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1. BACKGROUND AND INTRODUCTION

Radiation has always been part of the universe from the very beginning. It exists

throughout the universe in the form of cosmic radiation. It is emitted from naturally

radioactive substances in the earth's crust such as potassium, uranium, thorium and radium.

Emanating radon in confined spaces such as house basements provides a major source of

radiation exposure to people. Building materials can also give off radiation. Even the human

body is mildly radioactive primarily because of the presence of K-40 and C-14. Minute

amounts of natural radioactive materials are taken into our bodies through food and drink.

All this natural radiation is called background radiation and exposure of people to this

radiation is unavoidable.

The average exposure for an individual from such background in the United States

is about 300 mrem per year with approximately 200 mrem of this coming from radon

exposure alone. In addition to the natural sources of background radiation, a very small

amount of the background radiation occurs due to the nuclear weapons test fallout. Man-

made sources of radiation also include certain consumer products, industrial and research use

of radioisotopes, medical X-rays, and radiopharmaceuticals. When all sources, natural and

man-made, are taken into account, the National Council on Radiation Protection and

Measurements (NCRP) has estimated that the average annual dose to individuals in the U.S.

population is 360 mrem (NCRP Report No. 93).

Our understanding of radiation began in earnest soon after the discovery of x-rays

in 1895 by Roentgen and the isolation of Ra-226 from pitchblende in 1898 by Madame Curie.

Studies of radium dial painting workers followed in 1920's and 1930's. With the Manhattan
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Engineer District work on uranium separation, studies also began on radiation effects from

uranium isotopes. Argonne National Laboratory (ANL) has played an important role in

several early studies. This has included what was known as "Argonne Radium Studies" in

late 1950's (and through 1960's) where dial painters in Ottawa and LaSalle-Peru, Illinois

were studied and the later work in 1970's through the then Center for Human Radiobiology.

As is well-known, University of Chicago did the pioneering work for the MED and ushered

in the atomic age. Epidemiologic studies of uranium miners, studies on radon emanation and

the health effects of radon daughters, studies of Hiroshima and Nagasaki atomic bomb

survivors, numerous laboratory studies with radiation spanning over decades, and the recent

studies of Chernobyl exposures have brought our understanding of radiation and its effects

to what we know today.

It is perhaps one of the most studied and debated scientific areas. Over the past

forty years, our understanding and technical ability has progressed to a stage where different

types of radiation can be distinguished and where very small amounts of radiation can be

measured precisely. Elaborate guidelines and regulations have emerged for the protection

of general public as well as the occupational workers who have to work with radioactive

materials or in the radiation environment. International guidance on the subject is provided

by agencies such as International Commission of Radiological Protection (ICRP) and the

International Atomic Energy Agency (IAEA). Individual countries develop and implement

their own laws, rules, and regulations.

In this lecture, we will review the fundamental principles of radiation protection, as

well as the relevant laws and regulations in the United States and discuss application of

radiation protection in radioactive waste management.

2. RADIATION TYPES, TERMINOLOGY AND UNITS

Primarily we are concerned with the ionizing radiation that has enough energy to

remove an orbital electron from an atom with which it interacts. In contrast, the

non-ionizing radiation does not have enough energy to strip away electrons from the atom.

The term ionizing radiation includes short wavelength (and therefore high energy)
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electromagnetic radiation, as well as charged and neutral particles produced either in the

nuclei of radioactive substances or in charged particle accelerators. The electromagnetic

radiations of interest are gamma (y) rays and X-rays whose quantum energies extend

upwards from a few keV. Other electromagnetic radiations of progressively lower quantum

energies are ultraviolet, visible light, infra-red and radiowaves which are non-ionizing. The

partdculate ionizing radiation includes: alpha (a or 4He2) particles, beta (p) particles, and

neutrons (n). In the context of nuclear power, the types of radiation that are important are

the y rays, a and j3 radiation, and to a lesser degree the neutrons.

Gamma Ravs

Gamma rays are high energy photons that can travel great distances and easily

penetrate matter. It can pass completely through the human body, damaging cells enroute,

or be absorbed by tissue and bone. Concrete or lead shielding are required to stop gamma

radiation. For example, to reduce the 1 MeV gamma radiation to one tenth of its incident

intensity, 35 mm lead thickness is required. Gamma rays are produced when the emission

of a charged particle from an atomic nucleus, either a beta or an alpha particle, leaves the

nucleus in an unstable condition. They may also be emitted following electron capture and

other processes. Stability is realized by emission of a quantum of energy. For example, an

atom of ^Co decays by emission of a fast electron, thereby losing one electronic charge and

attaining the nuclear composition of stable ^ i , and the emission of gamma rays.

Alpha Particles

Alpha particle is a cluster of two protons and two neutrons (i.e., helium nucleus)

ejected from an unstable nucleus. Alpha radiation loses its energy very quickly when passing

through matter. As a result, most alpha radiation travels only about 4 cm in air and can be

stopped by a sheet of paper or the outer layer of human skin. Alpha radiation sources are

most harmful to humans if they are ingested. Alpha radiation can be very damaging to body

organs, especially lungs, if the alpha source atoms are inhaled as fine particles. Alpha

radiation is produced by natural elements such as uranium and thorium as well as some

man-made isotopes such as plutonium.



Beta Particles

Beta Radiation also consists of particles. In this case electrons, about 1/7400 the size

of alpha particles, are emitted. Beta particles from the most commonly encountered

radioactive substances carry a negative charge (negatrons) but some substances emit

positively charged beta particles (positrons). Beta particles travel farther in air than alpha

particles (as far as 10 m) and can penetrate several layers of human skin. Because beta

particles can penetrate the skin, the human body can be damaged by being near a source of

beta radiation for a long period of time or by ingesting a source of beta radiation.

Beta radiation can be reduced or stopped by sheets of aluminum, glass, plastic, or

wood about three centimeters thick.

Neutrons

Neutron is a particle having same mass as the proton but no charge. Neutrons and

protons are the principal components of all atomic nuclei. Fast moving neutrons are emitted

when uranium fissions and also when certain nuclei are bombarded by charged particles or

exposed to high energy gamma rays.

Neutrons thus occur in the reactor core during the Sssion process. They are

encountered with accelerators where neutron shielding is important. They are also the major

damaging radiation encountered with nuclear explosions.

Radioactivity and Half-Life

Isotopes of several elements are naturally unstable and disintegrate into another

type of atom. Radioactivity is the property of spontaneous disintegration of atomic nuclei

with emission of penetrating radiation or particles and decay is this process of disintegration

of the unstable radioactive material. Activity can be defined in terms of disintegration in a

given quantity of material per unit time such as disintegrations per minute (dpm) or

disintegration per second (dps). The unit of activity still in use is a curie, which is defined
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as 3.7 x 1010 dps. Generally, subunits such as millicurie (mCi) or microcurie (uCi) are used.

The S.I. unit of activity is a Becquerel (Bq) which represents 1 dps. Thus, 1 Ci = 37 GBq

(37 x 109 Bq).

Radioactive half-life is the time required for a radioactive substance to lose

half (50%) of its activity. Mathematically,

N = Noe"

where:

N = number of unstable nuclei at time t

No = initial number of unstable nuclei

(1/2)NO = No e
XT 1/2

Thus, for example, a radioactive source with 40 mCi activity will have only 10 mCi

activity left after 2 half-lives.

Exposure, Dose and Units

Exposure is a measure of the amount of ionizing radiation present. Exposure rate

represents the rate at which radiation exposure occurs and is normally expressed in

Roentgens per hour (R/h) or milli roentgens per hour (mR/h). Roentgen, in turn, is that

quantity of X- or gamma-radiation that results in the production of 1 e.s.u. of charge in 1 cm3

of air at S.T.P. or equal to 258 uCdnicro coulombs Vkg air (S.I. definition).

Since usually human tissue is the medium of interest and energy deposition is higher

in tissue than in air, the concept of absorbed dose was introduced in 1953. Absorbed dose is

the energy imparted to matter by ionizing radiation per unit mass of irradiated material at

the location of interest. The unit of absorbed dose is the rad (100 ergs/g). The new S.I. unit

is gray (1 J/kg) which is equal to 100 rads. Equivalent dose the product of absorbed dose,

quality factor, and all other necessary modifying factors at the location of interest in tissue.

It was also called dose equivalent before the change in terminology recommended in the
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1990 report ICRP-61. The unit of equivalent dose is rem. The S.I. unit is

sievert (Sv); 1 Sv = 100 rem. The concept of quality factor or radiobiological effectiveness

factor (RBE) is necessary because different types of radiation cause different degrees of

biological damage. For example 1 rad of fast neutrons can do as much biological damage as

10 rads of gamma radiation. The gamma radiation are assigned a quality factor of 1; for (3

particles it is 1 also; for fast neutrons it is 10, for a particles it is 20. Other modifying factors

may take into account such factors as the absorbed dose rate and fractionation. Dose rate

is the rate at which dose is received. Effective dose is the weighted average of the dose

equivalent over major organs of the body using published tables of weighing factors for the

different organs (see ICRP-26 and ICRP-60 reports). It is the dosimetric quantity that is

intended to reflect the risk of long-term effects from low doses of radiation and for use in

cases of nonuniform exposure. It is useful to remember the unit relationships for absorbed

dose:

lGy = 100 rad; lSv = 100 rem; lmSv = 100 mrem.

Because dose limits for individual radiation protection are so low (see Section 4), and

these limits are applied to the critical individuals most at risk (for example, the nearest

resident to a nuclear facility), it automatically ensures a high degree of protection for the

general population. Nevertheless, a concept of collective dose is used to estimate all

potential exposures (from a facility or action); collective dose represents the sum of all the

doses to individuals in the population. The primary role of collective dose estimation is in

the optimization and planning process.

3. BIOLOGICAL EFFECTS OF RADIATION

The nature and severity of damaging biological effects depends on the amount of

radiation absorbed and the rate at which it is received. Extent of radiation injury depends

on whether the radiation dose was received locally or by the whole body and whether it was

external or internal. The processes leading to radiation damage of living cells are complex.

The nucleus of a cell containing DNA, chromosomes and genes is surrounded by cellular

fluids (cytoplasm). Ionization of molecules leads to ejection of electrons and breakage of

intramolecular bonds. These processes lead to modification of the cell structures with
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potential serious consequences, such as the generation of cancerous cells or in some cases

complete cell destruction. Ionization of cellular fluids can result in the production of free

radicals and peroxides, which because of their enhanced chemical activity, can attack the

complex biomolecules. The effects of radiation on human body are, thus, a result of damage

to individual cells. It should also be noted that certain cells can be more radiosensitive than

others; also certain conditions can induce radiosensitivity in some cells.

The biological effects can be generally classified as deterministic effects (previously

called nonstochastic effects) that occur only above a certain threshold and stochastic effects

that have probability of occurrence at all dose levels. Acute effects appear shortly after

exposure. They are characterized by a threshold dose and are considered to be deterministic.

Examples are: cataracts, radiation burns, acute radiation syndrome. The delayed effects

occur generally more than a year after the exposure. The delayed effects can occur in the

irradiated individual (somatic effects) or the descendents of the irradiated person (genetic

effects) where hereditary effects are passed on to future generations.

Effects of Large Doses

A large dose delivered over a short period of time produces well-defined deleterious

effects (such as cell death) and symptoms. It is generally assumed that LD^ for humans is

about 4 Gy. The main chemical damage from lethal radiation doses occurs from damage to

bone marrow cells, the gastro-intestinal tract and the central nervous system. The primary

data source for acute effects at very high radiation doses has been the victims of Hiroshima

and Nagasaki. Accidental high exposures and laboratory studies have provided other

additional sources.

Doses above 1 Gy generally lead to acute radiation sickness. Depending on the dose

and the duration of the exposure the effects can include loss of appetite, nausea and vomiting,

diarrhea, skin inflammation, hair loss, fatigue, internal bleeding, infection, dizziness and

disorientation. Localized high doses can lead to specific effects on specific organs of the body,

such as cataract of the eye lens, skin burns, sterility.



Effects of Low Doses

The dose-to-effect relationship is described in Figure 1 [reproduced from the

Regulatory Guide 8.29 of U.S. Nuclear Regulatory Commission (NRC)!. While this

relationship is well-defined for high doses (as depicted by the solid line in Figure 1), there is

no consensus among scientists on risks from low doses. However, majority of scientists are

endorse either the linear model (curve 1) or the linear-quadratic model (curve 2). The NRC

endorses the linear model for dose and effect relationship.

Potential effects of doses below SO mSv per year (5 rem/y) are restricted to possible

induction of cancers and possible genetic effects. From radiation protection point of view it

is prudent to assume that even small doses may entail some risk of causing cancer. However,

it is important to keep in mind the probability factors and comparable risks from other

everyday activities.

100
DOSE (REMS)

Figure 1. Some proposed models for how the effects of radiation vary with doses
at low-levels.
(Source: NRC Regulatory Guide 8.29)



Internal Hazard

Radioactive material may enter the body through inhalation, skin absorption or

ingestion of contaminated food or water. Contamination via cuts and wounds is also possible

in cases involving accidents. Generally, inhalation is the main intake route even though in

case of tritiated water skin absorption intake can equal that from inhalation. Radioactive

materials once inside the body may get concentrated in specific organs of the body (e.g., Sr-90

in bones or radioiodines in thyroid) and cause internal damage.

4. RADIATION PROTECTION PRINCIPLES, DOSE LEVITTS AND PRACTICE

The fundamental principle of protection from exposure from external radiation

involves time, distance, and shielding, i.e., keep the exposure time to minimum; farther from

the radiation source, the less the dose (D a 1/r2 where D is dose and r is distance from the

source); and use of shielding materials such as lead glass, concrete. Also, in practice, in all

situations involving radiation the key principle is "ALARA". i.e., keep the radiation exposure

to as low .as reasonably .achievable.

The International Commission on Radiological Protection is the main international

body responsible for recommending radiation protection and dose limitation since its

inception in 1928 (under a different name). The 1977 recommendations of the commission

documented in ICRP-26 have been the mainstay of radiation protection guidelines until

recently. In March 1991 the commission published what is known as the

1990 recommendations in a document ICRP-60. The new recommendations comprise a

comprehensive system of radiological protection and build on the system of dose limitation

advocated in the 1977 recommendations.

The main features of the ICRP philosophy can be summarized as:

• no practice involving radiation exposure shall be adopted unless its introduction
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produces a net benefit;

• in addition, all exposures should be kept as low as is reasonably achievable,

economic and social factors being taken into account; and

• the equivalent dose to individuals shall not exceed the limits recommended for

the appropriate circumstances by the Commission.

Clearly, the emphasis is on ensuring that all exposures are kept as low as is reasonably

achievable with equivalent dose limits providing a final "backstop".

The system of protection advocated by the ICRP is based on:

• justification of practice,

• optimization of protection, and

• individual dose and risk limits.

This applies to proposed and continuing practices. For intervention the underlying principles

are: the proposed intervention should do more good than harm, i.e., reduction in detriment;

and the optimization of intervention. A detailed discussion of ICRP-60 is presented in a

separate lecture.

Dose limitation has undergone evolution over the past several decades. For example,

in the early 1950's the whole body dose limit of 3 mSv (0.3 rem) per week was being used in

the United States for workers. In 1957, the National Council on Radiation Protection

recommended a limit of 50 mSv (5 rem) per year. The ICRP in 1977 recommended a limit

of 50 mSv (5 rem) per year for occupational workers and 1 mSv (100 mrem) per year for

general public. In the 1990 recommendations, the Commission-recommended limit for

occupational exposure is 20 mSv (2 rem) per year averaged over five years along with a

provision that dose should not exceed 50 mSv in any single year. The exposure limit for the

general public has remained 1 mSv (100 mrem) per year.

In the United States, the Nuclear Regulatory Commission regulates all civilian uses

of radioactive materials as well as the operation of commercial nuclear reactors. The

standards for protection against radiation advocated by the NRC are described in Title 10,
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Part 20 of Code of Federal Regulations, 10 CFR 20. Permissible doses in restricted areas

(Occupation dose limits) in 10 CFR 20 are specified per quarter of a year as follows:

a) whole body 1.25 rem;

b) skin (whole body) 7.5 rem; and

c) hand and forearms; feet and ankles 18.75 rem.

In applying the provisions of 10 CFR 20 for the possession or use of radioactive materials,

the NRC specifies an annual effective dose limit of 5 mSv (500 mrem) for unrestricted areas.

However, for uranium fuel cycle operations, the NRC also specifies that provisions of

40 CFR 190 apply, which provides an annual effective dose limit of 0.25 mSv (25 mrem).

Under 10 CFR 20, the reference annual dose level for a member of the public is 1 mSv

(100 mrem); however, a licensee may apply (subject to certain conditions) for prior

authorization of operation that may result in exposure to an individual member of the public

up to 5 mSv (500 mrem) per year. The NRC Regulatory Guide 8.29 provides instruction

concerning risks from occupational radiation exposure. The U.S. Environmental Frotection

Agency (EPA) uses a limiting criterion of 0.1 mSv/y (10 mrem/y) for emission of radionuclides

to ambient air (40 CFR 61).

The NRC licensing requireme'nts for land disposal of radioactive wastes (10 CFR jrQ

specify an effective whole body dose limit of 0.25 mSv/y (25 mrem/y) and a dose limit of

0.75 mSv/y (75 mrem/y) to the thyroid. The EPA's standards for radioactive waste disposal

include a groundwater protection requirement (40 CFR 191) that specifies an effective dose

limit of 0.04 mSv (4 mrem/y).

The 10 CFR 20 also defines maximum permissible concentrations (MPC) above the

natural background in air and water (for details see Appendix B of 10 CFR 20). These

provisions apply such that a licensee shall not possess, use, or transfer licensed material so

as to release to an unrestricted area radioactive material in concentrations that exceed these

limits. For example, limits for Sr-90 are 3 x 10"11 pCi/mL in air and 3 x 10s uCi/mL in water.

The EPA has also defined interim standards for radioactivity in drinking water. According

to 40 CFR 141. in drinking water, the proposed Maximum Contaminant Levels (MCLs) for
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radionuclides are 20 pCi/L for Ra-226, 20 pCi/L for Ra-228, 20 ug/L for Uranium, 300 pCi/L

for Rn-222, 15 pCi/L for gross a emitters (not including Rn, U or Ra-228), and 4 mrem/y

(based on dose committed over 50 years assuming 2 L/day drinking water intake) for {J and

photon emitters. While the MCLs are enforceable standards, under the Safe Drinking Water

Act, the EPA is required to publish the maximum contaminant level goals (MCLGs). The

MCLG for radionuclides is zero.

The U.S. Department of Energy (DOE) which maintains the nation's primary research

and production facilities in the nuclear technology area, and which has also the nation's

largest inventory of radioactive waste or radioactively contaminated materials, implements

radiation protection through a series of DOE Orders. The primary DOE Orders for radiation

protection are the DOE Order 5400.5 for public exposure and DOE Order 5480.11 for

occupational exposure. Through its Order 5400.5 the DOE, implements an effective dose

limit of 1 mSv/y (100 mrem/y) as the primary standard for members of th s public. However,

it is the policy of DOE to apply the ALARA process. The DOE also uses a guideline of

20 uR/h above background for gamma exposure rates; values (in dpm per 100 cm2) are also

available for surficial a and P contamination limits.

DOE's positions and views are available in a recently issued Radiological Control

Manual (DOE N 5480.6). For radiological workers, the following annual dose limits are

specified in the manual:

whole body (internal and external) 5 rem;

lens of eye 15 rem;

extremity (hands, arms, feet, legs) 50 rem;

skin 50 rem;

any organ or tissue (except eye) 50 rem.

However, it should be noted that DOE uses an Administrative Control Level of 2 rem per

year (whole body) for all DOE activities. For a declared pregnant worker, the dose limit is

0.5 rem in nine months. However, DOE policy states that after a worker declares pregnancy,

mutually agreeable work assignments will be made available such that further occupational
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radiation exposure is unlikely. If the pregnant worker chooses to continue working as a

radiological worker, efforts should be made to avoid exceeding 50 mrem per month to the

pregnant worker. ALARA is the mainstay of the DOE radiological control policy. The

manual specifies rules for occupational workers, sets radiological performance goals and

outlines the radiological performance indicators.

5. RADIATION MONITORING

Radiation monitoring devices are based on the physical or chemical effects of radiation.

These effects can be:

• icnization in gases,

• ionization and excitation in certain solids,

• changes in chemical systems, or

• activation by neutrons.

The simple and inexpensive radiation detector remains the Geiger-Mueller (G-M) counter

which is gas a ionization system. It is particularly suitable for radiation protection surveys

and data are specified as counts per minute.

Solid state detectors can be conductivity detectors, scintillation detectors or

thermoluminescence detectors (TLDs). The Ge and Nal detectors are commonly used in

y-spectroscopy. Zinc sulfide crystals are used for a detection. Neutron dosimetry is much

more complicated. The most common thermal neutron monitors employ either an ion

chamber lined with a thin layer of boron or a proportional counter filled with BF3 gas. A

moderated BF3 counter (with paraffin or other moderator in the surrounding jacket) is used

for fast neutrons.

While the dose rate measuring devices are useful for operational radiological control

in nuclear power plant situation, from practical health physirs aspect, it is important to know

the dose accumulated by an individual over a period of time.



14

For external dosimetry, personnel monitoring devices include a TLD dosimeter, film

badge, and a pencil dosimeter (pocket ionization chamber). A typical TLD may be a Teflon

disc impregnated with lithium fluoride sealed in a polyethylene envelope. Because of their

small size they can be useful for monitoring dose to fingers. The film badge is the most

widely used personal monitor for y radiation and charged particles. It generally carries an

identification number and can be conveniently clipped to clothes or belt. The amount of

darkening of the developed film, which is read with a densitometer, is proportional to the

absorbed dose. The device uses silver bromide emulsion and selective radiation filters over

the film Film badges can be processed on a monthly or biweekly basis.

Pocket ion chamber dosimeters are direct reading and are useful in special situations

where there is potential for sudden or large increases in exposure rate. Because the passive

devices (film badge, TLDs) will show accumulated dose only when processed, in special

situations workers should wear pencil dosimeters (that can be clipped to the pocket) and

deflection can be viewed directly by means of a lens and scale built into the instrument.

Special area monitors connected to evacuation alarms are used in areas where there

may be potential for nuclear emergencies or life-threatening exposures.

For workers involved in radioactive waste management their potential external

exposure will likely result from y and p* radiation and use of external monitoring devices

discussed above is necessary. In addition, continual monitoring of workers through internal

dosimetry may be required. Internal dosimetry is used when there is a potential that intake

of radioactive material into the body may have occurred. Internal dosimetry may involve

urinalysis, monitoring of feces or blood. Mathematical models of the radionuclide's retention

and excretion are generally used along with the measurements of the radioactive material

content in the excreta to estimate the doses. Bioassay techniques, such as urinalysis, provide

a screening tool to maintain and verify operational radiation protection and control. For

certain cases, whole body counters can be used to measure the radioactivity throughout the

body.

6. OPERATIONAL ASPECTS
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In the nuclear power plant environment including the radioactive waste management

areas, it is important that controlled areas be defined and designated with warning signs and

readout devices. These areas may be designated as radioactive material area, radiation area,

high radiation area, very high radiation area, surface contamination area, or airborne

radioactive material area.

In addition to area designation, posting should also specify the requirements for

entering an area. The following are some examples of typically posted entry requirements:

personal monitoring devices required; respiratory protection required; shoe covers required;

no eating, drinking, or smoking or; signed radiation work permit required. For illustration

purposes, Table 1, reproduced from DOE's Radiological Control Manual, shows the dose rate

criteria for classification of the areas and the posting requirements.

Table 1. DOE Criteria for Posting Radiation Areas

AREA

Radiation Area

High
Radiation Area

Very High
Radiation Area

Hot Spot

DOSE RATE CRITERIA

> 0.005 rem/hr and
<̂  0.1 rem/hr

> 0.1 rem/hr and
<. 500 rad/hr

> 500 rad/hr

5 times general area dose
rate and
> 0.1 rem/hr

POSTING

"CAUTION, RADIATION AREA"
"TLD and RWP Required for Entry"

"DANGER, HIGH RADIATION
AREA"
"TLD, Supplemental Dosimeter and
RWP Required for Entry"

"GRAVE DANGER, VERY HIGH
RADIATION AREA"
"SPECIAL CONTROLS REQUIRED
FOR ENTRY1

"CAUTION, HOT SPOT"

(Source: DOE N 5480.6)
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In the nuclear power plant environment, radiation control areas (RCAs) are similarly

defined. As an example, from Procedure RSP-101 of Crystal River Unit 3 of Florida Power

Corporation (for reference see Appendix A of this lecture; Appendix A, through the Table of

Contents, reproduced from RSP-101, also shows the typical instructions and requirements in

such a procedure), RCA is defined as an area where an individual could receive a dose of 2

mrem/h (not to exceed 100 mrem in any 7 consecutive days, and not to exceed 125 mrem in

any one calendar quarter). These areas are barricaded and conspicuously posted. Areas

where an individual could receive 100 mrem/h are defined as High Radiation Areas; these are

barricaded and appropriately posted. Locked doors are used for any areas where radiation

dose could be greater than 1000 mrem/h. Radiation Work Permits are required for entry into

any RCAs and specific health physics procedures are followed, including personnel monitoring

equipment, respiratory protection, and protective clothing, as necessary.

Labels or tags should be used to identify specific containers of radioactive material or

objects that are contaminated with radioactive material. Labels or tags must have a magenta

radiation symbol (trefoil) on a yellow background. Ideally a label should contain the following

information: radiation symbol, name of radionuclide, activity (Ci or Bq) of the material, dose

rate at the surface of the container, date, initials of person who prepared the label; at a

minimum, a label must have the radiation symbol and the name of the radionuclide. Labels

are also used for localized areas of "fixed" surface contamination and contaminated

equipment.

Protective clothing can range from simple gloves to full-body protective suits and their

use will depend on the radiation environment and the type of radioactive waste being

handled. Respiratory protection may be required in certain cases. It is also important to

monitor the dose accumulated by each worker. Good records of previous doses must be

maintained so that worker assignments can take into account these data. For higher activity

waste, worker contact must be minimized; remote handling and packaging may be necessary

in some cases. Even in areas handling low-level waste, hand and shoe monitoring should be

used to ensure that contamination is not carried away to other areas. The employees must

have the minimum training in radiation protection and in handling radioactive materials.

In U.S., under the "Hazard Communication" standard (29 CFR 1910.1200) issued by
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Occupational Safety and Health Administration, the workers must be informed of the hazards

of chemicals. These apply to radioactive materials as well. Good planning and scheduling

are key to a safe facility operation that complies radiation protection requirements and goals.

Finally, an emergency management plan must be prepared and an emergency response

practiced. Emergency management organization must include all the necessary groups

including health physics, fire department, medical department, industrial hygiene, and

security. Emergency notification and emergency response procedures must be in place.

Radiation protection in the nuclear power plant environment is a shared responsibility of the

health physicist, the facility management, and the employee.
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7. ADDITIONAL INFORMATION AND BIBLIOGRAPHY

Useful definitions and glossary are compiled in Appendix B. Other relevant material

is attached in Appendix C.
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