knocked away from its electrons and, being positively charged, can cause ionization and excitation.
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Figure 7.  Elastic scattering

Inelastic scattering occurs when a neutron strikes a large nucleus as schematically shown in Figure 8.  The neutron penetrates the nucleus for a short period of time, transfers energy to a nucleon inside, and then exits with a small decrease in energy.  The nucleus is left in an excited state, emitting gamma radiation which can cause ionization and/or excitation.
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Figure 8.  Inelastic scattering

c) Discuss the shielding materials used for each of the above types of radiation and explain which are the best materials based on the interactions of radiation with matter.

Alpha particles are relatively massive, slow moving particles that interact by ionization and excitation.  Therefore, alpha radiation is not very penetrating.  Alpha radiation is not an external hazard and can be shielded by

a few inches of air

a sheet of paper

a dead layer of skin

Beta particles are relatively light, fast moving particles that interact by ionization and excitation.  Beta radiation is moderately penetrating, depending on the energy or velocity of the beta particle, and can be an external hazard if it can penetrate the dead layer of skin.  Beta radiation should be shielded by low atomic number materials (i.e., Z) to prevent the production of bremsstrahlung radiation.  These materials include

plastic

wood

aluminum

Neutron shielding involves slowing down fast neutrons and absorbing thermal neutrons.  For example, control rods in nuclear reactors can be fabricated from boron, which is a good material for absorbing thermal neutrons.

Neutron shielding is highly dependent on the energy of the neutron.  The goal in neutron shielding is to generate a charged particle via an interaction.  The best interaction for shielding neutrons would be an elastic collision with a light nucleus such as a hydrogen atom. A hydrogen nucleus consists of a single proton and allows a significant transfer of energy to a proton because the masses of the proton and neutron are almost the same.  The neutron collides with the proton, transferring energy, and recoils the proton away from its electron cloud.  The liberated proton’s range is then very short, causing ionizations and excitations along the recoiled proton’s path.  Neutrons can be shielded by materials with a high hydrogen content such as

water

concrete

plastic

fuel oil

paraffin

Photon shielding is also highly dependent on the energy of the photon and the atomic number Z of the shielding material.  As in neutron shielding, the goal is to produce a charged particle via an interaction, preferably the photoelectric effect, in which all of the photon energy is transferred to the electron.  The photoelectron’s range in matter is very short, causing ionizations and excitations in the shielding material.

The energy of the photon is then transferred to the shield by photoelectrons.  Since photons interact with electrons, photons can be shielded by any material which provides an adequate number of electrons.  This can be done by using high atomic number (high Z) materials, such as lead or uranium.  If space is not limited, water or concrete may be a practical shielding material.

d) Define “range” and describe the range energy relations of charged particles, including:

· Factors that affect the range of charged particles

· Relative range of alpha and beta in air and tissue

Charged particles have a definite range in matter.  The range of a charged particle in an absorber is the average depth of penetration of the charged particle into the absorber before it loses all of its kinetic energy and stops.  The energy of the particle, which is a function of the mass of the particle and its velocity, and the electrical charge of the particle affect the range of the charged particle in a material.  The atomic density (number of atoms per cubic centimeter) and the atomic number (Z) of the shielding material also affect range.  Generally, the higher the electrical charge and the greater the mass, the shorter the range of the charged particle.  Conversely, the lesser the mass and the lower the electrical charge, the longer the range.  Alpha particles have a range in air of two to three inches.  In tissue, alpha particles have a range of 70 to 100 µm.  The range of most alpha particles is such that they cannot penetrate the dead layer of skin.

The factor that affects the range of a charged particle in any material is a unit called density-thickness.  Density-thickness can be calculated by multiplying the density of a material in grams per cubic centimeter (g/cm3) by the distance the particle traveled in that material in centimeters.  The product is density-thickness in units of grams per square centimeter (g/cm2).  Density-thickness can be considered a cross-sectional target for a charged particle as it travels through the material.

The concept of density-thickness is important to discussions of beta radiation attenuation by human tissue, detector shielding/windows, and dosimetry filters.  Although materials may have different densities and thicknesses, if their density-thickness values are the same, they will attenuate beta radiation in a similar manner.  For example, a piece of Mylar used as a detector window with a density of 7 mg/cm2 will attenuate beta radiation similar to the outer layer of dead skin of the human body which has a density-thickness of 7 mg/cm2.

Density-thickness values for the human body can be calculated for the skin of the whole body (0.007 cm), the lens of the eye (0.3 cm), and the whole body (1.0 cm, deep tissue).  The density of soft human tissue is equal to 1,000 milligrams per cubic centimeter (mg/cm3).  Therefore, the density-thickness values for the skin, lens of the eye, and whole body are 7 milligrams per square centimeter (mg/cm2), 300 mg/cm2, and 1,000 mg/cm2.

These values can be used to design radiation detection instrumentation such that detector windows and shields have the same, or similar, density-thickness values.  For example, some instruments use a detector window of 7 mg/cm2.  Any beta radiation passing through the detector window would also pass through the outer layer of dead skin on the human body and deposit energy in living tissue of the skin.  External dosimetry can be designed around these values such that dose equivalent is determined for the skin, lens of the eye, and the whole body.  For example, a dosimeter filter may be designed as 1,000 mg/cm2.  Any radiation passing through this filter would deposit energy in deep tissue.

Beta particles have a range in air of about 10 feet per MeV of kinetic energy.  Beta particles can penetrate the dead layer of skin if they possess more than 0.07 MeV of kinetic energy.

e) Describe the attenuation of gamma and neutron radiation in shielding materials, including:

· Exponential attenuation

· Build-up

When shielding against x-rays and gamma rays, it is important to realize that photons are removed from the incoming beam on the basis of the probability of an interaction (photoelectric, Compton, or pair production).

This process is called attenuation and can be described using the “linear attenuation coefficient,” (µ), which is the probability of an interaction per path length (x) through a material. The linear attenuation coefficient varies with photon energy and type of material. Mathematically, the attenuation of a narrow beam of monoenergetic photons is given by:
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where:

I(x) = radiation intensity exiting a material of thickness x

I = radiation intensity entering a material o

e = base of natural logarithms (2.714......)

µ = linear attenuation coefficient

x = thickness of material

This equation shows that the intensity is reduced exponentially with thickness.  I(x) never actually equals zero because x-rays and gamma rays interact based on probability, and there is a finite (albeit small) probability that a gamma could penetrate through a thick shield without interacting.  Shielding for x-rays and gamma rays then becomes an “as low as is reasonably achievable” (ALARA) issue and not an issue of shielding to zero intensities.

The formula above is used to calculate the radiation intensity from a narrow beam behind a shield of thickness x, or to calculate the thickness of absorber necessary to reduce radiation intensity to a desired level.  Tables and graphs are available that give values of µ determined experimentally for different radiation energies and many absorbing materials.  The larger the value of µ, the greater the reduction in intensity for a given thickness of material.  The fact that lead has a high µ for x-ray and gamma radiation is partially responsible for its wide use as a shielding material.

Although attenuation of the initial beam of photons occurs by photoelectric, Compton, and pair production interactions, photons can be scattered by Compton interactions.  If the beam is broad, generally considered to be a poor geometry condition, photons can be scattered into the area one is trying to shield.  The scattered photons are accounted for by a build up factor (B) in the attenuation equation as follows:
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where:

B = the buildup factor which is always greater than 1

Tables of dose build-up factors (indicating that the increased radiation intensity is to be measured in terms of dose units) can be found in the Radiological Health Handbook, Revised Edition.

The buildup is mostly due to Compton scattering.  Scattered radiation is present to some extent whenever an absorbing medium is in the path of radiation.  Frequently, room walls, the floor, and other solid objects are near enough to a source of radiation to make scatter appreciable. When a point source is used under these conditions, the inverse square law is no longer completely valid for computing radiation intensity at a distance.  Measurement of the radiation is then necessary to determine the potential exposure at any point.

Fast neutrons are poorly absorbed by most materials, and the neutrons merely scatter through the material.  For efficient shielding of fast neutrons, one needs to slow them down and then provide a material that readily absorbs slow neutrons.

Since the greatest transfer of energy takes place in collisions between particles of equal mass, hydrogenous materials are most effective for slowing down fast neutrons.  Water, paraffin, and concrete are all rich in hydrogen, and thus important in neutron shielding.  Once the neutrons have been reduced in energy, typically either boron or cadmium is used to absorb the slowed neutrons.

Borated polyethylene is commonly available for shielding of fast neutrons.  Polyethylene is rich in hydrogen, and boron is distributed more or less uniformly throughout the material to absorb the slowed neutrons that are available.  When a boron atom captures a neutron, it emits an alpha particle, but because of the extremely short range of alpha particles, there is no additional hazard.

A shield using cadmium to absorb the slowed neutrons is usually built in a layered fashion.  Neutron capture by cadmium results in the emission of gamma radiation.  Lead or a similar gamma absorber must be used as a shield against these gamma rays.  A complete shield for a capsule type neutron source may consist of, first, a thick layer of paraffin to slow down the neutrons, then a surrounding layer of cadmium to absorb the slow neutrons, and finally, an outer layer of lead to absorb both the gamma rays produced in the cadmium and those emanating from the capsule.

Rather than using linear or mass absorption coefficients, the microscopic cross section (σ) is used to describe the ability of a given absorber to remove neutrons from a beam, and is given in either cm2 or in a unit called the barn (b).  One barn equals 10-28 m2 .  The cross section denotes the target size an atom has to a bombarding particle.  It is not actually an area, but rather a probability that a reaction will occur.  The macroscopic cross section (Σ) equals the number of absorber atoms per cm3 (N) multiplied by the microscopic cross section (s) such that:

Σ = Nσ

The attenuation of a narrow beam of monoenergetic neutrons passing through a material follows an exponential relationship given by the following equation:
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where:

Ф(x) = neutron flux exiting a material of thickness x

Фo = neutron flux entering material

Σ = total microscopic cross section

x = thickness of material

e = 2.17875

f) Discuss radiation field characteristics for point, line, plane, and volume distributed sources.

Point Source

The intensity of the radiation field decreases as the distance from the source increases. Therefore, increasing the distance will reduce the amount of exposure received.  In many cases, especially when working with point sources, increasing the distance from the source is more effective than decreasing the time spent in the radiation field.

Theoretically, a point source is an imaginary point in space from which all the radiation is assumed to be emanating.  While this kind of source is not real (all real sources have dimensions), any geometrically small source of radiation behaves as a point source when one is within three times the largest dimension of the source.  Radiation from a point source is emitted equally in all directions.  Thus, the photons spread out to cover a greater area as the distance from the point source increases.  The effect is analogous to the way light spreads out as we move away from a single source of light such as a light bulb.

The radiation intensity for a point source decreases according to the inverse square law, which states that as the distance from a point source decreases or increases, the dose rate increases or decreases by the square of the ratio of the distances from the source.  The inverse square law becomes inaccurate close to the source (i.e., within three times the largest dimension of the source).

The exposure rate is inversely proportional to the square of the distance from the source.  The mathematical equation is:

I1(d1)2 = I2(d2)2

where:

I1 = exposure rate at 1st distance (d1 )

I2 = exposure rate at 2nd distance (d2 )

d1 = 1st (known) distance 

d2 = 2nd (known) distance 

This equation assumes the attenuation of the radiation in the intervening space is negligible, and the dimensions of the source and the detector are small compared with the distance between them.

The inverse square law holds true only for point sources; however, it gives a good approximation when the source dimensions are smaller than the distance from the source to the exposure point.  Due to distance constraints, exposures at certain distances from some sources, such as for a pipe or tank, cannot be treated as point sources.  In these situations, these sources must be treated as line sources or large surface sources.

Line Source

An example of a line source would be a pipe carrying contaminated cooling water or liquid waste, a control rod, a series of point sources which are close together, or a needle injecting a radioisotope into tissue.  With line sources, an assumption must be made that the distribution of radioactivity is uniform throughout the source.  When no attenuator is present, the relationship between the line source emission rate and the flux at the receptor (P) depends on the location of the receptor with respect to the line source.  However, this relationship is more complex mathematically than in the case of the point source, and the use of calculus is required.

Plane Source

An example of a plane source would be a spill of liquid containing radioactivity on the floor.  Again, when estimating the amount of radioactivity emanating from an area source, an assumption must be made that the distribution of radioactivity is uniform throughout the source.  For an area source with an attenuator present, the calculations become very complicated.

For area sources or volumetric sources such as a large cylindrical or rectangular tank or any other type of geometry where the width or diameter is small compared to the length, the following rules can apply:

When the distance to an area source is small compared to the longest dimension, the exposure rate falls off a little more slowly than 1/d (i.e., not as quickly as a line source).

As the distance from an area source increases, the exposure rate drops off at a rate approaching 1/d2.

In most cases, volumemetric sources of radiation are considered the same as plane sources for estimating the radiation field.

The exposure rate versus distance calculations can be used to make an estimate of the radiation intensity at various distances.  These estimates are valuable tools to approximate and verify the readings obtained from exposure rate meters.

There are radionuclides that occur as a result of various man-made reactions.  These are called artificial radionuclides.  The process of changing an element into a different element is sometimes called transmutation.  Transmutation may induce radiation to be emitted from the nucleus.  There are three methods of artificially transmutating elements.  The methods are to bombard the nucleus with

charged particles

neutrons (called activation)

high energy photons

The vast majority of artificially produced radionuclides are produced by one of the above processes.  Induced radiation may occur if the incident radiation on the nucleus exceeds the binding energy of the target nucleus.

It was determined in 1934 that induced transmutations could produce nuclei which were residually unstable in somewhat the same manner as naturally occurring radionuclides.  Irene Curie and Frederic Joliot reported that certain light elements (boron, magnesium, aluminum), when bombarded with alpha particles, continued to emit radiation for a finite time after bombardment had stopped.  The following reaction, involving aluminum bombarded with alpha particles, was the first reported instance of artificial, or induced, radioactivity.

By subjecting a stable nucleus to neutron bombardment, some of the neutrons may be absorbed into the nucleus, changing the neutron to proton ratio and causing radiation to be emitted from the nucleus.  These reactions are called neutron activation or charged particle emission.

Radioactivity can be induced by very energetic photons which exceed the binding energy of the nucleus.  Radioactivity can also be induced by bombarding the nucleus with very energetic alpha particles.  A common example is the use of plutonium and beryllium as a neutron calibration source.  The plutonium supplies the alpha particle via decay.

g) Describe the following particle ejection nuclear reactions and provide an example of each:

· Alpha, n

· Gamma, n

· n, Alpha

Alpha, n

In an “Alpha, n” reaction, the nucleus is initially in an unstable energy state.  An internal change takes place in the unstable nucleus and an alpha particle is ejected leaving a decay product.  The atom has then lost two protons along with two neutrons.

Since the number of protons in the nucleus of an atom determines the element, the loss of an alpha particle actually changes the atom to a different element.  For example, polonium-210 is an alpha emitter.  During radioactive decay, it loses two protons and becomes a lead-206 atom, which is stable (i.e., nonradioactive).

Gamma, n

Gamma radiation emission occurs when the nucleus of a radioactive atom has too much energy.  It often follows the emission of a beta particle. 

n, Alpha

In some cases, the incident neutron is absorbed by the target nucleus and the newly formed nucleus is raised to a sufficient energy level to immediately eject another particle.  This is a particle ejection reaction.  The ejected particle can be a proton, neutron, or in some cases an alpha.  Even after the particle is ejected, the nucleus normally is still in the excited state and releases a gamma ray to return to the ground state.

2. Radiation protection personnel shall demonstrate a working-level knowledge of radioactivity and transformation mechanisms.

h) Define the following terms:

· Activity

· Radioactive decay constant

· Curie/becquerel

· Radioactive half-life

· Radioactive equilibrium

· Decay products

· Parent nuclide

· Activation

· Specific activity

· Naturally occurring radioactive material (NORM)

· Secular equilibrium

· Transient equilibrium

· Four factor formula

Activity

Activity is the rate of disintegration (nuclear transformation) or decay of radioactive material.

Mathematically, activity (A) can be expressed as the product of the decay constant (λ) and the number of atoms present in a sample (N).  Units of activity are the curie and the becquerel.

A = λN

where:

A = activity in curies, becquerels, or disintegrations per second

λ = radioactive decay constant in reciprocal units of time (sec-1)

N = the number of atoms present in the sample

Radioactive Decay Constant

Radioactive decay constant is the rate of decay, or fraction of atoms decaying per unit of time.  The decay constant is represented by the symbol (l) and mathematically is the quotient of the natural log of 2 divided by the half-life of the radionuclide.

Curie/Becquerel

A curie/becquerel is a unit used to describe the intensity of radioactivity (or activity) in a sample of radioactive material in the International System of Units (SI), equal to one disintegration (nuclear transformation) per second.  Since the becquerel is a rather small unit, metric prefixes are often applied to aid in designating larger amounts of activity.

Radioactive Half-Life

The radioactive half-life is the length of time required for the activity of a radionuclide to be reduced to one-half of the beginning, or original, activity.  Half-life is specific for each radionuclide and can be used as a method of identifying unknown radionuclides.

Radioactive Equilibrium

Radioactive equilibrium is a condition where the production or collection of radioactive atoms equals the rate of decay and/or loss of atoms by other mechanisms.  The result is that the overall activity in a system remains constant over time.

Decay Products

Decay products are isotopes that are formed by the radioactive decay (disintegration) of some other radionuclide.  They are commonly called daughter radionuclides.  In the case of radium-226, for example, there are 10 successive daughter products, ending in the stable isotope lead-206.

Parent Nuclide

A parent nuclide is a radionuclide that, upon radioactive decay or disintegration, yields a specific nuclide (the daughter).

Activation

Activation is the process of producing a radioactive material by bombardment with neutrons, protons, or other nuclear particles.

Specific Activity

Specific activity is the activity per unit mass of a radionuclide.  Generally reported in units of curies per gram (Ci/g) or becquerels per kilogram (Bq/kg).  Specific activity varies with the half-life and the gram atomic weight of the radionuclide.

NORM

NORM is any radioactive material that can be considered naturally occurring and which is not source, special nuclear, or byproduct material or material that is produced in a charged particle accelerator.

Secular Equilibrium

Secular equilibrium is a condition where the activity of the daughter product equals the activity of the parent.  This condition occurs when the half-life of the parent is much, much greater than the half-life of the daughter, and the system where the parent and daughter activity is collected is a closed system.

Transient Equilibrium

Transient equilibrium is a condition where the daughter activity, starting at time 0, builds up, marginally surpasses the parent activity, and then begins to decline at the same rate as the parent.  This condition occurs when the half-life of the parent is only slightly greater than the daughter.

Four Factor Formula

The strong charge of the subatomic particles provides the basis for the strong nuclear force that holds the atom together.  The distance this force moves determines the binding energy of the nucleus.  For the energy to remain in the nucleus, the forces must continue to move a certain length with each quantum moment, so there must be something that repulses the forces such that they can oscillate.  This repulsion is likely due to the magnetic moment of the subatomic particles.  Therefore the internal nuclear length equation involves the magnetic moments of the proton, neutron, and possibly the electron.

There must at least be four factors involved in the equation for internal nuclear length.  The equation must account for the number of each subatomic particle, the odd-even pairing of the subatomic particles, the magnetic moments of the subatomic particles, and the environmental structure that determines how many protons and neutrons can be in a shell with a certain energy state.

i) Describe the following processes including any resulting product of decay:

· Alpha decay

· Beta-minus decay

· Beta-plus decay

· Electron capture

· Isomeric transition

· Internal conversion

· X-ray generation

Alpha Decay

With a few exceptions, only relatively heavy radioactive nuclides decay by alpha emission. An alpha particle is essentially a helium nucleus.  It consists of two protons and two neutrons, giving it a mass of 4 atomic mass units (amu).  Because of the two protons, it has an electric charge of +2.  The symbol (α) is used to designate alpha particles.

A nucleus emitting an alpha particle decays to a daughter element, reduced in atomic number (Z) by 2 and reduced in mass number (A) by 4.  The standard notation for alpha decay is:
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For example, radium-226 decays by alpha emission to produce radon-222 as follows:
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Alpha particles are the least penetrating of the three most common types of radiations.  They can be absorbed, or stopped, by a few centimeters of air or a sheet of paper.

Beta-Minus Decay

A nuclide that has an excess number of neutrons (i.e., the neutron to proton, n:p, ratio is high) will usually decay by beta-minus emission.  The intranuclear effect would be the changing of a neutron into a proton, thereby decreasing the n:p ratio, resulting in the emission of a beta-minus particle.  Beta-minus particles are negatively charged particles.  They have the same mass as an electron (1/1836 of a proton or 5.49E-4 amu) as well as the same charge (-1) and can be considered high speed electrons.  Beta particles originate in the nucleus, in contrast with ordinary electrons, which exist in orbits around the nucleus.  The symbol (β-) is used to designate beta-minus particles.

In beta-minus emitters, the nucleus of the parent gives off a negatively charged particle due to a neutron changing into a proton.  The atomic number increases by one, but the mass number is unchanged.  There is also the emission of an antineutrino, symbolized by the Greek letter nu with a bar above it (ΰ).

The standard notation for beta-minus decay is:
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For example, lead-214 (Pb-214) decays by beta-minus emission to produce bismuth-214 (Bi‑214) as follows:


[image: image22.emf]210

82

Pb 210

 83

Bi

+



-

+

ΰ


Beta-minus particles are emitted with kinetic energies ranging up to the maximum value of the decay energy, Emax.  The average energy of beta-minus particles is about 1/Emax.  They travel several hundred times the distance of alpha particles in air and require a few millimeters of aluminum to stop them.

Neutrinos (ν) and anti-neutrinos (ΰ) are neutral (uncharged) particles with negligible rest mass that travel at the speed of light and are very non-interacting.  They account for the energy distribution among positrons and beta particles from given radionuclides in the positron- and beta-decay processes respectively.  Since they are so non-interacting, no energy is deposited in tissue; therefore, no dose results to personnel exposed to neutrinos.

Beta-Plus Decay

A nuclide that has a low n:p ratio (too many protons) will tend to decay by positron emission. A positron is often mistakenly thought of as a positive electron.  If positive electrons existed, when they encountered an ordinary negative electron, the Coulomb force would cause the two particles to accelerate toward each other.  They would collide and the two equal but opposite charges would mutually cancel, which would leave two neutral electrons.  Actually, a positron is the anti-particle of an electron.  This means that it has the opposite charge (+1) of an electron (or beta particle).  Thus, the positron is a positively charged, high-speed particle which originates in the nucleus.  Because of its positive charge and rest mass equal to that of a beta particle, a positron is sometimes referred to as beta-plus.  The symbol (β+) is used to designate positrons.  With positron emitters, the parent nucleus changes a proton into a neutron and gives off a positively charged particle.  This results in a daughter less positive by one unit of charge.  Because a proton has been replaced by a neutron, the atomic number decreases by one and the mass number remains unchanged.  The emission of a neutrino also occurs in conjunction with the positron emission.

Electron Capture

For radionuclides having a low n:p ratio, another mode of decay known as orbital electron capture (EC) can occur.  In this radioactive decay process the nucleus captures an electron from an orbital shell of the atom, usually the K-shell since the electrons in that shell are closest to the nucleus.  The nucleus might conceivably capture an L-shell electron, but K‑electron capture is much more probable.  This mode of decay is frequently referred to as K‑capture.  The transmutation resembles that of positron emission, as follows:
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The electron combines with a proton to form a neutron, followed by the emission of a neutrino.  Electrons from higher energy levels immediately move in to fill the vacancies left in the inner, lower-energy shells.  The excess energy emitted in these moves results in a cascade of characteristic x-ray photons.  Either positron emission or electron capture can be expected in nuclides with a low n:p ratio.  The intranuclear effect of either mode of decay would be to change a proton into a neutron, thus increasing the n:p ratio.

Isomeric Transition

Isomeric transition commonly occurs immediately after particle emission; however, the nucleus may remain in an excited state for a measurable period of time before dropping to the ground state at its own characteristic rate.  A nucleus that remains in such an excited state is known as an isomer because it is in a metastable state; that is, it differs in energy and behavior from other nuclei with the same atomic number and mass number.  Generally, the isomer achieves ground state by emitting delayed (usually greater than 10-9 seconds) gamma radiation.

The metastable, or excited state, is usually represented by a small (m) following the mass number, A, in the standard nuclide notation.  For example, technetium-99m (Tc-99m) and technetium-99 (Tc-99) are isomers.

Internal Conversion

The phenomena of internal conversion occurs when a gamma photon does not escape the electron cloud surrounding the nucleus, but transfers enough energy to one of the orbital electrons to eject it from the atom.  The photon is said to have undergone internal conversion.  The conversion electron is ejected from the atom with kinetic energy equal to the gamma energy minus the binding energy of the orbital electron.  This process usually takes place in the K-shell.  There will then follow emission of characteristic x-rays as with electron capture.  In principle, it is similar to the photoelectric effect.

X-Ray Generation

X-rays are generated by both man-made and natural methods. In general, x-rays are generated by two processes:  (1) the transition of orbital electrons from higher energy levels to lower energy levels, or (2) the change in energy or path of a high speed charged particle (i.e., bremsstrahlung).

Transitions of orbital electrons occur by adding energy to the atom.  Energy is most commonly added to the atom by interactions with ionizing radiations.  An example would be gamma radiation causing a K-shell photoelectric effect and leaving a K-shell vacancy.  The vacant spot will be filled by orbital electrons cascading down higher energy orbits.  To conserve energy, characteristic x-rays are emitted from the electronic shell of the atom.  The energy of the x-ray will be the difference between the electron shell energy levels.  Charged particles interacting by ionizations and excitations can also result in x-ray emission.  An electron can be raised to a higher energy level by a passing charged particle.  After the charged particle passes, the electron will transition back to the ground state by emitting an x‑ray.

Medical departments generate x-rays for diagnostic purposes by bombarding a high Z material, such as tungsten metal, with high speed electrons.  The electrons come via thermionic emission by passing a current through a filament.  The electrons are accelerated in a vacuum by a high voltage electric field into the tungsten target.  When the electron passes near the proximity of the positively charged nucleus, it is deflected from its path and decelerated.  Since the electron has undergone a loss of energy, an x-ray is given off equal to the energy lost by the electron.  This type of x-ray generation is known as bremsstrahlung radiation, which is German for “braking radiation.”

j) Given the “Chart of the Nuclides,” trace the decay chain for a specified nuclide.

k) Given either the half-life or the radioactive decay constant, solve radioactive decay problems.

l) Using the specific activity or decay constant of an isotope, convert between mass quantities and curies.

m) Convert numerical amounts of radioactivity between curie, becquerel, and dpm.

Note:  Competencies “c” through “f” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

3. Radiation protection personnel shall demonstrate a working-level knowledge of principles and concepts for internal and external dosimetry.

n) Define the following terms:

· Dose equivalent

· Shallow dose equivalent

· Deep dose equivalent

· Effective dose equivalent

· Committed dose equivalent

· Committed effective dose equivalent

· Total effective dose equivalent

· Whole body

· Extremity

· Lens of the eye dose equivalent

· Derived air concentrations (DAC)

· Annual limit of intake (ALI)

· Quality factor

· Weighting factor

· Roentgen

· Rad

· Rem

· Sievert (SI)

· Gray (Gy)

· Stochastic effects

· Nonstochastic (deterministic) effects

Dose Equivalent

Dose equivalent is the product of the absorbed dose (D) (in rad or gray [Gy]) in tissue, a quality factor (Q), and all other modifying factors (N).  Dose equivalent is expressed in units of rem (or sievert [Sv]) (1 rem = 0.01 Sv).

Shallow Dose Equivalent

Shallow dose equivalent is the dose equivalent deriving from external radiation at a depth of 0.007 cm in tissue.

Deep Dose Equivalent

Deep dose equivalent is the dose equivalent derived from external radiation at a tissue depth of 1 centimeter in tissue.

Effective Dose Equivalent

Effective dose equivalent is the summation of the products of the dose equivalent received by specified tissues of the body (HT) and the appropriate weighting factors (WT); i.e., HE = ΣWTHT.  It includes the dose from radiation sources internal and/or external to the body.  The effective dose equivalent is expressed in units of rem (or Sv).

Committed Dose Equivalent

Committed dose equivalent is the dose equivalent calculated to be received by a tissue or organ over a 50-year period after the intake of a radionuclide into the body.  It does not include contributions from radiation sources external to the body.  Committed dose equivalent is expressed in units of rem (or Sv).

Committed Effective Dose Equivalent

Committed effective dose equivalent is the sum of the committed dose equivalents to various tissues in the body (HT,50), each multiplied by the appropriate weighting factor (WT); i.e., HE,50 = ΣWTHT,50 . Committed effective dose equivalent is expressed in units of rem (or Sv).

Total Effective Dose Equivalent

Total effective dose equivalent is the sum of the effective dose equivalent (for external exposures) and the committed effective dose equivalent (for internal exposures).  Deep dose equivalent to the whole body may be used as effective dose equivalent for external exposures.

Whole Body

Whole body is a term used to describe external exposure to the head, trunk (including male gonads), upper arms including the elbows, and upper legs including the knees.

Extremity

Extremity refers to the hands and arms below the elbows, or the feet and legs below the knees.

Lens of the Eye Dose Equivalent

The lens of the eye dose equivalent is the external exposure of the lens of the eye and is taken as the dose equivalent at a tissue depth of 0.3 cm.

DAC

For the radionuclides listed in appendix A of 10 CFR 835, DAC is the airborne concentration that equals the ALI divided by the volume of air breathed by an average worker for a working year of 2,000 hours (assuming a breathing volume of 2,400m3).  For radionuclides listed in appendix C of 10 CFR 835, the air immersion DACs were calculated for a continuous, non-shielded exposure via immersion in a semi-infinite atmospheric cloud.  The values are based on the derived airborne concentration found in table 1 of the U. S. Environmental Protection Agency’s Federal Guidance Report No. 11, Limiting Values of Radionuclide Intake and Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion.

ALI

ALI is the derived limit for the amount of radioactive material taken into the body of an adult worker by inhalation or ingestion in a year.  ALI is the smaller value of intake of a given radionuclide in a year by the Reference Man (ICRP Publication 23) that would result in a committed effective dose equivalent of 5 rem (0.05 Sv) or a committed dose equivalent of 50 rem (0.5 Sv) to any individual organ or tissue.  ALI values for intake by ingestion and inhalation of selected radionuclides are based on table 1 of the U.S. Environmental Protection Agency’s Federal Guidance Report No. 11, Limiting Values of Radionuclide Intake and Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and Ingestion.

Quality Factor

Quality factor is the principal modifying factor used to calculate the dose equivalent from the absorbed dose; the absorbed dose (expressed in rad or Gy) is multiplied by the appropriate quality factor (Q).

Weighting Factor

Weighting factor is the fraction of the overall health risk, resulting from uniform, whole-body irradiation, attributable WT to specific tissue (T).  The dose equivalent to the affected tissue, HT, is multiplied by the appropriate weighting factor to obtain the effective dose equivalent contribution from that tissue.

Roentgen

A roentgen is a unit of exposure to ionizing radiation.  It is that amount of gamma or x-rays required to produce ions carrying one electrostatic unit of electrical charge in one cubic centimeter of dry air under standard conditions.  In SI units, one R produces an electrical charge in air of 2.58 E-4 coulombs per kg.  The roentgen is named after Wilhelm Roentgen, a German scientist who discovered x-rays in 1895.

Rad

A rad is a unit of absorbed dose.  One rad is equal to an absorbed dose of 100 ergs per gram or 0.01 joule (J) per kilogram (kg) (0.01 Gy).

Rem

A rem is a unit of dose equivalent.  Dose equivalent in rem is numerically equal to the absorbed dose in rad multiplied by a Q, distribution factor, and any other necessary modifying factor (1 rem = 0.01 Sv).

Sievert

A sievert is an SI unit of any of the quantities expressed as dose equivalent.  The dose equivalent in sieverts is equal to the absorbed dose in Gy multiplied by the Q (1 Sv = 100 rem).

Gy

A Gy is an SI unit of absorbed dose. One Gy is equal to an absorbed dose of 1 J per kg (100 rad).

Stochastic Effects

Stochastic effects are malignant and hereditary diseases for which the probability of an effect occurring, rather than its severity, is regarded as a function of dose without a threshold for radiation protection purposes.

Nonstochastic Effects

Nonstochastic effects are effects due to radiation exposure for which the severity varies with the dose and for which a threshold normally exists (e.g., radiation-induced opacities within the lens of the eye).

o) Describe the various types of bioassays and their applications and limitations.

The objective of bioassay is to detect and/or determine the amount of radioactive material in the body.  Bioassays may be routine, performed on a regular basis, or event-driven such as after a suspected intake.  Two classifications of bioassays are:  (1) in vivo, meaning the radioactive material is detected while it is still in the body, and (2) in vitro, meaning a sample is taken out of the body and counted.  The following are some common types of bioassays:

In vivo

· Whole body count

· Lung count

In vitro

· Urinalysis

· Fecal analysis

· Blood analysis

· Sputum and nasal smears

· Sweat

· Breath analysis

The type of bioassay will be determined by the following:  

The types(s) of radiation emitted by the radionuclide taken into the body, and the type(s) of radiation emitted by the daughter radionuclides

Chemical solubility of the radionuclide

· Soluble

· Insoluble

In Vivo Bioassay

Whole-body counting provides data for the assessment of gamma and x-ray emitting radionuclides deposited in the body.  In some cases, beta emitting radionuclides can be detected by the bremsstrahlung radiation.  Gamma, x-ray, and bremsstrahlung radiation originating in the body can leave the body and be detected by a variety of radiation detectors, including sodium iodine (NaI), a phoswich detector (which is a combination NaI and cesium iodide), and intrinsic germanium (HPGe).  These detectors are positioned over the body to detect photons emitted from particular radionuclides.  No samples are required to be taken from the body.

The detectors are often placed to detect radioactivity emitted from the whole body or from a localized portion of the body.  Lung counters, for example, are used to detect inhaled radioactive material in the lungs.  They are widely used at Department of Energy (DOE) facilities to assist in the detection of inhaled uranium (U) and plutonium (Pu).

Whole-body counting is capable of identifying specific isotopes, especially iron-59 (Fe-59), cobalt-60 (Co-60), zinc-65 (Zn-65), ruthenium-106 (Ru-106), iodine-131 (I-131), and cesium-137 (Cs-137).

Whole-body counting procedures have certain limitations in terms of sensitivity and number of radionuclides that can be readily determined.  Sensitivity is in part a function of the background and the background count time.  

The major benefit of whole-body counting is obtained after contamination has been internally deposited, and it is therefore of little value in mitigation of the radiological effects of the deposition.  Further, such techniques of assessment do not reveal the sources of the radiocontaminants or their mode of entry into the body.  Whole-body counting is, therefore, only a small part of a total radiological protection program.

In Vitro Bioassay

In vitro bioassay is required for nonpenetrating radiations (e.g., alpha and beta).  Since the energy of these radiations cannot leave the body, a sample must be taken from the body, (usually body fluids) and analyzed for radioactive material.

The body material used for analysis depends on the chemical and physical form of the nuclide, its mode of entry into the body, and how the material is biologically processed in the body.  Bioassay procedures are most applicable to nuclides that are soluble because they transfer to the blood and body fluids.  The sampling of feces, however, can be used to determine the amount of insoluble isotopes in the body.  One advantage of bioassay over whole-body counting is that bioassay can be used to detect alpha and beta emitters.  Some isotopes that can be detected by bioassay are tritium, radium, thorium, uranium, plutonium, iodine, cesium, phosphorus, strontium, barium, and ruthenium.

Bioassay procedures include urinalysis, blood analysis, breath analysis, and analysis of sputum, nasal smears, and feces.  Urinalysis is used mainly to detect uptake of soluble beta and alpha emitters. Generally tritium (H-3) uptakes are measured by urinalysis.  Analyses of sputum, nasal smears, and feces are used to detect insoluble beta and alpha emitters.

Insoluble contaminants are usually difficult to assess when measuring body burdens. If an insoluble radioisotope is ingested, it can pass relatively easily through the gastrointestinal tract. In the case of inhalation, the contamination is eventually carried up the respiratory tree, into the epiglottis, and into the gastrointestinal tract where it is passed outside of the body and can be detected through a fecal sample.  Nasal smears of Pu may indicate an intake.

Breath analysis is used to determine if radioactive gases are present in the body.  The body burden of radium-226 (Ra-226) can be determined by detecting the amount of radon-222 (Rn-222) exhaled.  Also, carbon-14 (C-14) uptakes can be detected as the carbon is metabolized and exhaled as carbon dioxide (CO2).

p) Discuss the methods of reducing dose from internally deposited radionuclides.

Respiratory protection should be used to reduce the level of internal dose in airborne radioactivity areas.  The respirator should have a protection factor (defined as the ambient airborne concentration divided by the concentration inhaled) adequate enough to lower the inhaled radioactivity below the allowable occupational air concentration.  Other conditions for using respirators include

training for proper use by the wearer;

respirator testing for functionality;

written procedures for selecting, fitting, and maintaining the respirator;

physician approval before initial fitting of a respirator.

For detailed information on respirator use and regulations, see Practices for Respiratory Protection, American National Standards Institute (ANSI Z88.2-1992).

In general, speed is essential when attempting to reduce internal dose by drug administration. For actinide americium (Am) or curium (Cm), experiments have shown that about 75 percent of the bone deposition is complete in one hour. It is very important to note that any medical administrations must be done under the care of a physician.

Blocking Agents

A blocking agent saturates the metabolic processes in a specific tissue with a stable element and reduces uptake of the radioactive forms of the element.  As a rule, these agents must be administered prior to, or almost immediately after, the intake for maximum effectiveness, and must be in a form that is readily absorbed.  The most well known blocking agent is stable iodine given as potassium iodide (KI), which is used to saturate the thyroid gland thus preventing uptake of radioactive iodine in the thyroid.  Any administration of blocking agents must be under medical instruction and supervision as adverse side effects are possible.

Diluting Agents

A diluting agent is a compound that includes a stable form of the nuclide of concern.  By introducing a large number of stable atoms into the body, the statistical probability of the body incorporating radioactive atoms is reduced.  A good example is increasing water intake following H-3 exposure.  Diluting agents can also involve the use of different elements which the body processes in the same way.  This type of treatment is called displacement therapy.  A common form of this is the use of calcium to reduce deposition of strontium (Sr). The compound used must be as readily absorbed and metabolized as the compound that contains the radioisotope.

Mobilizing Agents

A mobilizing agent is a compound that increases the natural turnover process, thus releasing some forms of radioisotopes from body tissues.  Mobilizing agents are usually most effective within 2 weeks after exposure.  However, use for extended periods may produce less dramatic reductions.

Expectorants and Inhalants

Expectorants and inhalants are used to increase flow of respiratory tract excretions.  Thus far, this type of therapy has not been proven successful in removing radioactive particles from all areas of the lungs.

Lung Lavage

Lung lavage involves repeated flushing with appropriate fluid to remove radioactive materials from the lungs.  It is usually limited to applications where resulting exposures would result in appearance of acute or subacute radiation effects.

Chelating Agents

A chelating agent is a compound that acts on insoluble compounds to form a soluble complex ion that can then be removed through the kidneys.  It is commonly used to enhance elimination of transuranics and other metals.  The therapy is most effective when begun immediately after exposure if metallic ions are still in circulation, and is less effective once metallic ions are incorporated into cells or deposited in tissue such as bone.

Common chelating agents include ethylenediaminetetraacetic acid (EDTA) and diethylenetriaminepentacetic acid (DTPA).  

Calcium edetate, CaNa2 EDTA, is commonly used in cases of lead poisoning, and is also used to chelate zinc, 2 copper, cadmium, chromium, manganese, and nickel calcium edentate. 

CaNa3 DTPA is used for transuranics such as plutonium and americium.

Diuretics increase urinary excretion of sodium and water.  Diuretics are used, on a limited basis, to reduce internal exposure.  However, applications could include H-3, potassium-42 (K-42), chloride-38 (C1-38) and others.  Diuretics can lead to dehydration and other complications if not administered properly.

q) Discuss the process used to evaluate dose based on bioassay results.

Doses should be based on radionuclide intakes, and biokinetic models should be used to interpret bioassay data and assess initial radionuclide intake.  Methods for evaluating the various doses from intakes should be specified in the internal dosimetry technical basis document.  The methods should be based on recommendations given in International Commission on Radiological Protection (ICRP) Publications 30, 48, and 54, and other reports of the ICRP and National Council on Radiation Protection and Measurements (NCRP) which embody improvements and updates of the science of internal dosimetry.

ICRP Publication 30, Limits for Intakes of Radionuclides by Workers, has been used by DOE as the basis for its ALI and DAC listed in appendix A of 10 CFR 835.  Likewise, the modeling in ICRP 30 serves as the basis for interpreting the bioassay measurements in NUREG/CR4884, Interpretation of Bioassay Measurements.

NUREG/CR-4884 uses the following equation to calculate intakes from bioassay measurements.
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where:

I = estimate of intake

A(t) = the value of the bioassay measurement obtained at time t

IRF(t) = intake retention fraction corresponding to the type of measurement for time t after estimate time of intake

ICRP 30 and 54 are based on general considerations (i.e., standard chemical forms and Reference Man metabolic modeling).  Each individual’s physiological characteristics and biochemical processes may be different.  Periodic follow up bioassays can help determine the excretion rate of the radionuclide from the individual.  This data can be useful in calculating the exact dose to the individual based on their metabolism, if necessary.  Also, individual and facility specific factors should be used when more appropriate parameters are expected to change the dose calculations by more than a factor of 1.5.

The particulars of the exposure situation, such as particle-size distribution, will affect the lung compartment deposition fractions and the resultant biological clearances.  For example, particles larger than 20 µm Activity Median Aerodynamic Diameter (AMAD) will deposit mainly in the nasopharyngeal (NP) region and tend to show biological retention and excretion characteristics more typical of an ingestion intake than an inhalation intake.

These characteristics are due to the fact that a large fraction of particles deposited in the NP region are cleared by the ciliated epithelial cells to the throat and subsequently swallowed. Fitting an individual’s bioassay measurement data for a particular exposure situation to the standard modeling will, however, provide reasonably accurate estimates for most situations.

The following are important considerations for evaluating bioassay measurements:

Determining the time of exposure is important because accurate estimation of intake from bioassay measurements is dependent on knowledge of the time of intake.

The excretion of radionuclides may be influenced by a worker’s diet, health condition, age, level of physical and metabolic activity, or physiological characteristics.

The excretion of inhaled radionuclides from the lung depends on the particle size distribution.

The appropriate measurement technique (in vivo or in vitro) is based on the radionuclide decay characteristics.

The effects of diuretics or chelation may reduce systemic uptake and increase excretion rates.

Additional considerations include

representativeness of measurements, such as 24-hour or accumulated urine or fecal measurements;

the appropriate lung clearance class (D,W,Y);

particle size distribution;

chemical toxicity, as in the case of uranium.

r) Describe the principle of operation, proper use, placement, function, and type of radiation detected by the following dose-measuring instruments:

· Thermoluminescent dosimeter, including Albedo dosimeter

· Pocket dosimeter (quartz fiber and electronic)

· Film badge

· Personnel nuclear accident dosimeter

Thermoluminescent Dosimeter

Thermoluminescent dosimeters (TLDs) employ crystals that come under the category of scintillation detectors.  The crystal lattice of the thermoluminescent phosphor contains conduction bands that form the basis for the entrapment of energetic electrons coming from ionized phosphor atoms.

Thermoluminescence dosimetry consists of two steps.  The first is radiation exposure that leaves some excited electrons in metastable states; the second is read-out, during which the exposed TLD is heated and the resulting emission of light is measured.

Thermoluminescent phosphor crystals contain valence and conduction bands.  The electrons that are freed from the valence band, as a result of the radiation interacting with the phosphor, are raised to the conduction band.  They move around freely until they become trapped in a metastable state.  The metastable state is associated with defects in the crystal lattice structure caused by the presence of impurities.  The trapped electrons, in this case, are prevented from spontaneously going back to the valence band.  The electron can be held in the metastable state for a considerable length of time.

The light emissions, which are measured to determine radiation dose, will not occur unless the trapped electrons can somehow recombine with a hole and give up its excess energy.  The electrons must be freed from the metastable state to begin the recombination process that will ultimately result in the emission of thermoluminescent photons.  The electrons are freed when heat is applied to the phosphor.  This provides the electrons with sufficient energy to rise back into the conduction band and be free to move around until they recombine with a trapped hole.

The amount of energy required to free an electron from a metastable state is a function of the energy gap between the valence and conduction bands.  Different thermoluminescent materials have different band gaps and thus require different amounts of applied heat to free all the trapped electrons.  In a single crystal material, the probability of releasing a trapped electron increases as the temperature of the applied heat is increased.  Some trapped electrons are released at low temperatures, and others require the maximum heat cycle temperature.  The intensity of emitted light, because it is a function of the number of electrons recombining, will be weak at low temperatures, pass through a maximum intensity at high temperatures, and then fall to zero when there are no more trapped electrons.

The most effective thermoluminescent materials have strong light outputs and are able to maintain the electrons in metastable states at normal temperatures.

A large proportion of the TLDs in use are lithium fluoride (LiF) crystals.  Their popularity is derived from their excellent storage stability and air/tissue equivalent density.  Dose response is reasonably constant for gamma energies from 10 keV to 10 MeV.  Dose response is linear from 0.01 rad (100 µGy) to approximately 1,000 rad (10 Gy).  However new materials with higher sensitivities and linearity at high doses (>1,000 rad) are replacing LiF.

Albedo Dosimeter

TLDs used to detect neutrons incorporate two isotopes of lithium, Li-6 and Li-7, both of which are equally sensitive to gamma radiation.  However, Li-6 has a large cross section for the thermal neutron (n,α) reaction.  Production of the alpha particle initiates the thermoluminescence process that ultimately results in a measure of the dose due to thermal neutrons, whereas Li-7 is relatively insensitive to thermal neutrons.  The Li-6 phosphor will read both neutron and gamma radiation interactions, whereas the Li-7 phosphor will read only gamma interactions.  Neutron dose is determined by subtracting the Li-7 reading (γ) from the Li-6 reading (n+γ) and applying a conversion factor to the difference.

The term “albedo” stands for reflecting.  Some of the thermal neutrons detected by Li-6 are originally fast neutrons that interact with hydrogen in the body, are thermalized, reflected, or scattered off the body, and are detected.  This makes the albedo dosimeter position sensitive; therefore, it must be properly oriented.  Because the neutrons can be moderated to thermal energies, they are reflected from the body through the back of the badge into the albedo dosimeter.  Therefore, it is important to wear the dosimeter extremely close to the body (on the flesh) to obtain accurate measurements.  The front of the badge is shielded with cadmium to reject external thermal neutrons.

Pocket Dosimeter

Pocket dosimeters are compact, easy-to-carry devices that indicate an individual’s accumulated dose to radiation at anytime, thus eliminating the delay of film badge/TLD processing.  However, because of the possibility of faulty readings due to rough treatment, the dosimeter reading does not constitute a permanent legal record of dose received.  A pocket dosimeter can be self-reading or not.  In the self-reading type, a small compound microscope is used to observe the response.  The type which is not self-reading, called the pocket chamber, is similar in construction to the self-reading type, but another instrument called the charger reader must be used to read it.  The self-reading type is normally preferred since it can be read anywhere and at any time.

A self-reading pocket dosimeter (SRPD) consists of a small air-filled chamber in which a quartz fiber electrometer, a small microscope and a graduated scope across which the shadow of the quartz fiber moves to indicate the applied dose, is suspended.

The design and operation of a self-reading pocket dosimeter utilizes the principle of discharging a pair of opposite charged surfaces when the air between them is exposed to ionizing radiation.  The electric charge required to attract the ionized gas particles is impressed on the electrometer and the chamber wall by means of a suitable charging unit. Ionizing radiation penetrating the chamber forms positively and negatively charged gas particles.  These charged particles are attracted to the oppositely charged surface; i.e., the negative particles are attracted to the electrometer and the positive particles are attracted to the chamber wall.  The migration of the negative particles to the electrometer permit the fiber to move closer to the frame, which in turn causes the shadow of the fiber to move across the calibrated scale.

Pocket dosimeters are available in many ranges of gamma exposure from 0 through 200 milliroentgens (mR) to 0 through 1,000 roentgens (R).  The sensitivity of the instrument is determined at the time of manufacture by the selection of the electrical condenser incorporated in the unit.

The dosimeter charger is a small, portable, battery-operated power supply designed to impress a DC voltage on the charging electrode of a dosimeter.  In use, the dosimeter is inserted into the charging well and pressed down firmly.  Pressing the dosimeter into the well serves two purposes: (1) it actuates a switch that turns on a bulb so the fiber of the electrometer may be seen, and (2) it closes the charging switch in the end of the dosimeter so that an electrical connection is made between the charging circuit and the electrode.  While holding the dosimeter firmly in the well, an adjusting knob is rotated until the hairline is on a mark just below zero.  Frequently, a capacitance effect causes the hairline to shift slightly when releasing the contact with the charging well.  This may necessitate several charging attempts, setting the hairline slightly above or below the mark, to accomplish a zero setting when the dosimeter is removed from the charging well.  However, it is not necessary to have an exact zero setting since the exposure received is determined by subtracting the initial reading from the final reading.

Pocket dosimeters should be worn on the upper front part of the body close to the dosimeter of record (e.g., the TLD).  Pocket dosimeters are quite rugged and durable; however, they are designed to be worn on a person’s clothing and should not be subjected to any greater shock or abuse than one would expect during normal active work.

Film Badge

The film badge is composed of one or more dental, small-sized sheets of photographic film, wrapped in light-proof wrappers.  The film is housed in a plastic case that contains small pieces of three different metals.  The thickness of the plastic case is selected so that incident gamma radiation will produce electrons from interactions in the plastic, which then interact with the film to produce a darkening or image.  The number of electrons emitted from the plastic must be equal to the number of electrons that subsequently leave the film.  This process is termed electronic or charged particle equilibrium, and is required for the reading to be meaningful.  When this condition is satisfied, an accurate representation of the energy that the radiation would deposit in nearby tissue is achieved.

Since gamma radiation may have energies from a few thousand to several million electron volts, metal foils of aluminum, copper, cadmium, and/or lead are placed in the film badge. These metals act as filters; that is, they provide varying amounts of shielding for the attenuation of different energies of gamma radiation.  By comparing the exposure under the different filters, it is possible to determine an approximate spectrum of the gamma energies to which an individual was subjected.

All but the weakest beta radiation is capable of penetrating the paper covering the film. However, the majority of beta radiations will not penetrate the plastic case of the film badge. For this reason, a window is left open in the film holder to permit a determination of the beta exposure.  The sensitive part of the film in these badges is a gelatin-base emulsion of silver halide grains, usually silver bromide.  When radiation causes ionization in the film, some of the positive silver ions are transformed into electrically neutral atoms of silver metal.  Upon developing, dark silver grains appear where the ionization has taken place.  The degree of darkening is proportional to the radiation dose received by the film.  The sensitivity of the film used in the badges is nearly independent of the gamma energy above 0.3 million electron volts.  Below that figure, the darkening is highly energy-dependent, largely because the low-energy photons are attenuated by the emulsion in greater proportion than their roentgen value in air.  Neutron-sensitive films are available in which (n,p) reactions take place in the emulsion, resulting in proton recoil tracks on the film.  The neutron dose is determined by computing the density of the tracks, often by visual counting under a microscope.

Processing of film includes developing, rinsing, fixing, washing, and drying.  Detailed procedures vary with the type of solutions and film used, but specific procedures must be controlled within close limits to assure accurate film densities.  Both control film and exposed film standards are processed with each group of personnel film to assure that background radiation densities and calibration standard densities are correct after the film processing procedure.

Films used to measure beta and gamma radiation have dose ranges from 10 millirem to 1,800 rad for gamma radiation, and 50 millirem to 1,000 rad for beta particles having a maximum energy greater than 400 keV.

Personnel Nuclear Accident Dosimeter

The determination of dose from a criticality accident, which emits a spectrum of neutron energies, can be accomplished by the use of foil activation.  One popular type of criticality dosimeter uses indium, cadmium-covered indium, gold, cadmium-covered gold, sulfur, and cadmium-covered copper.  By measuring the neutron induced activity of these foils, a breakdown of the neutron energies and the intensity of the neutron flux give an estimate of the neutron dose.

s) Discuss the concepts of ICRP Publications 26 and 30 as they relate to internal and external dosimetry.

Since almost every exposure of the body involves the irradiation of more than one tissue, it is appropriate to recommend a dose equivalent limit based upon the total risk of all tissues irradiated.  The ICRP 26 dose limitation system sets a single dose equivalent limit for uniform irradiation of the whole body and implements a subsystem designed to ensure that the total risk from irradiations of parts of the body does not exceed the risk from uniform irradiation of the whole body.

For occupational exposures, it is appropriate to assess the levels of risk associated with the dose equivalent limits.  A valid method for judging the acceptability of the level of risk in radiation work is to compare this risk with the risk of other occupations recognized as having high standards of safety.  Safe industries are considered to have an accident rate of less than or equal to 10-4 fatalities per year. 

One of the basic concepts is that the total risk of radiation exposure should include the risks from external and internal exposures.  This is accomplished by developing a means to sum external and internal doses together and limit the total dose to 5 rem per year.  The ICRP in report 26/30 developed the concept of total effective dose equivalent, or TEDE for short.  The TEDE is calculated by adding the internal dose, expressed as the committed effective dose equivalent (CEDE), to the external dose, expressed as the deep dose equivalent (DDE) obtained from external dosimetry data at a measurement depth of 1 cm in tissue (a density thickness of 1,000 mg/cm2). 

External Dose Determination

External dose is determined by monitoring individuals with dosimetry devices that are worn at all times in radiation areas.  External limits are specified based on the depth in tissue that the radiation is capable of penetrating.  The following chart lists the various tissue depths and limits.

	Dose Equivalent Type
	Abbreviation
	Measurement Depth

for External Sources

(cm)
	Annual Limit

(rem)

	Deep dose equivalent
	DDE
	1
	5

	Lens of eye dose equivalent
	LDE
	0.3
	15

	Shallow dose equivalent, skin or any extremity
	SDE, WB
	0.007
	50


Internal Dose Determination

Calculating internal dose is much harder than calculating external dose.  Because of variations among individuals’ size and metabolism, it has been found advantageous to define the physical and chemical properties of a representative individual.  To provide a standard for evaluating the effects of radiation on the body, averages are determined for the physical and chemical makeup of the body.  This average is called reference man.  Two of the more important models developed for reference man are the respiratory tract and the gastrointestinal tract.

The respiratory tract model is heavily dependent on the particle size of the radioactive material breathed in.  The model assumes a particle size of 1 micron.

Using the reference man metabolic retention times and dimensions, calculations were made to determine the amount of radioactive material taken into the body by the specified route that satisfies the following dose limit conditions:
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Additionally, calculations were made to determine non-stochastic effects:
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The amount of radioactive material taken into the body is called the ALI.  The ALI is the quantity of radioactive material which, if inhaled or ingested in one year, would irradiate a person and result in a stochastic dose of 5 rem or a nonstochastic dose of 50 rem, whichever is less. 

The DAC is calculated using the ALI and is the concentration of radioactive material in air that, when breathed by reference man for 2,000 hours in a year under conditions of light activity, would result in an intake equal to the ALI.  The DAC is calculated from the following formulas, depending on whether the limit is stochastic or nonstochastic:
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t) Discuss the newer concepts of ICRP Publications, including 60, 66, 68, 71, and 72, and DOE Radiological Control Technical Positions (RCTP) papers, such as RCTP 2000-01, as they relate to DOE requirements for internal and external dosimetry.

ICRP Publication 60

The ICRP issued its last basic recommendations in 1977.  The recommendations have been used widely throughout the world to limit exposure of radiation workers and members of the public to ionizing radiations.  Supplementary statements to the 1977 recommendations were issued when necessary by the Commission, but developments in the last few years have made it necessary to issue a completely new set of recommendations, officially adopted in November 1990.  In publishing these recommendations, the Commission has had three aims in mind: to take account of new biological information and of trends in the setting of safety standards; to improve the presentation of the recommendations; and to maintain as much stability in the recommendations as is consistent with the new information.  The recommendations are set out in the form of a main text supported by annexes.  The main text contains all the recommendations, together with sufficient explanatory material to make clear the underlying reasoning for policy makers.  The supporting annexes contain more detailed scientific information on specific points for specialists.

ICRP Publication 66

This report describes a revision of the model used in ICRP Publication 30 to calculate radiation doses to the respiratory tract of workers resulting from the intake of airborne radionuclides.  This revision was motivated by the availability of increased knowledge of the anatomy and physiology of the respiratory tract and of the deposition, clearance, and biological effects of inhaled radioactive particles, and by greatly expanded dosimetry requirements.  To meet the needs of radiation protection, a dosimetric model for the respiratory tract should:

provide calculations of doses for individual members of the populations of all ethnic groups, in addition to workers;

be useful for predictive and assessment purposes, as well as for deriving limits on intakes;

account for the influence of smoking, air pollutants, and respiratory tract diseases;

provide for estimates of respiratory tract tissue doses from bioassay data;

be equally applicable to radioactive gases and particles.

In addition, large differences in radiation sensitivity among the respiratory tract tissues and the doses they receive from inhaled radionuclides argue for calculating radiation doses to specific tissues of the respiratory tract.  To use these tissue doses effectively for radiation protection purposes, they must be compatible with the ICRP dosimetric system.  Addressing all of these requirements has resulted in a dosimetry model that is more complex than previous models.  This complexity is reflected in the structure of this report, which includes chapters on respiratory tract morphometry, physiology, and radiation biology or health detriment.  Other chapters deal with deposition and clearance of inhaled radioactive particles, inhalation of radioactive gases, and application of the model to estimate respiratory tract doses.  The model provides most of the flexibility needed to calculate doses to the respiratory tract for a wide range of exposure conditions and for specific individuals.  This flexibility also allows for revision of reference parameter values as new information becomes available without changing the model.  The wide availability of personal computers allows for easy use of the model.

ICRP Publication 68

The Commission’s 1990 recommendations on radiation protection standards in ICRP Publication 60 were developed to take into account new biological information related to the detriment associated with radiation exposures, and to supercede the earlier recommendations in ICRP Publication 26.  To permit immediate application of these new recommendations, revised values of the ALIs, based on the methodology and biokinetic information and incorporating the new dose limits and tissue weighting factors (wT), were issued as ICRP Publication 61.  Since issuing ICRP Publication 61, ICRP has published a revised kinetic and dosimetric model of the respiratory tract.  The main aim of publication 68 is to give values of dose coefficients for workers using this new model.

ICRP Publication 71

An ongoing objective of ICRP is to evaluate dose coefficients (doses per unit intake) for members of the public.  The purpose of ICRP Publication 71 is to provide updated inhalation dose coefficients for selected radioisotopes of hydrogen, carbon, sulphur, calcium, iron, cobalt, nickel, zinc, selenium, strontium, zirconium, niobium, molybdenum, technetium, ruthenium, silver, antimony, tellurium, iodine, caesium, barium, cerium, lead, polonium, radium, thorium, uranium, neptunium, plutonium, americium, and curium.  Age-dependent biokinetic models for calcium and curium, and for decay products formed following the intake of lead, radium, tellurium, thorium, and uranium, are provided in annexes.

ICRP Publication 72

The purpose of ICRP 72 is to summarize data on age-dependent committed effective dose coefficients for members of the public from intakes by ingestion and inhalation of radioisotopes of the 91 elements described in ICRP Publications 56, 67, 68, 69, and 71.  These dose coefficients have been adopted in the International Atomic Energy Agency (IAEA) in its publication on International Basic Safety Standards for Protection against Ionizing Radiation, and in the Euratom Directive.  The report does not give committed equivalent dose coefficients to tissues and organs.  The report will be useful to operational health physicists and to regulatory and advisory bodies responsible for radiation protection.

RCTP 2000-01

Refer to RCTP 2000-01 at http://www.eh.doe.gov/docs/rctp/20001.pdf.

u) Discuss various methods used to estimate worker exposure in the absence of individual monitoring results.

Internal dose estimates are based on the intake, or the amount, of radioactive material taken into the body.  Intakes can be estimated by either bioassay or calculations from airborne concentrations and stay times.  Internal dose estimates should be based on bioassay data rather than airborne concentrations, unless the bioassay data is unavailable, inadequate, or demonstrated to be less accurate when compared to airborne concentrations.

When available bioassay data is lacking or contradictory, professional judgment will be needed to make a dose evaluation.  Since the evaluations of internal dose depend on knowing the intake profile with respect to time, the dose evaluation staff should base the time period of the intake on known incidents, air monitoring data, records of perturbations in facility operation, and/or interviews with the workers by the radiation protection staff.  If the time course of intake cannot be plausibly established, the procedure for evaluating doses based on the internal dosimetry technical basis document should be used.

v) Given airborne radioactivity concentration, DAC value, and worker occupancy time, evaluate resulting worker dose.

ALI and DAC values are both radionuclide specific.  The DAC values can be obtained from appendix A of 10 CFR 835, listed in both µCi/ml and Bq/m3.  The DAC fraction, or percent of the DAC, is calculated by the following formula:
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The airborne concentration and DAC limit should be in the same units and, therefore, the DAC fraction is a unitless ratio.  If more than one radionuclide is present in the sample, then the DAC fraction is calculated using the sum of the fractions rule:
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The stay time is necessary to calculate the dose from airborne radioactivity.  The DAC fraction, calculated above, is multiplied by the stay time in hours and the product is called DAC-hours (DAC-hrs).  The DAC-hrs are divided by any respiratory protection devices and multiplied by a dose conversion of 2.5 mrem per DAC-hr for a stochastic DAC value, or 25 mrem for a nonstochastic DAC value.  The following formula represents the dose calculation for a stochastic DAC.  The respiratory protection factor is defined as the ambient airborne concentration divided by the concentration inhaled (for detailed information on respirator use and regulations see Practices for Respiratory Protection, American National Standards Institute, ANSI Z88.2-1992).
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4. Radiation protection personnel shall demonstrate a working-level knowledge of the biological effects of radiation.

w) Describe the effects of radiation exposure on the cellular level, including:

· Direct effects

· Indirect effects

Biological radiation effects are classified as either direct or indirect effects. To discuss these effects it is necessary to cover the basis of the human cell.

Cells are the building blocks of humans and their living environment.  They are the fundamental unit of which all living organisms are made.  Although there is no such thing as a typical cell, all cells have several features in common.

Most cells are composed of protoplasm: a mixture of carbohydrates, lipids, proteins, nucleic acids, inorganic salts, gases, and between 70 and 80 percent water. The cell may be subdivided into three major parts: cell membrane, cytoplasm, and nucleus.

Cell Membrane

The cell membrane is only 100 angstrom units (100 millionths of a centimeter) thick, and is a living, functional part of the cell.  It helps to regulate the concentration of water, salts, and organic matter that form the interior environment of the cell.  The membrane is thus capable of active transport.  In addition, all food entering the cell and all waste products or secretions leaving it must pass through this membrane.

Cytoplasm

The cytoplasm is a jelly-like substance in which the nucleus is suspended; it is encased within the cell membrane.  This material is an aqueous solution of soluble proteins and salts which constitutes the interior environment of the cell.

Nucleus

Each cell contains a small, usually oval, body known as the nucleus.  In some cells this has a relatively fixed position and is found near the center; in others it may move around freely and be found almost anywhere in the cell.  The nucleus is an important center of control of the cell, directing cellular activity and containing the hereditary factors (genes) responsible for the traits of the animal or plant.  The nucleus is the center for cellular reproduction containing deoxyribonucleic acid (DNA).

DNA is the most important material making up the chromosomes, and serves as the master blueprint for the cell.  It determines what types of ribonucleic acid (RNA) are produced, which in turn determine the types of protein that are produced. DNA is generally assumed to take the form of a twisted ladder or double helix.

The sides of the ladder are strands of alternating sugar and phosphate groups.  Branching off from each sugar group is one of four nitrogenous bases: cytosine, thymine, adenine, and guanine.  The rungs of the ladder consist of two nitrogenous bases, one from each strand, linked by hydrogen bonds.  Cytosine is always paired with guanine, and thymine is always paired with adenine.  A section of DNA that codes for one protein is referred to a gene, although the message from several genes can be carried by single piece of RNA.

Chromosomes consist of highly convoluted supercoils of DNA and associated proteins.  Each chromosome possesses a single centromere, a short specialized section of the chromosome that serves as a type of attachment point.  The centromere must be present for the appropriate movement of the chromosomes during cell division.  To ensure its survival, each new cell must possess all the required DNA.

Direct Effect

The complexity and importance of DNA to the survival of the cell make it very radiosensitive.  Any changes or alterations to the genetic blueprint can kill the cell or change the genetic code necessary for reproduction.  Therefore, the DNA is considered to be a critical target in the cell. Damage to a critical target (primarily the DNA strand) by ionization or excitation is called a direct effect.  Ionizations can break the chemical bonds that hold the DNA strand molecules together.

Once a DNA strand has been damaged (i.e., the electronic bond has been broken) there is a 95 percent probability that the DNA will repair itself normally and continue to function.  There is a 5 percent probability that the DNA will not repair normally and die at the next reproduction phase, called the mitosis phase, or survive with an incorrect genetic code which could, in theory, cause a cancer at a future date.

Whether the cell survives depends on how many hits the DNA strand takes simultaneously.  If the DNA strand takes two simultaneous hits (i.e., ionizing events) called a double strand break, the cell will die.  Celluar repair can occur from a single strand break if the cell is given sufficient time to repair before the next radiation interaction.  It should be noted that single strand breaks to the DNA occur from other reasons, and the body repairs about 100,000 single strand DNA breaks daily.

Indirect Effect

The DNA strand is rather small compared to the whole cell; therefore, the likelihood of radiation causing ionization or excitation on the DNA strand is small.  Since the cell is comprised mostly of water (70 to 80 percent), it is more likely that the radiation will cause damage or cause changes to water molecules.  If the water molecule breaks up (dissociates), some of the parts will be charged.  These fragments are called free radicals and are not chemically stable.

Free radicals are electrically neutral structures with one unpaired electron (e-).  For example, an excited H2 O* molecule may dissociate into
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in which the hydrogen radical H° has an unpaired e- and the OH° radical will have nine e-, one of which will be unpaired.  The free radicals are very reactive chemically, and when combining can produce hydrogen peroxide (H2 O2), which is a chemical poison to the cell and is the most harmful free radical product.  Hydrogen peroxide is a somewhat stable compound which can survive long enough to diffuse throughout the body, oxidizing molecules or cells which did not suffer from the original radiation damage.  Additionally, H2O2 can readily become a peroxide radical with the ability to attack other bio-organic molecules to form stable organic peroxides.  For example, if an important cellular enzyme was converted to a peroxide, it would no longer be useable at its phase in the cell cycle, resulting in irreparable injury and ultimately cell death.  These further effects are known as indirect effects because the by-products of radiation interactions are toxic to the cell, causing cell death or damage.

x) Describe the factors affecting radiation sensitivity of cells (i.e., the law of Bergonie and Tribondeau).

It is generally accepted that the DNA strand is the most critical target in the cell, although there may be others.  A cell has a life cycle that is divided into four phases called G1, S, G2, and mitosis.  Cellular reproduction occurs in the mitosis phase and is called mitosis.  Mitosis is a process of reproduction where the DNA strand splits or divides into two exact copies.  Of the four phases, mitosis is the most radiosensitive.  The reason(s) for this are not clearly understood.

Most cells in the body undergo mitosis at some point, but the rate or life cycle period is different for different types of cells.  The higher the rate of mitosis, the greater the radiosensitivity.  These differences in sensitivity are stated in the law of Bergonie and Tribondeau: “The radiosensitivity of a tissue is directly proportional to its reproductive capacity and inversely proportional to its degree of differentiation.”  In other words, cells most active in reproducing themselves and cells not fully mature will be most harmed by radiation.  This law is considered to be a rule-of-thumb, with some cells and tissues showing exceptions.

Since the time that the law of Bergonie and Tribondeau was formulated, it is generally accepted that cells tend to be radiosensitive if they

have a high division rate (i.e., cell cycle time, or time between divisions)

have a high metabolic rate

are of a non-specialized type (i.e., a cell that is capable of specialization into an adult cell type, such as a fertilized ovum)

are well nourished

Used generally, tissues that are young and rapidly growing are most likely radiosensitive. The law can be used to classify the following tissues as radiosensitive:

Germinal (reproductive) cells of the ovary and testis, i.e., spermatogonia

Hematopoietic (bloodforming) tissues, i.e., red bone marrow, spleen, lymph nodes, thymus

Epithelium of the skin

Epithelium of the gastrointestinal tract (interstitial crypt cells)

The law can be used to classify the following tissues as radioresistant:

Bone

Liver

Kidney

Cartilage

Muscle

Nervous tissue

y) Describe the acute effects and corresponding doses associated with the following:

· Blood changes

· Hemopoietic syndrome

· Gastrointestinal syndrome

· Central nervous system syndrome

Acute radiation effects occur after receiving an acute dose of radiation, which is considered a large dose in a short period of time (i.e., hours or minutes).  Although there is no specific cut off as to what an acute dose is, for biological purposes, significant health effects begin to occur above 100 rad received within seconds, minutes, or hours.  At high doses and high dose rates, the body is not able to repair cellular damage.  Generally, acute radiation doses are reported in rad, which will determine the onset of acute radiation syndromes.  The reason rad is used in acute situations is because the quality factors do not apply to high doses, do not apply to high dose rates, and are relevant to only the risks of late effects.

Acute effects of radiation will manifest themselves within 60 days of exposure.  The higher the dose received, the shorter the latency period for the onset of any syndrome.

Blood Changes

Blood is made up of a number of different types of cells including: white blood cells (WBCs), called leucocytes; red blood cells (RBCs), called erythrocytes; and platelets.  White blood cells are responsible for fighting bacterial infections.  There are two major types of white blood cells: granulocytes and lymphocytes.  Granulocytes make up about 75 percent of white blood cells, are produced in the bone marrow, and live for about 3 days.  Lymphocytes make up the remaining 25 percent of white blood cells, are produced in the lymph nodes and spleen, and live for about 24 hours.  Lymphocytes are very sensitive to radiation.  Laboratory tests show a decrease in lymphocyte counts in the blood after doses as low as 25 rad.  However, these results were obtained under sterile conditions with lab animals.  Humans in the workplace do not live in sterile conditions and the WBC count varies with the number of stressors the individual has, including general health, exposure to colds and viruses, and even strenuous exercise.  This variation in WBC counts can be 200 to 300 percent at any given time, and a 30 rad exposure may not be observable in a real world situation.  In the occupational world, the detection of blood changes due to radiation exposure may be around 100 rad.

Hematopoietic Syndrome

The hematopoietic system syndrome is a result of RBCs, WBCs, and platelets being killed by radiation.  This effect can begin to be seen in doses around 100 rad in humans.  Increasing doses to the 200 to 600 rad range can result in death without medical treatment.  The individual initially suffers from nausea and vomiting, and appears to recover in about three days, but the blood-forming organs continue to atrophy.  In two to three weeks, symptoms again begin to appear.  They include chills, fatigue, pinpoint hemorrhages in the skin, and ulceration of the mouth and pharynx.  The peak incidence of death in humans is 30 days after exposure, but deaths continue up to 60 days.

The bone marrow is primarily the critical organ.  While mature RBCs and WBCs are somewhat resistant to radiation, the immature stem cells, precursors to WBCs and RBCs, are very radiosensitive.  After the mature RBCs and WBCs die from natural causes (age), there are no replacement cells.  The body becomes depleted in RBCs and WBCs and susceptible to infection.  Infection is an important cause of death, but may be controlled to a large extent by antibiotic therapy.  The LD 50/30 dose (defined as the acute dose of radiation expected to cause death [lethal dose] within 30 days to 50 percent of those exposed, without medical treatment) can be raised by about a factor of two with the use of antibiotics.

Progress of the Hematopoietic System Syndrome

Prodromal stage.  Following a dose of 200 to 1,000 rads, the prodromal stage with its associated nausea, vomiting, and diarrhea (NVD) will occur within one to five days of the exposure.

Latent phase.  This asymptomatic period will last one to three weeks after the prodromal stage.

Illness. Following the latent phase, a period of extreme illness begins. Characteristic symptoms of this period include NVD, fatigue, anemia (brought about by the decrease in the RBC population), fever, epilation, anorexia, and petechial (pinpoint) hemorrhaging on the skin caused by damage to the lining of capillaries.

Death or recovery.  Death, if it occurs, will be within two to eight weeks after exposure.  The most probable causes of death will be hemorrhaging and infection.  The hemorrhaging is caused by damage to the radiosensitive cells lining the fine blood vessels and is compounded by the reduced population of platelets.  Infection occurs because the intestinal bacteria penetrate the damaged lining of the gastrointestinal tract.  At the same time, the body’s ability to fight infection is reduced due to a decrease in the number of WBCs.

Gastrointestinal Syndrome

The gastrointestinal tract (GI) is covered with small finger-like projections called villi.  Villi add to the effective surface area of the lining and thereby increase the capacity of the body to absorb nutrients.  The cells on the surface of the villi are constantly migrating towards the tip of the projections where they are sloughed off.  Mitotically-active cells (crypt cells) at the base of the villi replace those that are lost.  The turnover rate of these epithelial cells is high, and they have an average life span from one to three days.

Sufficiently large acute exposures lead to the reproductive death of the rapidly dividing crypt cells.  The cells covering the villi continue to be sloughed off, but are no longer replaced. This deterioration of the lining of the GI tract then leads to a loss of body fluid, inadequate absorption of nutrients, and infection from the intestinal area.

At doses less than 1,000 rad, the crypt cells can recover in about a week.  For acute whole-body exposures greater than 1,000 rad, the crypt cells will not survive.  Surgical replacement of the small intestine is not possible, and therefore, survival is impossible.  Death occurs in 1 to 2 weeks from the damage to the lining of the GI tract (resulting in circulatory collapse) and damage to the hematopoietic system.  A dose of 1,000 rad represents the maximum survival whole-body dose, provided that extensive medical care is given.

Prodromal stage.  Within a couple of hours of the exposure, the individual will demonstrate a sharp loss of appetite, upset stomach, and apathy.  Several hours later, NVD will occur.

Latent phase.  By the third day after the exposure, the previous symptoms will have disappeared and the victim will appear healthy.  The asymptomatic latent phase will last from one to seven days.

Illness.  A period of severe illness will follow the latent phase.  This will include NVD, fever, apathy, anorexia, and loss of weight.

Death or recovery.  Death, if it occurs, will be within three to twelve days of the exposure.  If the cell renewal mechanism of the GI tract has been completely destroyed and cannot be replaced, death is inevitable.  The causes of death include fluid and electrolyte losses (circulatory collapse) brought about by the destruction of the lining of the GI tract. These fluid losses also account for the loss of weight, diarrhea, and the thickening of the blood associated with the GI syndrome.  Another contributing cause of death is infection, which can occur within 24 hours of the exposure as the bacteria that inhabit the GI tract invade the body across the damaged lining.  Damage to the hematopoietic system simultaneously reduces the body’s ability to cope with the infection.

Central Nervous System (CNS) Syndrome

The CNS syndrome is produced by acute whole-body exposures above 2000 rad.  Exposure of the head alone may have similar effects.  Death results from respiratory failure and/or brain edema caused from direct or indirect effects on the CNS.

Although the CNS syndrome is not well understood, it most likely involves a combination of cellular and vascular damage.  In other words, there may be direct damage to the brain cells by the radiation and indirect damage mediated by effects on the blood vessels of the brain. The latter are known to be damaged by such doses of radiation.  Fluid from the blood is lost through the damaged vessel walls into the skull cavity, so the pressure inside the skull builds up.  Perhaps pressure on certain areas of the brain, e.g., the respiratory center, is the most significant factor contributing to death, or maybe it is the change in the blood supply to the brain that causes death.

At these high doses, the individual stages of the CNS syndrome become so short that they cannot be distinguished.  Following such exposures, the individual may function coherently for a short while, or immediately go into shock.  Within hours, the symptoms become very severe.  Symptoms include vomiting, diarrhea, apathy, disorientation, and tremors.  The victim is also likely to fall into a coma.  Death will be due to respiratory failure and/or brain edema, and will occur within 30 hours.

The hematopoietic and GI syndromes do not have time to fully manifest themselves before death occurs, and generally do not play a role in death under these circumstances.

z) Discuss delayed effects of radiation exposure, including:

· Cancer induction

· Genetic effects

· Prenatal developmental effects

· Cataracts

Chronic radiation effects can be classified as

somatic (effects to the exposed individual)

· cancer

· leukemia

· cataracts

genetic (effects to the progeny of the exposed individual)

· mutations

teratogenic (effects to the embryo exposed in utero)

· malformations
Somatic Effects

Chronic exposures are considered low doses of radiation over a relatively long period of time (weeks to years).  The effects, if any, do not manifest themselves until years after the exposure.  Other than radiation sickness associated with acute exposures, there is no unique disease associated with chronic radiation exposure; only a statistical increase exists in the development of harmful effects.  The following section discusses possible chronic effects from exposure to ionizing radiation.

Cancer.  With proper selection of animal species, strains, and dose, ionizing radiation may be shown to exert an almost universal carcinogenic action resulting in tumors in a great variety of organs and tissues.  There is human evidence that radiation may contribute to the induction of various kinds of neoplastic diseases.  Human evidence includes radium dial painters, radiologists and dentists, uranium miners, and atomic bomb survivors.  The main sites of solid tumors are the breasts in women, the thyroid, the lungs, and some digestive organs.  These tumors have long latent periods (approximately 10 to greater than 30 years) and occur in larger numbers than leukemia.

Leukemia.  Leukemia (abnormal increase inWBCs) was first noted in radiologists who used radiation in their practices.  The incidence of leukemia was much greater for radiologists than other physicians who did not use radiation.  Also, atomic bomb survivors who were within 1,500 meters of the blast center showed a significantly higher incidence of leukemia than those who were beyond 1,500 meters.  Leukemia has a much shorter latent period.  The incidence of leukemia peaks at three to four years after exposure and returns to normal levels after about 25 years.  Leukemia induction is also a function of the type of radiation.  In Nagasaki, leukemia induction was not seen in individuals with exposures less than 100 rad, while in Hiroshima, leukemia was seen in doses between 20 to 40 rads, the difference being that Hiroshima had a much greater neutron dose than Nagasaki.

Cataracts.  The lens of the eye is highly susceptible to irreversible damage by radiation. When the cells of the lens become damaged, they lose their transparency and a cataract is formed.  Exposures around 200 rad may produce a cataract, but the symptoms and signs may not be apparent for years after the exposure.  The damaging effects of penetrating radiation to the lens of the eye may be cumulative, and repeated small doses may result in cataract formation.  Radiation induced cataracts are produced primarily by neutron and gamma radiation.  Experiments with animals and human case histories indicate that neutron radiation constitutes the greatest danger, with gamma radiation of slightly less importance. Radiation-induced cataracts differ from naturally occurring cataracts.  Radiation induced cataracts form on a different position on the lens of the eye.  Susceptibility to radiation induced cataract formation seems to be somewhat dependent on age.  Radiation is more likely to produce cataracts in younger persons, because of continuous growth of the lens (growing tissues are more radiosensitive).  Extensive irradiation of the eye may result in inflammation of the cornea or in an increase in tension within, and hardening of, the eyeball. These conditions usually become manifest several weeks after the exposure and may terminate in loss of vision.

Genetic Effects

Genetic effects are assumed to occur in humans, although there is no definitive data to substantiate this.  Data developed from the atomic bomb survivors leaned in the direction of genetic effects in humans, but the data was not statistically significant.  Information on genetic effects are based almost entirely on animal experiments.  Experiments with mice have yielded data for radiation induced genetic effects that can be applied to humans with some measure of confidence.

Mutations.  The essential characteristics of humans are passed from one generation to the next by means of genes, which are strung together in beadlike fashion to form tiny filaments known as chromosomes.  Human body cells normally contain 46 chromosomes, made up of two similar (but not identical) sets of 23 chromosomes each.  The 46 chromosomes of a human are believed to contain on the order of 104 genes, and it is these genes that, when passed on to the next generation, will determine the physical and psychological characteristics of the individual.  At conception, the set of hereditary characters from the father are united with those from the mother.  As the individual develops, the 23 chromosome pairs (one-half from each parent), formed by the union of the egg and sperm, are almost always duplicated without change.  In some instances, however, the chromosome will fail to duplicate itself in every respect.  This change, called a mutation, is a change in the structure of the DNA which may involve either the base composition, the sequence, or both.  An alteration involving the substitution, gain, or loss of a single gene can be the cause of significant inheritable changes. If the mutation occurs in a germ cell (sperm or ovum) or in the tissues of the organ in which the germ cells are produced, no visible injury will be sustained by the individual, but the effect may appear in future generations.  Mutations can be either dominant or recessive. Dominant gene mutations are expressed in the first generation and need to be present in only one parent.  Recessive mutations occur in subsequent generations because the mutant gene must be supplied by both parents before being expressed.  About 20 percent of radiation-induced mutations are expressed in the first generation.  The other 80 percent of radiation-induced mutations are expressed in all subsequent generations.  It is impossible to determine whether the change occurred naturally or whether it was the result of exposure to radiation.

Radiation does not produce new or unique genetic effects, but increases the frequencies of mutations that already occur spontaneously in nature.  About 10 percent of all live births involve some sort of spontaneous mutation ranging from mild to serious.  The reasons for the vast majority of spontaneous mutations are not well understood.  But, it is estimated that not more than 1 to 6 percent of spontaneous mutations in humans may be the result of background radiation. An additional dose of 1 rem per generation results in an increase of the natural or spontaneous mutation rate by about 1 percent.  Based on atomic bomb survivor data, the doubling dose required to double the natural or spontaneous mutation rate is 158 rems.  It appears that the radiation induced mutation has no threshold dose and seems to follow a linear model.

Approximately 99 percent of all mutations are considered to be undesirable.  Genetic damage in humans can result in a decrease in life expectancy, inability to produce offspring, an increased susceptibility to disease, or any number of changes of lesser or greater importance.

Teratogenic Effects

The law of Bergonie and Tribondeau indicates that the radiosensitivity of tissue is directly proportional to its reproductive capacity and inversely proportional to the degree of differentiation.  It follows that children could be expected to be more radiosensitive than adults, fetuses more radiosensitive than children, and embryos even more radiosensitive.

Most of the data involving teratogenic effects comes from the atomic bomb survivors, which shows evidence of both small head size and mental retardation.  Most children in the study received doses ranging from 1–50 rad.  For a radiation dose of 1,000 mrem at four to seven weeks after conception, the excess cases of small head size was five per thousand; at eight to eleven weeks, it was nine per thousand.  There were no cases of mental retardation in children exposed from zero to eight weeks after conception.  Starting at eight weeks after conception, the incidence of mental retardation increases at a linear rate with increasing dose. The dose to the fetus, which causes mental retardation in 40 percent of exposed fetuses, is approximately 100 rad.  The age at which the fetus was exposed was a critical factor in determining the type of effect and the risk.

The effect on the unborn child depends on the stage of fetal development.  There are three stages to fetal development: preimplantation, organogenesis, and fetal.

The preimplantation stage in humans is a period of zero to nine days after conception.  This period extends from fertilization of the egg to the point the embryo attaches to the wall of the uterus.  This is the most sensitive stage for lethal radiation effects.  High doses on the order of 200 rad will generally result in prenatal death.  If the fetus survives radiation exposure during this period, it will generally grow normally afterwards with few congenital abnormalities.

The organogenesis stage in humans is a period of ten days to six weeks after conception when the major organs are developed.  Any radiation induced malformations usually involve the CNS.  Radiation-induced malformations of body structures other than the CNS are uncommon in humans, but significant growth retardation can occur during this period.  Death of the fetus from radiation overexposure is likely to be at or near birth.

The fetal stage is a growth period for already formed structures, and in humans, this stage begins six weeks after conception.  Radiation effects observed in atomic bomb survivors include small head size and mental retardation.  The peak risk period for mental retardation occurs eight to fifteen weeks after conception.

aa) Discuss how the Linear Non-threshold Theory is used in developing risk estimates and dose limits associated with exposure to radiation.  (The use of International Commission on Radiological Protection (ICRP) Publications 26 and 60, or National Council on Radiation Protection and Measurements (NCRP) Report No. 116, may be helpful).

To develop standards for exposure to any harmful agent, risk factors must be calculated and compared to a standard risk or acceptable risk.  The development of risk requires human epidemiological data from a reliable control group(s) exposed to known doses of radiation.  It also requires scientists with the proper training and skills to evaluate the epidemiological data and the financial resources to conduct research.  In the early 1900s, such technical skills did not exist.  They were developed over the years as the scientific knowledge of radiation biology accumulated.  These factors have led to a long learning curve to establish scientifically credible radiation protection limits that have only recently been instituted.  A brief overview of the history of risk based limits follows.

Soon after the discovery of radiation, the harmful effects of radiation in humans became apparent as doctors and technicians working with radiation developed skin cancers.  The early limits were based on the concept of tolerance doses, which were observed effects that had a threshold value.  At the time, the threshold effect that was well documented was a reddening of the skin called erythema.

The first radiation protection limits were set at 5 roentgen (R) per month or 0.2 R per day. These values would prevent erythema and it was reasoned that the body could repair itself to prevent any damage.  These limits stood until 1936, when the recently established Advisory Committee on X-ray and Radium Protection reduced the limit to 0.1 R per day.

The reduction was not based on hard scientific evidence, but rather on a general feeling the limit should be reduced.  Studies showed that blood cell counts of technicians working with radium did not change when receiving average daily doses of 0.1 R; also, genetic hazards were beginning to become apparent.  Based on this information, which was the best available at the time, the radiation limit was reduced.

In 1949, the newly established NCRP recommended that the limit be reduced to 0.3 rem per week.  This reduction was not based on any scientific evidence, but rather on a desire to be safe.

In 1956, with the emergence of nuclear power, the need for more comprehensive limits became apparent.  There was a shift in radiation protection away from preventing acute effects to limiting chronic effects to acceptable levels.  Specifically, the genetic effects on humans posed a concern to the NCRP, and they lowered the limit by a factor of three to 0.1 rem per week.

In 1977, the ICRP revised its recommendations in ICRP 26/30 based on data that had become available over the previous decade.  Large bodies of information were gathered and analyzed. Some of the larger sources of information came from the following sources:

Radium dial painters

Radiologists and dentists

Uranium miners

Atomic bomb survivors

Ankylosing spondylitis patients

Children irradiated for thymus enlargement

Patients treated by pneumothorax

Children of mothers irradiated during pregnancy

In evaluating the epidemiological data, it became apparent that radiation had different types of effects.  Some effects were observable soon after a large acute dose and had specific threshold doses, such as erythema.  Other types of effects manifested themselves many years after exposure and did not have a specific threshold dose, such as cancer.  As a result of these observations, the ICRP 26/30 classified radiation effects as either stochastic or nonstochastic.

Stochastic effects are defined as malignant and hereditary diseases for which the probability of an effect occurring increases continuously with increasing absorbed dose while the severity of the effect, in the affected individuals, is independent of the magnitude of the absorbed dose.

Nonstochastic effects (also called deterministic effects in ICRP 60/61) are defined as effects due to radiation exposure for which the severity varies with the dose and for which a threshold normally exists (e.g., radiation induced opacities within the lens of the eye).

In ICRP 26/30, the premise of radiation protection is to limit stochastic effects to an acceptable level of risk and prevent nonstochastic effects from occurring.  This goal is met by limiting stochastic exposures to 5 rem per year and nonstochastic exposures to 50 rem per year.

To calculate risk, models were developed that would characterize the induction of harmful radiation effects as a function of dose.  As the model was refined, it became harder and harder to establish a well-defined relationship between chronic doses and harmful effects.  Because of this, the threshold theory was replaced by the nonthreshold theory which holds that any exposure, no matter how little, has some effect on the body.  Health Effects of Exposure to Low Levels of Ionizing Radiation (BEIR V report) endorses this model for hard cancers.

In developing the threshold model, the data points were based on sources of epidemiological data.  The doses that individuals received were from high doses, well above occupational limits, and very high dose rates.  There was very little data available at low doses or dose rates in sufficient numbers to develop meaningful conclusions on risk.  In light of the absence of data at low doses and dose rates, available data was graphed and extrapolated backwards using a linear model suggested by BEIR V.

The numerical risk factors calculated from the linear model are 8 x 10-4 per rem of exposure. Studies have shown that the biological effect, or risk, is greater at higher doses and dose rates by a factor of 2 to 2.5.  A dose rate reduction factor (DRRF) of two was applied to the linear model risk factor to calculate the occupational risk factor of 4 x 10-4 per rem of exposure to more accurately reflect the occupational risk.  It is the desire of the NCRP to set the risks of radiation exposure comparable to other safe industries.  According to the National Safety Council, which tracks accident statistics in all industries, the risk of death in safe industries is 1 x 10-4, or less, per year.  Receiving an occupational dose of one rem per year for 30 years is about the average risk for safe industries.

Although the federal limit of 5 rem per year is considered safe, there is a numerical level of risk involved with the term safe no matter what the hazardous agent is.  The linear model suggests that some dose, no matter how small, carries some risk.  This serves as the basis for the ALARA philosophy that has evolved in radiation protection over the years.  By reducing your dose as far below the limits as is possible, your corresponding risk is also lowered.

5. Radiation Protection personnel shall demonstrate a working-level knowledge of the principles and use of radiological instrumentation and radiological monitoring/survey practices.

ab) Describe the principle of operation of gas-filled detectors.

Almost all radiation detectors detect charged particles that are created as a result of ionizing radiation interactions with matter.  In a gas-filled detector, a gas, such as air, is used as the detecting medium and is housed in a chamber.  As gamma radiation interacts with the detector housing material, or directly with the air molecules, recoil electrons are generated which enter the fill gas.  These recoil electrons, called primary electrons, cause hundreds or thousands of ionizations and excitations of the neutral air molecules, creating secondary electrons or ions.  Ionization of an air molecule produces electrical charges, a large positive ion and a light negative electron.  Together they are called an ion pair.

To detect radiation, the ion pairs created by ionization must be collected.  Collection is accomplished by the use of a polar electric field.  In a gas-filled detector, the outer wall is usually negatively charged, attracting the large positive ions.  In the center of the chamber lies a wire or plate that is positively charged, attracting the electrons.  Voltage is applied between the anode wire and the cathode wall, providing the force to accelerate the charged particles from their point of origin to the opposite poles.  Due to the difference in masses, the light electrons accelerate hundreds to thousands of times faster than the large positive ions.  If the voltage is great enough, the secondary electron attains sufficient kinetic energy to ionize neutral air molecules during a random collision, creating tertiary electrons.  This creation of many tertiary ions from a single secondary ion is called gas amplification.  Thousands of tertiary electrons accelerate and are collected at the anode before the massive positive ions have begun to move.  The result is the build up and presence of a positive ion cloud which weakens the electric field strength in the detector below the gas amplification threshold, terminating the process.

The collection of the ion pairs produces a current or an electrical pulse depending on the design of the instrument.  Current mode is useful in quantifying the intensity of a gamma radiation field, and the pulse mode is useful in qualifying or analyzing the type and/or energy of the radiation.  Which mode the instrument is used in depends on the needs of the user.

ac) Discuss the following for gas-filled detectors:

· Voltage-response curve (i.e., six region curve)

· The three regions useful for radiation detection and measurement

· The sequence of events that occur following an initial ionizing event in an Ionization Chamber, a Proportional Counter and a Geiger-Müeller Detector

Figure 9 below graphs the pulse height of ion pairs collected versus the applied voltage.  As can be seen from the graph, as the voltage increases, the number of ion pairs collected also increases, but not in a directly linear fashion.

Of the six regions identified on this graph, only three are used for radiation instrumentation: the ionization, proportional, and Geiger-Müeller regions.
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Figure 9. General Gas Curve

Recombination Region

In the recombination region, the electric field strength is not consistent enough over the entire volume of the detector to collect all the ion pairs created by radiation.  Some ion pairs are able to recombine, due to opposite charges attracting, before collection can take place.  As the voltage increases over this region, the ion pairs are accelerated at a faster rate and a higher percentage of the ion pairs formed are collected.  Over most of the recombination region, not all of the ions pairs created are collected, which results in a loss of valuable information. Therefore, the recombination region is not used for survey equipment.

Ionization Chamber Region

To prevent recombination, the electric field strength is increased by increasing the voltage.  When voltage is increased past the recombination region, a point is reached where all the ion pairs formed in the chamber are being collected.  This is the ionization region.  Small increases in voltage have no effect on pulse size within this region.  If pulses occur at frequent intervals, a steady current can be measured instead of just counting pulses.  This current is directly related to the rate at which ion pairs are being formed, and can be related to an exposure rate.  Ion chamber-type dose rate meters operate in this region of the curve and the current levels being measured are typically in the range of about 10 amperes. 

Proportional Region

As the voltage on the detector is increased beyond the ion chamber region, the ions created by primary ionization are accelerated by the electric field towards the electrode.  Unlike in the ion chamber region, the primary ions (specifically electrons) in the proportional region accelerate toward the anode, gaining kinetic energy and colliding with neutral air molecules along the way.  A point is reached where the electron energy exceeds the ionization potential of air molecules, and collisions produce secondary ionization or ion pairs.  These newly formed secondary ions are also accelerated, causing additional ionizations.  The large number of events, known as an avalanche, creates a single, large electrical pulse.  This effect is known as gas amplification.  The gas amplification factor (GAF) can be 10 or more, which is a ratio between the primary ions produced and the number of ions collected.
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The output pulse is now very large, but is proportional in size to the number of ion pairs initially formed.  As a result, the proportional region can analyze the energy of a particle or photon and identify the type of radiation and/or the specific radionuclide.

The proportionality, or GAF, is highly dependent on applied voltage.  Slight changes in voltage can alter the GAF, hindering the instruments ability to discriminate between the different types of radiation.

Limited Proportional Region

Additional increases in voltage beyond the proportional region result in the gas amplification factor losing its proportionality to the initial pulse size.  The ability to differentiate between radiations is lost.

The output pulses from alphas and betas are becoming identical in size.  The limited proportional region is not used for radiation detection.

Geiger-Müeller (G-M) Region

A point is reached where higher voltage supplies each ion created in the tube with sufficient energy to cause an ionization avalanche.  All pulses are of the same size, regardless of the type of radiation that initiates it.  Once the cascade of ionizations has started, it continues along the length of the detector centerwire.

The positive ions move to the cathode chamber wall for collection, and upon colliding with the wall, can emit free electrons which are energetic enough to continue the avalanche.  To prevent a continuous avalanche, a quenching agent is added to the gas as a charge transfer mechanism.  The quench gas accepts the positive charge from the positive ion and transfers the positive charge to the detector wall without releasing free electrons.

During the time it takes the positive ion cloud to move to the wall, the electric field strength in the tube is weakened, and another pulse cannot form.  This is dead time.  As the field builds back up, small pulses can form, but may not be large enough to be detected by the pulse counter.  The overall time from the start of one ionizing event until the next detectable event is termed resolving time, and is typically 50 to 150 microseconds (μsec).  Events that occur during the resolving time will go undetected.  This places an upper limit on the count rate at which G-M tubes can operate without resolving time correction.

If the voltage is sufficiently high, there is a continuous arc across the electrodes, and the tube will go into continuous discharge.  This region is totally useless for measuring radiation.

Ionization Chambers

Ionization chambers operate in the ionization chamber region (region 2) of the general gas curve.

Characteristics associated with these detectors include the following:

They operate in current mode.

Air is typically used as fill gas.

Gas amplification (multiplication) is not required for operation.

They are fairly rugged devices.

They have short warm-up times (<1 minute).

They are primarily designed to measure x-ray and gamma ray radiations.

They have a typical readout in units of milliroentgen per hour (mR/hr) or roentgens per hour (R/hr).

Their response is slow because they are relatively insensitive devices.

They are ideal for exposure rate measurements and can measure very high radiation levels with virtually no dead time.

They have a flat energy response above 100 kiloelectron volts (keV).

They are sensitive to temperature, pressure, and humidity conditions.

These detectors can leak current.  Most designs require a zero strip adjustment.

They can detect/measure alpha and beta radiations with appropriate calibration factors and/or instrument design.

ad) Describe the principles of operation of scintillation and solid state detectors.

Scintillation Detectors

When irradiated, some materials become excited and return to a ground state by emitting photons in the visible light spectrum (e.g., radium watch dials).  This forms the basis for the scintillation detectors.  A variety of materials, including zinc sulfide, sodium iodide (NaI) crystals, stilbene, and special plastics can be used, depending on the application.  All utilize some type of photomultiplier tube (PM tube) to convert the light pulse into an electrical pulse.

The scintillator can be enclosed in a variety of housings, depending on the application and radiation(s) to be detected.  All must be light tight or installed in a light tight detector assembly to prevent stray light from entering the PM tube.  For beta and alpha detectors, a thin, opaque window, such as aluminized mylar, keeps ambient light out, but permits the radiation to enter.  The scintillation medium is excited by the ionizing radiation, and upon returning to a ground state, emits a pulse of light.  The size of the light pulse is determined by the amount of energy deposited in the event.  The light pulse enters the PM tube through an optical window and strikes the photocathode, which in turn releases a few electrons.  The electrons are drawn to a high-voltage electrode, called a dynode.  Each electron that hits the dynode causes a few more electrons to be released.  The process is repeated a number of times, with the result being a large pulse which is collected at the anode.  Since the number of electrons initially released by the photocathode is directly related to the size of the light pulse, the process can be used to differentiate events of varying energy.  This forms the basis for a scintillator-based nuclear spectroscopy system.  Although scintillation detectors can be used for alpha and beta radiation, they are primarily used for gamma detection.

Another type of scintillation detector is the liquid scintillation counter (LSC), in which the sample to be counted, usually a wipe test, is physically placed inside a small vial with a scintillation “cocktail.”  The cocktail is a solution made up of a solvent and scintillating solute (e.g., toluene, dioxane, or a non-toxic solution).  With LSCs, the solute in the cocktail absorbs the decay energy from the solvent and re-emits the energy as light to be collected by the PM tube and output electronics system.  Because of its sensitivity, the LSC is often used for measuring lower energy beta emitters such as tritium (H-3), carbon-14 (C-14), sulfur-35 (S-35), and phosphorus-32 (P-32).  Higher energy beta emitters such as P-32 can also be assayed by this method.  In recent years, the use of LSC for counting and quantifying alpha emitters has markedly increased.  Gamma emitters, however, are not normally assayed by this technique.

LSC is a specialized/sophisticated laboratory technique for assaying (quantifying) principally low energy beta emitters.  It is not ordinarily used for identification of radionuclides unless the spectrum is simple in nature.  LSC has several advantages, including the lack of sample self-absorption or backscatter, good geometry, and good efficiencies (up to 100 percent). Applications include counting and analyzing water and urine bioassay samples, air filters, vegetation, animal tissue, and waste material.  Site screening and cleanup associated with DOE remediation projects can be expedited.  Alpha and beta counting can now be done simultaneously.  Principal disadvantages have historically included the problems of luminescence (more light emitted than desired) and quenching (loss of the light signal).

Solid State Detectors

A good conductor is a material that allows the flow of electrical current.  An insulator is a material that prevents the flow of electrical current.  The number of electrons in the outer shell dictate whether an atom will be a conducting or insulating type material.  Conductors have one or two electrons in the outer shell, while insulators have close to eight outer shell electrons.  A semiconductor material falls some where in between a conductor and an insulator.  For example, two semiconductor elements used for radiation detection are germanium and silicon, and both have four outer shell electrons.

There are two types of semiconductor materials, P and N.  P-type materials tend to give up electrons to other atoms, leaving holes in the atoms’ electronic crystalline structures, to become positively charged.  N-type materials tend to accept electrons, filling in any available holes in the electronic structure, to develop an overall negative charge.

Germanium and silicon both have ridged crystalline structures that allow the transfer of electrons to holes in adjacent atoms’ crystalline structures.  A radiation detector can be made by taking advantage of semiconductor properties by laminating a P-type and an N-type material together and applying a high voltage through the material with the negative pole or cathode on the P type material, and positive pole or anode against the N-type material.  This electrical field orientation, called reverse bias, will force electrons to migrate and collect at the anode, and at the same time, the holes will be developed in the opposite direction toward the cathode. The region in between the two poles will be depleted of free electrical charges, which is very analogous to air molecules in a gas-filled detector.  As radiation is deposited in the material, free electrons are liberated and immediately collected.  This creates a pulse whose size is dependent on the energy of the incoming radiation.  This feature allows semiconductor detectors to be used in an analytical instrument to identify radionuclides when connected to a multichannel analyzer and a computer library.

ae) Describe the principle of operation and application of nuclear spectroscopy.

The identification of radionuclides is important for health and safety and regulatory compliance reasons.  Methods commonly used to identify radionuclides are by half-life, type, and energy of the radiation(s) emitted.  Nuclear spectroscopy is the analysis of the type and energies of radiation emitted to identify the radionuclide.  A spectroscopy system separates pulses from a scintillation or semiconductor detector.  The spectrum provides detailed information useful to identify unknown isotopes.  Solid state detectors such as germanium lithium (GeLi) provide much more distinct spectra than scintillation crystals such as sodium iodide (NaI).

Gamma and alpha radiation emitted from the nucleus during decay are monoenergetic, meaning there is only one discrete energy.  The decay energy is characteristic of the radionuclide, like a finger print.  When a sample is analyzed, the discrete decay energy must be deposited in the active volume of the detector and create an electrical charge.  The electrical charge must be collected over a small period of time and attributed to the decay of a single atom.  If this occurs, the result is an output pulse that is proportional to the decay energy and provides identification of the radionuclide.  The calculation of a pulse is demonstrated below.  The electrical charge in a gas proportional detector can be calculated from the following given information.

Given:

Radiation emitted = alpha

Decay energy = 5 MeV

W value of the gas = 30 eV per ion pair

Electrical charge per ion pair = 1.6 x 10 coulombs per ion pair -19

Gas amplification factor = 1,000

The electrical charge or pulse size in coulombs is calculated as:
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A spectroscopy system consists of the detecting system with its power supply, a linear amplifier and pulse shaper, a single or multichannel pulse height analyzer, and the display system.  The system has three functional segments: an analog to digital conversion segment, which converts pulse amplitudes to digital numbers; a memory with a number of registers, to add up the number of pulses in each channel; and an input/output section, which allows display or printout of the data.  The choice of a certain detector system determines the type of radiation to be handled.  

Nuclear spectrum analysis systems are generally used in laboratory settings for the identification of radionuclides in a given sample.  In some cases these instruments are portable, but may be cumbersome to handle.

In many cases, radiological postings, requirements, effluent discharges, radwaste, and internal dose limits require that specific radionuclides be identified.  Some instrumentation used in spectroscopy systems and their specific uses are given in the chart below.

	Radiation
	Analytical Instrument
	Type of Instrument

	Alpha
	· Surface Barrier Detector

· Gas flow Proportional

· Liquid Scintillation
	· Silicon Solid State
· Gas-Filled
· Scintillation

	Beta
	· Liquid and Plastic Scintillation
· Surface Barrier Detector
	· Scintillation

· Silicon Solid State

	Gamma, X‑Rays
	· Sodium Iodide (Nal)

· High Purity Germanium (HPGe)

· Germanium Lithium (GeLi)

· Silicon Lithium (SiLi)
	· Scintillation

· Solid State

· Solid State

· Solid State


af) Discuss the purpose, principles of detection and operation, and field application of the following:

· Continuous air monitors (CAMs)

· Airborne radioactivity samplers

· Area radiation monitors (ARMs)

· Criticality detection/alarm systems

· Personnel contamination monitors

· Process radiation monitors

CAMs

In 10 CFR 835.403(a)(1), air sampling in the workplace is required when, under typical conditions, an individual would be likely to receive an annual intake of 2 percent or more of the specified ALI values.  The 2 percent value equates to an annual dose equivalent of 100 mrem.  To assist in satisfying this requirement, CAMs are routinely used at DOE facilities.

The overriding purpose for using CAMs is to detect the presence of airborne radioactivity. These devices are designed to continuously sample and measure the air for radioactivity. They provide realtime monitoring capability.  Under 10 CFR 835.403(a)(2), real-time air monitoring must be performed in normally occupied areas for one or both of the following situations: (1) where an individual is likely to be exposed to a concentration of airborne radioactivity exceeding one DAC for the radionuclide of interest or, (2) where there is a need to alert potentially exposed individuals to unexpected increases in airborne radioactivity levels.

At DOE facilities, the emphasis in the occupational setting is often devoted to detecting the presence of alpha-emitting transuranics such as plutonium, americium, etc.  Beta CAMs are also used.  If a preset exposure level is exceeded, possibly due to an unplanned release, modern CAMs are designed to activate an alarm system with the intent of reducing occupational exposures.  CAMs should be designed to respond in the shortest possible time and at the lowest detectable level of radioactivity, keeping in mind the need to reduce, and preferably avoid, spurious alarms.  Alarm capability and adequate sensitivity are requirements mandated in 10 CFR 835.403(a)(3).

CAMs basically function by employing a flow system to steadily draw air, containing radioactive particulates, gases, or vapors, into the monitor.  Particulates are deposited on some sort of collection substrate.  For alpha radioactivity measurements, solid state detectors (typically a surface barrier or diffused junction semiconductor) work in concert with a multichannel analyzer (MCA) to detect, record, identify the radionuclide(s) of interest, and analyze the energy distribution.  Zinc sulfide (ZnS) scintillators are also used, but for detection purposes only.

Beta particulate CAMs primarily employ gas proportional counters and/or silicon surface barrier detectors to record radiation events.  Air monitors utilizing beta (plastic) scintillators, G-M detectors, and ionization chambers are being phased out, principally because of problems associated with radon progeny rejection.  Those monitors employing G-M detectors tend to be larger and heavier than other CAMs because of the shielding materials required to reduce the background radiation levels.

Radioactive gases and vapors containing beta emitters are primarily collected using proportional counters and beta scintillators.  Ionization chambers have also been used, but only for tritium, a radioactive gas.  The larger the chamber, the more sensitive the measurement becomes.

Most CAMs separate airborne particulates through the filtration process where a physical barrier (a filter) removes particulates from the air stream.  To a lesser extent, the process of inertial impaction — the removal of particulates that, due to their inertia, cannot make a bend in the air stream and are therefore impacted — is used in some CAM designs.  Inertial impactors either deposit the particulates on a detector or on a collection substrate placed over the detector.

Airborne Radioactivity Samplers

Air sampling is performed to determine the cleanliness of the air environment in the work area or in the air exhausted to the outside environment, as in the case of stack sampling.  It is also done to check the effectiveness of laboratory design and/or work procedures as applied to contamination control.  Air sampling equipment should be positioned to measure air concentrations to which persons are exposed.  If this cannot be achieved, a program of personal breathing-zone air sampling should be initiated.  The objectives of air sampling are to

measure the concentration of the contaminant in the air (detection and analysis)

identify the type and characteristics of the contaminant to help evaluate the hazard potential

appraise the performance of control equipment or procedures

A common practice is to use allowable concentration values as an index of the degree of control achieved.  Then, measured concentrations well below the allowable limit imply satisfactory control.  To document that control is being maintained, a routine air sampling program must be carried out.

Factors which need to be considered in setting up an air sampling program are frequency of sampling, collection time, sampler type, and volume flow rate.  The choices that one has will often be influenced by the form, nature, and containment of the radionuclide being sampled, as well as the type of operation being performed.  In general, for a given radionuclide, one should sample a large enough volume so that 1/10 of the allowable concentration can be measured.  However, the method of analysis with respect to its sensitivity and accuracy will affect the sample volume needed.

Two types of samples are collected.  A volume or grab sample is one in which part of the universe, with the contaminant in its original concentration, is isolated.  This sample gives conditions at a point in time and space.  Many such samples may be needed to adequately describe average conditions in a large area.  A continuous or integrated sample is one in which the contaminant is accumulated in the collecting medium during the entire period of interest.  This sample gives an average concentration during the collection time and does not reveal any fine structure in the air concentration.  Samples of either type may be taken for both gases and particulates.

ARMs

ARMs are utilized to control radiation exposures in a workplace setting.  A variety of ARM systems exist to detect gamma and neutron radiation.  Emphasis is typically placed on the detection of gamma radiation intensities throughout the facility.  To satisfy that objective, ARMs are either wall-mounted or operated as freestanding units in areas requiring monitoring.  These devices tend to be fairly rugged and versatile, yet compact and lightweight. G-M or ionization chamber detectors are typically used.  Depending on the detector, energy compensation is provided to allow a flat roentgen response versus gamma energy.  Radiation levels ranging from 0.01 mR/hr up to 10,000 R/hr are typical.

ARMs are designed to provide normal/fail indicators for safe operation.  Remote indicators are available that include meter, audible, and visual alarms.  High radiation alarms and alarms designed to “alert” the worker that an alert level has been exceeded can be set over the entire meter range.  Audible alarms often consist of a horn; visual alarms employ a light or beacon, which may flash on and off depending on the design.

ARMs for slow neutron detection can use proportional counters by taking advantage of any number of charged particle reactions including: B-10 (n, alpha) reaction, He-3 (n,p) reaction, and Li-6 (n, alpha) reaction.  Because charged particles are generated in these reactions, scintillation materials such as zinc sulfide (ZnS) can be used to detect neutrons.  Other means of slow neutron detection are fission chambers, which contain fissile material that interacts with thermal neutrons causing fission.  The neutron flux is measured by the intensity of the gamma radiation given off during fission.

Fast neutron detection usually incorporates a moderator such as paraffin to thermalize fast neutrons to induce a slow neutron reaction discussed above. Fast neutrons can be detected by using scintillation materials with a high hydrogen content to produce a proton.  Scintillation materials containing hydrogen include anthracene and stilbene.

From a regulatory perspective, the use of stationary (area) or portable radiation instrumentation for the purpose of measuring ambient radiation dose rates is required under 10 CFR 835.403(b).  The DOE Radiological Control Manual (Article 553) recommends the following:

ARMs should be

· installed in frequently occupied areas where the potential exists for unanticipated increases in dose rates;

· placed in remote locations where a need for local indication of dose rates prior to personnel entry exists;

· used to measure only the radiation for which the calibration is valid;

· tested at least quarterly to verify audible alarm system operability and audibility under ambient working conditions, as well as operability of visual alarms, when so equipped.

The need and placement of an ARM should be documented and assessed when changes to facilities, systems, or equipment occur.

Where an ARM is incorporated into a safety interlock system, the circuitry should be such that a failure of the monitor should either prevent entry into the area or prevent operation of the radiation producing device.

ARMs should not be substituted for radiation exposure surveys in characterizing a workplace.

If installed instrumentation is removed from service for maintenance or calibration, a radiation monitoring program providing at least equal detection capability should be maintained, consistent with the potential for unexpected increases in radiation dose rates.

Criticality Detection/Alarm Systems

The purpose of nuclear criticality accident alarms and alarm systems is to alert personnel to promptly evacuate the area to reduce the risk of exposure to radiation.  Generally, the nuclear criticality accident alarm system is meant to prevent large exposures to many people.  A nuclear criticality accident occurs without advance warning.  There are no discernible indications that the accident is about to happen.  Therefore, nuclear criticality accident alarm systems are after-the-fact alarms.  Generally, the alarm will sound about a half a second after the criticality has occurred.  ANSI/ANS-8.3-1986, Criticality Accident Alarm System, addresses not only the need for alarm systems, but also describes the characteristics of alarm signals, dependability, testing procedures, and emergency planning.  The specifications for alarm signals include recommended sound pressure levels and activation mechanisms that do not depend on human action.

Criticality alarm systems are generally composed of neutron or gamma radiation detectors and annunciation (signal) equipment.  In addition, administrative procedures are needed to ensure that the equipment is maintained and properly calibrated.

As stated in ANSI/ANS-8.3, “Criticality alarm systems shall be designed to detect immediately the minimum accident of concern.  For this purpose, in areas where material is handled or processed with only nominal shielding, the minimum accident of concern may be assumed to deliver the equivalent of an absorbed dose in free air of 20 rad at a distance of 2 meters from the reacting material within 60 seconds.”  Therefore, the minimum accident of concern assumption determines the alarm set point and the detector spacing in a work area.

The selection of the detector will generally be determined by the fissile material being used and the type of radiation emitted in the event of a criticality accident. Some facilities can accidentally produce gamma fluxes capable of setting off a criticality alarm without actually having a criticality.  This situation would produce false alarms; therefore, a neutron detector would more likely be used instead of a gamma detector.

Lithium-6 (Li-6) used in combination with other elements is an example of a neutron detector.  G-M detectors and NaI detectors could be used to detect gamma radiation.

The basic principle of operation is described in the following example.

Detector type: Zinc sulfide/lithium-6 (ZnS /Li-6) doped neutron scintillator

A polyethylene moderator is used to enhance neutron capture.

Neutron capture by Li-6 produces particles.

The reaction of ZnS produces visible light photons.

Light pulses are detected by a photomultiplier tube (PMT), producing electric signals proportional to the neutron flux.

Criticality accident alarms and alarm systems generally have built-in signals that indicate a malfunction or loss of power.  These signals may be visible, audible, or both.  Some alarms have built-in battery backup systems with battery chargers.  The alarms and alarm systems are tested periodically to ensure the following conditions:

The system is operating within the design specifications, especially following modification or repair, including maintenance of redundancy.

The system responds to radiation as designed.

The evacuation signal is audible above background noise and is discernible as an evacuation alarm.

Test results are recorded and maintained for each system.

Personnel Contamination Monitors

Personnel monitors are designed to determine the amount of radioactivity that might be present on personnel in their excretions, on their skin, or on any part of their clothing.  Subpart E of 10 CFR 835 requires workplace monitoring.  Section 835.401 lists the general requirements for workplace instrumentation, including

the need for periodic maintenance and calibration;

the choice of appropriate instrumentation for the type(s), levels, and energies encountered;

consideration of environmental conditions to which the instrument(s) would be exposed;

determination/confirmation of the operability of the instrument.

Section 835.404 addresses more specifically the requirements for radioactive contamination control and monitoring.  The instrumentation selected must be able to satisfy the requirements of 10 CFR 835.

While the use of portable instrumentation is an important component of contamination control, the regulation emphasizes the use of fixed (stationary) personnel contamination monitors.  These devices are typically designed to allow the user to place his/her hands and feet in the monitor, wait for a sufficient period of time to achieve sufficient sensitivity, and then inform the individual as to whether he/she is free of contamination.  Visual and audible alarms are used to relay the contamination status to the individual.  These monitors are meant to signal the presence of radioactivity, not necessarily the exact location.  If contamination is found, portable radiological instrumentation can localize the area of contamination and facilitate decontamination procedures.  Large area detectors are in use that allow the detection of contamination over a much larger area of the body.

Fixed personnel monitors primarily employ gas-flow proportional counters and fixed-volume (gas-filled) G-M detectors to detect alpha, beta, and gamma radiation.  Thin mylar windows are required to allow detection capability, especially in the case of alpha particles.  In some cases, solid-filled scintillation detectors are used for detection of alpha radiation.

These monitors should be placed at strategic locations in the facility.  Common locations include egress points from radiologically controlled areas where contamination could potentially exist.  The number of monitors is influenced by the number of work stations and the locations where higher contamination levels are found.

Process Radiation Monitors

Process radiation monitors are designed to detect concentrations of liquid and gaseous radioactivity in work areas, stacks, ducts, laboratories, etc.  A variety of these systems exist and are routinely used as indicators of normal and abnormal system operating conditions.  They may also provide an estimate of the quantity of radioactivity released to the environment.

Monitoring of liquid wastes should be performed to

demonstrate compliance with DOE Order 5400.5 (specifically chapter 2)

quantify radionuclides released from each discharge point

alert appropriate personnel of upsets in processes and emissions controls

Continuous radionuclide monitoring is recommended for routine releases that could exceed one derived concentration guide (DCG) at the release point when averaged over one year, or unanticipated releases exceeding one DCG averaged over one year.  Continuous sampling combined with frequent analyses can substitute for continuous monitoring if emissions cannot be detected by technically current continuous monitoring devices.  Appropriate statistical parameters should be considered to determine the accuracy of sampling results. The level of monitoring effort is determined by the importance of the sources during routine operations and the potential for accidental releases to the environment and dose to the general public.

Performance standards for a liquid effluent monitoring system are based on a careful characterization of several parameters.  These include the source(s), pollutant(s), sample collection system(s), treatment system(s), and final release point(s) of the effluents.

If a facility is new or has been modified, a preoperational assessment is recommended to determine the impact on effluent release quantity, quality, and sensitivity of the monitoring or surveillance system.  This assessment should be used to determine liquid effluent types and quantities, and facility monitoring needs.  It is important that the system perform to a level that allows compliance with DOE Order 5400.5 (specifically, being able to detect radionuclide concentrations at or below the DCG in addition to meeting reporting requirements).  Sufficient sensitivity regarding statistical detection levels is advocated.

Performance standards include consideration of continuous monitoring/sampling, sampling systems, calibration of monitoring and sampling systems, and environmental conditions.

Design criteria associated with liquid effluent systems exist to promote representative sampling.  The following general criteria assist in meeting that objective:

Location for sampling and monitoring

Use of a highly reliable sampling pump where needed to provide uniform continuous flows

Redundant sampling collection systems or an appropriate alternative

Sampling ports located sufficiently downstream of the final feeder line to promote complete mixing

Samples of a proportional amount of the full effluent flow

Accuracies within ±10 percent  regarding effluent streams and sample-line flows

Emphasis on maintaining structural integrity of the effluent sampling lines

Design considerations for the liquid effluent monitoring systems include the following:
Purpose — Monitoring provides a prompt signal if a significant release occurs.  Written procedures are advocated to document the actions that should be taken if an abnormal signal is detected.  In-line and off-line monitoring may be required to accommodate routine and emergency monitoring.

General Design Criteria — The type of radiation influences whether actual direct measurements or sampling and analysis are required (or a combination thereof).  Alpha emitters and some beta emitters pose concerns from a measurement perspective; therefore, sampling and analysis should be performed to quantify releases associated with these radiations.  Gamma radiation can usually be detected by direct measurement.  Shielding may be required for high background areas.  In these cases, off-line monitoring is encouraged.  Grab samples can be used for batch releases where the concentration of radioactivity is constant, but the release is of short duration.  When continuous effluent streams are present, continuous monitoring and/or sampling should be performed.  Environmental conditions influence the design of the monitoring/sampling system.  Air conditioning and heating provide reliable system operation to minimize worker exposures; background dose rates are considerations in accessing the system for calibration and servicing.  Shielding should be considered when warranted.

Alarms are recommended to provide timely warnings and signal the need for corrective actions prior to a release exceeding the limits or recommendations in DOE Order 5400.5.  The collection of a variety of samples (grab, continuous, or proportional) is encouraged to detect the levels of radioactivity before significant impacts on the public or the environment occur.

ag) Discuss the basic elements and applicable standards of a radiological instrument calibration program, including the following:

· Calibration source selection and traceability

· Source check and calibration frequency

· Instrument energy dependence

Calibration Source Selection and Traceability

Some general considerations in determining radioactive sources are half-life, range of energies emitted, and physical form.  Sources should have long half-lives and physical forms that enable ease of use.

Some of the technical considerations in selecting a source are the type of radiation emitted, source strength and intensity, source to detector geometry, source accuracy for field intensity determination, and incidental and spurious radiations.  It is important for the calibration source to emit radiation that is representative of what is expected in the field.  This includes type of radiation, intensity, and any interferences from mixed radiation fields.

Radiation source intensities may need to yield absorbed dose rates or kerma (kinetic energy released in matter) rates from less than 0.1 gray (Gy) hr-1 to greater than 100 Gy hr-1.  Sources used to calibration surface contamination instruments may require activity levels anywhere from 100 becquerel (Bq) to 10 kBq.

Calibration sources should be traceable to the National Institute of Standards and Technology (NIST).  This can be accomplished by several means, such as the following:

NIST tracable sources are prelisted.

Calibration sources are sent to NIST for calibration.

Instruments are sent to NIST for calibration.  These instruments are then used to calibrate the facility sources and/or fields.

Sources or instruments are sent to a secondary calibration laboratory for calibration.

Source Check and Calibration Frequency

In between regular calibrations, instruments should be performance checked before use.  The deviations should not be more than +/- 20 percent from expected readings.

According to 10 CFR 835.401(c) (1), instruments used for monitoring and contamination control shall be “periodically maintained and calibrated on an established frequency of at least once per year.” Additionally, ANSI N323-1978, Radiation Protection Instrumentation Test and Calibration, suggests calibration be performed at least annually.  Where instruments are subjected to extreme operational conditions, hard usage, or corrosive environments, more frequent primary calibration should be scheduled.  Also, if an instrument fails a source check or has undergone modification which might affect its response, it should undergo recalibration.

Instrument Energy Dependence

Gamma radiation interactions (i.e., photoelectric, compton scatter, and pair production) are all photon energy dependent.  For this reason, the response of gamma radiation detectors is energy dependent.  Ion chambers exhibit the most energy independent response over the Compton interaction range of 0.2 MeV to 2 MeV.  Most gamma emitters encountered in the workplace fall within this energy range.  However, most detectors exhibit the most energy dependence to lower (below 0.2 MeV) photon energies, particularly characteristic x-rays. Other instruments exhibit the most energy dependence to beta particles below 0.5 keV and neutrons below one MeV.  Knowledge of the magnitude of the energy dependence is essential when the same instrument may be used to assess various radiation fields from different sources.

ah) Discuss the following concepts as they relate to radiological counting measurements:

· Background

· Lower limit of detection (LLD)

· Minimum detectable activity (MDA)

· Counting efficiency

· Counting uncertainties

Background

Radiation exists in our environment from both natural and man made sources.  Natural radiation includes cosmic and terrestrial sources.  Man made sources of radiation include medical and consumer product sources.

All radiation instrumentation is affected by background radiation of some sort, whether it is from natural or man made sources.  When counting radiation samples, corrections must be taken to account for background radiation to prevent interference with the sample count.  This is accomplished by counting a blank sample for a given period of time.  The value of the background is then subtracted from the sample counts to obtain a true sample count.

There are specific terms for various counts, for example, a gross sample count includes sample count and a background count. A net count is attributed to the sample and is calculated by subtracting the background counts from the gross sample count.  The term “net counts” implies that background has been subtracted, and therefore, the count is due to the radioactivity in the sample.

LLD

Lower limit of detection (LLD) is another statistical value used due to the random nature of radioactive decay.  The LLD is broadly defined as the smallest amount of activity that will yield a net count for which there is a predetermined confidence level for present activity.

The following formula calculates the LLD when background and sample count times are equal.
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where:

Rb = background counting rate

Tb = background counting time

E =  instrument efficiency

MDA

Radioactive decay is a random process that lends itself to statistical analysis.  Because of this randomness of decay, limits or decision points must be calculated to determine whether or not activity exists in the sample or whether the counts fall within acceptable parameters for random background variations.  One such statistical analysis is called MDA.

MDA can be broadly defined as the smallest amount of activity present in a sample that may be detected by a particular instrument to a predetermined confidence level.  In health physics, the confidence level is generally 95 percent.  This implies that we have a 95 percent chance of detecting the activity and only a 5 percent chance of nondetection.  

The MDA should be as low as possible.  There are four methods available to reduce the MDA value, including

collecting larger samples

reducing the background

counting the samples longer

selecting a counting system with a greater efficiency

Counting Efficiency

For the instrument to register a count, the radiation emitted must interact with the detector, deposit energy, and create an electrical signal.  Most detectors miss some of the radioactive events or decays for a number of reasons (e.g., radioactive decay is isotropic, or radiates in a 360° sphere, resulting in only a small portion of the radiation being detected).  To relate the counts registered on the instrument to the activity in the sample, the following formula is used:

Activity = 
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counts


where:

Activity = bequels or curies

Counts = counts registered on the instrument
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As long as the instrument efficiency remains constant, the activity can be reliably calculated. Most instruments are actually only 1–40 percent efficient.  However, gas flow proportional counters with 4 pi geometry or liquid scintillators can approach 100 percent efficiency when counting alpha particles because all of the energy of the decay is deposited in the active volume of the detector.

Counting Uncertainties

When calculating activity from an air sample, there is error associated with the flow rate of the pump, the filter collection efficiency, and the counting system.  To calculate the total uncertainty when multiple sources of error are involved, the following formula is used:
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where:

Uf = percent error in the flow rate

Ue = percent error in the collection efficiency

Uc = percent error in the counting system

ai) Describe various radiological situations and the use of appropriate radiological surveys, including: radiation, contamination, and airborne radioactivity surveys.

Surveys must be taken in the workplace for radiation fields, surface contamination levels, and airborne contamination levels.  A general monitoring sequence for encountering an unknown radiological condition would be as follows:

1.
Verify external exposure rates in the area and locate sources of radiation by using 

an ion chamber for gamma radiation

a remball for neutron dose equivalent rates

2. 
Verify loose contamination levels on exterior surfaces

smear survey (G-M, ZnS, or ion chamber with an open window)

3.
Obtain or start an air sample

4.
Verify fixed contamination levels against exterior surfaces

direct frisk (G-M or ZnS)

Radiation Fields

In most cases, external radiation fields have the highest potential hazard when approaching an unknown radioactive waste situation.  There are three types of external radiation fields to be aware of:

Gamma

X-ray

Neutron

Gamma Radiation Fields

The best overall portable instrument to quantify high gamma radiation fields is an ion chamber detector, such as Eberline’s RO-2 and RO-2A.  These instruments have ranges of 1 to 5,000 mR/hr and 10 to 50,000 mR/hr respectively.

The intensity of external radiation fields varies depending on the activity of the source, energies of the radiations emitted from the source, geometry of the source, distance from the source, and shielding materials.  The intent of a survey is to verify the highest dose rate that can be obtained at the source of the radiation.

Approach the unknown object by allowing the instrument to encounter the radiation field first.  Have the instrument on its highest scale, watch the response of instrument, and decrease the range of the instrument until the instrument responds, or the lowest range is reached.

Gamma radiation will be present in significant fields around

spent nuclear fuel rods

reactor fission products

· Cs-137 (problem because of relatively long 30-year half-life)

reactor activation products

· Co-60 (problem because of 5.2 year half-life, high abundance in reactor water, strong gamma emission per disintegration)

UF6 cylinders

Th-228, decay daughter of U-232

Reactor waste products that can be expected to have high gamma radiation fields are

reactor clean-up and fuel pool clean-up systems

· filter sludge

· reactor clean up resins

primary reactor piping components

· valves

· internals of the main steam line system

Neutron Radiation Fields

Neutron radiation fields can be measured by a proportional counter known as a remball.  The remball measures dose equivalent neutron fields in mrem/hr range and greater.  While use of the remball will provide information on dose equivalent rate for safety purposes, it is not good for detection of small activity neutron sources.  Smaller neutron fields may be detected by the use of a ZnS detector, taking advantage of the (n, alpha) reaction.  Although the detector is not designed to measure neutrons, count rates as low as 60 cpm for thermal neutrons and 15 cpm for fast neutrons can be measured.  The ZnS detector should be tested against low activity neutron sources to determine the efficiency of the instrument.  Also, the instrument is modified by the use of a moderator to increase the efficiency for detection of neutrons.

Neutron radiation fields are found around the following situations:

Operating nuclear reactors

Neutron calibration sources

· PuBe source

Spent nuclear fuel storage areas

Fissile materials storage areas and transuranic waste, including uranium as UF6

· Uranium-235 (U-235)

· Uranium-233 (U-233)

· Plutonium-239 (Pu-239)

Neutron radiation fields increase with the level of enrichment in U-235.  Some typical neutron radiation fields associate where large quantities UF6 are stored.

X-Rays, Measurements for Plutonium

Thin Nal and Phoswich detectors (a thin scintillator attached to a thick one) have been developed to measure low-energy x-rays (particularly those near 17 keV) from plutonium isotopes.  The thin Nal detector and the thin scintillator in the Phoswich detector reduce the effects from higher energy gamma radiation, and the thick detector in the Phoswich is used to eliminate remaining thin-crystal signals that occur simultaneously with pulses from the thick backup crystal.  This maximizes the fraction of output that comes from the desired low-energy x-rays.  These detectors are used to detect plutonium when the fraction of americium‑241 (Am-241) is not known (Am-241 is more easily detected and can be used as a benchmark, if the relative amounts of Am-241 and plutonium are known) and when there is too much absorption to measure alpha radiation.  This technique is limited, however, by absorption in the material because one cm of water will absorb about 80 percent of the incident x-rays.

Radioactive Surface Contamination

Radioactive surface contamination is classified as either fixed or removable.
Fixed contamination.  This contamination cannot be readily removed from surfaces.  It cannot be removed by casual contact.  It may be released when the surface is disturbed (buffing, grinding, using volatile liquids for cleaning, etc.)  Over time it may weep, leach, or otherwise become loose or transferable.  Fixed contamination may be detected by direct frisk with a G-M tube for beta/gamma or a ZnS for alpha.

To survey for fixed contamination, place the G-M probe within 1/4 inch to 1/8 inch of the surface of the object, moving the probe about two to three inches per second.  Any readings obtained could be the result of fixed or removable contamination on the outside of the object or small levels of gamma radiation inside the object.  A localized fixed contamination reading on the surface of a large container can drop off drastically by moving the probe only six inches away from the surface.  To verify fixed versus removable contamination, one should perform a smear survey.

Removable contamination.  Removable/transferable contamination can be readily removed from surfaces.  It may be transferred by casual contact, wiping, brushing, or washing.  Air movement across removable/transferable contamination could cause the contamination to become airborne.  

Survey the exterior of the container by smearing the surface of the container with an absorbent material, and then frisking the smear with a G-M detector.  The background on the G-M detector should be less than 300 cpm.  Smear areas that may have leaked radioactive material from inside the container.  Specifically, smear areas around

signs of leaks,

corrosion, e.g., rust on the container

pressure relief valves

seals

Compare the background on the G-M detector near the object with a low background area of 200 to 300 cpm.  Increases in background, within a few feet of the container, most likely indicate the presence of gamma or x-ray radiation.

6. Radiation protection personnel shall demonstrate a working-level knowledge of internal and external radiation protection principles and control techniques.

aj) Discuss the implication of the following on the identification of hazards associated with radiological work activities and how it might affect the controls specified on a Radiation Work Permit (RWP):

· Location of the work (i.e., in a radiation, contaminated, or airborne area)

· System being worked on (i.e., fluid under pressure, hazardous or radioactive)

· Nature of the work activity (inspection, opening system, etc.)

Location of the Work

Identifying the work location is important in order to write the RWP, conduct pre job briefings, and maintain exposures ALARA.  To plan work in radiological areas, surveys must be taken at the work location to determine the radiological hazards present.  Once the radiological hazards have been identified, radiation protection personnel write the RWP specifying the radiation protection precautions based on the radiological hazards in the area, the system on which work is being done, the type of work performed, and the potential for hazards to occur.  

Once the RWP is written and prior to the commencement of work, a pre job briefing is usually conducted to inform the workers of the exact location of work to be performed, scope of work, radiological conditions, and precautionary measures.

Reducing time in a radiation area minimizes dose.  Workers must know the exact location of work to minimize the time spent in the area.  For example, due to a lack of a pre-job briefing identifying the work location, workers may search for the work area, increasing time spent and possibly entering higher than necessary radiation fields resulting in greater doses.  Also, radiation fields can vary drastically with distance, and small changes in worker position can alter doses received by workers.

The assessment of the radiological history of a work location is also important.  When determining the location of work, technicians should include an assessment of accessible contamination and radiation levels, hot spots, and history of spills in the area.  An example of a radiological hazard due to insufficient assessment of work location happened in the fall of 1996 at the B-Plant in Hanford, WA.

A job involving the replacement of a flange with a blank flange from an uncontaminated system was assigned.  The area was posted as a radiological buffer area for contamination control.  The available survey data on the flange and adjacent area indicated loose surface contamination; the detector readings were 30 mrad/hr.  The history of the area was not taken into consideration during the development of the RWP and work package.  Unbeknownst to workers, a serious radiological spill, predominately strontium-90 (Sr-90), had taken place in that area in the past; the residual contamination was covered with lead and paint.  The 30 mrad/hr levels on the flange indicated significant contamination fixed into the paint, with the potential for loose surface contamination underneath and in the flange crevices.  Radiological control personnel erroneously determined no radiological controls were required, except for swipes on opening the flange as a precaution.  Millions of dpm/100 cm2 were found on opening the flange, and a spread of contamination occurred due to inadequate radiological controls.

Systems Being Worked On

The systems to be worked on need to be clearly identified to ensure work is preformed on the correct system, and to maintain worker safety and key exposures ALARA.  Systems should be locked and tagged out to help identify them as the correct systems.  Working on the wrong system wastes time, which increases dose, results in a hazardous situation, and jeopardizes plant operation.  Many plant systems are pressurized, and upon opening, can spray radioactive liquid, mist, or particles onto unprepared workers.  Uncontrolled depressurization can result in nonradioactive hazards such as the release of projectiles, steam, and/or hazardous materials.

The radiological hazards associated with a system include the isotopes of concern (i.e., plutonium nitrate, dissolved spent fuel, purified water with residual tritium, etc.).  Isotopes have distinct differences in radiological hazard that contribute to risk and thus appropriate levels of control.

How contaminated is the system at the point being accessed?

A system containing feed material, such as dissolved spent fuel, has a higher level of risk than an interfacing system that may feed pure water into the contaminated system.  These interfacing systems get cross-contaminated to varying levels depending on the location and types of backflow preventors installed, and depending on the history of operational problems that resulted in cross-contamination.

Secondary plants may have low-level contamination due to primary to secondary leaks.

A high efficiency particulate air (HEPA) filtered ventilation system has a greater radiological hazard upstream of the HEPA as compared to downstream, and so forth.

Depending on the isotope strontium-90 versus cesium-137 [(Sr-90)(Cs-137)], radiation survey data on the outside of the system can provide an indication of internal contamination levels.

An understanding of the system allows engineering analysis of the potential for radioactive liquids to be discharged on breakthrough of the system.  Controls such as blowdown of liquids, installation of freeze seals, installation of a glove bag with a radioactive liquid collection bottle, etc., are evaluated based on knowledge of the system.

Surveys are performed for interfacing systems to release the clean portion of the system from radiological control.

Another aspect of radiological hazard associated with a system is the potential for neutron activation of some system components from neutron flux.

Nature of the Work Activity

Knowing the nature of the work activities is important in prescribing radiological protective measures.  In many cases, radiological hazards, such as surface or airborne contamination, are present inside systems or components which cannot be surveyed prior to the start of work. Under these conditions, radiological precautionary measures need to be based on the scope of work.  For example, the area outside the component may be clean, but upon opening of the system, will become contaminated due to internal system contamination.  Therefore, the work area may need to be set up as contaminated prior to work. Another example is the production of airborne radioactivity due to excessive surface contamination inside systems.  Airborne radioactivity levels may be insignificant before system opening, but work activities may generate airborne contamination due to welding, grinding, sanding, evaporation, chemical volatility, or worker movements.

ak) Discuss special exposure control, survey, and personnel monitoring techniques associated with work in the following areas or situations:

· Non-uniform-radiation fields

· High-radiation areas

· Contact work with radioactive materials/sources

Non-Uniform-Radiation Fields

Radiation fields can be very localized or broad depending on the size, geometry, or distribution of the radiation source, shielding effects, or distance from the source.  In many work situations, the radiation field intensities can vary greatly from head to foot or back to chest.  Problems occur when the individual’s dosimetry is not placed in the highest whole-body radiation field.  Under such conditions, the dosimetry would not record a dose that is representative of the individual’s whole body dose.  Take, for example, a small point source located above an individual’s head causing a radiation field of 100 mrem/hr at the head, 40 mrem/hr at the chest, 20 mrem/hr at the waist, and 10 mrem/hr at the knees.  If the individual were required to work in this area for three hours, standing in the same position, the dosimetry, usually worn on the chest, would not reflect the highest whole-body dose, which would be to the head.

Multiple dosimetry should be issued to personnel to assess whole body exposure in non-uniform-radiation fields or as required on RWPs.  Non-uniform-radiation fields exist when the dose to a portion of the whole body will exceed the dose to the primary dosimeter by more than 50 percent and the anticipated whole-body dose is greater than 100 rem.  The technical basis document should describe the methodology used in determining the dose of record when multiple dosimeters are used.

Because of the weighting factors of the various body parts, alternate locations, such as the head when weighted, contribute significantly less to the total dose than to the trunk dose. Common locations for placement of multiple dosimetry include the head, chest, back, gonads, and top of the arms and legs.

Non-uniform-radiation fields are identified by scanning the work area with the radiation survey instrument to locate the source of the radiation fields, and noting the change in readings as the instrument is moved to the head, chest, and thigh regions.  Non-uniform-radiation fields also result from the source and/or workers changing positions.  Gradient radiation surveys and consideration of body positioning in the gradient is useful for non-uniform-radiation fields.  A gradient radiation survey is a three-dimensional survey, where the maximum radiation dose rate in the grid is identified on the survey map.

Neutron monitoring requires special concerns.  Albedo dosimeters require the hydrogenous body behind it, and multi-badging of the head would be impractical.

High-Radiation Areas

Access to high-radiation areas is controlled using both administrative and physical controls.  Administrative controls include procedures requiring an RWP and personnel dosimetry for entry into high-radiation areas.  The Radiological Control Manual, in article 513, outlines the detailed procedures for issuing supplemental dosimeters, which must be issued upon entry into high- or very high-radiation fields.  Electronic dosimetry can be set to alarm at preset doses and dose rates alerting the individual to leave the area or take other corrective measures.  In many cases, RWPs for high-radiation area entries require the individual to carry radiation survey instrumentation.  In some cases, the placement of dosimetry on the body will also be specified.

Physical control can include locked doors, gates, or fences to control inadvertent access.  Radiation protection personnel control the access to high-radiation areas, issuing keys only if the person has proper training, has a valid reason for entry, and is signed in on the appropriate RWP.  Additional means to control inadvertent entry are by postings, rad rope, and barriers.

Regulations covering entry into radiological areas are governed by 10 CFR 835, subpart F.  They include one or more of the following methods to ensure access control:

Signs and barricades

Control devices on entrances

Conspicuous visual and/or audible alarms

Locked entrance ways

Administrative controls

Access to high- and very high-radiation areas (>1R/hr) are controlled by one or more of the following:

A control device that prevents entry or reduces the dose rate to acceptable levels upon entry

A device that functions automatically to prevent the use or operation of a radiation source or field while personnel are in the area

A control device that energizes a conspicuous visible or audible alarm signal so that the individual entering the high-radiation area, and the supervisor of the activity, is made aware of the entry

Entryways that are locked (during periods when access to the area is required, positive control over each entry is maintained)

Continuous direct or electronic surveillance that is capable of preventing unauthorized entry

A control device that will automatically generate audible and visual alarm signals to alert personnel in the area before use or operation of the radiation source and in sufficient time to permit evacuation of the area or activation of a secondary control device that will prevent use or operation of the source

No control(s) shall be established in a high- or very high-radiation area that would prevent rapid evacuation of personnel.

Problems exist when work packages or the job generates a high-radiation area, and special caution and care should be taken to investigate these potential circumstances.  Examples include creating a new access into a high-radiation area, opening shielded containers of radioactive material that generates high-radiation fields upon opening the container, and transfer of radioactive fluids where there is buildup of activity in the system that generates high-radiation fields (e.g., pumping radioactive liquid, salt well pumping from a single shelled tank to a double shelled tank).

Contact Work with Radioactive Materials/Sources

When handling radioactive materials or sources, the level of protection is determined by the exposure rate and the type and degree of contamination.  For non-penetrating radiations, rubber gloves provide protection against alpha and beta radiation, depending on the beta energy.  In some cases, multiple pairs of gloves are necessary to provide protection from beta radiation.  In cases where high levels of loose contamination are present, multiple pairs of gloves are necessary to prevent the spread of contamination by frequent changing of the outer pair.  Depending on the potential for over exposure, workers may frisk for contamination at specified time intervals to mitigate skin doses received.  At the end of work, the individual should frisk the hands and arms immediately for contamination.

Extension tools are useful when determining the exposure rates of radioactive materials.  A telescoping detector is also available.  In this design, a probe containing two halogen-quenched geiger tubes can be extended up to approximately 14 feet from the user and the readout device.  Exposure rates of up to 1,000 R/hr can be recorded while the surveyor’s dose is dramatically reduced by utilizing distance.  This particular G-M detector has practical applications in several areas: radioactive waste surveys, monitoring irradiated fuel storage and transport, monitoring the removal of irradiated samples from reactors, reducing exposure to personnel when locating and evaluating radioactive sources of unknown strength, and emergency radiation accidents.

If the deep dose exposure rate is high from a small source, then extremity dosimetry may be warranted.  Monitoring is required if the extremity dose is greater than five rem/yr.

al) Discuss the hierarchy of controls used to prevent uptakes of radioactive material by personnel, and potential worker hazards associated with implementation of these controls.

It is the policy of DOE to control internal exposures ALARA by the use of physical design features and administrative controls.

The requirements specifying methods to control or prevent internal uptakes are given in 10 CFR 835, subpart K, Design and Control.  Section 835.1001 states: “The primary methods used shall be physical design features (e.g., confinement, ventilation, and remote handling).”

“Administrative controls and procedural requirements shall be employed only as supplemental methods to control radiation exposure.”

In addition, 10 CFR 835, Section 835.1002 states: “Regarding the control of airborne radioactive material, the design objective shall be, under normal conditions, to avoid releases to the workplace atmosphere and, in any situation, to control the inhalation of such material by workers to levels that are ALARA; confinement and ventilation shall normally be used.”

The use of administrative controls to prevent uptakes includes the use of procedures and worker training.  To reduce possible intakes, procedures should specify that routine surveys be taken to identify loose surface contamination, control access to contamination areas by RWP and postings, require workers to monitor upon exiting contaminated areas, establish a policy of prompt decontamination, and require worker training on how to contain contamination at the source.

Routine radiological surveys should be performed to detect loose surface contamination.  The sooner contamination is detected, the less likely workers will be inadvertently contaminated.  Undetected external contamination can lead to inhalation or ingestion of radioactive material.

Contamination control levels and airborne radioactivity areas should be established to prevent inadvertent intakes of radioactive material.  A surface should be considered contaminated if either the removable or total radioactivity is detected above 10 CFR 835, appendix D, levels.  Surfaces exceeding the appendix D values for total contamination may be covered with a fixative coating to prevent the spread of contamination.  However, reasonable efforts should be made to decontaminate an area before a coating is applied.

Occupied areas, with airborne concentrations of radioactivity that are greater than or potentially greater than, 10 percent of a DAC from appendix A of 10 CFR 835, should be posted as an airborne radioactivity area.  For most radionuclides, air containing 10 percent of a DAC results in a committed effective dose equivalent of approximately 10 mrem if inhaled continuously for one work week.

In addition to posting areas as contaminated or airborne, worker access can be controlled by issuing an RWP.  The RWP specifies the training requirements for entry into radiological areas.  Workers whose job assignments involve entry to high- and very high-radiation areas, contamination areas, high contamination areas, and airborne radioactivity areas must complete Radiological Worker II training.  Further, workers who have potential contact with hot particles or who use gloveboxes with high-contamination levels must complete Radiological Worker II training.

Personnel exiting contamination areas, high-contamination areas, airborne radioactivity areas, or radiological buffer areas established for contamination control must frisk for contamination.  Personnel found with detectable contamination on their skin or personal clothing, other than noble gases or natural background radioactivity, should be promptly decontaminated.

The use of respiratory protection devices should be considered as a last resort.  The use of engineering and administrative controls to reduce the potential for internal exposure should be evaluated before allowing personnel, with or without respiratory protection, to enter areas with airborne radioactivity.
am) For a radiological incident (i.e., spill, loss of containment), discuss the potential and magnitude of the following:

· Loose surface contamination levels

· Airborne radioactivity levels

Loose Surface Contamination Levels

Where loose surface contamination or airborne radioactivity exists, there is the possibility of a potential intake via inhalation and ingestion.  Particulate airborne contamination can, over time, plate out and cause loose surface contamination.  Conversely, loose surface contamination can cause airborne contamination if agitated.

Loose surface contamination is most commonly spread on the soles of shoes and on the palms of hands.  Immediate control of the area is necessary to prevent the spread of contamination by workers transgressing the area.  A perimeter should be established to control access and egress from the area, including the use of radiological postings.

The spread of loose surface contamination depends on the form of the contamination (dry versus wet), the radionuclides involved, and the activity levels.  An individual inadvertently walking on dry, loose (beta, gamma) surface contamination between 1,000 to 50,000 dpm/100 cm2 will, in most cases, spread contamination a few feet from the site of origin.  As loose surface contamination levels increase above 50,000 dpm/100 cm2, the spread of contamination becomes more prevalent.  In the mrad/hr range, dry surface (beta, gamma) contamination readily goes airborne, migrates on ambient air currents, and spreads quite easily.

Airborne Radioactivity Levels

The smaller and dryer the particle, the easier it is for the contamination to go and stay airborne.  Particles greater than 10 microns do not stay suspended in air and are generally not respirable.  Particle size varies from facility to facility, but most industrial facilities have particle sizes of three to four microns, which is well within the respirable range.

Once airborne, the contamination can spread on the air currents and plate out in clean areas. To prevent this, most facilities have air supplied into clean areas and exhausted from contaminated areas.  Air currents created by fans, sweeping, and compressed air cause airborne contamination from dry loose surface contamination.  Airborne levels can be kept down by keeping surfaces moist, or by the use of fixatives, but thermally hot surfaces induce evaporation which increases the airborne contamination generated from surface contamination.  The use of volatile chemicals on contaminated surfaces can also create airborne problems.

One way to illustrate the hazard from surface contamination going airborne is to compare activity of a one square meter (m2) area contaminated with plutonium-238 (Pu-238) at levels of 50,000 dpm/100 cm2 to the stochastic inhalation ALI of 0.01 microcurie (µCi).  The dose is: 
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It can be difficult to calculate the airborne activity as a result of surface contamination, and calculations are tenuous at best, but one of the best references is NUREG 1400, Air Sampling in the Workplace.

It should be kept in mind that significant doses well in excess of the federal limits can result from a single breath from a dust cloud created from surface contamination.  This is particularly true when dealing with alpha-emitting transuranics.

an) Discuss appropriate personal protective equipment, including respiratory protection for subsequent entry into and decontamination of the above area.

A respirator’s purpose is to prevent the inhalation of harmful airborne substances.  Functionally, a respirator is designed as an enclosure that covers the nose and mouth or the entire face or head.  There are two major classes of respirators: 1) air-purifying respirators (devices that remove contaminants from the air), and 2) atmosphere-supplying respirators (devices that provide clean breathing air from an uncontaminated source).

Federal regulations, and guidelines (with few exceptions), call for selection and use of respirators that have been tested and certified by the Mine Safety and Health Administration (MSHA) and the National Institute of Occupational Safety and Health (NIOSH).

Respirator selection is a complex process that should be performed by an industrial hygienist or other professional knowledgeable in respiratory protective devices.  The individual must be familiar with the limitations associated with each class of respirator, with the actual workplace environment, and with the job task(s) to be performed.

If adequate worker protection is to be achieved, the correct use of the respirator needs to be as important as the selection process.  The degree of protection is related, in part, to protection factors.  Without a complete respiratory protection program, workers will not receive the degree of protection anticipated from a respirator, even if it is a correct choice for the situation.  Training, motivation, medical evaluation, fit testing, and a respirator maintenance program are critical elements for the successful use of a respirator.

Employers should make selection of the proper type(s) of respirators according to the guidance provided in the American National Standard Practices for Respiratory Protection Z88.2-1969, and selection should be based on the following:

The nature of the hazardous operation or process

The type of respiratory hazard including

· Physical properties

· Oxygen deficiency

· Physiological effects on the body

· Concentration of toxic material or airborne radioactivity level

· Established exposure limits of the toxic material

· Established permissible airborne concentration for radioactive material

· Established life or health threatening concentrations for toxic materials

The location of the hazardous area in relation to the nearest area having respirable air

The period of time for which respiratory protection must be worn

The activities of workers in the hazardous area

The physical characteristics and functional capabilities and limitations of the various types of respirators

The respirators’ assigned protection factors

Employers should develop standard procedures for respirator use.  These procedures should include the following:

All information and guidance necessary for proper selection, use, and care of the respirators should be documented.

All possible emergency and routine uses of respirators should be anticipated and planned for.

A qualified individual must supervise the respiratory protective program and must specify the correct respirator for each job.  Individuals issuing them must be adequately instructed to ensure that they issue the correct respirator.

Written procedures must be prepared covering the safe use of respirators in dangerous atmospheres that employees might encounter in normal operations or in an emergency. Personnel required to wear respirators should be familiar with these procedures and the available respirators.

Respiratory protection is no better than the respirator in use, even though it is worn conscientiously; therefore, frequent random inspections shall be conducted by a qualified individual to ensure that respirators are properly selected, used, cleaned, and maintained.

For safe use of any respirator, it is essential that the user be properly instructed in its selection, use, and maintenance.  Supervisors and workers shall be so instructed by competent persons.

Training shall provide the workers an opportunity to handle the respirator, have it fitted properly, test its face-piece-to-face seal, wear it in normal air for a long familiarity period, and, finally, wear it in a test atmosphere.

ao) Using reference material and given the activity, calculate radiation levels from a point, line, and plane source.

The intensity of the radiation field decreases as the distance from the source increases. Therefore, increasing the distance will reduce the amount of exposure received.  The decrease of exposure rate with distance is very dependent on the type of geometry.  There are three types of geometries commonly encountered in the field: point sources, line sources, and plane sources.  Each of these geometries use a different formula to calculate exposure rate.

Point Source

The intensity of the radiation field decreases as the distance from the source increases. Therefore, increasing the distance will reduce the amount of exposure received.  In many cases, especially when working with point sources, increasing the distance from the source is more effective than decreasing the time spent in the radiation field.

Theoretically, a point source is an imaginary point in space from which all the radiation is assumed to be emanating.  While this kind of source is not real (all real sources have dimensions), any geometrically small source of radiation behaves as a point source when one is within three times the largest dimension of the source.  Radiation from a source is emitted equally in all directions.  Thus, the photons spread out to cover a greater area as the distance from the point source increases.  The effect is analogous to the way light spreads out as we move away from a single source of light, such as a light bulb.

The radiation intensity for a point source decreases according to the inverse square law, which states that as the distance from a point source decreases, or increases, the dose rate increases, or decreases by the square of the ratio of the distances from the source.  The inverse square law becomes inaccurate close to the source (i.e., within three times the largest dimension of the source).

The exposure rate is inversely proportional to the square of the distance from the source.  The mathematical equation is:
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where:

I1 = exposure rate at 1st distance (d1)

I2 = exposure rate at 2nd distance (d2)

d1 = 1st (known) distance

d2 = 2nd (known) distance

The assumptions are that the attenuation of the radiation in the intervening space is negligible, and the dimensions of the source and the detector are small compared with the distance between them.
The inverse square law holds true only for point sources; however, it gives a good approximation when the source dimensions are smaller than the distance from the source to the exposure point.  Due to distance constraints, exposures at certain distances from some sources, such as for a pipe or tank, cannot be treated as point sources.  In these situations, these sources must be treated as line sources or large surface sources.

Line Source

Not all radiation sources are point sources.  Pipes, storage tanks, and other components must be considered to make better approximations for adequate radiation protection.  A line source is a source of radiation where the longest dimension of the source is used for calculations. The formula for a line source is:
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where:

X = the exposure rate in R hr1
L1 = the length of line segment L1

L2 = the length of line segment L2

CL = activity per unit length

r = distance from the line

Ѓ = specific gamma constant

Plane Source

Planar, or surface, sources of radiation can be the floor or wall of a room, a large cylindrical or rectangular tank, or any other type of geometry where the width or diameter is not small compared to the length.  Accurate calculations for these types of sources require the use of calculus; however, a relationship can be described for how exposure rate varies with distance from the source using the following equation:
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where:

X = the exposure rate in R hr1

Ca = activity per unit area

L = radius of the source surface

R =  distance from the source

Ѓ = specific gamma constant

ap) Given buildup factors and half value layers, perform shielding calculations.

Gamma photon absorption is an exponential process.  Theoretically, this means that gamma photons are never completely stopped, no matter how thick the absorber.  However, we can choose a shield thickness that will reduce the intensity to acceptable levels.  The following formula can be used for calculating gamma shield thickness:
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where:

I =  desired radiation intensity (mrem/hr)

Io = initial radiation intensity (mrem/hr)

μ = total linear attenuation coefficient (cm1)

x = shield thickness (cm)

The first formula is used for narrow beam conditions.  Here it is assumed that all the gamma photons that interact are removed from the beam.  If this equation is used in treating a wide beam of radiation, the required shield thickness will be underestimated due to Compton scattered photons.  To avoid underestimating the shield thickness, a buildup factor is used. The formula is:
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where:

I =  desired radiation intensity (mrem/hr)

Io = initial radiation intensity (mrem/hr)

μ = total linear attenuation coefficient (cm1)

x = shield thickness (cm)

B = buildup factor

Knowing the buildup factor, the true gamma flux can be calculated.  This gives a more accurate value for the needed shield thickness.

The simplest method for determining the effectiveness of the shielding material is using the half-value layer (HVL) concept.  One HVL is defined as the amount of shielding material required to reduce the radiation intensity to one-half of the unshielded value.  

Not all gamma photons that pass through shielding material are attenuated.  Some of them pass completely through the shield as uncollided gamma flux.  Others interact with the atoms in the shield by Compton scattering, producing lower energy scatter photons.  The build up factor accounts for the Compton scattered photons that are coming through the shield and interacting with the detector.  The value of the build up factor varies with the radiation energy, shield material, source geometry, and depth of shield penetration.  

The quantity, µx, is called the relaxation length, which is the thickness of absorber needed for a reduction of 1/e in the initial beam intensity.  To determine the value for B, the relaxation length, pertaining to the specific problem, must be calculated.  

aq) Using reference material and given a scenario including bioassay results, isotopic and chemical form etc., calculate the internal dose to be assigned to an individual.

Note:  This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

7. Radiation protection personnel shall demonstrate a working-level knowledge of ALARA principles, and their application to radiological work activities.

ar) Describe the various components of an effective ALARA program, including operations, engineering, and management controls.

ALARA means as low as is reasonably achievable, which is the approach in radiation protection to manage and control exposures (both individual and collective) to the workforce and to the general public to as low as is reasonable, taking into account social, technical, economic, practical, and public policy considerations.  ALARA is not a dose limit, but a process which has the objective of keeping doses as far below the applicable limits as is reasonably achievable.

Fundamental ALARA techniques include minimizing time in radiological areas, maximizing distance from radiation sources, providing adequate shielding from all radiation, providing for decontamination of personnel and equipment, and controlling ingestion and inhalation of radionuclides for all workers.  Personnel responsible for ALARA programs should review work packages and facility design, provide awareness training for personnel, and set personnel exposure goals.

Two basic conditions are considered necessary in any program for keeping occupational exposures as far below the specified limits as is reasonably achievable.  The management of the facility should be committed to maintaining exposures as low as is reasonably achievable, and the personnel responsible for radiation protection should be continually vigilant for means to reduce exposures.  The control of occupational exposures is required to be implemented through facility design and engineering controls, together with procedural controls such as work area monitoring and posting, control of work-area access, and individual monitoring and dose assessment.  Collectively, these controls provide assurance that exposures are maintained ALARA.

Planning of radiological work is essential.  The purpose of planning is to ensure that all factors that may influence the adequate and efficient performance of a task are recognized, and that appropriate skills, training, and resources are available.  The RWP is a radiation control procedure that essentially documents the planning process.  The permit lists the radiation controls, requirements, and restrictions for work in a radiological area.  Other important elements in the planning process are training personnel, scheduling work, briefing and debriefing workers, and documenting and analyzing historical data and work experiences.  Upon completion of a task, a debriefing of those performing the work may be valuable in identifying problems encountered, techniques for improving the future performance of similar tasks, and techniques for further reducing exposures.

The essential elements that shall be incorporated into an acceptable occupational ALARA program as listed in 10 CFR 835 are the following:

Management commitment

Assignment of responsibility

Administrative control levels

Radiological performance goals

ALARA training

Plans and procedures

Internal audits/assessments

Optimization methodology

Radiological design review

Radiological work/experiment planning

Records

The basic components of an ALARA program to reduce dose include the following:

Designing operation controls to reduce dose

Designing engineering controls to reduce dose

Requiring management to help design, commit to, and manage an ALARA program

Minimizing time in radiologically controlled areas

Maximizing the distance from a source of radiation

Using shielding whenever possible

Operation controls

One part of an ALARA program is to make sure the basic controls are operating at their best.  To achieve this, inspection tours to check on access, mirrors, and visibility should be performed.  In-service inspections check the use of remote control equipment, TVs, snap-on insulation, platforms, etc.  Other items to check include the following:

Remote readout instrumentation

Remote valve/equipment operators

Sampling stations, piping, valving, hoods, sinks

Administrative Controls

During operations, engineered controls are probably the most effective means of controlling exposure if included in the design and construction of a facility.  However, administrative controls, such as operational procedures, are designed to provide guidance, direction, and limitations for operational activities.  Each step in a procedure should be thought through, and its impact on exposure evaluated.  For example, shielding, remote operation, distance, specialized tools, protective equipment, manpower requirements, exposure rates, exposure times, and alternative procedures should all be carefully considered.

These administrative controls should be established at challenging levels, well below the controlling limit, taking into consideration the exposure history of the facility and the aggressiveness of the facility’s exposure controls.  Administrative exposure controls may require increasing degrees of review, intervention, and management approval before they are exceeded, depending on how close the expected dose is to the DOE occupational exposure limit.  Proper implementation of the administrative control levels should prevent personnel from exceeding the DOE limits, and also aid in attaining and maintaining occupational exposures ALARA.

Workplace Monitoring

Workplace monitoring provides a control mechanism to detect and quantify external radiation levels, enables measures to be taken to prevent unanticipated and unplanned exposures, and contributes to maintaining actual exposures ALARA.

The requirements of 10 CFR 835, Occupational Radiation Protection, are the following:

ALARA techniques must be implemented to ensure that occupational exposures are maintained at ALARA levels.

Measurements of radioactivity concentrations in workplace air must be performed.

Periodic air sampling must be performed in areas where employee intake of radioactive materials is likely to exceed 2 percent, or more, of the ALI values.

Continuous, real-time monitoring must be performed in areas where an individual could be exposed to airborne radioactivity concentrations exceeding the DAC values set forth in appendix A to 10 CFR 835.

Real-time monitors must have an alarm capability and have sufficient sensitivity to alert potentially exposed individuals that their immediate action is necessary to minimize or terminate an inhalation exposure.

Bioassay measurements (measurements of radioactive material within and excreted from the body) must determine the magnitude of internal doses and include directions regarding which employees should be included in bioassay programs.  These measurements also confirm the effectiveness of the confinement and air monitoring systems.

Dosimeters should be appropriate for the kinds, energies, and intensities of radiation fields. The location where the dosimeter is worn on the body should be consistent and documented. The lens of the eye and the skin frequently require special consideration.  Radiation surveys in the field provide a basis for making ALARA decisions in the field.

Engineering Controls

There are several engineering factors to consider when designing a facility.  They include the following:

The discharge of radioactive liquid to the environment

Control of contamination

Efficiency of maintenance

Ease of decontamination and operations

Selection of components to minimize the buildup of radioactivity

Provision of support facilities for donning and removing protective clothing and for personnel monitoring

Shielding requirements

Ergonomics considerations

Access control designed for hazard level

Surfaces that can be decontaminated or removed

Equipment that can be decontaminated

The primary means for maintaining exposure ALARA should be through physical controls such as confinement, ventilation, remote handling, and shielding.  Some of the factors that should be taken into consideration when designing new facilities or modifying existing ones are the following:

Traffic patterns

Radiation zoning

Change room location and size

Adequacy of personnel decontamination facilities

Location of fixed survey equipment

Management Controls

Management should design and implement an ALARA program, provide resources such as tools, equipment, and adequate personnel, create and support an ALARA review committee, approve ALARA goals, and design and implement worker training.

Management commitment to minimizing radiation exposures is effected through the following aspects:

Facility personnel should be made aware of management’s commitment to keep occupational exposures ALARA.

Management should periodically perform a formal audit to determine how exposures might be lowered.

Management should ensure that there is a well-supervised radiation protection capability with well-defined responsibilities.

Management should ensure that facility workers receive sufficient training in radiation protection.

The radiological control manager should be given sufficient authority to enforce safe facility operation.

Modifications to operating and maintenance procedures and to equipment and facilities should be made where they will substantially reduce exposures at a reasonable cost.

An ALARA committee should be established at each facility.  The membership should include managers and workers from the line, the technical support organization, and the radiological control organization.  It is more effective if a line manager, such as the director of operations, research, or maintenance, serves as the chair.  This committee may be part of a general safety or radiation safety committee whose functions include ALARA activities, and may possibly be combined with the radiological awareness committee for smaller facilities.

The ALARA committee should make recommendations to management to improve progress toward minimizing radiation exposure and radiological releases.  The committee should evaluate items such as construction and design of facilities and systems, and planned major modifications or work activities, as well as experimental test plans for exposure, waste and release minimization.  The ALARA committee should also receive, at a minimum, the results of all reviews and audits, both internal and external, and should review the overall conduct of the radiological control program.

The primary control of radiation exposures remains with the individual and with the individual’s immediate supervisor.  In many facilities, a major part of radiation exposure is received during maintenance, handling of radioactive wastes, in-service inspection, refueling, and repairs.

Time

The control of exposure time (time spent in a radiation field) is the first major health physics principle available to an occupational worker to limit his/her exposure to an external radiation source.  The radiation dose received by the worker is directly proportional to the time spent in a radiation field.  Therefore, to minimize the dose received, reduce the time spent in the radiation field.  Work processes and special tooling can help reduce time in a radioactive work area.  The control of exposure time is a significant factor in the issuance of RWPs at DOE facilities.  Time controls should include the following:

Plan and discuss the task prior to entering the area.  Use only the number of workers actually required to do the job.

Have all necessary tools present before entering the area.

Use mock-ups and practice runs that duplicate work conditions.

Take the most direct route to the job site, if possible and practical.

Never loiter in an area controlled for radiological purposes.

Work efficiently and swiftly.

Do the job right the first time.

Perform as much work outside the area as possible or, when practical, remove parts or components to areas with lower dose rates to perform work.

Limit the amount of time a worker may stay in an area based on various circumstances.  This is known as “stay time.”  If a stay time has been assigned, workers should not exceed this time.

Distance

A very common and extremely effective technique to reduce personnel exposure is to increase the distance between the worker and the radiation source.  In many instances, this approach is more important than controlling exposure time and can be easily demonstrated for point sources of radiation.  While the exposure-time relationship follows a direct dependence (i.e., reducing the time spent in a radiation field by one-half reduces the exposure to the worker by one-half), distance dependence often follows the inverse-square (second power) law.  Thus, doubling the distance from a point source reduces the exposure to the worker by a factor of four.  Situations do exist where the inverse square law does not apply.  In these cases, the relationship between the dose received and the distance from the source does not always follow a simple rule.  The following are methods for maximizing distance from sources of radiation:

The worker should stay as far away from the source of radiation as possible.

For point sources, such as valves and hot spots, the dose rate follows a principle called the inverse square law:
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This law states that if you double the distance, the dose rate falls to 1/4 the original dose rate.  If you triple the distance, the dose rate falls to 1/9 the original dose rate.  Be familiar with radiological conditions in the area.  During work delays, move to lower dose rate areas.  Use remote handling devices when possible.

Shielding

Shielding the source of radiation becomes important when minimizing time and maximizing distance are not sufficient to reduce personnel exposures to acceptable levels.  Determining the required shielding is influenced strongly by the type (alpha, beta, gamma, x-ray, neutron) and the energy of the radiation.  Shielding is one of the basic tenets of ALARA. Subpart K of 10 CFR 835 states that the shielding design objective for facilities should be 0.5 mrem/hr for areas of continuous occupancy (2,000 hrs/yr) or as far below this as possible.  Material selection for shielding should include operations, maintenance, decontamination, and decommissioning.

Shielding reduces the amount of radiation dose to the worker.  Different materials shield a worker from the different types of radiation.  Take advantage of permanent shielding including nonradiological equipment/structures.  Use shielded containments when available.  Wear safety glasses/goggles to protect your eyes from beta radiation, when applicable.  Temporary shielding (e.g., lead or concrete blocks) can only be installed when proper procedures are used.  Temporary shielding will be marked or labeled with wording such as, “Temporary Shielding — Do Not Remove without Permission from Radiological Control.” Once temporary shielding is installed, it cannot be removed without proper authorization.  The placement of shielding may actually increase the total dose (e.g., person-hours involved in installing and removing shielding).

as) Describe how optimization techniques, including cost-benefit analysis, are used in the ALARA process. 

Optimization techniques in the ALARA process are the means of achieving balance between radiation protection and reduction of risk, cost, and benefit.  Radiation doses are ALARA only when these factors are in balance.  If an imbalance exists, either the risk is too high, or the cost is too high for the identified benefit.  Optimization techniques should be used whenever decisions regarding the implementation of a radiation protection practice will be costly, complex, and/or involve significant dose savings (for example, facility design and engineering controls).  The major method of optimization is cost-benefit analysis.

Cost-Benefit Analysis

The suggested approach to performing a cost-benefit analysis includes these steps:

1. Identify all possible options, including the “do nothing” option.

2. Determine the individual and collective dose equivalents for each option.

3. Identify all costs and determine the net costs for each option.

4. Determine the cost equivalent of the doses resulting from each option.

5. Sum the costs to determine the total net cost for each option.  The option with the lowest total net cost is the optimal option.

at) Discuss the essential elements of the job planning process and the post-job ALARA review for work performed in a radiation or radioactive contamination area.

Technical requirements for the conduct of work, including construction, modifications, operations, maintenance, and decommissioning, should incorporate radiological criteria to ensure safety and maintain radiation exposures ALARA.  The primary methods used to maintain exposures ALARA are facility and equipment design features, augmented by administrative and procedural requirements.

To accomplish this, the design and planning processes should incorporate radiological considerations in the early planning stages.

The RWP should be issued to control work activities in radiological areas, and shall be approved by the supervisor(s) in the radiation protection organization and in the organization responsible for the work before it is begun.  For ALARA purposes, a preliminary estimate of time and radiation dose for the activity and any special ALARA controls should be provided, as appropriate.

A pre-job ALARA review should be conducted for non routine or complex radiological work activities.  Specific requirements for the conduct of a pre-job ALARA review should be included in the site-specific contractor radiological control program.  A pre-job ALARA review is indicated when any of the following trigger levels may be met during the work evolution:

The estimated individual or collective dose is greater than pre-established values.

Predicted airborne radioactivity concentrations are in excess of pre-established values.

A work area exists where removable contamination is greater than 100 times the contamination area posting limits.

Entry into areas is possible where dose rates exceed one rem/hour.

The potential exists for radioactive releases to the environment.

Radiological requirements identified as part of the pre-job ALARA review should be documented in the job plans, procedures, or work packages.  

The pre-job ALARA review should consider the following points, at a minimum:

Inclusion of radiological control hold points in the technical work documents

Elimination, or reduction, of radioactivity through line flushing and decontamination

Use of work processes and special tooling to reduce time in the work area

Use of engineered controls to minimize the spread of contamination and generation of airborne radioactivity

Specification of special radiological training or monitoring requirements

Use of mock-ups for high-exposure or complex tasks

Engineering, design, and use of temporary shielding to reduce radiation levels

Walkdown or dry-run of the activity using applicable procedures

Staging and preparation of necessary materials and special tools

Maximization of prefabrication and shop work

Review of abnormal and emergency procedures and plans

Identification of points where signatures and second party or independent verifications are required

Establishment of success or completion criteria, with contingency plans to anticipate difficulties

Development of a pre-job estimate of collective dose to be incurred for the job

Provisions for waste minimization and disposal

Any work evolution requiring a pre-job ALARA review should also include a pre-job briefing to be held prior to the conduct of work.  Specific requirements for the conduct of a pre-job briefing should be included in the site-specific contractor radiological control program.

Post-job ALARA reviews should be held, following conduct of radiological work, according to the site-specific contractor radiological control program.  Typical criteria for work evolutions that will require a post-job ALARA review are

any job requiring a pre-job ALARA review

a job where the actual collective dose exceeded the estimated collective dose by at least 25 percent

a job where the work evolution was nonroutine

A post-job briefing gives the radiological control technician and the workers the opportunity to critique the work performance.  During the critique, information is gathered as soon as possible after the job is completed while it is still fresh in everyone’s mind.  The information gathered at the post-job briefing may include discussions of what went wrong, what could have been done differently to reduce exposures, and what went right.  The post-job briefings rely heavily on the input of each worker for information on how to best reduce exposure the next time that job is performed.

Information gathered from the post-job briefing will then be evaluated by ALARA engineers. A post-job ALARA review is a formal document that evaluates what went right, as well as, what went wrong, determining root causes and instituting corrective measures.  This documentation will then be filed for future use, enabling ALARA engineering to write a pre-job ALARA review incorporating corrective measures from lessons learned.  The post-job ALARA review is a formal preservation of lessons learned information and is important to ascend the learning curve and help maintain ALARA conditions.

au) Describe the various radiological performance indicators that are applicable to the ALARA process.

Goals for individual and collective doses should be established and actual doses received should be tracked to improve the performance of non-routine and high-exposure radiological tasks.  Line management should document the goals, their status, and the facility’s performance.  At least annually, a formal summary of performance related to efforts in dose reduction and contamination minimization, and in achievement of the site’s or facility’s radiological goals, should be given to senior management in an ALARA report.  This information can then be used to feed back into the pre-job and post-job briefings.

The radiological performance indicators that follow are suggested by the Radiological Control Manual as tools to assist facility management in focusing priorities to establish excellence in radiological control.

Collective Dose (person-rem): This goal should be based upon planned activities and historical performance.  For those sites that have neutron radiation, a goal for collective neutron dose should also be established.

Skin and Personal Clothing Contamination Occurrences (number):  Personnel contaminations may indicate a breakdown of controls intended to prevent the spread of contamination.

Intakes of Radioactive Material (number):  Personnel intakes of radioactive material should be minimized and management should focus attention on any failure of the controls that results in intakes.

Contaminated Area within Buildings (square feet):  Operating with a smaller contaminated area results in less radioactive waste, fewer personnel contaminations, and improved productivity.  The reduction of existing contaminated areas needs to be balanced by the recognition that this generates radioactive waste.  Goals for both should be correlated.

Radioactive Waste (cubic feet):  Minimizing the generation of radioactive waste reduces the environmental impact of DOE operations, helps reduce personnel exposure, and reduces costs associated with handling, packaging, and disposal.

Liquid and Airborne Radioactivity Released (curies):  Minimizing effluents reduces the environmental impact of DOE operations and the costs associated with remediation.

av) Calculate person-rem estimates and use the results in ALARA cost-benefit analysis.

The use of cost-benefit analysis in the ALARA process involves assigning a dollar value to a person-rem and comparing that against the cost of implementing a particular exposure-reduction technique.  Such techniques include system and facility design modifications, the addition of engineering controls, and modifications to administrative controls.  If the cost of the change is less than the dollar value of a person-rem saved by the change, the change is cost effective and should be implemented.  

The ICRP has attempted to further analyze the economic and social factors in ICRP Publication 55, Optimization and Decision-Making in Radiological Protection.  The NRC has also addressed this issue in various publications and regulatory guides.  The objective is to optimize dose reduction activities (i.e., to determine at what point additional expenditures will not result in cost effective dose savings).  To put it another way, at what point would the money spent on dose reduction be better spent reducing other hazards which may pose greater risks?  How much, in dollars, is a rem worth?

aw) Discuss methods to minimize total effective dose equivalent (TEDE) by evaluating the trade-offs in considering the internal and external dose components.

In past years, the common practice at nuclear facilities has been to always wear a respirator if there is airborne radiation present at the work site.  However, when analyzed in terms of ALARA, this practice may not be the best solution for a particular job.  To minimize the TEDE, radiation protection personnel must analyze the internal (airborne) dose and compare it to the external dose.

The use of respirators must be analyzed carefully at the start of each job because there are a number of negative effects to the wearer.  The use of respirators causes impairment of communication, added stress, reduced workmanship, and increased time in the radioactive area (when wearing a respirator, assume a 20 percent increase in work time).  If the external dose received due to the increased work time is higher then the internal dose saved, than it would be ALARA not to wear a respirator to limit the time spent in the radiation field.

The equation shown below can be used to determine the incremental external dose incurred due to the increase in work time (assuming 20 percent) by using a respirator, and comparing it to the internal dose rate of 2.5 mrem per DAC hour1.

Example:

Assume the external dose rate is 100 mrem/hr and respirators increase work time by 20 percent.  At what airborne concentration, in DAC, are respirators ALARA?
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ax) Using knowledge of ALARA principles, discuss how to perform an evaluation of a radiation job plan and the associated worker job performance.

Note:  This is a site-specific competency.  The qualifying official will evaluate the completion of this competency.

8. Radiation protection personnel shall demonstrate a working-level knowledge of the application of engineered radiological controls and facility design, including containment/confinement systems.

ay) Discuss the general principles relating to the design and installation of radiation protection containment/confinement systems, including the following radiological protection considerations:

· Layout design for nuclear facilities

· Design and selection of components for nuclear facilities

· Selection of materials and the associated surfaces for components used in radiological control areas

· Design, construction, and operation of containment/confinement systems to minimize internal radiation exposure, including:

· Engineered ventilation

· Engineered containment

· Hot cells

· Radioactive liquid and solid waste processing facilities

· Design, construction, and operation of systems that minimize personnel external radiation exposure, including:

· Shielding

· Interlock systems

Layout Design for Nuclear Facilities

Nuclear facilities must be arranged to facilitate operation, maintenance, inspections, radiation, and radiological control.  The public, workers, and the environment are protected by designing facilities to

isolate radioactive from non-radioactive areas

provide shielding to protect workers from direct radiation

control and minimize radioactive effluents to the environment

limit access to hazardous areas

control and minimize the release of radioactivity from systems designed to contain radioactive materials

facilitate area and component decontamination

Design and Selection of Components for Nuclear Facilities

When designing and selecting components for a nuclear facility, care must be taken to include an evaluation of the radiological conditions to which the components may be subjected or under which the components will operate.  For example, electronic components for use near a reactor must be capable of operating properly in the presence of potentially high gamma or neutron fluence rates.  Not only must equipment be designed to withstand external radiological conditions, but components must be capable of containing the radioactive material they are designed to process or transport.  If high dose rates from penetrating radiation are expected, components must be adequately shielded.  Shielding must provide adequate attenuation and minimize radiation streaming and “hot spots” associated with joints and corners in shielding material.

Pipes and ducts should not have stagnation areas where deposition of radioactive material may occur.  The use of any component or system that has corners, crevices, etc., where deposition could occur, should be avoided when possible.  For components used in the handling or storage of fissile materials, component geometry and the use of neutron absorbers should be considered for criticality prevention.

For ease of decontamination, equipment should be readily accessible and easy to disassemble (as is necessary for maintenance).  During the design or selection process, contact or remote maintenance must be considered.  Contact maintenance is less expensive, but may result in higher personnel exposures.  Remote maintenance is expensive and typically must be included in initial facility design.

Selection of Materials and the Associated Surfaces for Components Used in Radiological Control Areas

Materials and material finishes must be relatively smooth and nonporous.  Wood and other porous construction materials should be avoided for areas likely to become contaminated. Concrete is highly porous and very difficult to decontaminate unless a nonporous finish is applied.  For a given choice of surface material, the ease of decontamination will be related to the manner in which the surface is contaminated and the particular decontaminating chemical agent chosen.  Contamination tends to become incorporated in metallic surfaces, making removal difficult. Organic surfaces (paints, plastics, and textiles) and vitreous surfaces (glass, porcelain) have a capacity for ion exchange that is probably the most important contamination mechanism.  The use of strippable paint is recommended for areas and components requiring frequent decontamination.

To provide ease of decontamination, an ideal surface should have the following features:

Be non-absorbent, since porous materials are very difficult to decontaminate

Contain as few acidic groups as possible, since these groups are chemically reactive

Have a low moisture content

Be protected from exposure to solvents or chemicals, which attack the material

Possess sufficient chemical resistance to withstand decontaminating agents

Be capable of withstanding abrasive action

Be smooth with no cracks and ledges

Since no one material exhibits all these features, compromises have to be made with respect to use of materials that have deficiencies with respect to decontamination.  As mentioned above, the permanent surface will often be covered by a temporary surface that can be easily removed for decontamination purposes.  Among the more frequently used strippable coatings are latex paint, polyvinyl chloride (PVC) or polyvinyl acetate (PVA) sheet, coated paper, or polyethylene.

Piping, valves, pumps, and other components in nuclear facility systems should contribute as little as possible to radioactive source terms.  Consideration must be given to the corrosiveness of materials that may contact component surfaces and the radiological effect of corrosion layer buildup and transport throughout facility systems.  For example, the use of stellite valve seats in reactor systems has been largely discontinued due to the high concentration of cobalt in stellite.  Valve seat wear and corrosion results in the transport of higher than normal levels of cobalt to the reactor, where the cobalt may be activated and transported throughout the reactor coolant system.  Materials for use near operating reactors must also be selected to minimize activation as a result of neutron exposure.

Materials likely to be subjected to intense radiation fields must be selected such that structural stability is maintained.  Materials should not decompose or deteriorate under expected radiological conditions.

Design, Construction, and Operation of Containment/Confinement Systems to Minimize Internal Radiation Exposure

The safety-design philosophy for hazardous radionuclides has evolved into the central theme “containment and confinement.”  That is, contain the material, or process, to ensure a barrier exists between the worker and the toxic substance.  If the barrier breaks down, concentrate, or confine, the released material to a limited area.  This philosophy implies the need for multiple barriers.  The containment protects the worker from the hazards of the material.  A source enclosed in a capsule would be a simple means of containing or enclosing the material.  Sometimes the substance and the process need to be contained so containment/‌confinement systems, such as gloveboxes, hot cells, and other structures are used.

Confinement systems in which radioactive material is handled, or processed, must be designed and operated to maintain personnel exposures ALARA under normal and abnormal operating conditions.

This includes minimizing exposure, not only to surface and airborne contaminants, but also to penetrating radiation.  Both occupational exposure and exposure of members of the public must be considered when designing such systems.

The special features of plutonium and certain other radionuclides require that these substances be handled most carefully.  This need for safety arises from four main features of these materials:

They are unstable substances, whose decay results in the release of radiation.  This radiation may present a hazard, even if one is distant from the source.

These elements are toxic.  Intake into the body may result in long term deposition in bone and other organs with severe local damage at these sites.

The substances are fissile.  When enough of such materials are present in the proper setting, a fission chain reaction can occur.  Such an event would release large amounts of energy and radiation.

Some forms of these substances are pyrophoric (i.e., they ignite spontaneously).  Once started, a fire could spread rapidly and result in great damage.

To reduce the hazard potential, and to achieve safety in handling these substances, control of these features is required.

The need for confinement systems is greatest when using large amounts of long half-life, highly radiotoxic substances requiring frequent processing in operations exhibiting a high- release potential.  For processes involving small amounts of short half-life, low-hazard radionuclides in infrequent processes of low release potential, the worker and material may be allowed in the same environment.

Engineered Ventilation 

Effective, well-designed ventilation systems are commonly used to control occupational exposure to radiological hazards.  There are two generic classifications of ventilation: general exhaust systems and local exhaust systems.

The general exhaust system is used for heat control and/or removal of contaminants generated in a space by flushing out a given space with large quantities of air.  When used for contaminant control, enough outside air must be mixed with the contaminant so that the average concentration is reduced to a safe level.  The contaminated air is then typically run through a filter or scrubber and discharged to the atmosphere.  This type of exhaust system is normally used when local exhaust is impractical.

The local exhaust system operates on the principle of capturing a contaminant at, or near, its source.  It is the preferred method of control because it is more effective, and the smaller exhaust flow rate results in lower heating costs compared to high-flow rate general exhaust requirements.

For either exhaust system, it is important that the flow of air go from the area of least contamination to the area of greater contamination.  The system should create a pressure drop from the “clean area” (higher pressure) to the “dirty area” (lower pressure).  This will prevent the migration of contaminants to the clean area.  To achieve this result, a ventilation engineer should be consulted to design the optimal system for the contaminant(s).  Since a major radiological concern is worker and public exposure to airborne contaminants, containments are generally designed to maintain internal negative pressure with respect to the surrounding atmosphere.

A confinement system generally involves an off-gas or ventilation system, typically composed of treatment devices (particulate filters, charcoal absorbers, scrubbers, etc.) to minimize gaseous and particulate contaminant concentrations, and the ductwork necessary to confine the gaseous stream prior to releasing it to the environment or other clean area.  The ventilation system is referred to as the “confinement” system, since contaminants are not actually contained by the system but are simply confined within the system until discharged. Buildings, rooms, and other enclosures may also be considered part of a confinement system if they function as a backup to the primary means of material containment.

Engineered Containment

The term “containment” generally refers to the principal enclosure that isolates the radioactive material from the surrounding work space or environment.

Hot Cells

In processes involving highly radioactive materials, such as irradiated plutonium samples that have not been separated from fission products, hot cells are used to provide shielding. 

The probability of accidents such as spills, unexpected chemical reactions, small fires, or explosions should be considered. Safety design will attempt to overcome, or minimize, the effects of such incidents.  However, since these events may still occur, it is extremely important that personnel be trained in methods of combating such episodes.  Plans must be formed that treat the problems arising out of such accidents.  Appropriate combinations of construction materials are used to provide protection from penetrating radiation (gamma and neutron). Hydrogenous materials, such as concrete and oil, are used to shield neutron radiation, while denser materials, such as lead and steel, are used to shield gamma photons.  Viewing ports are constructed of leaded, oil-filled glass, or other substances to minimize dose rates.  

Transfer of items into and out of the hot cell, and movement of items in the hot cell, must be done so as to preserve the barrier integrity.  Barrier integrity can be preserved by using remote handling devices (robots) and remote controlled vehicles.

Radioactive Liquid and Solid Waste Processing Facilities

Radioactive waste consists of solid, liquid, and gaseous materials from nuclear operations that are radioactive, or become radioactive, and for which there is no further use.  Wastes are classified as high-level (spent nuclear fuel and fuel reprocessing byproducts having radioactivity concentrations of hundreds of thousands of curies per gallon or cubic foot) or low-level (all other wastes).

Definitions of these radioactive wastes are stated below.

High-level waste.  This is highly radioactive waste material that results from the reprocessing of spent nuclear fuel, including liquid waste produced directly in reprocessing and any solid waste derived from the liquid that contains a combination of transuranic waste and fission products in concentrations requiring permanent isolation.

Low-level waste.  This is waste that contains radioactivity and is not classified as high-level waste, transuranic waste, spent nuclear fuel, or byproduct material as defined in section 11e(2) of the Atomic Energy Act, as amended.  Test specimens of fissionable material irradiated only for research and development and not for production of power or plutonium may be classified as low-level waste provided the concentration of transuranic activity is less than 100 nCi/g.  Facilities that process radioactive waste use containment systems such as pipes and encasement vessels such as drums, tanks, capsules, bins, and B-25 container boxes. Before containing radioactive waste for processing, facilities should try to segregate it, as much as is practical, by type (sludge, salt, high activity, and low activity).  This will make accessibility for future processing easier.  

Double walled pipes, or pipes within a secondary confinement structure encasement, must be used in all areas where the primary pipe leaves the facility. In areas within the facility, the use of a double walled pipe should also be strongly considered. Leakage monitoring must be provided to detect leakage into the space between the primary pipe and the secondary confinement barrier.  Early detection of leaks is important to mitigate events that could lead to a radioactive release to the environment.

Storage tanks should be double hulled with a monitor placed between the hulls for early detection of leaks.  There should also be detection devices inside any secondary containment system for early detection of leaks to help mitigate events that could lead to a radioactive release.  Storage vessels that are not vented can result in pressure buildup, leading to rupture and spillage; therefore, care must be taken when opening them (the design and use of some type of restraining device is strongly urged before opening vessels that contain hazardous or radioactive waste).  Leaking waste storage systems must not be used to receive waste unless secondary containment can be maintained and temporary operations can be performed without releasing radioactive liquid to the environment.  This must be backed up with the support of formal documentation such as documented safety analyses, operational safety requirements, and operation standards. High-level waste must be stored at pressures lower than those of ancillary systems.

Any secondary containment system must be capable of containing liquids that leak into it from the primary system, and must be equipped with transfer capability to retrieve the leaked liquid.  Secondary containment systems for solidified high-level waste must provide physical isolation of the waste from the environment.  Other engineering controls include devices to provide liquid volume inventory data and to prevent spills, leaks, and overflows from containment systems.  Some examples of such controls include level-sensing devices, liquid level alarms, and maintenance of sufficient freeboard.

Monitoring and leak detection capability are incorporated in the engineering system to provide rapid identification of failed containment and measurement of abnormal temperatures.  The following, at a minimum, should be monitored:

Temperature

Pressure

Radioactivity in ventilation exhaust

Liquid effluent streams associated with high-level waste facilities

In addition, facilities storing liquid high-level waste should also monitor:

Liquid levels

Sludge volume

Tank chemistry

Condensate and cooling water

Facilities that use cathodic corrosion protection systems must include engineered features that protect against abnormal conditions such as stray currents or system failure.  Calibrate the cathodic protection system annually, and inspect and/or test all sources of impressed current at least every other month.

Even though safeguards, such as secondary containment systems and leak detection monitors, are in place at waste processing facilities, contingency plans to control radioactive release must also be developed in case the engineered controls fail.  For example, if a release results from a spill and the integrity of the system is not damaged, the system may be returned to service as soon as the condition has been corrected. For emergency situations involving liquid high-level waste, spare capacity with adequate heat dissipation capability must be maintained to receive the largest volume of liquid contained in any one tank.  To achieve this, maintain adequate transfer pipelines in operating condition.  Interconnected tank farms with adequate transfer capabilities and spare capacity may also be considered as a single tank farm for such purposes.

Ventilation and filtration systems must be provided to maintain radionuclide releases within the guidelines specified in applicable DOE Orders.  Ventilation systems shall be provided where the possibility exists for generating flammable and explosive mixtures of gases such as hydrogen/air or organics/air.

Design, Construction, and Operation of Systems That Minimize Personnel External Radiation Exposure

Shielding

Obtain information on shielding types and thicknesses from a radiological specialist (e.g., a radiological engineer, ALARA specialist, or health physicist, as appropriate for the project). Consider temporary shielding when shielding would be needed only briefly or infrequently. Allow for space, support, and transport requirements.  Consider special shielding, such as shield doors, leaded glass windows, covers for hot spots, transport casks, and shielded carts or forklifts.  

The shielding design basis must be to limit the maximum exposure to an individual worker to one-fifth the annual occupational external exposure limits specified in current regulations and DOE Orders.  Within this design basis, personnel exposures must be maintained ALARA. Specifically, the shielding must be designed with the objective of limiting the total effective dose equivalent (TEDE) to less than one rem per year to workers, based on their predicted exposure time in the normally occupied area.  The TEDE must be the sum of all contributing external penetrating radiation (gamma and neutron). In addition, appropriate shielding must be installed, if necessary, to minimize non-penetrating external radiation exposures to the skin and lens of the eye of the worker. In most cases, the confinement barrier or process equipment provides this shielding. Shielding and other radiation protection measures must be provided for areas requiring intermittent access, such as for preventive maintenance, component changes, adjustment of systems and equipment, etc.  The projected dose rates, based on occupancy, time, and frequency of exposure, must not exceed one rem/year. Straight line penetration of shield walls must be avoided to prevent radiation streaming.

Remote shielded operation (i.e., with remote handling equipment such as remote manipulators) must be considered where it is anticipated that exposures to hands and forearms would otherwise approach the current extremity dose limit or where contaminated puncture wounds could occur.

Interlock Systems

Design.  Emergency-off (SCRAM) buttons should be clearly visible, labeled, and readily accessible.  Run/safe switches may be used to prevent startup of an accelerator or radiation source when a radiation area is occupied.  Emergency exit mechanisms must be provided at all doors and pathways.  Emergency entry features are not precluded.  Warning lights or enunciator signs should be located outside entrances to accelerator enclosures.  Audible warning should be given inside accelerator enclosures before the accelerator is turned on. Search of a radiation area should be initiated by activating a “search start” switch. “Search confirmation” switches should also be provided.  The interlock system should prevent beams from being turned on until after the search has been completed and acknowledged and the audible and visual warning light cycle has ended.  Any violation of the area should cause the interlock system to immediately render the area safe.  Restarting the accelerator should not be possible until the area has again been searched. A “controlled entry” mode may be desirable for some larger accelerators.  Control device requirements for high- and very high-radiation areas can be found in subpart F of 10 CFR 835.

Construction.  The objective of a safety interlock system is to prevent injury or damage from radiation.  To achieve this end, the interlock must operate with a high degree of reliability.  Components and materials should be of high grade for dependability and long life.  Materials that resist radiation should be selected for those components located in areas where the radiation levels are high enough to cause radiation damage.

Fail-safe circuits and components should be used whenever practicable.  Fail-safe design takes into consideration the failure of primary alternating current (AC) power to the area, direct current (DC) power to logic circuits or beam-line components, or the pressurized air that feeds air-actuated solenoids in safety devices.  In each case, the safety interlock system should react to render the area safe in the event that a key safety component fails or the power source is lost.

Duplicate (parallel) circuits or redundant components should always be used in critical applications where the single failure of a circuit or device could lead to a hazard. In design of redundant circuits, parallel chains should be used.  The chains should remain independent, and not neck down to a single connection or components.  Independence should be carried all the way from duplicate sensors through to the devices or mechanisms that shut off the radiation source.  Wherever possible, at least two different methods should be in place to remove the beam or radiation source.  Examples of safeguards appropriate to many accelerators are removing high voltage to the radiation source, inserting beam stoppers, and turning off a magnet bend string.

To reduce the likelihood of accidental damage or deliberate tampering, all cables should be protected.  Preferred methods are to use armor covered cable or to run the cable in conduit.  It is acceptable to lay cable in metal trays, particularly where long runs are involved, providing that the cable is run in conduit between the tray and the junction box or cabinet. When using conduit, or armored cable, the covering should be continuous with solid elbows and no inspection plates.  For installations in high-radiation areas, particular attention should be given to selecting radiation-resistant cable.  

Operation.  Interlocks should be tested periodically, according to written procedures, and the results of the tests carefully recorded.  Two types of testing are appropriate.  Detailed, rigorous testing of the entire system should be done at the start of each running cycle.  If the machine is operating continuously, a detailed test should take place at least every six months.  These tests should demonstrate correct operation of all devices at entrances, all emergency-off switches, the interlock logic itself, and all redundant paths to the shutdown mechanisms.

In addition to the rigorous testing, overall operation of the system should be tested more frequently — once a week to once a month may be appropriate.  Tests might typically involve violating security at a different entrance point each time and checking that the beam is shut off.

az) Discuss the design and application of temporary engineered radiological controls.

Design

Temporary controls, such as temporary shielding or portable ventilation devices, are typically a response to unanticipated problems.  They may be removed when the problem is corrected.

Unlike temporary controls, permanent controls, such as shield walls and permanent ventilation systems, are established with facility design and startup to ensure that worker safety and regulatory compliance are a part of the radiological design basis of the facility. Permanent controls typically cannot be changed unless the regulatory requirements that initially made them necessary are changed.

Temporary Shielding

The following is a checklist for reducing occupational radiation exposure:

Design shielding to include stress considerations.

Control installation and removal through written procedures.

Inspect shielding after installation.

Conduct periodic radiation surveys.

Prevent damage caused by heavy lead temporary shielding.

Balance radiation exposure received in installation against exposure saved by installation.

Shield travel routes.

Shield components with abnormally high radiation levels early in the maintenance period.

Shield the position occupied by the worker.

Perform directional surveys to improve shielding design by locating the source of the radiation.

Use mock-ups to plan temporary shielding design and installation.

Consider the use of water-filled shielding.

Application

Temporary shielding is installed, used, and removed following procedures such as those found in 10 CFR 835, Occupational Radiation Protection.  Before installing temporary shielding, the effects of the additional weight on systems and components must be evaluated and established to be within the design basis.  The shielding must also be periodically inspected and surveyed to verify its effectiveness and integrity, and radiation surveys must be performed during its alteration or removal.  Temporary shielding must be visibly marked or labeled with the following or equivalent wording: “Temporary Shielding — Do Not Remove without Permission from Radiological Control.”  The shielding must also be periodically evaluated to assess the need for its removal or replacement with permanent shielding.  Site procedures may identify specific shielding applications, such as the shielding of low activity sources or samples that fall outside the recommendations of DOE or other procedures.

9. Radiation protection personnel shall demonstrate a familiarity-level knowledge of the radiological hazards associated with the following and a working-level knowledge for site specific radiological hazards:

· Plutonium operations

· Uranium operations

· Tritium operations

· Nuclear explosive operations

· Production/experimental reactors

· Accelerator operations

· Waste handling/processing operations

· Decontamination and decommissioning

· Use of radiation generating devices

· Environmental restoration activities

ba) Discuss the basic function and work activities associated with the above list.

Plutonium Operations

In the past, most Plutonium (Pu) was used as the fissile material for nuclear weapons.  The isotope used in the production of nuclear weapons was Pu-239, a fissile material, which fissions upon absorption of a thermal neutron.  Pu-239 could also be used in a reactor fuel for the production of electrical power.  The isotope, Pu-238, is used as a heat source and thermoelectric generator for missile and satellite applications.  A potential use of plutonium is to power medical prosthetic devices such as cardiac pacemakers and artificial hearts.

Plutonium can be particularly hazardous because it can be

an internal radiation hazard from alpha emissions

a pyrophoric hazard because pieces of the metal can spontaneously ignite when exposed to moist air

a criticality hazard because as little as 500 grams (g) of Pu-239 in solution can achieve criticality

Work activities.  Work activities include both production and processing facilities.  Between 1944 and 1988, the U.S. built and operated 14 plutonium production reactors at Hanford and Savannah River, producing approximately 100 metric tons of plutonium.  Hanford had nine reactors, and all had large cubes of graphite blocks with horizontal channels cut in them for uranium fuel and cooling water. The fuel slugs were inserted into the front face of the reactor, sent through neutron bombardment, pushed through the channels gradually, and dropped out the other side.  Savannah River consisted of five reactors with large tanks of “heavy water,” where highly-enriched fuel and separate depleted uranium targets were submerged.  Only a small fraction of uranium was converted to plutonium during each cycle through a reactor.

At Hanford, uranium-238 (U-238) was exposed to a neutron flux creating U-239, which quickly decays by beta emission to neptunium-239 (Np-239), which beta decays to Pu-239.  The production process creates tremendous amounts of high-level waste, which is currently stored in tanks at the Hanford site.  (The N-reactor at Hanford was built during the 1960s and was the focus of intense review.  It was shut down in 1987.) After a sufficient irradiation period, the plutonium is then extracted from the fuel rods and sent to a processing facility.

Massive or bulk plutonium is relatively inert in dry air and is comparatively easy to handle and store for a few days.  But, a significant amount of work with plutonium dealt with machining the raw metal into bomb components.  The machining process created fine powders and metal turnings, which are pyrophoric.  This process was mainly done in gloveboxes with nitrogen or argon to prevent fires.  (Metal turnings must not be stored and should be converted to oxide as soon as possible.) The oxidation of plutonium does not always occur in a predictable manner because the oxidation rate is a complex function of the surrounding atmosphere, the moisture content, and the alloys or impurities present in the metallic plutonium.  Plutonium metal components for weapons were machined at Rocky Flats, but due to a number of glovebox fires, exposure to a DOE inspector and two employees, and the cancellation of the W-88 warhead (a Rocky Flats major project), plutonium manufacturing operations were shut down, and the mission was redefined to decommissioning and decontamination, waste clean up, and environmental restoration.  Because of the sudden shut down of plants that performed plutonium operations, 26 tons of plutonium were stranded in various intermediate steps.  Currently in the U.S., if plutonium is not in operational warheads, it is stored at facilities across the country.  In 1989, a National Academy of Sciences panel concluded that additional plutonium production was unnecessary.  However, the plutonium surplus continues to increase as each day more plutonium is removed from dismantled weapons at the Pantex Plant in Texas at a rate of approximately 2,000 warheads per year.

Radiological hazards.  Transuranics are the predominant radionuclides at most plutonium facilities.  Plutonium isotopes include Pu-238, Pu,-239, Pu-240, Pu-241, and Pu‑242.  Physical and chemical means are used to separate and enrich Pu-239 for weapons grade material, which, by weight, ends up being about 90 percent Pu-239 and 6–8 percent Pu-240.  The exact amount and ratios of radionuclides in a given sample depends on the length of time since separation.

Plutonium isotopes have a biological clearance half-life of about 200 years for bone tissue. Bone seekers have extremely long retention times after incorporation into bone tissue.

Exposure control techniques.  Exposure control techniques should include both administrative and physical controls.  Administrative controls include the use of RWPs to authorize exposures.  Other administrative controls include the use of procedures and trained personnel.  Procedures should require strict contamination control by using good housekeeping practices verified by routine surveys, the posting of contamination areas, the use of protective clothing, and routine personnel monitoring.  Housekeeping should include an inventory of plutonium materials at the source to prevent the spread of contamination.  To prevent the spread of contamination and intakes of plutonium, containments such as gloveboxes are used.  Gloveboxes are usually kept at a negative pressure with respect to the surrounding area so that air leaks into the containment, preventing contamination from leaking out.  The type and extent of control measures used in radioactive work will vary.  For example, in some cases, plutonium is handled in open-faced hoods, but in most instances it is handled in semi-remote units (gloveboxes) or remote enclosures (hot cells).

Features of a particular handling operation may dictate special control measures, as does the state of the plutonium being used.  For example, low levels (< 37 kBq, approximately 1 pCi) of nondusty plutonium samples does not require the degree of control that higher levels do.  Sealed or clad plutonium, regardless of amount, may be handled in hoods rather than gloveboxes for certain steps in a process.

The laboratory handling of plutonium often differs from that found in a plant or production facility.  In general, up to 0.2 GBq (approximately 5 mCi) of plutonium may be handled in open hoods; gloveboxes are used for larger amounts.  In plants in which gram or kilogram amounts are used, gloveboxes are used almost exclusively. 

In processes involving highly radioactive materials, such as irradiated plutonium samples that have not been separated from fission products, hot cells are used to provide shielding.  Appropriate combinations of construction materials are used to provide protection from penetrating radiation (gamma and neutron).  Hydrogenous materials, such as concrete and oil, are used to shield neutron radiation; while denser materials, such as lead and steel, are used to shield gamma photons.  Viewing ports are constructed of leaded or oil-filled glass (or other substances) to minimize dose rates.

Uranium Operations

Function.  Natural uranium consists of three isotopes: uranium-238 (U-238), uranium-235 (U-235), and uranium-234 (U-234).  U-238 is 99.284 percent abundant in nature with a half‑life of 4.46 billion years; U-235 is 0.711 percent abundant with a half-life of 704 million years; U-234 is 0.0055 percent abundant with a half-life of 245,000 years.  U-238 decays by alpha emission into thorium-234, which itself decays by beta emission to protactinium-234, which decays by beta emission to U-234, and so on until the series ends with the stable isotope lead-206.  Uranium is important to the nuclear industry primarily because of the naturally occurring isotope U-235, which has a high thermal fission cross section.  To increase the amount of U-235 in a reactor core, and to decrease the size of a reactor, natural uranium is enriched in U-235 by special processes such as gaseous diffusion, centrifuging, or laser separation.  Natural uranium depleted in U-235 is also useful as shielding, counterweight, projectiles, and target elements in DOE plutonium production reactors.

Natural U-238 is found in 99 percent abundance in nature.  From this, the remaining 0.7 percent of U-235 must be physically separated in sufficient quantities for nuclear fuel, or for explosives. Gaseous diffusion is the process used in the U.S. for the enrichment of uranium.  Gaseous diffusion is when U-238 is driven at controlled temperatures and pressures through miles of filters which gradually collect U-235 atoms in increasing concentration.  Highly enriched uranium is considered more than 20 percent U-235, and low enrichment uranium consists of less than 20 percent. Typically more than 90 percent U-235 is used in nuclear weapons.  U-238 removed during enrichment is referred to as “depleted uranium.”  Thousands of tons of depleted uranium are stored in cylinders in Ohio, Tennessee, and Kentucky.

One ton of uranium ore yields only a few pounds of uranium metal.  The result is a dry concentrate called “yellowcake.” The milling process produces large volumes of sand like by-product mill tailings.  Mill tailing contains toxic heavy metals and radium and thorium. Uranium mill tailings account for only a small fraction of the total radioactivity, but approximately 96 percent of the total volume.  The primary hazard associated with uranium mill tailings is radon gas.

Work activities.  Much of the uranium feed material that is currently handled at DOE facilities has been reclaimed or recycled from reprocessed spent reactor fuel.  The chemical processes by which recycled uranium is purified release trace amounts of transuranic elements and fission products, mainly technetium-99 (Te-99).  Recycled uranium also contains trace amounts of uranium isotopes not found from fuel reprocessing facilities, but the radiological impact of these impurities is negligible in many cases.  There are many routine chemical processes which tend to concentrate these impurities either in the uranium product or in reaction by-products such that radiological controls and/or environmental monitoring programs must consider these impurities in some cases.

It is anticipated that the amount of recycled uranium will increase over the next several years.  This is due to the plans of a number of nations to reprocess uranium for their power reactors.

Radiological hazards.  The radiological hazard present from uranium depends on the processes conducted at the facility.  Categories of uranium may include the following:

Natural uranium

Decay chain daughters

Recycled uranium

235-enriched uranium

Natural uranium.  Natural uranium consists of three primary isotopes:  U-238, U-235, and U-234.  The primary isotopes of uranium are all long-lived alpha emitters.  U-235 also decays by gamma emission.  The principle radiological hazard is from inhalation of airborne uranium.  Uranium is both a chemical and radiological hazard.  For natural uranium, chemical toxicity is usually more limiting.  All three isotopes have somewhat restrictive ALI values of one microcurie (µCi).

Decay chain daughters.  Since DOE facilities do not routinely process uranium ore concentrates, the only non-uranium members of these decay chains that will be present in virgin (not recycled) feed materials are those that have grown in since the chemical extraction of the uranium.

The primary uranium decay products decay by beta emission.  Consequently, the inhalation hazards associated with these nuclides is usually overshadowed by the alpha-emitting uranium isotopes.  The nuclides that occur in sufficient abundance to have an impact on radiological control are thorium-234 (Th-234), protactinium-234m (Pa-234m), and Th-231.  The long half-lived Th-230 (75,400 years) in the U-238 decay chain and Pa-231 (32,800 years) in the U-235 chain effectively prevent the accumulation of significant quantities of other decay products. Still, Th-230 and radium-226 (Ra-226) may be found in the process waste water of some facilities, so it is prudent to include those nuclides in effluent/ environmental monitoring programs.  For workplace radiological controls, Th-234, Pa-234m, Th-231, and the uranium isotopes are those requiring primary consideration.  In poorly ventilated areas where uranium is stored, elevated radon (Rn) concentrations can occur from the small amounts of Ra-226 which both grow in and carry over as a contaminant in the chemical separation processes.

Recycled uranium.  The five primary isotopes of concern from recycled uranium are Tc-99, U-232, neptunium-237 (Np-237), Pu-238 and Pu-239.  Tc-99 tends to deposit within enrichment equipment and will pocket in the higher enrichment sections of the gaseous diffusion process.  In equipment with accumulations of Tc-99, soft beta radiation fields of a few rad per hour may be encountered.  This radiation is effectively attenuated by the protective clothing required for contamination control.  Since the ALI for Tc-99 is higher than that of uranium, inhalation is a concern only in situations where the technetium activity greatly exceeds that of the uranium that is present.  Technetium as pertechnetate is also difficult to remove from skin, which can result in skin contamination and significant skin doses.

The uranium isotopes that will increase in recycled uranium are U-232, U-234, and U-236. U-236 will not pose much of a concern from a health and safety standpoint because it is similar to natural uranium.  Conversely, U-232 can be problematic.  The health hazards of U‑232 are due primarily to gamma activity of its decay products (Th-228).  The major exposure from U-232 will be from handling UF-6 cylinders.  The exposure is determined by the enrichment of U-235. Exposure rates of 50–100 mrad/hr could exist.

Transuranics neptunium and plutonium will exist in small quantities in recycled material.  However, they can cause significant internal dose even at very low mass concentrations.  For example, for a Class W transportability mixture, if Pu-239 contamination contributes 0.1 percent of the total alpha activity in uranium, then it will contribute roughly 14 percent of the total inhalation dose equivalent because of its lower ALI.

235-Enriched uranium.  Uranium presents both a chemical and radiological hazard.  The primary hazard associated with uranium depends upon its degree of enrichment, its chemical form, and its physical form.  The degree of enrichment determines the gamma radiation intensity and the overall specific activity.  The chemical form determines solubility and consequently transportability in body fluids.  The transportability of an inhaled or ingested material determines its fate within the body and, therefore, the resulting dose or chemical effect.  When radiological hazards are limiting, chemical hazards can be neglected except in overexposure situations. When chemical hazards are limiting, radiological hazards can be neglected if radiation doses are below regulatory concern.  Uranium is toxic to the kidneys, and high exposure to soluble compounds can result in renal injury.

Neutron doses can also be a concern as enrichment in U-235 increases.  Alpha radiation emitted from uranium can create an (α, n) reaction with fluoride (F) and other low Z atoms. The neutron energy is in the 2 MeV range.  In the case of UF-6, the typically measured neutron dose rates for cooled storage cylinders are as follows:

Natural to 5 percent enrichment: 0.01 to 0.2 mrem/hr

High enrichment (97 percent): 2 to 4 mrem/hr or contact and 1 to 2 mrem/hr at 3 feet

Control techniques.  Development and implementation of an ALARA program in many uranium facilities may be a challenging task, due primarily to the fact that penetrating radiation doses are typically low and few individuals are exposed near the regulatory limits for occupational exposures.  As a result, convincing management to spend valuable funds to further reduce radiation exposures to ALARA can be a problem.

An ALARA program can be defined in four major elements: 1) program administration, 2) goal setting and program evaluation, 3) radiological design, and 4) conduct of operations.  All four elements are vital to the successful implementation of ALARA.

Tritium (H-3) Operations

H-3 is produced by both natural and manmade means.  H-3 is produced in the upper atmosphere by cosmic radiation interactions with nitrogen.  Once produced, H-3 is carried in rainfall to the surface of earth where it accumulates in the oceans.  Atmospheric nuclear tests also added significant amounts of H-3 to the environment.  H-3 is produced in light and heavy water reactors, fuel reprocessing plants, and tritium production reactors.

Function.  H-3 is the fuel source for fusion reactions which power the hydrogen bomb. H-3 has many laboratory uses such as compound labeling, and may, in the distant future, be used as a source of fuel for fusion power reactors.

Radiological hazards.  H-3 decays by emitting a weak beta particle; the daughter product is helium-3 (He-3).  H-3 is usually encountered in the workplace as H-3 gas (HT, DT, T2) or as H-3 oxide (HTO, DTO, T2O).

Other forms of H-3 also exist, such as metal tritides, tritiated pump oil, and tritiated gases. These various tritiated compounds have a wide range of uptake and retention in humans under similar exposure conditions.  For example, H-3 gas, upon inhalation, is only slightly incorporated into the body and is rapidly eliminated, whereas, tritiated water vapor is readily taken up and retained by the body.  

Following a brief exposure to H-3 gas, small amounts of the gas are dissolved in the bloodstream.  For gaseous H-3 exposures, there are 2 doses: 1) a lung dose from the H-3 in the air in the lung, and 2) a whole body dose from the H-3 gas that has been converted to water.  This tritiated water converted in vivo acts as an exposure to tritiated water.

Skin absorption of gaseous H-3 has been found to be negligible compared to inhalation. Small amounts of H-3 can enter skin through contact with contaminated metal surfaces, which results in elevated organically bound H-3 in tissues and urine.

Control techniques.  ALARA should be apparent in the policy and procedure documents that implement a radiation protection program (RPP) at a site, and should also be incorporated into facility design.  Containment and confinement of tritium, which includes the use of gloveboxes and fume hoods, should be the major design features for maintaining exposures ALARA. Pressure differentials control the flow of airborne contamination, including local and dilution ventilation. Good administrative procedures mean good housekeeping requirements and frequent smear and airborne surveys.

Some of the problems encountered when confining H-3 are due to the physical and chemical properties, which cause H-3 gas to interact in some way with almost all materials.  Helium is a monoatomic gas; therefore, one mole of diatomic T2H-3 gas decays to two moles of He-3 gas.  This leads to pressure buildup in sealed vessels.  The seals can fail and spread contamination.  There are also a number of physical properties that govern how H-3 reacts and migrates through materials; specifically, solubility, diffusion, and permeability.

Solubility.  Solubility is a thermodynamic property; therefore, the solubility of H-3 is affected by the temperature.  The solubility of H-3 may increase or decrease with temperature depending on the element or compound. Hydrogen gas (including H-3 gas) dissolves to some extent in almost all materials.  

Diffusion.  Diffusivity is a kinetic property and is a measure of the speed at which a species diffuses.  It is important in calculating the rate at which H-3 migrates through a structure.  The migration of hydrogen in most materials is orders of magnitude faster than the migration of other elements.  The higher the temperature, the faster the diffusion.

Permeability.  Permeability of a gas through materials is a measure of how much gas will migrate through a material wall of given thickness and area over a given time.  Permeability (F) is the product of the diffusivity (D) and solubility (S).

Nuclear Explosive Operations

Two national laboratories have been involved in research, development, and testing of nuclear weapons during the Cold War: Livermore, CA and Los Alamos, NM. Sandia National Laboratories, based in Albuquerque, NM, worked on electronic mechanisms, and designs for nuclear warheads and for coupling the warheads to bombs and missiles.  The final assembly process of the nuclear weapons occurred primarily at the Pantex Plant in Amarillo, TX.  With the end of the Cold War, the plant now disassembles warheads that have been retired from the nation’s arsenal, and is now storing the plutonium components.

The uranium components are shipped to Oak Ridge, TN, and H-3 canisters are shipped to Savannah River, SC.

The U.S. has performed weapons tests in atmospheric, underwater, and underground tests, mostly in Nevada.  Residual radioactive contamination from the testing remains at most of these test sites.  The U.S. halted atmospheric testing in 1963 and has not conducted nuclear explosion tests since September 1992.

Additional material regarding function and hazards can be found in the following unclassified DOE documents:

DOE Order 452.1B, Nuclear Explosive and Weapon Surety Program

DOE Order 452.2B, Safety of Nuclear Explosive Operation

Production/Experimental Reactors

Function.  Nuclear reactors are used as a power source to heat water into high pressure steam and produce electricity.  The fuel is comprised of U-238 and U-235.  One of the by-products in a nuclear reactor is plutonium.  Reactors specifically designed to produce Pu-239 are called production reactors.  Plutonium is produced from U-238 by capturing a neutron, thus creating U-239 which undergoes beta decay to Np-239, which then decays by beta emission to Pu-239.

Production/experimental reactors are found throughout the DOE complex.  One example is the High Flux Isotope Reactor Facility (HFIR) at Oak Ridge National Laboratory.  The HFIR is one of the world’s most powerful research reactors.  It is an 85-megawatt isotope production and test reactor with the capability and facilities for performing a wide variety of irradiation experiments.  One of the primary purposes of the HFIR is the production of californium-252 and other transuranium isotopes for research, industrial, and medical purposes.

Work activities.  Work activities include normal operations and maintenance.  Normal operations usually do not result in significant exposure to plant operators because of the shielding design of the reactor.  However, during maintenance, the reactor is shut down, and plant systems such as piping, valves, and pumps are opened.  Reactor internals contain contamination and higher radiation levels, thus exposing workers.  Most of the exposure at reactors occurs during the maintenance phase.

Radiological hazards.  In selecting materials for reactor components, many problems can arise.  Core components must meet stringent requirements, such as a low neutron cross section and good high-temperature properties.  They should also transfer heat quickly and easily so that materials do not expand or buckle out of shape.  The material should resist corrosive agents and radiation damage.

In a nuclear reactor, radioactivity arises from two nuclear processes: activation of corrosion products and fission.  Activation results from the absorption of neutrons by nuclei as they pass through the reactor core in the coolant water.  The nuclei result from impurities that enter the coolant water from internal metal surfaces such as stainless steel.  Corrosion attacks the stainless steel surfaces releasing microscopic particles of iron, cobalt, nickel and manganese. Some of the more common corrosion products are Co-58, Co-60, Mn-54, Fe-55, Fe-59, and chromium-51 (Cr-51).

Control techniques.  ALARA at reactor facilities includes design features and administrative controls.  ALARA is designed into the reactor facilities by using a “defense in depth” approach.  A defense in depth uses multiple barriers to prevent radioactive material from entering the environment. The barriers may include control rods, a water or heat transfer medium, a piping system, a reactor vessel, reactor vessel containment, and the reactor building.  Effluents can be held up for decay, stored, and/or filtered to permissible levels before release or disposal.

ALARA will be maintained by a comprehensive RPP outlined by management. Administrative controls may include ALARA policy requirements such as administrative control levels lower than the federal limits, procedures, and worker training.  Worker training should emphasize time, distance, and shielding.

Physical controls may include shielding, radiological postings, personnel monitoring, locked and/or fail-safe doors, and remote handling devices.  Frequent audits of the RPP should be conducted to verify ALARA is being maintained.

Accelerator Operations

Function.  Accelerators are used to accelerate charged particles to very high energies and then to bombard a target.  Formally, an accelerator is any machine used to impart large kinetic energies of charged particles such as electrons, protons, and atomic nuclei, and, are capable of creating a radiological area.  These accelerated particles are then used to probe nuclear or sub-nuclear phenomena.  There are also many accelerators in industrial and medical applications.  Accelerators consist of the following major components: a high voltage supply, an ion source, a beam pipe, a magnet, targets, a beam dump, a vacuum system, and shielding.

Work activities.  Particle accelerators are designed for a variety of purposes, such as research into the nature of matter, production of radioisotopes, generation of bremsstrahlung for radiography, induction of fusion, pumping of lasers, and production of synchrotron radiation.  Each purpose dictates a particular energy range and choice of particle to be accelerated:  electrons, protons, or nuclei of heavier elements.  For a particular primary beam, the health physicist must understand the radiation fields produced as the beam is absorbed, since the resultant dose rates can be quite high.

Radiological hazards.  Particle accelerators pose unique problems for health physics.  The radiation given off at accelerators can be loosely classified as prompt and induced.  This includes both direct exposure to radiation fields and airborne radionuclides.

Prompt radiations are produced while the accelerator is operating and include primary and secondary radiations.  Primary radiation, produced by the primary particle beam, can produce enormous dose rates of radiation over small areas at the target.  The secondary radiation (bremsstrahlung, neutrons, protons, gamma rays, and scattered electrons) can create very high dose rates over large areas of the accelerator workplace.  Some secondary radiation is quite penetrating.  Bremsstrahlung is produced in the target and in air along the beam path. Neutrons are generated by a number of means such as (α, n), (p,n), and (γ, n).

If the energy of the primary beam is high enough, induced radioactivity can be produced by neutron activation of air, collimators, target and beam stop materials, and cooling water.  Activation products can continue to produce radiation after the accelerator is shut down.  Airborne-radioactivity can result from both neutron activation and photo-neutron reactions with air, principally oxygen and nitrogen.  The most predominant airborne products, nitrogen-12 (N-12), oxygen-15 (O-15), and carbon-11 (C-11), are positron emitters with half‑lives of less than 20 minutes.  The decay of all positron emitters is accompanied by two 511 KeV gamma rays which are produced when the positron is ultimately annihilated.

Control techniques.  Since accelerators have the potential to generate very high dose rates, they have shielding designed to reduce radiation levels to acceptable values.  Historically, a common weak point in accelerator design has been thin-roof shielding.  As a result, “skyshine” from air scattered neutrons contribute significantly to the radiation dose in uncontrolled areas.  Other design features are interlocks that prevent entry into areas where the beam is in operation or that shut the beam off if an entry door is opened.  Interlock systems should be periodically checked to ensure proper operation.

Materials selection is very important to minimize activation of accelerator and beam-dump materials.  Routine discharges and spills of radioactive water could also be a problem. Common sources of radioactive water are the closed loops containing water to cool magnets, targets, and beam dumps.

Waste Handling/Processing Operations

DOE radioactive waste management activities are systematically planned, documented, executed, and evaluated.  Radioactive waste is managed to

protect the public from exposure to radiation from radioactive materials; 

protect the environment;  

protect workers;  

comply with applicable federal, state, and local laws and regulations.  These activities shall also comply with applicable Executive Orders and other DOE directives.

Decontamination and Decommissioning (D&D)

Function.  At the end of their useful life, nuclear reactors and facilities must be shut down and decommissioned.  To date, only a few nuclear reactors have been fully decommisioned; several more are in the planning.  The major volumes of radioactive waste will result from the decommissioning of DOE facilities.

Decommissioning activities are carried out under the authority of the Atomic Energy Act (AEA) and according to requirements set forth in various DOE Orders and standards and other guidance documents.

Work activities.  The D&D activities at such installations may result in very large volumes of low-level waste, depending on the methods selected.  The three major classifications for decommissioning nuclear facilities are: decontamination, safe storage, and entombment.  Most DOE facilities will be demolished following decontamination.

The decontamination alternative is one in which the equipment, structures, and portions of a facility and site containing radioactive contaminants are removed or decontaminated to a level that permits the property to be released for unrestricted use.

The safe storage is a method in which the nuclear facility is shut down and maintained in a safe, non-operational status until it can subsequently be decontaminated (deferred decontamination) to levels that permit release for unrestricted use.

The entombment alternative is one in which radioactive contaminants are encased in a structurally long-lived material, such as concrete.  The entombment structure is appropriately maintained and continued surveillance is carried out until the radioactivity decays to a level permitting the unrestricted release of property.  For short-lived radionuclides, this time period could be on the order of 100 years.  If the contaminants cannot be removed or released for unrestricted use, they will simply remain DOE restricted property.

Radiological hazards.  The radiological hazard present depends on the decommissioning alternative chosen, the type of facility being decommissioned, and the types of waste generated.  Radioactive wastes from decommissioning can be grouped into three major categories:

Neutron activated

Contaminated

Miscellaneous

Neutron activated waste materials include the reactor vessel and its internal components. High-activity activation wastes from the decommissioning of reactor internals are estimated to make up less than 1 percent of the total radioactive waste volume, but contain more than 95 percent of the activity.  Most of this radioactivity is in a single reactor component, the stainless steel core shroud that surrounds the reactor fuel from long-term irradiation of stainless steel and other alloys of which Co-60 comprises the most activity.

Contaminated materials include much of the piping and equipment in the reactor containment, fuel handling, and auxiliary control buildings.  In addition, some concrete surfaces of these buildings are expected to be radioactive and will require removal.

Control techniques.  Control techniques may include extensive decontamination before handling the wastes. Decay is another option for the shorter lived Co-60 which causes the most exposure.  The standard ALARA techniques of time, distance, and shielding would also apply.

Use of Radiation Generating Devices

Radiation generating devices (RGDs) are devices that produce ionizing radiation, sealed sources with emit ionizing radiation, small particle accelerators used for single purpose applications that produce ionizing radiation (e.g., radiography), and electron-generating devices that produce x-rays incidentally.

Function.  RGDs are used at DOE sites for a variety of reasons, including

analytical x-ray devices or electron beam machines

small accelerators used for radiography or other single purpose applications

radiation or electron generating devices that produce x-rays incidentally

sealed gamma-ray sources

sealed neutron sources

particle accelerators

neutron generators

electromagnetic pulse generators (capable of producing ionizing radiation)

electron microscopes

electron arc welders

microwave cavities that produce x-rays incidentally

cabinet x-ray machines used for security applications

All the RGDs may be classified as either devices that must be electrically energized to produce ionizing radiation or sealed sources consisting of encapsulated isotopes that emit radiation continuously.  They are used at DOE sites with a great variety of configurations and operating characteristics and in a wide spectrum of applications.  

To ensure individual safety from radiation, RGDs used at DOE sites should be operated within an exempt shielded enclosure or installation.  These installations protect individuals by providing physical shielding and/or by controlling access to areas where RGDs are operated. All new RGD installation designs and the modification of old RGD installations shall consider radiation protection in their design objectives.  

X-ray fluorescence is a useful technique for determining the concentration of a variety of elements in a wide range of sample types.  The technique is based on the fact that no two elements possess identical electron orbital energies, and each element emits x-rays of unique energy when irradiated with x-rays of sufficient energy to eject inner shell orbital electrons. X-rays of unique energy emitted by a specific element are called characteristic x-rays of the element.  The energy of the characteristic x-rays emitted by an irradiated sample can be identified with a detector and are the basis for the qualitative and quantitative analysis of unknown substances by x-ray fluorescence.

Radiological hazards.  RGDs have the potential to generate very high external dose rates and, therefore, pose a significant external radiation exposure hazard if proper controls are not used.  DOE invokes the American National Standards Institute (ANSI) standards for the use and handling of RGDs.

Control techniques.  Special considerations associated with the use of RGDs include the presence of extremely high dose rates and the potential for uncontrolled exposures.  Operation of these devices requires stringent physical and administrative controls to prevent overexposure to operating and support personnel and those in adjacent work areas.  Radiographers should have training in accordance with 10 CFR 34.31, Inspection and Maintenance of Radiographic Exposure Devices, Transport and Storage Containers, Associated Equipment, Source Changers, and Survey Instruments.  RGD operators should have training appropriate for the radiation source involved and commensurate with the level described in 10 CFR 34.31.

Environmental Restoration Activities

Function.  The fundamental goal of the DOE Office of Environmental Restoration (DOE/EM-40) is to ensure that the risks to the environment and human health and safety, posed by inactive and surplus facilities and sites, are either eliminated or reduced to prescribed safe levels. Environmental restoration efforts are proceeding in two major areas: remedial action (RA) and decommissioning.  The principle regulatory requirements for RAs are derived from the Resource Conservation and Recovery Act (RCRA) and the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  Activities may be subject to further requirements associated with compliance with the National Environmental Policy Act (NEPA) and with regulatory requirements imposed by the states.

The environmental problems DOE faces today are the result of years of research, development, and production, with little attention given to the management of waste and by-product disposal.  Wartime urgencies and other national priorities took precedence over cleanup efforts.  As was characteristic of the time, DOE lacked knowledge of the full impact of environmental contamination.  The waste management practices considered adequate at the time do not have an infinite life.

In the late 1980s, the priorities of DOE and the nation turned toward environmental protection.  DOE began an all-encompassing shift in mission from a national defense priority to a mission of environmental consciousness, accountability, compliance, and cleanup.

The objectives of DOE’s Environmental Management (EM) program include containment of contamination at inactive sites; treatment, storage, and disposal of the current inventory of hazardous, radioactive, and mixed waste in a safe, environmentally sound, and cost-effective manner; and bringing all DOE facilities and sites into compliance with applicable laws and regulations.

The DOE has 10 field offices which manage the cleanup and containment of hazardous and radioactive wastes at numerous DOE sites.  Two additional programs, the Formerly Utilized Sites Remediation Act Program (FUSRAP) and the Uranium Mill Tailings Remedial Action Program (UMTRAP), are also under EM, and deal specifically with the cleanup of sites contaminated during the Manhattan Project.

Work activities.  A number of DOE facilities are on the EPA National Priorities List. Work activities under RAs include: site discovery, preliminary assessment, and inspection; site characterization, analysis of cleanup alternatives, and selection of remedy; cleanup; site closure; and site compliance monitoring.

Radiological hazards.  Three major radioactive waste classes associated with environmental restoration activities are low-level waste (LLW), transuranic waste (TRU), and by-product material. Environmental restoration activities are not expected to generate or handle high-level waste (HLW) or spent nuclear fuel (SNF).  In addition to radioactive waste contaminants, these wastes can also be contaminated with hazardous constituents as regulated by RCRA and the Toxic Substances Control Act (TSCA). Such wastes are defined as mixed wastes.  Thus a total of six waste classes are relevant for radioactively contaminated material resulting from environmental restoration activities: LLW, mixed LLW, mixed TRU.

The radioactive contaminants in environmental restoration wastes could consist of a wide variety of radionuclides, depending on the operations performed at the site.  A list of radioactive contaminants can be obtained from the site characterization data.

Environmental restoration wastes are different from those associated with processing operations in that the former generally have much lower concentrations of radioactive and chemically hazardous substances.

Much of the material requiring remediation is a consequence of past activities (e.g., spills, waste disposal, and environmental releases such as liquid discharges to drainage basins).  The types of contaminated wastes include a great deal of soils, including sediment and sludges.  In addition, environmental restoration wastes may include debris such as concrete, metal, brick, wood, asphalt, plastic, and rubble.

Environmental restoration wastes also differ from those resulting from processing operations in that the former are generally highly heterogeneous in physical form and chemical constituency.  In addition, a full spectrum of contaminants could be associated with these previously disposed materials, including those associated with ordnance operations, processing of uranium and thorium ores and concentrates, and the operation of nuclear reactors and associated chemical processing plants.

Control techniques.  Due to the low-activity levels in most of the environmental restoration wastes, exposure of occupational personnel is not the main concern.  Public exposures via groundwater contamination may require interim actions to mitigate doses.  Interim actions are used to address urgent risks and remove potential threats before the completion of detailed characterization studies.  In 1994, the EM-40 program completed 119 of these actions.  In 1995, DOE completed another 100 interim actions, bringing the total to more than 500 since the program was initiated.

bb) Discuss fundamental characteristics of the major radiological hazards at the above listed activities.  This could include discussion of:

· Mode of decay

· Source

· Energies of major radiations emitted

· Relative principle biological hazard

· Half-life

Radiological hazards are included in part “a” of this competency.

bc) Discuss unique radiological exposure control techniques associated with the above listed activities.

Control techniques are included in part “a” of this competency.

10. Radiation protection personnel shall demonstrate an expert-level knowledge of the DOE radiation protection system for occupational workers as set forth in the following policy, requirements, and guidance documents:

· 10 CFR 835, Occupational Radiation Protection

· Implementation Guidance for use with 10 CFR 835, Occupational Radiation Protection

· DOE P 441.1, Department of Energy Radiological Health and Safety Policy

bd) Discuss the relationship of the above documents in defining the DOE system of radiation protection.

The DOE Directives System includes a hierarchy of documents that describe how the Department does work.  There are four levels of documents in the hierarchy:

Policy (why we do it)

Requirements (what must be done)

Guides (DOE acceptable methodologies)

Technical standards (how to)

be) Give examples of how DOE P 441.1, Department of Energy Radiological Health and Safety Policy, is reflected in requirements and guidance.

DOE P 441.1, Department of Energy Radiological Health and Safety Policy, is the DOE policy for radiation protection.  The policy of DOE is to adopt standards consistent with the recommendations of the ICRP and the National Council on Radiation Protection and Measurements (NCRP).  ICRP and NCRP recommendations are formally codified into DOE requirements in 10 CFR 835, which carries the force of law.  The provisions of 10 CFR 835 will provide the basis for the assessment of civil and criminal penalties under the Price-Anderson Amendments Act (PAAA) of 1988.  However, 10 CFR 835 does not address all essential areas of radiation protection needed to form a comprehensive program for protection of individuals from ionizing radiation.  The purpose of DOE N 441.2, Extension of DOE N 441.1, Radiological Protection for DOE Activities, is to supplement 10 CFR 835 to form a comprehensive radiation protection program.

bf) Explain how the 10 CFR 835 Implementation Guides are used to develop and implement local programs to comply with the radiation protection requirements at the site/facility level.

Implementation Guides (IGs) provide an acceptable methodology for establishing and operating an RPP that will comply with DOE requirements specified in 10 CFR 835.  Except for requirements mandated by regulation, contract, or administrative means, the provisions in IGs are DOE’s views on acceptable methods of program implementation and are not mandatory.  Conformance with an IG will, however, create an inference of compliance with the related regulatory requirements.  IGs are part of the Department’s formal directives system.

Items “d” through “r” of this competency statement are related to 10 CFR 835.  Please refer to that document for information regarding these competencies.

11. Radiation protection personnel shall demonstrate a working-level knowledge of the following DOE Policy, Order, and Manual Directives, and Technical Standards related to radiation protection:

· DOE P 450.2A, Identifying, Implementing, and Complying with Environmental, Safety, and Health Requirements

· DOE Order 5400.5, Ch. 2, Radiation Protection of the Public and the Environment, or when promulgated, 10 CFR 834, Radiation Protection of the Public and the Environment and associated Implementation Guides

· DOE Order 5480.4, Ch. 4, Environmental Protection, Safety, and Health Protection Standards

· DOE M 231.1-2, Occurrence Reporting and Processing of Operations Information

· DOE Order 5480.19, Ch. 2, Conduct of Operations Requirements for DOE Facilities

· DOE-STD-1098-99, Department of Energy Standard — Radiological Control

· DOE-STD-1121-98, Department of Energy Standard — Internal Dosimetry

bg) Describe the relevant requirements, interrelationships, and importance of the listed Orders, notices, codes and regulations, guides, and technical manual(s).

DOE P 450.2A, Identifying, Implementing, and Complying with Environmental, Safety, and Health Requirements

DOE Policy 450.2A sets forth the framework for environmental, safety, and health (ES&H) requirements so that work is performed in the DOE complex in a manner that ensures adequate protection of workers, the public and the environment.  This includes

integrated review of safety requirements

transition to rules and revised orders

ensuring adequate protection at diverse facilities

continuity of ongoing efforts

implementation plans

guidance documents (including technical standards)

compliance with requirements by contractual mechanisms and nuclear safety requirements

enforcement of compliance through contractual mechanisms and civil and criminal penalties

DOE Order 5400.5, Ch. 2, Radiation Protection of the Public and the Environment

Environmental requirements for facility operations, such as permissible public doses, limits on effluent discharge, and the release of waste from DOE sites, are stated in DOE Order 5400.5 and released as 10 CFR 834.

DOE Order 5400.5 establishes standards and requirements for operations of DOE and its contractors with respect to protection of the public and the environment against undue risk from radiation.  The Order is divided into four chapters that discuss the general topics covered in the Order, requirements for radiation protection of the public and the environment, derived concentration guides (DCGs) for air and water, and residual radioactive material.

DOE Order 5480.4, Ch. 4, Environmental Protection, Safety, and Health Protection Standards

ES&H requirements for facility design, construction, operation, and decommissioning are given in DOE Order 5480.4, Environmental Protection, Safety, and Health Protection Standards.  The basis for the standards given in DOE Order 5480.4 are generally Environmental Protection Agency (EPA), Occupational Safety and Health Administration (OSHA), Nuclear Regulatory Commission (NRC), and American National Standards Institute (ANSI) environmental safety and health standards, which are cited in four attachments to the Order.  Attachment 1 is statutory requirements, attachment 2 is mandatory policy requirements, attachment 3 is reference standards, and attachment 4 is sources of standards.  Mandatory standards define the minimum compliance requirements applicable to activities conducted by DOE and its contractors.  Reference standards are guides and standards under consideration as guidance documents, and serve to complement mandatory standards. DOE Order 5480.4 has a three-fold purpose: 1) to specify and provide requirements for applying mandatory environmental protection, safety, and health standards applicable to DOE and DOE contractor organizations; 2) to list standards; and 3) to identify sources of mandatory and reference environmental, safety, and health standards.

DOE M 231.1-2, Occurrence Reporting and Processing of Operations Information

Occurrence reporting is performed in accordance with DOE Manual 231.1-2, Occurrence Reporting and Processing of Operations Information.  It is the DOE policy to ensure that the office of the Secretary and both DOE and DOE contractor line management are kept fully informed on a timely basis of events that could adversely affect national security and safety or the safeguards and security interests of DOE.

DOE Order 5480.19, Ch. 2, Conduct of Operations Requirements for DOE Facilities

The purpose of this Order is to provide requirements and guidelines for Departmental elements to use in developing directives, plans, and/or procedures relating to the conduct of operations at DOE facilities.  The implementation of these requirements should result in improved quality and uniformity of operations.

The Order is divided into 18 chapters.  A summary of the requirements for each chapter follows:

Chapter I, Operations Organization and Administration — DOE facility policies should describe the philosophy of standards of excellence under which the facility is operated, and clear lines of responsibility for normal and emergency conditions should be established.

Chapter II, Shift Routines and Operation Practices — Standards for the professional conduct of operations personnel should be established and followed so that operator performance meets the expectations of DOE and facility management.  This chapter describes important aspects of routine shift activities and watchstanding practices.

Chapter III, Control Area Activities — Control area activities should be conducted in a manner that achieves safe and reliable facilities operations.  Guidelines are presented for control area access, professional behavior, and monitoring control panels and equipment.

Chapter IV, Communications —  This chapter provides important guidelines for a plant program for audible communications, including emergency communications systems, public address (PA) systems, contacting operators, and radios.

Chapter V, Control of On-Shift Training — On-shift training should be conducted so that the trainee satisfactorily completes all of the required training objectives and receives maximum learning benefits.  This chapter includes documentation of instructor qualifications and supervision and control of trainees.

Chapter VI, Investigation of Abnormal Events — A program for the investigation of abnormal events should ensure that facility events are thoroughly investigated to assess the impact of the event, to determine the root cause of the event, and to ascertain whether the event is reportable.

Chapter VII, Notifications — Guidelines to ensure timely notification of appropriate DOE personnel and other agencies, when required, should be employed to ensure that the facility is responsive to public health and safety concerns.

Chapter VIII, Control of Equipment and System Status — Overall guidelines on good operating discipline should ensure that facility configuration is maintained in accordance with design requirements.  The operating shift should know the status of equipment and systems.

Chapter IX, Lockouts and Tagouts — The important elements of a lockout/tagout program are covered in this chapter.  DOE’s intention is to meet the requirements of 29 CFR 1910.

Chapter X, Independent Verification — Guidelines to provide a high degree of reliability in ensuring the correct facility operations and the correct position of components such as valves, switches, and circuit breakers are provided in this chapter.

Chapter XI, Log Keeping — Records should contain a narrative log of the facility’s status and all events, as required, to provide an accurate history of facility operations.

Chapter XII, Operations Turnover — Guidelines for the important aspects of a good shift turnover, including checklists, and control panel walkdowns are provided in this chapter.

Chapter XIII, Operations Aspects of Facility Chemistry and Unique Processes — Operational monitoring of facility chemistry or unique process data and parameters should ensure that parameters are properly maintained.

Chapter XIV, Required Reading — Proper use of a required reading file by operations personnel should ensure that appropriate individuals are made aware of important information that is related to job assignments.

Chapter XV, Timely Orders to Operators — Key features for a means of operations management to communicate short-term information and administrative instructions to operations personnel are covered in this chapter.

Chapter XVI, Operations Procedures — Operations procedures should provide appropriate direction to ensure that the facility is operated within its design bases and should be effectively used to support safe operations of the facility.

Chapter XVII, Operator Aid Postings — Operator aid programs should be established to ensure that operator aids, which are posted, are current, correct, and useful.

Chapter XVIII, Equipment and Piping Labeling — A well established and maintained labeling program should ensure that facility personnel are able to positively identify equipment they operate, in accordance with OSHA regulations.

DOE-STD-1098-99, Department of Energy Standard — Radiological Control

The Radiological Control Manual offers detailed guidance for implementation of radiation protection programs in DOE.  It establishes practices for the conduct of DOE radiological control activities and states DOE’s positions and views on the best course of action currently available in the area of radiological controls.  The DOE radiation protection program (RPP), the contractor site-specific Radiological Control Manual or procedures manual, site implementation plans, and the site contract with DOE, place the requirements on the facility. The facility radiation protection personnel are then responsible for carrying out daily activities that ensure compliance with all of these radiological requirements.

Anyone involved in radiological work is responsible and accountable for radiological control. To be held accountable, radiological workers must be informed, disciplined, and have a cautious attitude towards radiation and radioactivity.  Basically, radiation protection personnel are responsible for implementation of the Radiological Control Manual guidance and requirements at their sites.

DOE-STD-1121-98, Department of Energy Standard — Internal Dosimetry

This technical standard is created to provide a resource for those engaged in the science and practice of internal dosimetry within the DOE complex.  This standard defines minimum levels of acceptable performance and provides basic procedural guidelines for evaluating the internal radiation dose equivalent that may be received by radiation workers from intakes of radionuclides.  This set of defined internal dosimetry performance criteria meets the requirements set forth in 10 CFR 835 for monitoring the workplace, for assessing internal radiation doses to workers at DOE facilities, and for recording and reporting requirements as they apply to internal dosimetry programs.

bh) Discuss the role of radiation protection personnel with respect to these Orders and regulations.

The role of radiation protection personnel is covered in item “a” of this competency statement.

bi) Discuss how conduct of operations is applied to radiation protection activities.

Radiological controls fall under the operation of a facility and, therefore, DOE Order 5480.19 applies to the radiological control organization.  The following is taken from DOE Order 5480.19 regarding the conduct of operations.

A high level of performance in DOE operations is accomplished by establishment of high-operating standards by management, communicating operating standards to the working level, providing sufficient resources to the operations department, ensuring personnel are well trained, closely monitoring performance in operations, and holding workers and their supervisors accountable for their performance in conducting activities.

Senior management establishes operating standards, considering input from the working level when  appropriate.  The working level will more eagerly support the standards when they have had input into the development of those standards.  The standards should define operating objectives, establish expected performance levels, and clearly define responsibility in plant operations.  Standards for operating activities should also be integrated into procedures and programs.  Operating standards should also be communicated to the working level by training workers in operating practices and by supervisory monitoring and guidance of work.  Sufficient staff, equipment, and funding should be allocated to permit the operations department to effectively perform its functions.

Performance in operations should be closely monitored by facility management, and operating reports and goals should be used so that the performance of the operating department can be effectively measured.  Operations personnel should be held accountable for their performance through supervisory counseling, performance appraisals, and when necessary, disciplinary measures. Remedial training should be provided when appropriate.

Operations policies.  Procedures or other definitive documentation should specify policies that are to be applied to operations.  These policies should specify goals and the means to achieve those goals.  These documents should also provide for the types of controls necessary to implement policies.

Operating procedures should be based on facility and DOE guidance for operations. Responsibilities for implementing these policies, including the responsibility of shift personnel, if applicable, should be clearly defined.  Operations personnel should clearly understand their authority, responsibility, accountability, and interfaces with other groups.

Resources.  The operations supervisor for DOE facilities should be provided with sufficient resources in materials and personnel to accomplish assigned tasks without requiring excessive overtime by the operations staff.  These resources should include technical personnel needed to support the operations.  A long-range staffing plan that anticipates personnel losses should be developed and implemented.

Monitoring of operating performance.  As described in Chapter VI of DOE Order 5480.19, operating problems should be documented and evaluated.  Based on assessments of these problems, corrective actions should be taken to improve the performance of the operations department’s performance. Additionally, frequent direct observation of operations activities by supervisors and managers is essential to monitoring operations performance.

Safety, environment, and operating goals should be used as a management tool for involving cognizant groups or individuals in improving operating performance and for measuring operating effectiveness.  Operations goals should be established.

bj) Discuss how the standard, Radiological Control, is now applied (i.e., as a requirement or as a technical standard) in your program, or at the site(s) or facility(s) for which you have responsibility.

This is a site-specific competency.  The qualifying official will evaluate the completion of this competency.

bk) Discuss the following as they relate to occurrence reporting:

· How soon after an event or condition is identified must it be characterized?

· Who must be notified at the facility where it occurred?

· What are the two broad groups or conditions in which a health physicist would likely be involved in identifying the reportable event?

The facility manager or facility manager designee is responsible for event categorization within two hours of the event.

Notification of unusual occurrences should be done in accordance with DOE M 231.1-2.  The facility manager should be notified of unusual occurrences.  The facility manager notifies the following within two hours of categorization:

DOE Facility representative

DOE HQ emergency operations center

The health physicist may be involved in identifying a reportable event in cases of a release of radioactive material and/or contamination and significant radiation exposures.  The health physicist may be called upon to calculate either internal or external doses.  The magnitude of release/dose may determine categorization of the event.

12. Radiation protection personnel shall demonstrate a familiarity-level knowledge of the identification, reporting, investigation, and enforcement related to potential noncompliance with nuclear safety requirements.

bl) Describe the purpose and scope of the Price-Anderson Amendments Act.

The Price-Anderson Amendments Act (PAAA) provides indemnification to DOE contractors who manage and conduct nuclear activities in the DOE complex.  In a general sense, the government acts as an insurer for these contractors against any findings of liability arising from the nuclear activities of the contractor within the scope of its contract.

bm) Discuss the Price-Anderson Amendments Act’s applicability to the Department’s nuclear safety activities.

In the case of most DOE activities, the system of financial protection currently takes the form of an indemnification by DOE for legal liability for a nuclear incident or a precautionary evacuation arising from activity under a DOE contract.  The DOE Price-Anderson indemnification

provides omnibus coverage of all persons who might be legally liable for injuries related to a nuclear incident;

indemnifies fully all legal liability, up to the statutory limit on such liability (currently approximately $8.96 billion for a nuclear incident in the U.S.);

covers all DOE contractual activity that might result in a nuclear incident in the U.S.; 

is not subject to the availability of funds;

is mandatory and exclusive.

bn) Discuss the purpose and scope of the current nuclear safety rules, including:

· 10 CFR 708, DOE Contractor Employee Protection Program

· 10 CFR 820, Procedural Rules for DOE Nuclear Activities

· 10 CFR 830, Nuclear Safety Management

10 CFR 708, DOE Contractor Employee Protection Program

This part provides procedures for processing complaints by employees of DOE contractors alleging retaliation by their employers for disclosure of information concerning danger to public or worker health or safety, substantial violations of law, or gross mismanagement, as well as for participation in Congressional proceedings, or for refusal to participate in dangerous activities.

10 CFR 820, Procedural Rules for DOE Nuclear Activities

This part sets forth the procedures to govern the conduct of persons involved in DOE nuclear activities and, in particular, to achieve compliance with the DOE Nuclear Safety Requirements by all persons subject to those requirements.  Questions that are not addressed in this part shall be resolved at the discretion of the DOE Official.

Activities and facilities covered under E.O. 12344, 42 U.S.C. 7158 note, pertaining to Naval nuclear propulsion, are excluded from the requirements of subparts D and E of this part regarding interpretations and exemptions related to this part.  The Deputy Assistant Secretary for Naval Reactors or his designee will be responsible for formulating, issuing, and maintaining appropriate records of interpretations and exemptions for these facilities and activities.

10 CFR 830, Nuclear Safety Management

This part governs the conduct of DOE contractors, DOE personnel, and other persons conducting activities, including providing items and services that affect, or may affect, the safety of DOE nuclear facilities.

bo) Discuss the Department’s enforcement program, including:

· Identification and reporting of potential noncompliance with nuclear safety requirements

· Roles and responsibilities of DOE employees

A preliminary notice of violation (PNOV) is a legal finding by DOE that, based on the evidence developed in its investigation, a violation of a nuclear safety rule has occurred.  The PNOV is typically addressed to the contractor chief executive officer, who is required to respond either by concurring or acquiescing to its conclusions, or by setting forth additional evidence which was not previously presented in the investigation and which could lead to an outcome different from that set forth in the notice.  A PNOV includes at a minimum:

a concise, clear statement of the nuclear safety requirement(s) violated.  This statement constitutes the legal citation for the violation(s).

a brief statement of the circumstances of the violation(s) and the facts to demonstrate that the requirement(s) was (were) not met. 

the severity level proposed for each violation (or problem area, if violations are considered in the aggregate).  DOE defines three levels of severity (severity levels I, II, and III) based on the model developed by the NRC for regulation of commercial nuclear power plants.  DOE generally reserves severity level I for cases involving death or serious injury, or for actual or potential substantial exposures or contamination of workers or the public.  DOE normally assigns severity level II to programmatic deficiencies that could lead to adverse safety impacts, unless the potential or actual safety consequences to workers or the public would warrant assignment of severity level I.

the civil penalty proposed for the enforcement action, if applicable, comprising the sum of civil penalties proposed for each individual violation (or problem area, if violations are considered in the aggregate).  The DOE enforcement policy sets base civil penalties based on the severity level of a violation, up to a statutory maximum of $110,000 per violation.  Severity level I violations are assessed the full $110,000 each, and severity level II and III violations have base civil penalties of 50 percent ($55,000) and 10 percent ($11,000) of the statutory limit, respectively, and each may be assessed per violation per day.  The PNOV specifies a proposed civil penalty regardless of whether the contractor is required by law to pay the penalty, or in the case of not-for-profit contractors where the contractor is exempt from paying civil penalties.  In the latter case, the proposed civil penalty serves as a measure of the severity attached by DOE to the violation.

DOE enforcement policy allows use of mitigation, i.e., reduction in the civil penalty for a violation, to acknowledge positive efforts on the part of the contractor, such as prompt reporting of the noncompliance and comprehensive internal evaluation beyond the immediate incident that resulted in the noncompliance.  The Office of Price-Anderson Enforcement (OE) may, at its discretion, mitigate a base civil penalty by up to 100 percent, although in‑practice reductions of 25 to 50 percent are more common.  Severity level I violations generally receive no mitigation, due to the gravity of their actual or potential consequences.

DOE enforcement policy also allows use of escalation, i.e., increasing the civil penalty for a violation, in cases where DOE has to expend substantial effort to get the contractor to take corrective action.

If the contractor admits that the violation(s) occurred as stated in the PNOV and does not contest the proposed civil penalty, the PNOV becomes a final notice of violation (FNOV) without further action.  If the contractor chooses to contest the PNOV, the enforcement action enters an appeals process as described in the DOE enforcement procedures.  Note that while any contractor may contest the facts or conclusions underlying a PNOV, the legal appeals process is open only to for-profit contractors. Not-for-profit contractors do not have this option.

DOE may refrain altogether from issuing a PNOV if:  (1) the contractor identifies and reports a noncompliance in a timely manner; (2) DOE is satisfied with the causal analysis, extent of condition review, and corrective actions; and (3) the matter under investigation does not appear to be of a recurring nature, pose an extreme safety hazard, or have a potential to lead to a more serious event.  DOE may, in such cases, consider other types of action, or may choose not to take any formal actions against the contractor.  Even if DOE does not issue a PNOV, DOE will continue monitoring the contractor to ensure that appropriate corrective actions are taken to prevent recurrence of the investigated noncompliances.  Should DOE determine that the contractor is not properly addressing the noncompliances, DOE reserves the option to issue a PNOV and to escalate the noncompliances to a severity level I violation. 

Enforcement letter.  DOE issues an enforcement letter to close out investigations where DOE has decided not to issue a PNOV for a noncompliance with nuclear safety requirements, but still wants to communicate DOE expectations for implementation of the contractor’s commitments to take action to correct the noncompliance.  An enforcement letter typically specifies a date by which corrective actions must be completed, notifies the contractor of any follow-up actions planned by OE, and reminds the contractor that DOE reserves the option to reopen the enforcement investigation if the contractor fails to meet its commitments to correct the noncompliance.  Enforcement letters are issued without civil penalty. 

Consent agreement.  The Code of Federal Regulations allows DOE to settle any enforcement action or proceeding at any time during the enforcement process by issuing a consent agreement to the contractor instead of a PNOV, as long as the settlement is consistent with the objectives of the PAAA, DOE nuclear safety requirements, and enforcement policy.

A consent agreement streamlines the enforcement process by requiring that the contractor pay an agreed amount in lieu of any subsequent investigation, notice of violation, and imposition of civil penalty.  In return, DOE agrees that it will not pursue an enforcement action or civil penalty for any potential violations pertaining to the specific potential violations under investigation.

A consent agreement does not preclude DOE from investigating or pursuing enforcement action against the contractor for potential violations other than those described in the noncompliance tracking system (NTS) report(s) addressed by the enforcement action, or if the contractor fails to proceed with corrective actions as described in the NTS report(s) and the consent agreement.  DOE may also reopen the investigation and consider enforcement action if it later becomes known that any of the facts or information provided regarding the potential violations originally investigated were knowingly false or inaccurate in any material way.

Compliance order.  DOE normally resorts to a compliance order only when a contractor demonstrates continuing and repeated failure to meet commitments to correct the violation(s) cited in an enforcement action (i.e., a PNOV).  A compliance order is a set of actions imposed by DOE on a contractor, over and above actions addressed in an enforcement action, each of which is equivalent to a legal requirement in the Code of Federal Regulations.  Each failure on the part of the contractor to successfully complete any of the ordered actions constitutes a separate nuclear safety violation and could be subject to civil penalties of up to $110,000 per day for each violation.  Additionally, DOE reserves the right to consider all other remedies available, including contractual remedies.  A compliance order is issued by the Secretary of Energy and is closed only upon approval of the Secretary of Energy.

The roles and responsibilities of DOE employees for the Department’s enforcement policy are as follows:

Routinely review events conditions and trends for potential PAAA noncompliances.

Determine whether an event, condition, or trend is an actual PAAA noncompliance.

Categorize an event, condition, or trend determined to be an actual noncompliance as either NTS-reportable or site-reportable-only.

Prepare an NTS report, including all internal management and technical review and coordination required for an NTS-reportable noncompliance, and then transmit the report to DOE.

Periodically review all PAAA noncompliances for adverse trends.

Develop timely corrective actions to correct PAAA noncompliances and prevent future recurrence.

Report to the DOE NTS all incidents that satisfy the “automatic reporting” criteria specified in the DOE operational procedures.

Maintain formal records documenting the identification, reporting, and tracking of PAAA noncompliances. (Such records are subject to DOE audit.)

13. Radiation protection personnel shall demonstrate a familiarity-level knowledge of radioactive waste management:

bp) Discuss the Department’s policy regarding the handling and management of waste as described in DOE O 435.1, Ch. 1, Radioactive Waste Management.

DOE radioactive waste management activities shall be systematically planned, documented, executed, and evaluated.  Radioactive waste shall be managed to 

protect the public from exposure to radiation from radioactive materials;  

protect the environment;  
protect workers;  
comply with applicable federal, state, and local laws and regulations.  
All radioactive waste shall be managed in accordance with the requirements in

DOE M 435.1-1, Radioactive Waste Management Manual.

DOE, within its authority, may impose such requirements, in addition to those established in this Order, as it deems appropriate and necessary to protect the public, workers, and the environment, or to minimize threats to property.  

bq) Define the following terms:

· Low-level waste

· High-level waste

· Transuranic waste

· Mixed waste

Low-Level Waste 

Low-level waste is material having no economic value that is contaminated with radioactive material that is not classified as high-level waste, transuranic waste, spent nuclear fuel, or byproduct material as defined in section 11e(2) of the Atomic Energy Act, as amended. Test specimens of fissionable material irradiated only for research and development and not for production of power or plutonium may be classified as low-level waste provided the concentration of transuranic activity (i.e., americium, plutonium, etc.) is less than or equal to 100 nCi per gram. 

High-Level Waste 

High-level waste is material generated by chemical reprocessing of spent fuel and irradiated targets. High-level waste contains highly radioactive, short-lived fission products, hazardous chemicals, and toxic heavy metals.  High-level waste is usually found in the forms of a liquid, a solid saltcake, a sludge, or a dry, powdery calcine. 

Transuranic Waste 

Transuranic waste is radioactive waste material without regard to source or form that, at the end of institutional control periods, is contaminated with alpha-emitting radionuclides having atomic numbers greater than 92 (uranium) and half-lives greater than 20 years in concentrations above 100 nCi per gram of waste matrix at time of assay and which are not co-mingled with RCRA constituents. 

Mixed Waste 

Mixed waste is radioactive waste material without regard to source or form that, at the end of institutional control periods, is contaminated with alpha-emitting radionuclides having atomic numbers greater than 92 (uranium) and half-lives greater than 20 years in concentrations above 100 nCi per gram of waste matrix at time of assay and which are co-mingled with RCRA constituents. 

br) Discuss the Department’s policies on waste management, including:

· Generation reduction

· Segregation

· Minimization

· Pollution prevention

· Disposal

General Reduction and Segregation

The most straightforward method for lowering waste processing and disposal costs is to reduce the generation of wastes in terms of volume and activity at the source.  The most proactive way is to consider the means of waste minimization during the definition of design and construction specifications of new facilities.  Reviewing and changing existing practices at operating facilities can also significantly reduce the waste generation.  A significant reduction of waste can be gained by considering potential decommissioning procedures as early as during the design stage as part of the steps to properly plan the decommissioning operation.

Considering waste minimization requirements in the design and construction phase of nuclear facilities may have a direct impact on future waste production during both operational and decommissioning periods.  The main design-related technical options are

the proper choice of materials (resistance to corrosion, high-quality surface treatments, low tendency to activate and/or produce radionuclides that may cause problems); 

application of the most effective, reliable, and up-to-date technology to assure that equipment will remain operable as long as possible without replacement and/or maintenance; 

high performance of components and prevention of unintended accumulation of waste, and minimization of leakage/drainage to avoid repairing active components and producing additional waste;

strong separation of active and non-active media and segregation of active media according to their nature and activity. 

Decommissioning of nuclear facilities is a source of extremely large volumes of radioactive waste, most of which is classified as low-level or intermediate-level waste.  Moreover, a large part of the waste belongs to the category called very low-level waste.  The volume contribution of intermediate-level and high-level waste is comparatively small, roughly below 5 percent.  The generation of decommissioning wastes can be significantly reduced through the application of proper decontamination techniques, the rigorous segregation and separation of the waste flow streams, the recycle and reuse of selected metals and construction materials, and the establishment and implementation of proper clearance and discharge policies. 

Typical, practical steps that can contribute to the reduction of operational radioactive waste generation are listed below 

Limit the number and size of the controlled areas and identify all points in the working areas and all stages in the process where it is possible to prevent material from becoming radioactive waste. 

Establish waste accounting and tracking systems to quantify sources, types, amounts, activities, and characteristics of waste. 

Apply recent technological processes (good operational practice) and modify maintenance and refurbishment procedures leading to waste reduction. 

Reuse recovered materials (e.g. boric acid, special metals, fission material) to reduce waste generation and decrease operational costs. 

Recycle and reuse liquids within the process (such as decontamination solutions and laundry water) to reduce the volume and potential environmental impact of discharged liquids. 

Establish a system of sorting waste and separating waste streams to prevent improper mixing and to assure more efficient characterization and subsequent processing. 

Establish a rigorous system for segregation of non-active and active contaminated waste in the controlled area.

Increase the flow of information among staff regarding waste reduction philosophies, techniques, and improved methods, and emphasize the training of staff in waste reduction practices. 

These procedures are oriented mostly to the reduction of waste generation by operators of large nuclear facilities.  Nevertheless, they are also fully applicable to small users of radionuclides. 

Minimization and Pollution Prevention

Waste minimization and pollution prevention shall be implemented for radioactive waste management facilities, operations, and activities to meet the requirements of Executive Order 12856, Federal Compliance with Right-to-Know Laws and Pollution Prevention Requirements, and Executive Order 13101, Greening the Government through Waste Prevention, Recycling, and Federal Acquisition.

Disposal

Site office managers are responsible for ensuring radioactive waste is disposed of in a manner that protects the public, workers, and the environment, and in accordance with a radioactive waste management basis.  They are also responsible for reviewing specific transuranic or low-level waste documentation, including the performance assessment and composite analysis, or appropriate CERCLA documentation, prior to forwarding them to Headquarters (HQ) for approval, and for obtaining and ensuring that the facility is operated in accordance with the disposal authorization statement.  Site office managers must also conduct performance assessments and composite analysis maintenance.

Disposal of high-level waste must be in accordance with the provisions of the Atomic Energy Act of 1954, as amended, the Nuclear Waste Policy Act of 1982, as amended, or any other applicable statutes.

Transuranic waste shall be disposed of in accordance with the requirements of 40 CFR Part 191, Environmental Radiation Protection Standards for Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes.

A disposal authorization statement shall be obtained prior to construction of a new low-level waste disposal facility.  Field elements with existing low-level waste disposal facilities shall obtain a disposal authorization statement in accordance with the schedule in the Complex-Wide Low-Level Waste Management Program Plan.  The disposal authorization statement shall be issued based on a review of the facility’s performance assessment, composite analysis, performance assessment and composite analysis maintenance, preliminary closure plan, and preliminary monitoring plan.  The disposal authorization statement shall specify the limits and conditions on construction, design, operations, and closure of the low-level waste facility based on these reviews.  A disposal authorization statement is a part of the radioactive waste management basis for a disposal facility.  

A preliminary monitoring plan for a low-level waste disposal facility shall be prepared and submitted to Headquarters for review with the performance assessment and composite analysis.  The monitoring plan shall be updated within one year following issuance of the disposal authorization statement to incorporate and implement conditions specified in the disposal authorization statement.

The site-specific performance assessment and composite analysis shall be used to determine the media, locations, radionuclides, and other substances to be monitored.

The environmental monitoring program shall be designed to include measuring and evaluating releases, migration of radionuclides, disposal unit subsidence, and changes in disposal facility and disposal site parameters which may affect long-term performance.

The environmental monitoring programs shall be capable of detecting changing trends in performance to allow application of any necessary corrective action prior to exceeding the facility’s performance objectives.

bs) Discuss the process for determining whether or not waste is classified as mixed waste.

Mixed waste is waste that contains source, special nuclear, or by-product material subject to the Atomic Energy Act of 1954, as amended, as well as a hazardous component subject to RCRA.
14. Radiation protection personnel shall demonstrate a working-level knowledge of DOE requirements and guidance related to safety management.

bt) Describe the relevant requirements, purpose, interrelationships, and importance of the following requirements and guides to radiation protection activities:

· 10 CFR 830, Nuclear Safety Management

· DOE M 411.1-1C, Safety Management Functions, Responsibilities, and Authorities

· DOE O 414.1-1A, Ch. 1, Quality Assurance

· DOE G 414.1-2, Quality Assurance Management System Guide for use with 10 CFR 830.120 and DOE O 414.1-1A

· DOE O 420.1A, Facility Safety

· DOE G 421.1-1, DOE Good Practices Guide: Criticality Safety Good Practices Program Guide for DOE Nonreactor Nuclear Facilities

· DOE G 421.1-2, Implementation Guide for Use in Developing Documented Safety Analyses to Meet Subpart B of 10 CFR 830

· DOE G 423.1-1, Implementation Guide for Use in Developing Technical Safety Requirements

· DOE G 424.1-1, Implementation Guide for Use in Addressing Unreviewed Safety Question Requirements

· DOE O 430.1B, Real Property Asset Management

· DOE-STD-1073-2003, Configuration Management Program

· DOE-STD-3009-94, Ch. 2, Preparation Guide for U.S. DOE Nonreactor Nuclear Facility Safety Analysis Reports

· DOE-HDBK-3010-94, Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities

· DOE-STD-3011-2002, Guidance for Preparation of Basis for Interim Operation (BIO) Documents

· DOE-STD-1027-92, Ch. 1, Hazard Categorization and Accident Analysis Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports

10 CFR 830, Nuclear Safety Management

This document establishes safety basis requirements for hazard category 1, 2, and 3 DOE nuclear facilities.

In establishing the safety basis for a hazard category 1, 2, or 3 DOE nuclear facility, the contractor responsible for the facility must

define the scope of the work to be performed;

identify and analyze the hazards associated with the work;

categorize the facility consistent with DOE-STD-1027-92, Hazard Categorization and Accident Analysis Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports, Change Notice 1, September 1997;

prepare a documented safety analysis for the facility;

establish the hazard controls upon which the contractor will rely to ensure adequate protection of workers, the public, and the environment.

DOE M 411.1-1C, Safety Management Functions, Responsibilities, and Authorities

This DOE manual defines safety management functions, responsibilities, and authorities for DOE senior management with responsibilities for line, support, oversight, and enforcement actions.  It provides detailed requirements to supplement DOE P 411.1, Safety Management Functions, Responsibilities, and Authorities Policy, dated 1-28-97.

The Secretary of Energy has the primary responsibility for ensuring that work at DOE or Department facilities and sites is performed in a manner that adequately protects the worker, the public, and the environment.  This responsibility flows from the Secretary through line management to the individuals performing the work.  The goal of performing work safely is reflected in the guiding principles and core management functions established in DOE P 450.4, Safety Management System Policy, dated 10-15-96, and is codified in the Department of Energy Acquisition Regulations, found at Title 48 of the Code of Federal Regulations (CFR), 970.5204-2, and 970.5223-1 (48 CFR 970.5204-2 and 970.5223-1).  

These guiding principles include the following:

Line management is responsible for protection of employees, the public, and the environment.

DOE and its contractors must clearly define and maintain the lines of responsibility for ensuring protection of ES&H at all organizational levels.

This manual addresses both of these guiding principles for DOE by documenting DOE senior  management functions, responsibilities, and authorities relating to safety management.  The term “safety management” for purposes of this manual refers to those DOE functions and responsibilities that pertain to and govern the safety of operations and activities at DOE sites and facilities.

This document is required by DOE P 411.1, Safety Management Functions, Responsibilities, and Authorities Policy, dated 1-28-97, which mandates the development of a corporate-level document to establish the clear lines of responsibilities and authorities that are necessary to

develop and implement requirements and standards that are necessary to provide reasonable assurance that workers, the public, and the environment are adequately protected;

define essential safety management functions and establish unambiguous DOE roles,  responsibilities, and authorities for executing them to accomplish the authorized work;

clarify the roles, responsibilities, lines of authority, and delegations between HQ and field organizations;

ensure compliance with legal requirements and manage against contractual requirements;

define functional relationships and responsibilities among DOE line, support, oversight, and enforcement organizations;

address the coordination of line direction from multiple program offices at a single site. 

This manual is the corporate-level document that defines safety management functions, responsibilities, and authorities for DOE senior management with responsibilities for line, support, oversight, and enforcement functions.  

DOE O 414.1A, Ch. 1, Quality Assurance

The general requirements for DOE O 414.1A, Quality Assurance are the following:

DOE elements must implement the quality assurance (QA) criteria in a manner sufficient to achieve adequate protection of the workers, the public, and the environment, taking into account the work to be performed and the associated hazards. 

DOE elements must develop their quality assurance programs (QAPs) by applying the quality assurance criteria specified in the Order, using a graded approach. 

DOE elements must consider the guidance on quality assurance provided in paragraph 6 of the Order to develop and implement their QAPs. 

DOE elements not presently in compliance with this Order must develop and implement a QAP within 90 days of the date of this Order.  

The QAP must describe how the criteria will be satisfied. 

DOE elements must identify, document, and use appropriate standards (consistent with the National Technology Transfer and Advancement Act, P.L. 104-113, and Office of Management and Budget Circular A-119), wherever applicable, to develop and implement QAPs.

The QAP must describe how the graded approach will be applied.

The QAP must discuss how it integrates and satisfies quality requirements or similar management system requirements (such as environmental or safety) from sources other than this Order.

DOE elements must respond to safety issues identified in Office of Oversight (EH-2) reports using a written corrective action plan (CAP).

DOE elements must apply the safety issue corrective action process for CAP development and implementation. 

DOE G 414.1-2A, Quality Assurance Management System Guide for Use with 10 CFR 830.120 and DOE O 414.1-1A

This guide provides information on principles, requirements, and practices used to establish and  implement an effective quality assurance program (QAP) or quality management system  consistent with the requirements of 10 CFR 830, subpart A, and DOE O 414.1C.

This guidance includes methods for the interrelated functions and responsibilities of managing, performing, and assessing work.  Implementation of a quality management system will contribute to improved safety, management, and reliability of DOE products and services.  The methods and references described in this guide are not mandatory and do not add, modify, or delete any requirements identified in the QA rule and Order.  Use of this guide in conjunction with appropriate standards will facilitate development and approval of a QAP compliant with the QA rule and Order.  An organization may select alternative methods to document and implement its quality management system as long as the requirements of the QA rule and Order are satisfied.  The content of the quality management system must be based on an organization’s unique set of responsibilities, its product/service realization process, hazards, and customer expectations.

DOE O 420.1A, Facility Safety

The objective of this Order is to establish facility safety requirements related to nuclear safety design, criticality safety, fire protection, and natural phenomena hazards mitigation.  

This Order includes requirements for nuclear and explosives safety design criteria, fire protection, nuclear criticality safety, natural phenomena hazards mitigation, and the system engineer program.  The Order also includes a list of positional responsibilities associated with these requirements.  Finally, the Order establishes contractor requirements in a contractor requirements document.

DOE G 421.1-1, DOE Good Practices Guide: Criticality Safety Good Practices Program Guide for DOE Nonreactor Nuclear Facilities

This guide illustrates and suggests practices and procedures for conducting a nuclear criticality safety (NCS) program at DOE nonreactor nuclear facilities having significant quantities of fissionable materials.  These DOE practices and procedures are relevant to NCS program administration and oversight, NCS personnel selection and training, performance of NCS evaluations and analyses, emergency response, and programmatic control of processes, storage, procedures, hardware, and software.  Throughout the text of this document, the term “fissionable material,” used for concision, refers to the term that is specifically relevant to criticality safety concern, “significant quantity of fissionable material.”

DOE G 421.1-2, Implementation Guide for Use in Developing Documented Safety Analyses to Meet Subpart B of 10 CFR 830

This guide elaborates on the documented safety analysis (DSA) development process and the safe harbor provisions of the appendix to 10 CFR 830, subpart B.  Title 10 CFR 830, subpart B, Safety Basis Requirements, requires the contractor responsible for a DOE nuclear facility to analyze the facility, the work to be performed, and the associated hazards, and to identify the conditions, safe boundaries, and hazard controls necessary to protect workers, the public, and the environment from adverse consequences.  Reviews provide an independent confirmation of readiness to start or restart operations.

Title 10 CFR 830, subpart B, Safety Basis Requirements, requires the contractor responsible for a DOE nuclear facility to analyze the facility.  These analyses and hazard controls constitute the safety basis upon which the contractor and DOE rely to conclude that the facility can be operated safely.  Performing work consistent with the safety basis provides reasonable assurance of adequate protection of workers, the public, and the environment.  

DOE G 423.1-1, Implementation Guide for Use in Developing Technical Safety Requirements

This guide provides elaboration on the content of TSRs.  Section 10 CFR 830.205 of the nuclear safety management rule requires DOE contractors responsible for category 1, 2, and 3 DOE nuclear facilities to develop TSRs.  These TSRs identify the limitations to each DOE-owned, contractor-operated nuclear facility based on the DSA and any additional safety requirements established for the facility.

The TSR rule requires contractors to prepare and submit TSRs for DOE approval.  This guide provides guidance in identifying important safety parameters and developing the content for the TSRs that are required by 10 CFR 830.205.

The appendix to subpart B of the nuclear safety management rule specifies the types of safety limits, operating limits, surveillance requirements, and administrative controls that define the safety envelope necessary to protect the health and safety of the public and workers.  The TSR derivation chapter in the DSA is the key component that provides the basis for TSRs.

DOE G 424.1-1, Implementation Guide for Use in Addressing Unreviewed Safety Question Requirements

This guide provides information to assist in the implementation and interpretation of title 10 CFR 830.203, Unreviewed Safety Question Process, of the nuclear safety management rules for applicable nuclear facilities owned or operated by DOE, including the NNSA.

Section 830.203, Unreviewed Safety Question Process, allows contractors to make physical and procedural changes and to conduct tests and experiments without prior DOE approval if the proposed change can be accommodated within the existing safety basis. The contractor must carefully evaluate any proposed change to ensure that it will not explicitly or implicitly affect the safety basis of the facility.  The unreviewed safety question (USQ) process is primarily applicable to the DSA.  Although the rule references only the DSA, the DSA must include conditions of approval in safety evaluation reports and facility-specific commitments made in compliance with DOE rules, Orders, or policies.  Because application of the USQ process depends on facility-specific information, results of a USQ determination in one facility generally cannot be extrapolated to other facilities.  DOE approval of the procedure to implement the USQ process is required by 10 CFR 830.203.

DOE O 430.1B, Real Property Asset Management

The directive establishes an integrated corporate-level, performance-based approach to the life-cycle management of our real property assets.  It links real property asset planning, programming, budgeting, and evaluation to the Department’s multi-faceted missions. Successful implementation of this order will enable the Department to carry out its stewardship responsibilities, and will ensure that DOE facilities and infrastructure are properly sized and in a condition to meet mission requirements today and in the future.

DOE-STD-1073-2003, Configuration Management Program

The purpose of this standard is to define the objectives of a configuration management process for DOE nuclear facilities, including activities and operations, and to provide detailed examples and supplementary guidance on methods of achieving those objectives.  Configuration management is a disciplined process that involves both management and technical direction to establish and document the design requirements and the physical configuration of the nuclear facility and to ensure that they remain consistent with each other and the documentation.

The size, complexity, and missions of DOE nuclear facilities vary widely, and configuration management processes may need to be structured to individual facilities, activities, and operations.  It would generally be inappropriate to apply the same configuration management standards to widely different activities, for example, a reactor facility and a small, simple laboratory.  The detailed examples and methodologies in this standard are provided to aid those developing their configuration management processes; however, they are provided for guidance only and may not be appropriate for application to all DOE nuclear activities.  The individuals defining the configuration management process for a particular nuclear activity will need to apply judgment to determine if the examples and methods presented in this standard are appropriate for the activity.

Nevertheless, the basic objectives and general principles of configuration management are the same for all activities.  The objectives of configuration management are

to establish consistency among design requirements, physical configuration, and documentation (including analysis, drawings, and procedures) for the activity;

to maintain this consistency throughout the life of the facility or activity, particularly as changes are being made.

DOE-STD-3009-94, Ch. 2, Preparation Guide for U.S. DOE Nonreactor Nuclear Facility Safety Analysis Reports

This standard describes a DSA preparation method that is acceptable to the DOE.  It was developed to assist hazard category 2 and 3 facilities in preparing SARs that will satisfy the requirements of 10 CFR 830.  Hazard category 1 facilities are typically expected to be category A reactors for which extensive precedents for SARs already exist.

Guidance provided by this standard is generally applicable to any facility that is required to document its safety basis in accordance with 10 CFR 830, Nuclear Safety Management.  For new facilities in which conceptual design or construction activities are in progress, elements of this guidance may be more appropriately handled as an integral part of the overall design requirements.  The methodology provided by this standard focuses more on characterizing facility safety with or without well-documented information than on the determination of facility design.  Accordingly, contractors for facilities that are documenting conceptual designs for a preliminary DSA should apply the process and format of this standard to the extent it is judged to be of benefit.

Beyond conceptual design and construction, the methodology in this standard is applicable to the spectrum of missions expected to occur over the lifetime of a facility.  As the phases of facility life change, suitable methodology is provided for use in updating an existing DSA and in developing a new DSA if the new mission is no longer adequately encompassed by the existing DSA.  This integration of the DSA with changes in facility mission and associated updates should be controlled as part of an overall safety management plan.

This standard addresses the following tasks related to implementing the requirements of 10 CFR 830:

It ensures consistent and appropriate treatment of all DSA requirements for the variety of DOE nonreactor nuclear facilities.

It provides final facility hazard categorization and considers and incorporates the categorization into programmatic requirement measures to protect workers, the public, and the environment from hazardous and accident conditions.  TSRs and safety-significant SSCs that are major contributors to worker safety and defense in depth, are identified in the hazard analysis.

It designates safety-class SSCs and safety controls as a function of the evaluation guideline.

It provides a consistent and measured treatment of this concept, including guidance on the minimum acceptable DSA content.

DOE-HDBK-3010-94, Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities

The purpose of this document is to provide a compendium and analysis of experimental data from which airborne release fractions and respirable fractions may be derived.  Such values are needed to determine quantities of radioactive material driven airborne to estimate the scope of the potential release spectrum and potential downwind consequences from a given facility or activity.  The information provided in this handbook aids in making such estimates.

The handbook discusses the following major topics:

Source term formula: provides a computational formula for using the information gained from analysis

Applicability of data: distinguishes proper use of information

Accident stresses: identifies the types of accident conditions for which this information is applicable

Handbook organization: explains the presentation of information and the use of examples

The data in the handbook can be used in a variety of applications, such as safety and environmental analyses, and to provide information relevant to system and experiment design.  However, the data and the analyses of the data contained therein need to be critically evaluated for applicability in each situation in which they are used, and represent only one source of information in a complete safety analysis or design process.

DOE-STD-3011-2002, Guidance for Preparation of Basis for Interim Operation Documents

This standard provides guidance for the development of Basis for Interim Operation (BIO) documents, which are an acceptable form of DSA under the provision of the 10 CFR 830 rule.  In this regard, it supplements the guidance in DOE G 421.1-2, Implementation Guide for Developing Documented Safety Analyses to Meet Subpart B of 10 CFR Part 830.

DOE-STD-1027-92, Ch. 1, Hazard Categorization and Accident Analysis Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis Reports

The purpose of this DOE standard is to establish guidance for the preparation and review of hazard categorization and accident analysis techniques, as required in DOE Order 5480.23, Nuclear Safety Analysis Reports.

This standard provides specific guidance on several of the requirements contained in DOE Order 5480.23, Nuclear Safety Analysis Reports.  Section 1 establishes the threshold quantities of hazardous materials that, if exceeded, would mandate the development of a SAR under the Order.  Section 2 discusses the SAR upgrade plan and schedule that must be submitted to each Secretarial Officer.  Section 3 provides a uniform methodology for hazard categorization.  Section 4 gives additional specific guidance on the use of the graded approach and accident/hazard analysis techniques for compliance with the Order.

bu) Discuss the role of radiation protection personnel with respect to the listed requirements and guidance.

It is the policy of DOE to conduct its radiological operations in a manner that ensures the health and safety of all its employees, contractors, and the general public.  In achieving this objective, the Department shall ensure that radiation exposures to its workers and the public and releases of radioactivity to the environment are maintained below regulatory limits and deliberate efforts are taken to further reduce exposures and releases as low as is reasonably achievable.  The Department is fully committed to implementing a radiological control program of the highest quality that consistently reflects this policy.  The means by which the Department shall comply with this policy are discussed below.

The Department shall establish and maintain a system of regulatory policy and guidance reflective of national and international radiation protection standards and recommendations.  The Assistant Secretary for Environment, Safety, and Health has responsibility for promulgating and maintaining policies, standards, and guidance related to radiological protection.  Departmental radiological protection requirements are, at a minimum, consistent with the presidentially approved Radiation Protection Guidance to the Federal Agencies for Occupational Exposure, which was developed by the Environmental Protection Agency in accordance with its mandated federal guidance responsibilities.  Departmental requirements often are more stringent and reflect, as appropriate, recommendations and guidance from various national and international standards-setting and scientific organizations, including the International Commission on Radiological Protection, the National Council on Radiation Protection and Measurements, the American National Standards Institute, and others.  Departmental requirements related to radiological protection will be set forth, as appropriate, in rules and DOE Orders, and guidance documents will be issued on acceptable means to implement these requirements.

The Department shall ensure personnel responsible for performing radiological work activities are appropriately trained. Standards shall be established to ensure the technical competency of the Department’s work force, as appropriate, through implementation of radiological training and professional development programs.

The Department shall ensure the technical competence of personnel responsible for implementing and overseeing the radiological control program.  An appropriate level of technical competence gained through education, experience, and job-related technical and professional training is a critical component for achieving the goals of the Department’s radiological control policy. Qualification requirements commensurate with this objective shall be established for technical and professional radiological control program positions and shall, at a minimum, be consistent with applicable industry standards and promote professional development and excellence in radiological performance as a goal.

The Department shall establish and maintain, at all levels, line management involvement and accountability for departmental radiological performance.  The responsibility for compliance with Departmental radiological protection requirements, and for minimizing personnel radiation exposure, starts at the worker level and broadens as it progresses upward through the line organization.  The Department’s line managers are fully responsible for radiological performance within their programs and the field activities and sites assigned to them, and shall take necessary actions to ensure requirements are implemented and performance is monitored and corrected as necessary.

The Department shall ensure radiological measurements, analyses, worker monitoring results, and estimates of public exposures are accurate and appropriately made.  The capability to accurately measure and analyze radioactive materials and workplace conditions, and to determine personnel radiation exposure, is fundamental to the safe conduct of radiological operations.  Policy, guidance, and quality control programs shall be directed towards ensuring such measurements are appropriate, accurate, and based upon sound technical practices.

The Department shall conduct radiological operations in a manner that controls the spread of radioactive materials and reduces exposure to the workforce and the general public, and that uses a process that seeks exposure levels as low as is reasonably achievable.  Radiological operations and activities shall be preplanned to allow for the effective implementation of dose and contamination reduction and control measures.  Operations and activities shall be performed in accordance with departmental conduct of operations requirements and shall include reasonable controls directed toward reducing exposure, preventing the spread of radiological contamination, and minimizing the generation of contaminated wastes and the release of effluents.

The Department shall incorporate dose reduction, contamination reduction, and waste minimization features into the design of new facilities and significant modifications to existing facilities in the earliest planning stages.  Wherever possible, facility design features shall be directed toward controlling contamination at the source, eliminating airborne radioactivity, maintaining personnel exposure and effluent releases below regulatory limits, and using a process that seeks exposure levels and releases as low as is reasonably achievable.  Radiological design criteria shall reflect appropriate consensus recommendations of national and international standards-setting groups.

The Department shall conduct oversight to ensure departmental requirements are being complied with and appropriate radiological work practices are being implemented.

All Departmental elements shall conduct their radiological operations in a manner consistent with the above policies and objectives.

bv) Define the following safety management terms:

· Authorization basis

· Design basis

· Safety limit

· Administrative controls

Authorization Basis

The authorization basis is the safety documentation supporting the decision to allow a process or facility to operate.  Included are corporate operational and environmental requirements as found in regulations and specific permits, and, for specific activities, work packages or job safety analyses.

Design Basis

The design basis is the set of requirements that bound the design of systems, structures, and components within the facility.  These design requirements include consideration of safety, plant availability, efficiency, reliability, and maintainability.  Some aspects of the design basis are important to safety, although others are not.

Safety Limit

Safety limits are limits on process variables associated with those safety-class physical barriers (generally passive) that are necessary for the intended facility functions and which are required to guard against the uncontrolled release of radioactive materials.

Administrative Controls

Administrative controls are the provisions relating to organization and management, procedures, recordkeeping, assessment, and reporting necessary to ensure the safe operation of a facility.

bw) Define the following terms associated with nuclear criticality safety:

· Criticality incident

· Double contingency principle

· Geometry control

· Nuclear criticality safety

· Significant quantity of fissionable material

Criticality Incident

Criticality incident refers to the release of energy as a result of accidentally producing a self-sustaining or divergent nuclear fission chain reaction.

Double Contingency Principle

The double contingency principle requires that process designs shall incorporate sufficient factors of safety to require at least two unlikely, independent, and concurrent changes in process conditions before a criticality accident is possible.  In all cases, no single failure shall result in the potential for a criticality accident.

Geometry Control

Geometry control refers to the passive engineering control by which container equipment design limits fissionable material dimensions and the spacing between adjacent equipment.  Reliance on geometry control shall be the first priority.

Nuclear Criticality Safety

Nuclear criticality safety is the prevention or termination of inadvertent nuclear criticality and protection against injury or damage due to an accidental nuclear criticality.  Generally, prevention is preferred.

Significant Quantity of Fissionable Material

Significant quantity of fissionable material refers to the minimum mass of fissionable material for which control of at least one parameter is required to ensure subcriticality under all normal and credible abnormal conditions.

bx) Describe the responsibilities of Operating and Management (O&M) and Management and Integration (M&I) contractors for the development and maintenance of a Documented Safety Analysis (DSA).

Development of a DSA or preliminary documented safety analysis (PDSA) is the process whereby facility hazards are identified, controls to prevent and mitigate potential accidents involving those hazards are proposed, and commitments are made for design, construction, operation, and disposition so as to assure adequate safety at DOE nuclear facilities.  DOE, in its review and approval role, may require modification or addition to these commitments by the responsible contractor.  Throughout the life of the facility, from design and construction to mission-oriented operations, through deactivation, long-term surveillance and maintenance, to decontamination and decommissioning, there must be a safety basis in place that is appropriate to the activities (operations) occurring during each of those phases.

During design and construction, the governing safety basis document is the PDSA.  It is updated as the design matures and is approved prior to procurement and construction activities.  Until approval, the PDSA and its updates serve to keep DOE informed as to how DOE nuclear safety design criteria are being addressed in the design.  Project design reviews provide the vehicle by which safety-related changes are reviewed, and DOE can provide guidance to the contractor.

Prior to operations, the PDSA evolves to a final DSA that reflects the facility as actually constructed.  During mission-oriented operations, and for each phase thereafter through deactivation or decontamination and decommissioning, or until the facility falls below the Category 3 threshold for nuclear facilities, the DSA must be kept current, considering any changes to the facility or its operations.  The USQ process is key to this requirement.  The USQ process must be integrated with the configuration management process that must be a part of the safety management  program commitments of a DSA.  The USQ process is the tool by which it is determined when DOE must approve any changes to the facility or its operations.

A DSA must demonstrate the extent to which a nuclear facility can be operated safely with respect to workers, the public, and the environment.  DOE expects a contractor to use a graded approach to develop a DSA and describe how the graded approach was applied.  The level of detail, analysis, and documentation will reflect the complexity and hazard associated with a particular facility or activity.  Thus, the DSA for a simple, low-hazard facility may be relatively short and qualitative in nature, while the DSA for a complex, high-hazard facility may be quite elaborate and more quantitative.  DOE will work with its contractors to ensure a DSA is appropriate for the facility or activity for which it is being developed.  DSAs are prepared in order to be the primary reference on facility safety.  Contractor management uses the DSAs for new nuclear facilities to have an authoritative documented record of DSA-derived and programmatic safety commitments made to DOE governing safety and health aspects of project management, engineering, design, procurement and construction of the facility or the development of the nuclear operation. DOE O 420.1, Facility Safety, contains requirements for the design of new nuclear facilities and mandates the use of safety analyses to guide safety aspects of design.  In addition, 10 CFR 835, subpart K, Occupational Radiation Protection, gives regulatory requirements for design and control.  These analyses should be summarized in the DSA to support the rationale for safety aspects of design.

by) Discuss the development and maintenance of site/facility safety management documents and procedures for modifications.

DOE does not expect a PDSA to be required for activities that do not involve significant construction, such as environmental restoration activities, decontamination and decommissioning activities, specific nuclear explosive operations, transition surveillance and maintenance activities, or for activities that are not major modifications.  For activities that are not major modifications, the USQ process should be used to determine if DOE approval is needed.  If so, a safety analysis that supports the request for approval should be developed. If the request is approved, then the safety analysis should be included in the DSA when the modification is completed.

The PDSA required by 10 CFR 830.206 may need updating to sustain the reliability of the information therein, until such time as it is superseded by a Final DSA.  The contractor should update the PDSA as necessary to keep it applicable to the evolving design so that the Department can continue to rely on the information in the PDSA.

15. Radiation protection personnel shall demonstrate a familiarity-level knowledge of Federal regulations and DOE Orders related to emergency planning and preparedness as they pertain to radiological incidents.

bz) Describe the relevant requirements, purpose, interrelationships, and importance of the following Orders and regulation:

· 29 CFR 1910.120, Hazardous Waste Operations and Emergency Response

· DOE O 151.1A, Comprehensive Emergency Management and Series of Guides (G 151.1-1)

· DOE Order 5530.3, Ch. 1, Radiological Assistance Program

· DOE Order 5530.5, Ch. 1, Federal Radiological Monitoring and Assessment Center

29 CFR 1910.120, Hazardous Waste Operations and Emergency Response

All suspected conditions that may pose inhalation or skin absorption hazards that are immediately dangerous to life or health (IDLH), or other conditions that may cause death or serious harm, shall be identified during a preliminary survey and evaluated during a detailed survey.  Examples of such hazards include, but are not limited to, confined space entry, potentially explosive or flammable situations, visible vapor clouds, or areas where biological indicators such as dead animals or vegetation are located.

The following monitoring shall be conducted during initial site entry when the site evaluation produces information that shows the potential for ionizing radiation or IDLH conditions, or when the site information is not reasonably sufficient to eliminate these possible conditions:

· Monitoring with direct-reading instruments for hazardous levels of ionizing radiation

· Monitoring the air with appropriate direct-reading test equipment (i.e., combustible gas meters, detector tubes) for IDLH and other conditions that may cause death or serious harm (combustible or explosive atmospheres, oxygen deficiency, toxic substances)

· Visually observing for signs of actual or potential IDLH or other dangerous conditions

An ongoing air-monitoring program shall be implemented after site characterization has determined the site is safe for the start-up of operations.

Once the presence and concentrations of specific hazardous substances and health hazards have been established, the risks associated with these substances shall be identified.  Employees who will be working on the site shall be informed of any risks that have been identified.

DOE O 151.1A, Comprehensive Emergency Management and Series of Guides (G 151.1-1)

The following roles and responsibilities related to the management of emergency management systems apply to Departmental elements:

Implement emergency management policy and requirements, and maintain programs and systems consistent with the policy and the requirements.

Establish and maintain an effective, integrated emergency management program.

Partner with the Cognizant Secretarial Officers (CSOs), the Associate Deputy Secretary for Field Management, the Assistant Secretary for Environment, Safety, and Health, and the Director of Emergency Management to establish and maintain performance measures and criteria to implement this Order for facilities and activities under their cognizance, and to ensure that these performance measures and criteria are incorporated in contractual arrangements.

Approve and submit approved site emergency plans to the Director of Emergency Management and the CSO(s).

Approve and submit approved emergency planning zones to the Assistant Secretary for Environment, Safety, and Health, the Director of Emergency Management, and the CSO(s).

Coordinate with the CSO(s) to ensure resources are available to implement this Order for facilities and activities under their cognizance.

Ensure development of appropriate emergency plan implementing procedures for timely and accurate emergency classification, notification, and reporting of emergency events for facilities under their cognizance, and establish pre-authorization criteria when possible.

Ensure emergency public information planning is integrated with the development and maintenance of emergency plans.

Ensure effective communication systems and protocols are coordinated and maintained with the HQ emergency operations center regarding emergencies involving or affecting facilities or materials under DOE jurisdiction or requiring DOE assistance.

Review and approve emergency readiness assurance plans (ERAP) that cover facilities under their supervision.  Prepare the operations/field office annual emergency readiness assurance plan and submit it to the CSO and the Director of Emergency Management for inclusion in the annual report of the Under Secretary on the status of the emergency management system.

Where applicable, pre-designate a DOE employee as the on-scene coordinator for federal responses under the National Contingency Plan and as the on-scene commander and/or senior energy official in accordance with the Federal Radiological Emergency Response Plan.

Participate in the development and implementation of mutual assistance agreements with state, tribal, and local authorities.

Ensure that hazards assessments and hazards surveys for emergency planning purposes are adequately performed and documented.

Ensure site offices and contractors participate in a continuing emergency preparedness program of training, drills, and exercises.  

Conduct periodic assessments of facility emergency management programs and/or periodically review contractor self-assessment programs to ensure compliance with DOE directives and policy.  Provide the results/conclusions to the CSO and the Director of Emergency Management, and ensure a maximum of one assessment per site per year.

During an emergency, conduct appropriate and necessary emergency actions.

Implement corrective actions for lessons learned from actual emergency responses and based on findings from evaluations, assessments, and appraisals.

Establish and maintain an emergency operations center to respond to emergency events.  Every DOE emergency operations center shall be equipped with compatible communication, photo/video, and automatic data processing support specified by the Director of Emergency Management.  

Ensure that emergency plans and procedures for all facilities under DOE purview are prepared, reviewed annually, and updated, as necessary, and are integrated within the overall site office emergency preparedness program.

Assign senior representatives to the Emergency Management Advisory Committee.

Develop, implement, maintain, and update, as necessary, an emergency management program, commensurate with the facility-specific hazards and consistent with Departmental directives and standards of performance.

Prepare and maintain emergency plans, procedures, and technical resource capabilities that address emergency classification, notification, reporting, response actions, training and drills, exercises, emergency public information, outreach and coordination, accident investigation, applicable federal statutes, state and local laws, DOE Orders, and implementing regulations and guidance.

Direct appropriate emergency response actions within the area under DOE control and at the scene of the emergency.

Ensure the effectiveness of a continuing emergency preparedness program.

Establish and maintain an internal assessment program to ensure the readiness of emergency response capabilities, including developing and conducting a self-assessment program, as well as establishing systems and measures to monitor and evaluate line performance.

DOE Order 5530.3, Ch. 1, Radiological Assistance Program

The Department’s Radiological Assistance Program (RAP) is capable of providing assistance in all types of radiological incidents.  The responses may include onsite, as well as offsite, assistance, as appropriate, when requested by other federal agencies and/or state, local, and tribal authorities in dealing with the impacts of radiological incidents.  RAP is designed so that DOE’s response to a small incident can be scaled up smoothly for a major radiological emergency.

Requests for radiological assistance will normally be directed to one of eight DOE Regional Coordinating Offices (RCOs), although requests may also go directly to the HQ Emergency Operations Center (EOC) coordinator, who then contacts the DP-20 Program Office.  The appropriate RCO will handle the request and dispatch, if necessary, a radiological assistance team (RAT) to provide assistance. The RCO may request that other agencies with available radiological resources also provide assistance.  DOE involvement in minor radiological accidents will normally end when the need for assistance is over or when there are other sufficient resources available to handle the situation.

Requests for DOE assistance following a major radiological accident would be the same as stated in the paragraph above.  The regional RAP teams would likely respond first, followed by an advance Federal Radiological Monitoring and Assessment Center (FRMAC) party from the DOE Nevada Field Office (including aerial radiological survey capability), and followed finally by the full FRMAC team.  Declaration of a major radiological emergency may be made by the HQ Operational Emergency Management Team. 

In the event of a major radiological emergency, DOE will set up and manage a FRMAC.  The FRMAC Director (assigned by the DOE Nevada Site Office [NSO] with the coordination of the PSO) will manage and coordinate the offsite monitoring and assessment activities of all federal agencies in support of the state or tribal government and the Lead Federal Agency (LFA).

If the incident occurs at a DOE facility, DOE will serve as LFA and will appoint the Lead Federal Agency Official (LFAO) who will take control of the incident, unless there are existing agreements to the contrary.  RAP elements will report directly to the LFAO. If the incident involves DOE material in shipment or shipments in transit, DOE will also serve as the LFA. For non-DOE sponsored transportation accidents and other non-DOE related radiological responses, RAP will respond to assist state or tribal officials in the same manner as they would respond to assist the LFAO.

DOE Order 5530.5, Ch. 1, Federal Radiological Monitoring and Assessment Center

FRMAC will coordinate and provide federal assistance in response to major radiological incidents.  The response includes offsite assistance, as appropriate, when requested by federal, state, local, and tribal authorities in dealing with the impacts of radiological incidents.

A FRMAC will be established when a major radiological emergency has been declared.  Any declaration of a major radiological emergency will be made by the DOE OEMT in consultation with the NSO.  A major radiological emergency exists if a request for DOE assistance has been received from a DOE-owned facility or any state, local, tribal, or other federal agency which requires capabilities 

In the event of a major radiological emergency, DOE will establish and manage a FRMAC.  The FRMAC Director assigned by NSO in coordination with the PSO, will manage and coordinate the offsite monitoring and assessment activities of all federal agencies in support of the state, local, or tribal government, and the LFA.

Initial requests for assistance to a radiological incident from outside the DOE complex could be directed to any of the Department’s sites, or directly to the HQ EOC.  If the EOC is notified directly, immediate action will be taken to notify the Program Office (DP-20), which will evaluate the incident and implement an appropriate response.  Requests transmitted to sites other than the HQ EOC will be evaluated by the DOE field activities and forwarded to the HQ EOC unless it is apparent that the incident does not constitute a major radiological incident, in which case a RAP team will initially be deployed to the incident site. If, upon arrival, a determination is made that the incident exceeds the capabilities of the RAP team, the HQ EOC will be notified and the full notification process will be implemented.  This may include DP-20 directing the activation of the OEMT, and depending on the severity of the incident, the deployment of an advanced FRMAC under the operational control of NSO.  This action might be followed with the deployment of the full FRMAC under the operational control of NSO and direction of the OEMT.

For an incident occurring at a DOE facility, the Department will be the LFA and appoint the LFAO.  FRMAC will be under the direct control of, and report to, the LFAO. DOE will also serve as LFA for incidents involving DOE materials in transit or for materials in DOE custody that are staged or stored at non-DOE facilities. 

ca) Describe what is meant by an operational emergency.

Operational emergencies are unplanned, significant events or conditions that require time-urgent response from outside the immediate/affected site/facility or area of the incident.  Such emergencies are caused by, involve, or affect DOE facilities, sites, or activities.  Incidents that can be controlled by employees or maintenance personnel in the immediate/affected facility or area are not operational emergencies.  Incidents that do not pose a significant hazard to safety, health, and/or the environment and that do not require a time-urgent response are not operational emergencies.  

cb) Describe how the following guides are used:

· Protective action guide (PAG)

· Emergency response planning guide (ERPG)

Protective Action Guide

EPA developed PAGs to help state and local authorities make radiation protection decisions during emergencies.  The PAGs provide guidance that is keyed to potential conditions during an emergency.  When an emergency occurs, first responders can use the key to quickly locate the protective action guidance that matches existing conditions.

Additional information is available in the Manual of Protective Action Guides and Protective Actions for Nuclear Incidents at http://www.epa.gov/radiation/rert/pags.htm.

Emergency Response Planning Guide

ERPG values are intended to provide estimates of concentration ranges where one reasonably might anticipate observing adverse effects as described in the definitions for ERPG-1, ERPG-2, and ERPG-3 as a consequence of exposure to the specific substance.

ERPG-1 is the maximum airborne concentration below which it is believed that nearly all individuals could be exposed for up to one hour without experiencing other than mild transient adverse health effects or perceiving a clearly defined, objectionable odor. 

ERPG-2 is the maximum airborne concentration below which it is believed that nearly all individuals could be exposed for up to one hour without experiencing or developing irreversible or other serious health effects or symptoms which could impair an individual’s ability to take protective action. 

ERPG-3 is the maximum airborne concentration below which it is believed that nearly all individuals could be exposed for up to one hour without experiencing or developing life-threatening health effects. 

It is recognized that human responses do not occur at precise exposure levels but can extend over a wide range of concentrations.  The values derived for ERPGs should not be expected to protect everyone, but should be applicable to most individuals in the general population.  In all populations there are hypersensitive individuals who will show adverse responses at exposure concentrations far below levels where most individuals normally would respond.  Furthermore, since these values have been derived as planning and emergency response guidelines, not exposure guidelines, they do not contain the safety factors normally incorporated into exposure guidelines.  Instead, they are estimates of the thresholds above which there would be an unacceptable likelihood of observing the defined effects.  The estimates are based on the available data that are summarized in the documentation.  In some cases where the data are limited, the uncertainty of these estimates is large.  Users of the ERPG values are strongly encouraged to carefully review the documentation before applying these values.

In developing these ERPGs, human experience has been emphasized to the extent data are available.  However, since this type of information is rarely available, and when available is only for low-level exposures, animal exposure data most frequently forms the basis for these values.  The most pertinent information is derived from acute inhalation toxicity studies that have included clinical observations and histopathology.  The focus is on the highest levels not showing the effects described by the definitions of the ERPG levels.  Next, data from repeat inhalation exposure studies with clinical observations and histopathology are considered.  Following these in importance are the basic, typically acute studies where mortality is the major focus.  When inhalation toxicity data are either unavailable or limited, data from studies involving other routes of exposure will be considered.  More value is given to the more rigorously conducted studies, and data from short-term studies are considered to be more useful in estimating possible effects from a single one-hour exposure.  Finally, if mechanistic or dose-response data are available, these are applied on a case by case basis, as appropriate.

It is recognized that there is a range of times that one might consider for these guidelines; however, it was the committee’s decision to focus its efforts on only one time period.  This decision was based on the availability to toxicology information and a reasonable estimate for an exposure scenario.  Users who may choose to extrapolate these values to other time periods are cautioned to review the documentation fully since such extrapolations tend to hold over only very limited time frames, if at all.

cc) Discuss the conditions that would require an operational emergency to be classified as an:

· Alert

· Site area emergency

· General emergency

Alert

An alert must be declared when events are predicted, are in progress, or have occurred that result in one or more of the following situations:

An actual or potential substantial degradation in the level of control over hazardous materials.

· The radiation dose from any release to the environment of radioactive material or a concentration in air of other hazardous material is expected to exceed one of the following:

· the applicable PAG or ERPG at or beyond 30 meters from the point of release to the environment.

· a site-specific criterion corresponding to a small fraction of the applicable PAG or ERPG at or beyond the facility boundary or exclusion zone boundary.

· It is not expected that the applicable PAG or ERPG will be exceeded at or beyond the facility boundary or exclusion zone boundary.

An actual or potential substantial degradation in the level of safety or security of a nuclear weapon, component, or test device that would not pose an immediate threat to workers or the public.

An actual or potential substantial degradation in the level of safety or security of a facility or process that could, with further degradation, produce a site area emergency or general emergency.

Site Area Emergency

A site area emergency must be declared when events are predicted, in progress, or have occurred that result in one or more of the following situations:

An actual or potential major failure of functions necessary for the protection of workers or the public.  The radiation dose from any release of radioactive material or concentration in air from any release of other hazardous material is expected to exceed the applicable PAG or ERPG beyond the facility boundary or exclusion zone boundary.  The PAG or ERPG is not expected to be exceeded at or beyond the site boundary.

An actual or potential threat to the integrity of a nuclear weapon, component, or test device that may adversely impact the health and safety of workers in the immediate area, but not the public.

Actual or potential major degradation in the level of safety or security of a facility or process that could, with further degradation, produce a general emergency.

General Emergency

A general emergency must be declared when events are predicted, in progress, or have occurred that result in one or more of the following situations:

Actual or imminent catastrophic reduction of facility safety or security systems with potential for the release of large quantities of hazardous materials (radiological or non-radiological) to the environment.  The radiation dose from any release of radioactive material or a concentration in air from any release of other hazardous material is expected to exceed the applicable PAGor ERPG at or beyond the site boundary.

Actual or likely catastrophic failures in safety or security systems threatening the integrity of a nuclear weapon, component, or test device that may adversely impact the health and safety of workers and the public.

cd) Discuss the role of radiation protection personnel with respect to the Orders and regulations in supporting knowledge and/or skill a.

This varies from site to site.  The qualifying official will evaluate the completion of this competency.

ce) Discuss the emergency response assistance that is available from the following:

· Nuclear emergency response team

· Accident response group

· Aerial measuring system

· Atmospheric release advisory capability

· Federal radiological monitoring and assessment center

· Radiation emergency assistance center/training site

· Radiological assistance program

Nuclear Emergency Response Team

The Nuclear Emergency Response Team (NERT), also referred to as the Radiological Emergency Response Team, based in EPA’s Office of Radiation and Indoor Air and regional offices, responds to emergencies involving releases of radioactive materials.  Working closely with EPA’s Superfund Program as well as federal, state, and local agencies, the NERT responds to emergencies that can range from accidents at nuclear power plants, to transportation accidents involving shipments of radioactive materials, to deliberate acts of nuclear terrorism.  

Accident Response Group

The accident response group maintains a continuing capability to provide immediate response to peacetime accidents and significant incidents involving nuclear weapons or radiological nuclear weapon components.

Aerial Measuring System

The aerial measuring system maintains a capability to provide regularly scheduled aerial remote sensing surveys to provide baseline radiological, multi-spectral, and other remotely sensed data, early warning of environmental impacts of operations, and total site surveillance.  In addition, capability is maintained to provide urgent and emergency aerial assessment of radiological conditions in the vicinity of peacetime radiological incidents or accidents.

Atmospheric Release Advisory Capability

The purpose of the atmospheric release advisory capability (ARAC) is to improve real-time consequence assessment capabilities for DOE/NNSA sites/facilities during emergencies. ARAC support must be available for use at all DOE/NNSA sites/facilities with a hazard assessment that demonstrates a potential for atmospheric release of hazardous materials sufficient to generate the declaration of a general emergency.

Federal Radiological Monitoring and Assessment Center (FRMAC)

FRMAC will coordinate and provide federal assistance in response to major radiological incidents.  The response includes offsite assistance, as appropriate, when requested by federal, state, local, and tribal authorities in dealing with the impacts of radiological incidents.

A FRMAC will be established when a major radiological emergency has been declared.  Any declaration of a major radiological emergency will be made by the DOE HQ Operational Emergency Management Team (OEMT) in consultation with the DOE NSO.  A major radiological emergency exists if a request for DOE assistance has been received from a DOE-owned facility or any state, local, tribal, or other federal agency which requires capabilities exceeding those provided by the DOE radiological assistance program (RAP).

In the event of a major radiological emergency, DOE will establish and manage a FRMAC.  The FRMAC Director assigned by NSO in coordination with the program Secretarial Officer, will manage and coordinate the offsite monitoring and assessment activities of all federal agencies in support of the state, local, or tribal government, and the Lead Federal Agency (LFA).

Initial requests for assistance to a radiological incident from outside the DOE complex could be directed to any of the Department’s sites, or directly to the HQ Emergency Operations Center (EOC).  If the EOC is notified directly, immediate action will be taken to notify the Program Office (DP-20), which will evaluate the incident and implement an appropriate response.

Requests transmitted to sites other than the HQ EOC will be evaluated by the DOE field activities and forwarded to the HQ EOC unless it is apparent that the incident does not constitute a major radiological incident, in which case a RAP team will initially be deployed to the incident site.  If, upon arrival, a determination is made that the incident exceeds the capabilities of the RAP team, the HQ EOC will be notified and the full notification process will be implemented.  This may include DP-20 directing the activation of the OEMT, and dependent on the severity of the incident, deployment of an advanced FRMAC, under the operational control of NSO.  This action might be followed with the deployment of the full FRMAC under the operational control of NSO and direction of the OEMT.

For an incident occurring at a DOE facility, the Department will be the LFA and appoint the Lead Federal Agency Official (LFAO).  FRMAC will be under the direct control of, and will report to, the LFAO.  DOE will also serve as LFA for incidents involving DOE materials in transit or for materials in DOE custody that are staged or stored at non-DOE facilities.  

In a major emergency, with DOE HQ approval (DP-20), NSO shall establish a FRMAC to be used as a coordination center and base of operation for the offsite federal radiological monitoring and assessment efforts, as well as a location for integrating these efforts with those of the state, local, and tribal authorities.

The DOE resources at the facility will be supplemented by personnel and equipment from other federal agencies such as the EPA, the NRC, the Federal Emergency Management Agency, and the Departments of Agriculture, Commerce, Health and Human Services, Interior, Transportation, and Defense (DOD).  After the emergency phase of the incident and at the earliest mutually-agreeable time, EPA will assume the long-term coordination of any additional federal monitoring and assessment assistance in accordance with the Federal Radiological Emergency Response Plan.  The DOE radiological assistance will continue after this transfer of responsibility.

Radiation Emergency Assistance Center/Training Site

Since its formation in 1976, the Radiation Emergency Assistance Center/Training Site (REAC/TS) has provided support to DOE, the World Health Organization (WHO), and the International Atomic Energy Agency (IAEA) in the medical management of radiation accidents.  As a 24-hour emergency response program at the Oak Ridge Institute for Science and Education (ORISE), REAC/TS trains, consults, or assists in the response to all types of radiation accidents or incidents.  The Center’s specially trained team of physicians, nurses, health physicists, radiobiologists, and emergency coordinators is prepared around-the-clock to provide assistance on either the local, national, or international level.

Radiological Assistance Program

The United States Government, through DOE, has maintained a Radiological Assistance Program since the late 1950s.  RAP is designed to make DOE monitoring and assessment assistance available to other federal agencies, as well as state, local, and other Government agencies, for the explicit purpose of assisting in evaluation of the impact of radiological incidents.  Toward this end, RAP is implemented on a regional basis.  This regional coordination is intended to foster a working relationship between DOE radiological response elements and those of state, local, other federal agencies, and other Governmental agencies that can be utilized to effectively resolve a radiological incident.
16. Radiation protection personnel shall demonstrate a familiarity-level knowledge of DOE Orders related to federal and contractor personnel training and qualification.

cf) Describe in general the training and qualification requirements for contractors specified in DOE Order 5480.20A, Ch. 1, Personnel Selection, Qualification, and Training Requirements for DOE Nuclear Facilities.

The purpose of DOE Order 5480.20A is to establish selection, qualification, and training requirements for management and operating contractor personnel involved in the operation, maintenance, and technical support of DOE and NNSA category A and B reactors and non-reactor nuclear facilities.

The operating contractor shall establish one or more organizations to be responsible for the training of operating organization personnel.  This organization shall be held accountable for providing facility line management with the support necessary to ensure that personnel in the operating organization are qualified to safely and effectively meet job requirements.  In some cases, this function may be integrated into the operating organization and may not necessarily be officially designated as a training organization.  The responsibilities, qualifications, and authority of training organization personnel shall be documented, and managerial responsibilities and authority clearly defined.  This organization may include subcontracted personnel who conduct training activities.  At sites where a central training organization is used, this organization may be separate from the facility operating organization for support in areas of regulatory training.  For example, central training organizations that provide support to line operating organizations may conduct training for the operating organization in regulatory compliance issues (e.g., OSHA training, Radiation Worker training, supervisory/‌management training, etc.) that have site-wide application, and which have content that is defined from other sources.

cg) Describe the Technical Qualification Program (TQP) for federal employees delineated in DOE Order 360.1B, Training.

Training, education, and experience combine to provide a workforce that ensures safe operation of defense nuclear facilities.  The TQP establishes a process to objectively determine that individuals performing activities related to the technical support, management, oversight, or operation of defense nuclear facilities possess the necessary knowledge, skills, and abilities to perform their assigned duties and responsibilities.

The TQP specifically applies to DOE technical employees whose duties and responsibilities require them to provide assistance, guidance, direction, oversight, or evaluation of contractor activities that could impact the safe operation of a defense nuclear facility.  This includes employees designated as safety system oversight personnel, facility representatives, senior technical safety managers, and employees on detail or temporary assignment.

The objectives of the TQP are as follows:

Identify and document the functional competencies that individual employees must possess to ensure that DOE defense nuclear facilities and programs are operated in accordance with applicable safety, health, and environmental requirements.

Establish a program that clearly identifies and documents the process used by senior line management to demonstrate employee technical competence, consistent with applicable industry standards for similar occupations.

Ensure that employees maintain their technical competencies.

Maintain a cycle of continuous performance improvement through structured, individualized training and development programs and through review and assessment of HQ and field element programs.

ch) Discuss the purpose, scope, and application of DOE-STD-1107-97, Knowledge, Skills, and Abilities for Key Radiation Protection Positions at DOE Facilities.

DOE-STD-1107-97 provides detailed qualification criteria for contractor key radiation protection personnel.  Appendices B and D provide detailed listings for knowledge, skills, and abilities for contractor and DOE federal key radiation protection positions.  This information may be used in developing position descriptions and individual development plans.  Information provided in appendix C may be useful in developing performance measures and assessing an individual’s performance in his or her specific position.  Additionally, federal personnel may use this information to augment their office/facility qualification standards under the Technical Qualification Program.

17. Radiation protection personnel shall demonstrate a working-level knowledge of national and international radiation protection standards and recommendations.

ci) Discuss the content and application of the following national and international documents on radiation protection:

· Radiation Protection Guidance to the Federal Agencies for Occupational Exposure (52 FR 2822)

· Recommendations of the ICRP, Publication 26

· Recommendations of the ICRP, Publication 30

· Recommendations of the ICRP, Publication 60

· Recommendations of the ICRP, Publication 66

· Recommendations of the ICRP, Publication 68

· Recommendations of the ICRP, Publication 71

· Recommendations of the ICRP, Publication 72

· BEIR V Executive Summary

· Recommendations on Limits for Exposure to Ionizing Radiation, NCRP, Report No. 91

· Limitation of Exposure to Ionizing Radiation, NCRP, Report No. 116

· Practices for Respiratory Protection, ANSI (ANSI Z88.2-1992)

Radiation Protection Guidance to the Federal Agencies for Occupational Exposure (52 FR 2822)

This guidance provides general principles, and specifies the numerical primary guides for limiting worker exposure.  It applies to all workers who are exposed to radiation in the course of their work, either as employees of institutions and companies subject to federal regulation or as federal employees.

Recommendations of the ICRP, Publication 26

The ICRP published its initially general recommendation for radiological protection in 1928.  Further recommendations, adapted to the latest information, followed in 1959 and 1966.  Since 1977, when the ICRP published its fundamental recommendations as ICRP Publication 26, the ICRP has checked these recommendations annually and published supplementary comments from time to time in the annals of the ICRP.  Developments over the years required publication of a completely new version of the recommendations in the form of ICRP Publication 60 of 1991.

Recommendations of the ICRP, Publication 30

This recommendation is titled Limits for Intakes of Radionuclides by Workers.  This part gives metabolic data for 30 elements, including ALIs for their isotopes.  The data given in this report are intended to be used together with the text and dosimetric models described in ICRP Publication 30, Part 1.

This part contains statements and recommendations of the ICRP from its 1980 meeting.  The elements addressed are:  fluorine, sodium, sulphur, chlorine, argon, potassium, calcium, chromium, iron, copper, zinc, bromine, rubidium, yttrium, technetium, ruthenium, rhodium, silver, cadmium, indium, xenon, barium, rhenium, osmium, iridium, gold, mercury, lead, bismuth, and neptunium.

Recommendations of the ICRP, Publication 60

This recommendation is titled 1990 Recommendations of the International Commission on Radiological Protection.  The ICRP issued its last basic recommendations in 1977.  The recommendations have been used widely throughout the world to limit exposure of radiation workers and members of the public to ionizing radiations.  Supplementary statements to the 1977 recommendations were issued when necessary by the Commission, but developments in the last few years have made it necessary to issue a completely new set of recommendations, officially adopted in November 1990.  In publishing these recommendations, the Commission had three aims in mind: to take account of new biological information and trends in the setting of safety standards, to improve the presentation of the recommendations, and to maintain as much stability in the recommendations as is consistent with the new information.  The recommendations are set out in the form of a main text supported by annexes.  The main text contains all the recommendations, together with sufficient explanatory material to make clear the underlying reasoning for policy makers.  The supporting annexes contain more detailed scientific information on specific points for specialists.

Recommendations of the ICRP, Publication 66

This recommendation is titled Human Respiratory Tract Model for Radiological Protection.  The report describes a revision of the model used in ICRP Publication 30 to calculate radiation doses to the respiratory tract of workers resulting from the intake of airborne radionuclides.  This revision was motivated by the availability of increased knowledge of the anatomy and physiology of the respiratory tract and of the deposition, clearance, and biological effects of inhaled radioactive particles, and by greatly expanded dosimetry requirements.  To meet fully the needs of radiation protection, a dosimetric model for the respiratory tract should: provide calculations of doses for individual members of the populations of all ethnic groups, in addition to workers; be useful for predictive and assessment purposes as well as for deriving limits on intakes; account for the influence of smoking, air pollutants, and respiratory tract diseases; provide for estimates of respiratory tract tissue doses from bioassay data; and be equally applicable to radioactive gases as well as to particles.  Additionally, large differences in radiation sensitivity among the respiratory tract tissues and the doses they receive from inhaled radionuclides argue for calculating radiation doses to specific tissues of the respiratory tract.  To use these tissue doses effectively for radiation protection purposes, they must be compatible with the ICRP dosimetric system.  Addressing all of these requirements has resulted in a dosimetry model that is more complex than previous models.  This complexity is reflected in the structure of this report, which includes chapters on respiratory tract morphometry, physiology, and radiation biology or health detriment.  Other chapters deal with deposition and clearance of inhaled radioactive particles, inhalation of radioactive gases, and application of the model to estimate respiratory tract doses.  The model provides most of the flexibility needed to calculate doses to the respiratory tract for a wide range of exposure conditions and for specific individuals.  This flexibility also allows for revision of reference parameter values as new information becomes available without changing the model.  The wide availability of personal computers allows for easy use of the model.

Recommendations of the ICRP, Publication 68

This recommendation is titled Dose Coefficients for Intakes of Radionuclides by Workers.  The Commission’s 1990 recommendations on radiation protection standards in ICRP Publication 60 were developed to take into account new biological information related to the detriment associated with radiation exposures, and to supercede the earlier recommendations in ICRP Publication 26.  To permit immediate application of these new recommendations, revised values of the ALIs, based on the methodology and biokinetic information and incorporating the new dose limits and tissue weighting factors (w T), were issued as ICRP Publication 61.  Since issuing ICRP Publication 61, ICRP has published a revised kinetic and dosimetric model of the respiratory tract.  The main aim of the present report is to give values of dose coefficients for workers using this new model.

Recommendations of the ICRP, Publication 71

This recommendation is titled Age-Dependent Doses to Members of the Public from Intake of Radionuclides: Part 4 Inhalation Dose Coefficients.  An ongoing objective of ICRP is to evaluate dose coefficients (doses per unit intake) for members of the public.  The purpose of ICRP Publication 71 is to provide updated inhalation dose coefficients for selected radioisotopes of hydrogen, carbon, sulphur, calcium, iron, cobalt, nickel, zinc, selenium, strontium, zirconium, niobium, molybdenum, technetium, ruthenium, silver, antimony, tellurium, iodine, caesium, barium, cerium, lead, polonium, radium, thorium, uranium, neptunium, plutonium, americium, and curium.  Age-dependent biokinetic models for calcium and curium, and for decay products formed following the intake of lead, radium, tellurium, thorium, and uranium, are provided in annexes.

Recommendations of the ICRP, Publication 72

This recommendation is titled Age-Dependent Doses to the Members of the Public from Intake of Radionuclides Part 5, Complication of Ingestion and Inhalation Coefficients. The purpose of ICRP 72 is to summarize data on age-dependent committed effective dose coefficients for members of the public from intakes by ingestion and inhalation of radioisotopes of the 91 elements described in ICRP Publications 56, 67, 68, 69, and 71.  These dose coefficients have been adopted in the IAEA in their publication on International Basic Safety Standards for Protection against Ionizing Radiation, and in the Euratom Directive.  The report does not give committed equivalent dose coefficients to tissues and organs.  The report will be useful to operational health physicists and to regulatory and advisory bodies responsible for radiation protection.

BEIR V Executive Summary

The following is an excerpt from the Executive Summary of the BEIR V report: 

“On the basis of the available evidence, the population-weighted average lifetime risk of death from cancer following an acute dose equivalent to all body organs of 0.1 Sv is estimated to be 0.8percent, although the lifetime risk varies considerably with age at the time of exposure.  For low linear energy transfer (LET) radiation, accumulation of the same dose over weeks or months, however, is expected to reduce the lifetime risk appreciably, possibly by a factor of 2 or more.  The Committee’s estimated risks for males and females are similar.  The risk from exposure during childhood is estimated to be about twice as large as the risk for adults, but such estimates of lifetime risk are still highly uncertain due to the limited follow-up of this age group.  The Committee examined in some detail the sources of uncertainty in its risk estimates and concluded that uncertainties due to chance sampling variation in the available epidemiological data are large and more important than potential biases such as those due to differences between various exposed ethnic groups.  Due to sampling variation alone, the 90percent confidence limits for the Committee’s preferred risk models, of increased cancer mortality due to an acute whole body dose of 0.1 Sv to 100,000 males of all ages range from about 500 to 1200 (mean 760); for 100,000 females of all ages, from about 600 to 1200 (mean 810).  The Committee also estimated lifetime risks with a number of other plausible linear models which were consistent with the mortality data.  The estimated lifetime risks projected by these models were within the range of uncertainty given above.  The committee recognizes that its risk estimates become more uncertain when applied to very low doses.  Departures from a linear model at low doses, however, could either increase or decrease the risk per unit dose.”

Recommendations on Limits for Exposure to Ionizing Radiation, National Council on Radiological Protection, Report No. 91, and Limitation of Exposure to Ionizing Radiation, National Council on Radiation Protection, Report No. 116

NCRP report 116 is the latest in the long series of reports on basic radiation protection criteria that began in 1934.  It supersedes the predecessor in the series, NCRP report 91, which was published in 1987.  The current report takes advantage of new information, evaluations, and thinking that have developed since 1987, particularly the risk estimate formulations set out in NCRP report 115.  While the recommendations set out in this report do not constitute a radical revision of the basic criteria, they do represent a refinement of the system enunciated in report 91.  Important changes include the utilization of revised tissue/organ weighting factors and the introduction of radiation weighting factors.  Also noteworthy is the introduction of an allowable reference level of intake.  Noteworthy too is the recommendation of an age-based lifetime limit for control of occupational exposures and a major simplification of limits aimed at controlling the exposure of the embryo and fetus.  This report, after outlining the goals and philosophy of radiation protection and the basis for exposure limits, goes on to review, in some detail, absorbed dose, equivalent dose, radiation weighting factors, and effective dose.  Committed equivalent dose and committed effective dose are also introduced.  Risk estimates for radiation exposure are presented and then the dose limits are enunciated.  The report also covers exposure in excess of the limits, limits for unusual occupational situations, guidance for emergency occupational exposure, and remedial action levels for naturally occurring radiation. 

Practices for Respiratory Protection, American National Standards Institute (ANSI Z88.2‑1992)

The purpose of this standard is to help establish, implement, and administer an effective respiratory protection program.  Changes were made in 1992 reflecting the current state of knowledge.  The clause on the classification, description, and limitations of respirators has been combined with the clause on the selection of respirators to clarify the decision-making process by which a respirator is selected.  A decision matrix for respirator selection has also been added to this clause to draw all the elements of respirator selection together.  Respirator protection factors have been revised in this standard to reflect the current state of knowledge. A new definition has been developed for “oxygen deficiency — immediately dangerous to life or health.”  The clauses for fit testing, breathing air supplies, and written procedures/‌records have been modified.  A requirement for fit testing of atmosphere-supplying positive pressure respirators has been added to this standard.  Owing to the importance of the values of the assigned protection factors and the proliferation of new respirator designs, a new subcommittee has been formed to consider an extension of this material and to provide the rationale for the choice of each assigned protection factor value.  The first version of ANSI Z88.2 was approved Aug. 11, 1969, and was a revision of the respiratory protection portion of the ANSI safety code for head, eye, and respiratory protection, ANSl Z2. 1-1959.  The second revision of this American National Standard was approved May 22, 1980, and was entitled American National Standard Practices for Respiratory Protection, ANSl Z88.2-1980.  

Additional information regarding the listed documents is available in the Radiation Protection Topical Area Study Guide at http://cted.inel.gov/cted/radpro/rp28.pdf.

cj) Discuss how the listed documents relate to DOE radiation protection requirements.

This varies from site to site.  The qualifying official will evaluate the completion of this competency.

18. Radiation protection personnel shall demonstrate a familiarity-level knowledge of the federal regulations, guidelines, and DOE Orders pertaining to the decontamination and decommissioning of nuclear facilities.

ck) Familiarity with the DOE policy and requirements regarding the management, control, and release of property containing residual radioactivity, as contained in:

· DOE/EH-413-0002, Facility Disposition: Principles for Accelerated Project Management

· DOE Order 5400.5, Ch. 2, Radiation Protection of the Public and the Environment

· DOE-STD-1120-98, Integration of Environment, Safety, and Health into Facility Disposition Activities

DOE/EH-413-0002, Facility Disposition:  Principles for Accelerated Project Management

This technical support bulletin is intended primarily for project managers responsible for planning, organizing, and implementing facility disposition (deactivation and decommissioning) activities at sites throughout the DOE complex.  Its goal is to assist in developing more efficient project plans, while concurrently abiding by all requirements and guidance outlined in: 1) DOE O 430.1B, Real Property Asset Management, and its associated guides; 2) appropriate elements of CERCLA; and 3) DOE-STD-1120-2005, Integration of Environment, Safety, and Health into Facility Disposition Activities.
These facility disposition framework documents explicitly include DOE’s Integrated Safety Management (ISM) Policy (DOE P 450.4), which provides the overall structure for conducting projects safely, including those related to facility disposition.

With the publication of these three documents, DOE has outlined a general approach to ensure project managers conduct adequate planning and have appropriate mechanisms in place to protect workers, meet environmental requirements, and achieve project objectives. To implement the elements of this approach as practically and cost-effectively as possible, this bulletin presents a detailed planning approach that is based on meeting the same challenges for very similar environmental restoration projects.  Specifically, this bulletin introduces four underlying principles for project managers to apply to facility disposition planning.  These principles are the distilled lessons learned from practical field experience implementing facility disposition and environmental restoration projects.  Together with the core activities of ISM, the Orders, and guidance, these principles form a complete framework that will foster better communication and enhanced project planning and implementation.

Facility disposition encompasses three major, often interrelated phases of work:  surveillance and maintenance, deactivation, and decommissioning.

Surveillance and maintenance (S&M).  Surveillance includes any activity that involves the scheduled periodic inspection of a facility, equipment, or structure as required by federal and state environmental, safety, and health laws and regulations, and DOE Orders.  The purpose of surveillance is to demonstrate compliance, identify problems requiring corrective action, and determine the facility’s present environmental, radiological, and physical condition.  More specifically, surveillance includes activities performed to determine the operability of critical equipment, monitor radiological conditions, check safety-related items, provide for facility-security controls, and assess facility structural integrity.

Maintenance includes any activity that is required to sustain property in a condition suitable for the property to be used for its designated purpose, including preventative, predictive, and corrective maintenance.

Deactivation.  Deactivation is the process of placing a facility in a stable condition for the purposes of minimizing existing risks and the life-cycle cost of an S&M program that is still protective of workers, the public, and the environment.

Decommissioning.  Decommissioning generally takes place after deactivation, and includes surveillance and maintenance, decontamination, and/or dismantlement.  These actions are taken at the end of the life of a facility to retire it from service with adequate regard for the health and safety of workers and the public and protection of the environment.  The ultimate goal of decommissioning is generally unrestricted release or restricted use of the facility.

Additional information regarding DOE/EH-413-0002, is available at http://homer.ornl.gov/oepa/guidance/cercla/facilitydisposition.pdf.

DOE Order 5400.5, Ch. 2, Radiation Protection of the Public and the Environment

The purpose of this Order is to establish standards and requirements for operations of the DOE and DOE contractors with respect to protection of members of the public and the environment against undue risk from radiation.

Chapter IV of this Order presents radiological protection requirements and guidelines for cleanup of residual radioactive material, management of the resulting wastes and residues, and release of the property.  These requirements and guidelines are applicable at the time the property is released.  Properties subject to these criteria include, but are not limited to, sites identified by the Formerly Utilized Sites Remedial Action Program (FUSRAP) and the Surplus Facilities Management Program (SFMP).  The topics covered are basic dose limits, guidelines and authorized limits for allowable levels of residual radioactive material, and control of the radioactive wastes and residues.  

This chapter provides guidance on radiation protection of the public and the environment from

residual concentrations of radionuclides in soil (for these purposes, soil is defined as unconsolidated earth material, including rubble and debris that might be present in earth material);

concentrations of airborne radon decay products;

external gamma radiation;

surface contamination;

radionuclide concentrations in air or water resulting from, or associated with, any of the above.

A guideline for residual radioactive material is a level of radioactive material that is acceptable for use of property without restrictions due to residual radioactive material.  Guidelines for residual radioactive material presented herein are of two kinds: generic and specific.  The basis for the guidelines is generally a presumed worst-case plausible-use scenario for the property.

Generic guidelines, independent of the property, are taken from existing radiation protection standards.  Generic guideline values are presented in this chapter.

Specific property guidelines are derived from basic dose limits using specific property models and data.  Procedures and data for deriving specific property guideline values are given by DOE/CH-8901.

DOE-STD-1120-98, Integration of Environment, Safety, and Health into Facility Disposition Activities

Note: This standard has been replaced by DOE-STD-1120-2005, Integration of Environment, Safety, and Health into Facility Disposition Activities.  The following information refers to the new standard.

Subsequent to the initial release of DOE-STD-1120-98, nuclear safety basis requirements were promulgated in 10 CFR 830, subpart B.  The standard was identified as a “safe harbor” approach for preparing a documented safety analysis (DSA) for decommissioning and environmental restoration activities.  The May 1998 version of the standard was not explicit regarding compliance with safety basis requirements of Part 830.  Therefore, volume 1 of DOE-STD-1120-98 has been revised to focus on DSA requirements.

Volume 2 still retains a broad focus on integrated safety management, and many of the appendices apply to all facility disposition activities including deactivation and long-term surveillance and maintenance.  A number of topics previously covered in both volumes of STD-1120-98 were either reconfigured or not retained in the current revision.

Volume 1: Documented Safety Analysis for Decommissioning and Environmental Restoration Projects, has four sections, including an introductory section.  Section 2 discusses general safety basis concepts that have a direct or indirect impact on the DSA.  Section 3 provides guidance on preparing DSAs and TSRs that are compliant with 10 CFR 830, subpart B requirements and associated methodology for decommissioning of a nuclear facility.  Section 4 provides guidance on preparing DSAs and TSRs that are compliant with 10 CFR 830, subpart B requirements and associated methodology for environmental restoration activities involving work not performed within a permanent structure.

Volume 2: Appendices, complements other sections of the standard with additional ES&H information.  Appendix A provides a set of candidate DOE ES&H directives and external regulations, organized by hazard types that may be used to identify potentially applicable directives to a specific facility disposition activity.  Appendix B offers examples and lessons learned that illustrate implementation of ES&H approaches discussed in Section 3 of volume 1.  Appendix C contains integrated safety management guidance that applies to all facility disposition projects.  Appendix D provides supplemental safety basis guidance related to inactive waste sites.  Appendix E provides example risk binning guidelines that can be used to support control selection.  Appendix F provides guidance for readiness evaluations.

cl) General familiarity with requirements and guidance from other Federal agencies, or from DOE in collaboration with other Federal agencies (e.g., NRC and EPA) regarding the decontamination, decommissioning, and release of property that may be applicable to the disposition of DOE sites and facilities.

This varies from site to site.  The local qualifying official will evaluate the completion of this competency.

cm) Familiarity with the Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM; NUREG-1575; EPA 402-R-97-016) for planning, conducting, evaluating, and documenting building surface and surface soil final status radiological surveys for demonstrating compliance with dose or risk-based regulations or standards.

MARSSIM provides an approach that is technically defensible and flexible enough to be applied to a variety of site-specific conditions.  Applying this guidance to a dose- or risk-based regulation provides a consistent approach to protecting human health and the environment.  The manual’s performance-based approach to decision making provides the flexibility needed to address compliance demonstration at individual sites.

The process described in MARSSIM begins with the premise that a release criterion has already been provided in terms of a measurement quantity.  The methods presented in MARSSIM are generally applicable and are not dependent on the value of the release criterion.

A release criterion is a regulatory limit expressed in terms of dose (mSv/y or mrem/y) or risk (cancer incidence or cancer mortality).  The terms release limit or cleanup standard are also used to describe this term.  A release criterion is typically based on the TEDE, the CEDE, risk of cancer incidence (morbidity), or risk of cancer death (mortality), and generally cannot be measured directly.  Exposure pathway modeling is used to calculate a radionuclide-specific predicted concentration or surface area concentration of specific nuclides that could result in a dose (TEDE or CEDE) or specific risk equal to the release criterion. In this manual, such a concentration is termed the derived concentration guideline level (DCGL).  Exposure pathway modeling is an analysis of various exposure pathways and scenarios used to convert dose or risk into concentration.  In many cases, DCGLs can be obtained from responsible regulatory agency guidance based on default modeling input parameters, while other users may elect to take into account site-specific parameters to determine DCGLs.  In general, the units for the DCGL are the same as the units for measurements performed to demonstrate compliance (e.g., Bq/kg or pCi/g, Bq/m2 or dpm/100 cm2).  This allows direct comparisons between the survey results and the DCGL.  A discussion of the uncertainty associated with using DCGLs to demonstrate compliance is included in appendix D, section D.6.

An investigation level is a radionuclide-specific level based on the release criterion that, if exceeded, triggers some response such as further investigation or remediation.  An investigation level may be used early in decommissioning to identify areas requiring further investigation, and may also be used as a screening tool during compliance demonstration to identify potential problem areas.  A DCGL is an example of a specific investigation level.

While the derivation of DCGLs is outside the scope of MARSSIM, it is important to understand the assumptions that underlie this derivation.  The derivation assumptions must be consistent with those used for planning a compliance demonstration survey.  One of the most important assumptions used for converting a dose or risk limit into a media-specific concentration is the modeled area of contamination.  Other considerations include sample depth, composition, modeling parameters, and exposure scenarios.  MARSSIM defines two potential DCGLs based on the area of contamination.

If the residual radioactivity is evenly distributed over a large area, MARSSIM looks at the average activity over the entire area.  The DCGLw is derived based on an average concentration over a large area. (The “W” in DCGLW stands for Wilcoxon Rank Sum test, which is the statistical test recommended in MARSSIM for demonstrating compliance when the contaminant is present in background.  The Sign test recommended for demonstrating compliance when the contaminant is not present in background also uses the DCGLW.) 

If the residual radioactivity appears as small areas of elevated activity within a larger area, typically smaller than the area between measurement locations, MARSSIM considers the results of individual measurements.  The DCGLEMC is derived separately for these small areas and generally from different exposure assumptions than those used for larger areas. (The DCGLEMC is the DCGL used for the elevated measurement comparison EMC.) 

A site is any installation, facility, or discrete, physically separate parcel of land, or any building or structure or portion thereof, that is being considered for survey and investigation.

Area is a very general term that refers to any portion of a site, up to and including the entire site.

Decommissioning is the process of safely removing a site from service, reducing residual radioactivity through remediation to a level that permits release of the property, and termination of the license or other authorization for site operation.  Although only part of the process, the term decommissioning is used in this sense for the Radiation Survey and Site Investigation (RSSI) Process, and is used this way throughout MARSSIM.

A survey unit is a physical area consisting of structure or land areas of specified size and shape for which a separate decision will be made as to whether or not that area exceeds the release criterion.  This decision is made as a result of the final status survey, the survey in the RSSI Process used to demonstrate compliance with the regulation or standard.  The size and shape of the survey unit are based on factors such as the potential for contamination, the expected distribution of contamination, and any physical boundaries (e.g., buildings, fences, soil type, surface water body) at the site.

For MARSSIM, measurement is used interchangeably to mean: 1) the act of using a detector to determine the level or quantity of radioactivity on a surface or in a sample of material removed from a media being evaluated, or 2) the quantity obtained by the act of measuring. Direct measurements are obtained by placing a detector near the media being surveyed and inferring the radioactivity level directly from the detector response.  Scanning is a measurement technique performed by moving a portable radiation detector at a constant speed above a surface to semiquantitatively detect areas of elevated activity.  Sampling is the process of collecting a portion of an environmental medium as being representative of the locally remaining medium.  The collected portion, or aliquot, of the medium is then analyzed to identify the contaminant and determine the concentration.  The word sample may also refer to a set of individual measurements drawn from a population whose properties are studied to gain information about the entire population.  This second definition of sample is primarily used for statistical discussions.

To make the best use of resources for decommissioning, MARSSIM places greater survey efforts on areas that have, or had, the highest potential for contamination.  This is referred to as a graded approach.  The final status survey uses statistical tests to support decision making.  These statistical tests are performed using survey data from areas with common characteristics, such as contamination potential, which are distinguishable from other areas with different characteristics.  Classification is the process by which an area or survey unit is described according to radiological characteristics.  The significance of survey unit classification is that this process determines the final status survey design and the procedures used to develop this design.  Preliminary area classifications, made earlier in the MARSSIM process, are useful for planning subsequent surveys.

Areas that have no reasonable potential for residual contamination are classified as non-impacted areas.  These areas have no radiological impact from site operations and are typically identified early in decommissioning.  Areas with reasonable potential for residual contamination are classified as impacted areas.
Impacted areas are further divided into one of three classifications:

Class 1 areas are areas that have, or had prior to remediation, a potential for radioactive contamination (based on site operating history) or known contamination (based on previous radiation surveys) above the DCGLW.  Examples of class 1 areas include: 1) site areas previously subjected to remedial actions, 2) locations where leaks or spills are known to have occurred, 3) former burial or disposal sites, 4) waste storage sites, and 5) areas with contaminants in discrete solid pieces of material and high specific activity.

Class 2 areas are areas that have, or had prior to remediation, a potential for radioactive contamination or known contamination, but are not expected to exceed the DCGLW.  To justify changing the classification from class 1 to class 2, there should be measurement data that provides a high degree of confidence that no individual measurement would exceed the DCGLW.  Other justifications for reclassifying an area as class 2 may be appropriate, based on site-specific considerations.  Examples of areas that might be classified as class 2 for the final status survey include: 1) locations where radioactive materials were present in an unsealed form, 2) potentially contaminated transport routes, 3) areas downwind from stack release points, 4) upper walls and ceilings of buildings or rooms subjected to airborne radioactivity, 5) areas handling low concentrations of radioactive materials, and 6) areas on the perimeter of former contamination control areas.

Class 3 areas are any impacted areas that are not expected to contain any residual radioactivity, or are expected to contain levels of residual radioactivity at a small fraction of the DCGLW, based on site operating history and previous radiation surveys.  Examples of areas that might be classified as class 3 include buffer zones around class 1 or class 2 areas, and areas with very low potential for residual contamination but insufficient information to justify a non-impacted classification.

Class 1 areas have the greatest potential for contamination, and therefore receive the highest degree of survey effort for the final status survey using a graded approach, followed by class 2, and then by class 3.  Non-impacted areas do not receive any level of survey coverage because they have no potential for residual contamination.  Non-impacted areas are determined on a site-specific basis.  Examples of areas that would be non-impacted rather than impacted usually include residential or other buildings that have, or had, nothing more than smoke detectors or exit signs with sealed radioactive sources.

If the radionuclide of potential concern is present in background, or if the measurement system used to determine concentration in the survey unit is not radionuclide-specific, background measurements are compared to the survey unit measurements to determine the level of residual radioactivity.  The background reference area is a geographical area from which representative reference measurements are taken for comparison with measurements taken in specific survey units.  The background reference area is defined as an area that has similar physical, chemical, radiological, and biological characteristics as the survey unit(s) being investigated, but has not been contaminated by site activities (i.e., it is non-impacted).

The process of planning the survey, implementing the survey plan, and assessing the survey results prior to making a decision is called the Data Life Cycle.  Survey planning uses the Data Quality Objectives (DQO)  Process to ensure that the survey results are of sufficient quality and quantity to support the final decision.  Quality Assurance and Quality Control (QA/QC) procedures are performed during implementation of the survey plan to collect information necessary to evaluate the survey results.  Data Quality Assessment (DQA) is the process of assessing the survey results, determining that the quality of the data satisfies the objectives of the survey, and interpreting the survey results as they apply to the decision being made.

A systematic process and structure for quality should be established to provide confidence in the quality and quantity of data collected to support decision making.  The data used in decision making should be supported by a planning document that records how quality assurance and quality control are applied to obtain the type and quality of results that are needed and expected.  There are several terms used to describe a variety of planning documents, some of which document only a small part of the survey design process.  MARRSIM uses the term Quality Assurance Project Plan (QAPP) to describe a single document that incorporates all of the elements of the survey design.  This term is consistent with consensus guidance ANSI/ASQC E4-1994 (ASQC 1995), and EPA guidance (EPA 1994c; EPA 1997a), and is recommended to promote consistency.  The use of the term QAPP in MARSSIM does not exclude the use of other terms (e.g., Decommissioning Plan, Sampling and Analysis Plan, Field Sampling Plan) to describe survey documentation provided the information included in the documentation supports the objectives of the survey.

Additional information related to MARRSIM is available at http://www.epa.gov/radiation/marssim/faqs.htm#dqo.

cn) Knowledge of guidance regarding the development and analysis of property release options, and determination of authorized limits for property and material to be managed or released from DOE, as contained in DOE Implementation Guide G-441.1, Control and Release of Property with Residual Radioactive Material.

The DOE operates a variety of nuclear facilities including reactors, accelerators, and weapons test facilities.  Many of these facilities are undergoing remediation and decommissioning.  This draft guide references DOE’s requirements and presents DOE’s guidance for the control and release of property that may contain residual radioactive material.  Implementation guidance is provided for Department and contractor personnel who perform cleanup of property contaminated with residual radioactive material and who must determine the disposition of property under the requirements in DOE 5400.5, Radiation Protection of the Public and the Environment, and its proposed successor, 10 CFR 834, Radiation Protection of the Public and the Environment.

This guide is applicable to decommissioning, deactivation, decontamination, and remedial action of property with residual radioactive contamination.  Guidance for implementing DOE 5400.5 requirements for the release of property has been provided by the Office of Environmental Policy and Guidance over the past 10 years through individual memorandums, guidance documents and handbooks, and modeling and analysis tools.

A principal objective of this guide is to integrate the key elements of these individual guidance documents and tools into one document as a principal resource for DOE and contractor personnel.

co) Familiarity with DOE dose and risk modeling tools applicable to the decontamination and decommissioning of sites and facilities, such as: (1) the RESRAD (RESidual RADioactivity) code (User’s Manual for RESRAD Version 6, Argonne National Laboratory, ANL/EAD-4, 2001); and (2) the RESRAD-BUILD code (A Computer Model for Analyzing the Radiological Doses Resulting from the Remediation and Occupancy of Buildings Contaminated with Radioactive Material, ANL/EAD-LD-3, 1994).

RESRAD

In 1993, a manual on using version 5 of the RESRAD code to implement the DOE’s residual radioactive material guidelines was released.  Since then, as part of the RESRAD QA program, the RESRAD code has undergone extensive review, benchmarking, verification, and validation.  The manual and code have been used widely by DOE and its contractors, the U.S. Nuclear Regulatory Commission, the U.S. Environmental Protection Agency (EPA), the U.S. Army Corps of Engineers, industrial firms, universities, and foreign government agencies and institutions.  New features, some in response to comments received from users, have been incorporated into the code to form RESRAD 6.  These improvements have increased RESRAD’s capabilities and flexibility and have enabled users to interact with the code more easily.  With the improvements, the code has become more realistic in terms of the models and default parameters it uses. RESRAD 6 represents the sixth major version of the RESRAD code since it was first issued in 1989.

The RESRAD code can now perform uncertainty/probabilistic analyses with an improved probabilistic interface.  It uses a preprocessor and a postprocessor to perform probabilistic dose and risk analyses.  It incorporates default parameter distributions (based on national average data) for selected parameters.  The code can provide analysis results as text reports, interactive output, and graphic output.  The results of an uncertainty analysis can be used as a basis for determining the cost effectiveness of obtaining additional information or data on input parameters (variables).

The RESRAD code now allows users to calculate the time-integrated dose and risk at user-specified times.  The instantaneous dose/risk can be calculated by setting the time integration point to one.  The other major changes in the code are a new external exposure model, a new area factor model for the inhalation pathway, and a new Dose Conversion Factor (DCF) Editor.  The DCF Editor gives users the ability to change dose conversion factors, transfer factors, and slope factors.  Moreover, the RESRAD database was updated.  It now includes inhalation and ingestion dose conversion factors from the EPA’s Federal Guidance Report No. 11 (FGR-11), direct external exposure dose conversion factors from FGR-12, risk slope factors primarily from the latest health effects and summary tables, and radionuclide half-lives from ICRP Publication 38.  The risk coefficients from FGR-13 are also available in the code.

Version 6 of RESRAD incorporates many improvements made since Version 5 was released. These include the addition of seven new radionuclides: selenium-79, zirconium-93, neodymium-93m, barium-133, curium-245, curium-246, and curium-247.  The code was also modified to account for radioactive decay and ingrowth during food storage times.  The code now has an improved groundwater model to ensure convergence for Kd calculations when water concentrations are known; has an improved radon pathway to reduce execution time; allows sensitivity analyses of many more parameters, such as transfer factors, leach rate, and solubility; has a modified user interface to better check the sensitivity ranges; and contains many updates in its graphics.  The code now allows users to input radionuclide activity in SI units, and the resultant doses can also be reported in SI units.  QA files are now distributed along with the code so that users can ensure that the code is properly installed and verify RESRAD calculations on their computers.

The latest RESRAD code works only on computers with Windows operating systems.  The DOS version of RESRAD is no longer supported.  To help users familiar with the DOS interface to use the Windows interface, the new interface incorporates many features similar to those used in DOS, including a DOS main menu emulator, mapping of parameters to screens (windows), navigation (tab/F10/ESC), sensitivity settings and graphics, the format for results reports, and context-specific help.  The new features of RESRAD for Windows (95, 98, 2000, and NT) include a graphical display of active pathways, a sensitivity summary bar, integrated plot options and results, color-coded default settings, an uncertainty summary window, button prompts to interpret icons, and soil strata graphic feedback. Furthermore, in order to take advantage of the latest computer technology, the RESRAD FORTRAN programs are now compiled by using the FORTRAN 95 (LAHEY/FUJITSU LF95) compiler. Also, the Windows interface, which was initially developed in 16-bit Visual Basic 4.0, is now upgraded to 32-bit Visual Basic 6.0.

The RESRAD code now has its own Web site (http://web.ead.anl.gov/resrad).  The site has information on the updates to the code.  The site enables users to download the most recent releases of RESRAD, information on upcoming training workshops, and many documents relevant to the application of the code.  Users can get technical assistance via e-mail (resrad@anl.gov).  The entire user’s manual is also found on the RESRAD Web site in Adobe portable document format (PDF).

This manual is a user’s guide on the operation of RESRAD 6 and a reference manual on the algorithms and formulas used in RESRAD.  To reflect the changes in the RESRAD code, this version is very different from previous versions.  Some parts were removed (such as DOE guidance on procedures and requirements for obtaining approval for releases of material and property and an appendix on performing ALARA analyses).  Other parts were added (such as a section on verification and validation, an appendix on uncertainty analysis, and an appendix on calculating time-integrated cancer risk).  Many parts were extensively modified (such as the section describing the RESRAD user’s guide and the appendixes on external ground radiation pathway factors, inhalation pathway factors, and the estimation of individual off-site doses).  The discussion on exposure scenarios was expanded to include suburban resident, industrial worker, and recreationist scenarios.

RESRAD-BUILD Code

The RESRAD-BUILD computer code is a pathway analysis model developed to evaluate the potential radiological dose incurred by an individual who works or lives in a building contaminated with radioactive material.  The radioactive material in the building structure can be released into the indoor air by mechanisms such as diffusion (radon gas and tritiated water), mechanical removal (decontamination activities), or erosion (removable surface contamination).

The transport of radioactive material within the building from one compartment to another is calculated with an indoor air quality model (see Appendix A).  The air quality model evaluates the transport of radioactive dust particulates and radon progeny due to (1) air exchange between compartments and with outdoor air, (2) the deposition and resuspension of particulates, and (3) radioactive decay and ingrowth.  RESRAD-BUILD can model up to three compartments in a building, thereby making it possible to evaluate situations ranging from a one-room warehouse to a three-story house.

The design of RESRAD-BUILD is similar to that of the RESRAD code: the user can construct the exposure scenario by adjusting the input parameters.  Typical building exposure scenarios include long-term occupancy (resident and office worker) and short-term occupancy (renovation worker and visitor).  The long-term occupancy scenarios are usually low release scenarios, whereas short-term occupancy scenarios may involve a high release of contaminants in a short time period.  Up to 10 receptor locations and 10 distinct source locations can be input into the RESRAD-BUILD code to calculate dose in a single run of the code.  The calculated dose can be the total (individual) dose to a single receptor spending time at various locations, or the total (collective) dose to a workforce decontaminating the building.  If a building is demolished, the RESRAD computer code may be used to evaluate the potential dose from the buried material.

The RESRAD-BUILD code considers seven exposure pathways: (1) external exposure directly from the source, (2) external exposure to materials deposited on the floor, (3) external exposure due to air submersion, (4) inhalation of airborne radioactive particulates, (5) inhalation of aerosol indoor radon progeny (in the case of the presence of radon predecessors) and tritiated water vapor, (6) inadvertent ingestion of radioactive material directly from the source, and (7) ingestion of materials deposited on the surfaces of the building compartments.  A detailed discussion of exposure scenarios and pathways is presented in Section 3 of the user’s manual.

The RESRAD-BUILD code can compute the attenuation due to a shielding material between each source-receptor combination when calculating the external dose.  The user can select the shielding material from eight material types and input the thickness and density of the shielding material.  The user may also define the source as a point, line, area, or volume source.  Volume sources can be composed of up to five layers of different materials, with each layer being homogeneous and isotropic.

The radionuclides included in the RESRAD-BUILD code are similar to those included in the RESRAD code.  Currently, the RESRAD-BUILD database contains 67 radionuclides, and additional radionuclides are being added.  All these radionuclides have a half-life of six months or longer, and they are referred to as principal radionuclides.  It is assumed that the short-lived decay products with half-lives of six months or less, referred to as the associated radionuclides, are in secular equilibrium with their parent (principal) radionuclides.  For the 67 principal radionuclides in the current RESRAD-BUILD database, there are 53 associated radionuclides.  Therefore, a total of 120 radionuclides are available in RESRAD-BUILD Version 3.  A detailed list of these radionuclides can be found in table 3.1 of the RESRAD User’s Manual.

cp) Cursory knowledge of currently available technologies, and innovative technologies as available, that are applicable to the cleanup, decontamination, and decommissioning of DOE facilities.
The candidate should be able to discuss technologies that are available at the time of the evaluation.  The qualifying official will evaluate the completion of this competency.

cq) Knowledge, as appropriate to decontamination and decommissioning activities, regarding radiological control practices to minimize occupational exposures to ionizing radiation, as contained in the DOE Standard, Radiological Control (DOE-STD-1098-99).

The following are radiological control practices appropriate to decontamination and decommissioning activities:

Radiological work permits or technical work documents should include provisions to control contamination at the source to minimize the amount of decontamination needed.

Work preplanning should include consideration of the handling, temporary storage, and decontamination of materials, tools, and equipment.

Decontamination activities should be controlled to prevent the spread of contamination.

Water and steam are the preferred decontamination agents.  Other cleaning agents should be selected based on their effectiveness, hazardous properties, amount of waste generated, and ease of disposal.

Facility line management should be responsible for directing decontamination efforts.

19. Radiation protection personnel shall demonstrate a familiarity-level knowledge of the standards and DOE Orders pertaining to the packaging and transportation of radioactive materials.

cr) Discuss the purpose and scope of the DOE O 460.1B, Packaging and Transportation Safety.

The objectives of this Order are to establish safety requirements for the proper packaging and transportation of DOE/NNSA offsite shipments and onsite transfers of hazardous materials and for modal transport.  (Offsite is any area within or outside a DOE site to which the public has free and uncontrolled access; onsite is any area within the boundaries of a DOE site or facility to which access is controlled.)  This Order is applicable to the following:

Office of Civilian Radioactive Waste Management

Office of Energy Efficiency and Renewable Energy

Office of Environmental Management

Office of Fossil Energy

National Nuclear Security Administration

Office of Nuclear Energy, Science, and Technology

Office of Science

Office of Security

Bonneville Power Administration

Southeastern Power Administration

Southwestern Power Administration

Western Area Power Administration

cs) Describe the authorities and responsibilities of radiation protection personnel with respect to DOE O 460.1B, Packaging and Transportation Safety.

The following are special requirements for radioactive material packaging:

Each person who offers for transportation or transports low specific activity (LSA) materials or surface contaminated objects (SCO) pursuant to 49 CFR 173.427 may use a strong, tight container or industrial packaging in accordance with the Hazardous Materials Regulations.

Except for materials specified in subparagraph 4.a.(2)(a) of the Order and excepted quantities as defined in the Hazardous Materials Regulations, each person who offers for transportation or transports quantities of radioactive materials not exceeding A1 or A2, as appropriate, shall use a Type A package that is authorized by 49 CFR 173.415 or a Type B package authorized by subparagraph 4.a.(2)(c) of the Order.

Each person who offers for transportation or transports quantities of radioactive materials exceeding A1 or A2, as appropriate, or fissile material, shall use a packaging that is certified by the Assistant Secretary for Environmental Management, or a Secretarial Officer/Deputy Administrator, NNSA, pursuant to 49 CFR 173.7(d), or that is otherwise authorized by 49 CFR 173.416 or 49 CFR 173.417.

Each person who offers for transportation quantities of radioactive materials exceeding A1 or A2 or fissile quantity of radioactive material in a package certified by the Assistant Secretary for Environmental Management or another Secretarial Officer/Deputy Administrator, NNSA, shall

· meet the conditions specified in the certificate for the package issued by the Assistant Secretary for Environmental Management or a Secretarial Officer/Deputy Administrator, NNSA or NRC, and

· register in writing with the Assistant Secretary for Environmental Management or the responsible Secretarial Officer/Deputy Administrator, NNSA, prior to using the certificate.

An application for a package certification must include a Safety Analysis Report for Packaging, which demonstrates that the packaging conforms with the standards of 10 CFR Part 71, subparts E, F, G, and H, and any other applicable standards that the Assistant Secretary for Environmental Management or a Secretarial Officer/Deputy Administrator, NNSA, may determine applicable for granting a certificate.

The following are additional requirements for plutonium packaging:

Each person who offers for transportation or transports quantities of plutonium in excess of 20 curies per package may only use a packaging approved by the Assistant Secretary for Environmental Management or another Secretarial Officer/Deputy Administrator, NNSA, or the NRC as meeting the requirements of 10 CFR 71.63.

Unless exempted for the purposes of national security pursuant to the provisions of 10 CFR Part 871, each person who offers Type B quantities of plutonium for air transportation shall use a packaging approved by the Assistant Secretary for Environmental Management or a Secretarial Officer/Deputy Administrator, NNSA, or the NRC as conforming to the requirements of 10 CFR 71.64.

20. Radiation protection personnel shall demonstrate a familiarity-level knowledge of the Department’s philosophy and approach to implementing Integrated Safety Management.

ct) Explain the objective of Integrated Safety Management.

The objective of an integrated safety management system (ISMS) is to incorporate safety into management and work practices at all levels, addressing all types of work and all types of hazards to ensure safety for the workers, the public, and the environment.  To achieve this objective, DOE has established guiding principles and core safety management functions.  An effective ISMS must address these principles and functions while considering the following:

The planning and performance of all types of potentially hazardous work, including but not limited to the following: construction, operations, maintenance and decommissioning, conceptual studies, environmental analyses, safety analyses, hazard reduction analyses, pollution prevention/waste minimization, and risk analyses;

All types of hazards, including chemical, occupational, environmental, nuclear, electrical, transportation, etc.;

The identification, analysis, and control of hazards, and the use of feedback for continuous improvement in defining, planning, and performing work.

cu) Discuss the following existing Department programs and initiatives that lead to successful implementation of Integrated Safety Management:

· Standards/Requirements Identification Documents (S/RIDs) and Work Smart Standards

· Contract reform and performance-based contracting

· Activities at research and development laboratories related to safety management (i.e., pilot oversight program for line ES&H management.)

· Operational Readiness Reviews (ORRs)

S/RIDS and Work Smart Standards (WSS) define the site-wide mission and establish the controls at each organizational level.  The ISM plan delineates the means by which these controls are established.  

The contractor’s ISM plan should establish processes for establishing performance objectives that include DOE budget execution guidance and direction and that incorporate the principles of performance-based contracting.

DOE line management determines if ORRs are required for startup of new nuclear facilities or restart of a nuclear facility.  If an ORR indicates that a programmatic functional area, such as radiation protection, is rigorously established, it may not be necessary to review this program in great depth during an ISM verification.  This type of tailoring is used to prepare the ISM verification review plan.  

For restarts of nuclear facilities not requiring an ORR, DOE line management must evaluate (and ensure that contractor management evaluates) the need for performing a readiness assessment (RA) prior to restart.  This includes the startup or restart of program work associated with operating facilities when the new or restarted program work does not require DOE approval of changes to facility limits or requirements as stated in operational safety requirements/technical safety requirements (OSRs/TSRs), basis for interim operations/safety analysis reports (BIOs/SARs), or other equivalent authorization basis documents.  When an RA is required, site offices must develop procedures and ensure that the contractors use these procedures to gain site office approval of the startup or restart of nuclear facilities

cv) Discuss the purpose, content, and application of DOE P 450.4, Safety Management System Policy, and DOE G 450.4-1B, Integrated Safety Management System Guide.

DOE P 450.4, Safety Management System Policy

Safety management systems provide a formal, organized process whereby people plan, perform, assess, and improve the safe conduct of work.  The safety management system is institutionalized through DOE directives and contracts to establish the Department-wide safety management objective, guiding principles, and functions.

The system encompasses all levels of activities and documentation related to safety management throughout the DOE complex.  The objective of DOE P 450.4 is achieved by other means for Naval Reactors (Naval Nuclear Propulsion Program).

The Department is committed to conducting work efficiently and in a manner that ensures protection of workers, the public, and the environment.  It is Department policy that safety management systems described in the policy shall be used to systematically integrate safety into management and work practices at all levels so that missions are accomplished while protecting the public, the worker, and the environment.  Direct involvement of workers during the development and implementation of safety management systems is essential for their success.  

The DOE safety management system establishes a hierarchy of components to facilitate the orderly development and implementation of safety management throughout the DOE complex.  The safety management system consists of six components:  1) the objective, 2) guiding principles, 3) core functions, 4) mechanisms, 5) responsibilities, and 6) implementation.  The objective, guiding principles, and core functions of safety management identified below shall be used consistently in implementing safety management throughout the DOE complex.  The mechanisms, responsibilities, and implementation components are established for all work and will vary based on the nature and hazard of the work being performed.  Throughout this policy statement, the term safety is used synonymously with ES&H to encompass protection of the public, the workers, and the environment. 

DOE G 450.4-1B, Integrated Safety Management System Guide

This guide has two purposes.  One purpose is to assist DOE contractors in developing, describing, and implementing an ISMS in compliance with DOE P 450.4, Safety Management System Policy (the SMS Policy); DOE P 450.5, Line Environment, Safety and Health Oversight; DOE P 450.6, Secretarial Policy Statement Environment, Safety and Health; DOE P 411.1, Safety Management Functions, Responsibilities, and Authorities (FRAM); and the following provisions of the Department of Energy Acquisition Regulation (DEAR):

48 CFR 970.5223-1, which requires integration of environment, safety, and health into work planning and execution

48 CFR 970.5204-2, which deals with laws, regulations, and DOE directives 

48 CFR 970.1100-1, which requires performance-based contracting

Attachments 1 through 5 to volume 1 of this guide contain the full text of the policies and the relevant ISMS sections of the DEAR.

A second purpose of this guide is to assist DOE line managers and contracting officers (COs) who

provide ISMS guidance and requirements;

review and approve ISMS products;

verify implementation of the ISMS;

perform various integrating activities (e.g., planning, budgeting, review, approval, and oversight) that complement, or are required, for the ISMS.

21. Radiation protection personnel shall demonstrate a familiarity-level knowledge of the Department’s guidance for the structure, function, and operation of a radiation generating device (RGD) control program as discussed in Implementation Guide G 441.1-5, Radiation Generating Devices.

cw) Describe the different types of radiation-generating devices that may be used at DOE facilities, including:

· X-ray machines

· Accelerators

· Irradiators

· Radiography sources

X-Ray Machines

X-ray machines are usually shielded to attenuate the emission of x-rays.  Requirements for the exempt-shielded or shielded installations prevail.  Examples include electron beam welders, electronic microscopes, pulse generators, and microwave cavities, if used as beam guides.

Accelerators

Small (low voltage, less than or equal to 10 MeV) accelerators used for radiography, ion implantation, or the production of incidental photons or particles (e.g., neutron generators) in exempt-shielded, shielded, or open installations should be operated in accordance with the guidance specified in DOE G 441.1-5, and the applicable ANSI standards.  When accelerators are used outside of exempt-shielded or shielded installations, requirements for open-air radiography prevail.

Irradiators

Irradiators are any gamma-emitting or neutron-emitting sealed radioactive materials that have the potential to create a radiation level exceeding 500 rads (5 grays) in 1 hour at 1 meter and are operated within the requirements of an RGD installation.

Radiography Sources

Gamma-emitting industrial radiography sources are used to x-ray metal that would be too thick for conventional x-rays.  They are also used in confined areas that are too small for a portable x-ray machine.  

A source typically consists of 30 to 100 curies of Ir-192 or Co-60 housed in a small metal capsule (ca. 1 cm long) at one end of a short flexible cable called a pig tail.  At the other end of the pigtail is a connector that is used to attach the source to a long (25 foot) crank-out cable.  The crank-out cable allows the radiographer to operate the source at a safe distance.  

cx) Using Implementation Guide G 441.1-5, Radiation Generating Devices, discuss the difference between an open beam and cabinet x-ray system and the different types of controls (design, equipment, and administrative) that can be used to prevent radiation exposure above DOE limits.

A cabinet x-ray system is an x-ray system with the x-ray tube installed in an enclosure which, independent of existing architectural structures except the floor on which it may be placed, is intended to contain at least that portion of a material being irradiated, provide radiation attenuation, and exclude individuals from its interior during generation of x-radiation.  Included are all the x-ray systems designed primarily for inspection of carry-on baggage at airline, railroad, and bus terminals, and in similar facilities.  An x-ray tube used within a shielded part of a building, or x-ray equipment which may temporarily or occasionally incorporate portable shielding, is not considered a cabinet x-ray system.

Since these RGDs are used primarily in security applications and are commercially available, manufacturer requirements for these RGDs are delineated in 21 CFR Part 1020.40.  These RGDs should be procured, categorized, inventoried, operated, inspected and monitored, and decommissioned in accordance with DOE G 441.1-5 to ensure compliance with 10 CFR 835.1001& 1003.  Inspections and surveys should be performed as specified in section 4.3.2.2, Electron Devices that Generate X-Rays Incidentally, of DOE G 441.1-5.

For cabinet x-ray systems designed to admit humans, there shall also be provided

a control within the cabinet for preventing and terminating x-ray generation, which cannot be reset, overridden or bypassed from the outside of the cabinet;

no means by which x-ray generation can be initiated from within the cabinet;

audible and visible warning signals within the cabinet which are actuated for at least 10 seconds immediately prior to the first initiation of x-ray generation after closing any door designed to admit humans (failure of any single component of the cabinet x‑ray system shall not cause failure of the audible and visible warning signals);

a visible warning signal within the cabinet that remains actuated when and only when x-rays are being generated, unless the x-ray generation period is less than one-half second, in which case the indicators shall be activated for one-half second;

signs indicating the meaning of the warning signals provided, and containing instructions for the use of the control provided that are legible, accessible to view, and illuminated when the main power control is in the “on” position.

cy) Discuss possible exposure incidents (or ones that have actually happened in medicine, private industry, or at DOE facilities) as a result of improper practices with accelerators, irradiators, and radiography sources, or loss of control of sources.

This is a site-specific competency.  The qualifying official will evaluate the completion of this competency.

cz) Discuss possible actions to control sources at DOE facilities, especially radiography sources brought on DOE sites by subcontractors who may be unaware of the site Radiation Protection Program (RPP) and 10 CFR 835, Occupational Radiation Protection, requirements.

This is a site-specific competency.  The qualifying official will evaluate the completion of this competency.
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