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1.0.0 BASIC PRINCIPLES OF NUCLEAR PHYSICS

Outline:-

1. Vocabulary .

2. The Structure.of Matter and the Atom,.

,

3. Symbols and Nomenclature

4. Atomic Mass Units (amu)

5. Radioactivity

6. Interaction with Matter
s

7.- Particulate or Corpuscular Ionizction

8. Electromagnetic Ionization

9. The Electromagnetic Spectrum

10. Transmutation or Disintegration

11. 'The Neutron

1.0.1 Vocabulary

Alpha Particle Gemma Ray

Atom Ion

Atomic Mass Unit Ionization'

Beta Particle Mass Defect

Binding Energy Molecule

| Curie Neutron

Electron Proton

Elem6nt Radioactivity
i

1.0.2 The Structure of Hacter and the Atom
i

The study of radioactivity involves the movement of
atomic particles as well as the transformation of the'

8 atom's nucleus. A review of the s cructure of the atom
W is appropriate to introduce the study of radioactivity.
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1.0.2 The Structure of Matte r and the Atom - Cont' d.

E>dern science has clarified some of the earlier theories
with definitions:

A. An atom is defined as the smallest particle of an
element which is capable of entering into a chemical
reaction. (Atom - Greek word meaning not capable of
being divided further, i.e., indivisible.)

B. A molecule is defined as the smallest quantity of a
substance which can exist by itself and retain all
the properties of that substance. (Molecule - Greek
word meaning a small mass, atoms joined together in
groups.)

C. An element is defined as a pure substance, consisting
of atoms of the same atomic number, which cannot be
decomposed by ordinary chemical means, i.e., Au, Cu,
0, etc.

D. Atoms of different elements can come together to
form molecules of compounds, i.e., E20.

The major subatomic particles that compose an atom are
protons, neutrons, and electrons.

A. Protons have a positive cha?.ge, electrons have a
negative charge, and neutrons are electrically
neutral.

B. The atom consists of a nucleus, composed of protons
and perhaps neutrons surrounded by orbiting or
planetary electrons (Figure 1-1, A and B).

C. The mass of an electron (9.1 x 10-82 kg.) is 1/1835
of a proton (1.6725 x 10-27 kg.) The neutron has
approximately the same mass of the proton. Most of
the mass of an atom is in the nucleus.

A stable atom has the same number of protons and orbital
electrons.

A. When the number of protons a.-d orbital electrons is
not equal, tne atom is said to be unstable, and is
called an ion. (Ion - Greek word meaning t raveler. )

O
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1.0.2 The Structure of Matter anc the Atom - Cont'd.

B. When the number of electrons is greater, the atom
is negatively charged, or a negative ion. When
the number of protons is greater, the atom is
positively charged, or a positive ion.

1.0.3 Symbols and Nomenclature

The representation of elements is in the form gXA.

A. "X" is the chemical symbol, i.e., C- Carbon,
C1 - Chlorine, O - Oxygen, etc.

B. "Z" indicates the number of protons in the
nucleue and is called the atomic number, i.e.,
sC - Carbon has 6 protons in the nucleus.

C. "A" represents the total number of protons and
neutrons in the nucleus, and is called atomic
mass: sCa2 - Carbon has 6 protons and 6 neutrons
in the nucleus, with an atomic mass of 12 (Figure
1-1, C).

OD. The number of neutrons is equal to the atomic
12mass (A) - atomic number (Z), i.e., C _

S

12-6=6, 6 neutrons in the nucleus.

1.0.4 Atomic Mass Units (amu)

The masses of elementary particles are frequently
expressed in terms of mass units instead of kilo-
grams. Formerly, physicists defined the mass unit
as one-sixteenth the mass of oxygen-16, while chemists
defined it as one-sixteenth the mass of the natural
form of oxygen, which includes small anounts of
oxygen-17 and oxygen-18.

In 1963 it was agreed that the atomic mass unit (amu),

'

should be defined an one-twelfth the mass of the
carbon-12 atom, i.e 1-12 atom equals 12 amu.

Mass defect and binding energy:

A. One amu = 1. 6 6 0 4 3 x 10- 2 " gm (Mass)
931.7 MeV (million electron volta)=

O
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1") .

\_/ 1.0.4 Atomic Mass Units (amu) - Cont'd.
.

B. The mass of subatomic particles has been determined
relative to carbon-12:

a. Proton mass equals 1.00727 amu.

b. Neutron mass equals 1.00867 amu.

c. Electron mass equals 0.00055 amu.

C. Adding up the mass of the particles for sF ' would be:I

9.065439 protons a 1.00727 =

10 neutrons x 1.00867 = 10.0867
0.004959 electrona x 0.00055 =

Total calculated mass = 19.15708

IThe charter value for ,F ' is 19.00. The difference
is 0.15708 and is called the mass defect per atom.

D. When an atom is formed from nucleons, a loss of mass
occurs which is related to energy being used by the

z. atom. (Einstein's equation E a mc )

(') a. The energy being used during formation of the
'' atom is the total binding energy.

b. The electron volt (eV) is the unit of energy
used to define binding energy.

c. The range of energies available from practical
radionuclides is a few kev to 3 MeV. Four of
these, and their corresponding gamma ray energies
are:

akt .060 MeVAm =

28'Cs = 0.662 MeV
Co'' = 1.25 MeV (1.17 and 1.33 MeV)zas 1.488 MeVRa =

d. If the total binding energy per atom is divided
by the number of nucleons, the binding energy
per nucleon is obtained:

For ,F ' the binding energy per nucleon is 7.7 MeV.l

One amu = 931.7 Mev.
l .15 708 amu.Mass defect for s F ' =

Binding energy per atom = 931.7 x .15708 =
146.35 MeV.

Binding energy per nucleon = 146.35 + 19 =O 7.7 MeV.

The re fore , it would require 7.7 MeV to remove one
proton or one neutron from the nucleus of ,F ' atom.I

-. . - _ . - _. -_



Page 1-6

1.0.5 Radioactivity h

In principle, protons and neutrons can be brought
together in a great many combinations to form atomic
nuclei. The nuclei representing the majority of these
combinations, however, do not exist; even if they
could be created, they would decay too quickly to be
observed directly. Altogether some 8,000 nuclei are
thought to be capable of surviving long enough so that
they can be said to exist. Of these, about 300 are
stable indefinitely, and are therefore by f ar the most
common nuclei in nature. Another 1,600 nuclei are known
that are not stable but decay by the various processes
grouped under the term radioactivity.

Atoms undergoing spontaneous nuclear transformation emit
radiation of four distinct types and in two distinct
forms (Figure 1-2) :

A. Alpha particles (helium nuclei).

B. Beta particles (electrons or positrons).

C. Neutron (present in all atomic nuclei except
hydrogen).

OD. Gamma rays (high frequency electromagnetic
radiation) photons = bundles of energy.=

E. X-ray electron produced.

Y
Q ^

_ +

Positive
Cha rge

! S
i i Negative
! l Charge

j bdioactive

| source Lead block

!
,

Electrostatic Charge

- , ,

FIGURE l-2
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(~) 1.0.5 Radioactivity - Cont'd.
V

The three ~ types of radioactive emissions 'from a source
are called _ alpha, beta, and gamma. If a magnetic field
is perpendicular to the plane of the paper, the alpha and
beta are bent in opposite directions, showing that they |

.have. opposite charges.(Figure 1-2).
|

A. Alpha particles are composed of two neutrons and
two protons,

a. The alpha particle has'a nuclear mass of
four amu and a nuclear charge of +2.

b. It penetrates 2.5 to 9 cm (0.9 to 3.5
inches) of air; loses kinetic energy;
can no longer ionize.

IB. Beta particles include electrons or positrons
emitted from an excited nucleus.

a. They have a nuclesr charge of 11. Durint
transmutation in the nucleus, a neutron
ejects a (-) beta particle and becomes a
proton.

I

c( f b. It travels 100 times further through air
than alpha particles (8.2 to 29.5 feet).

,

1

C. Gamma radiation is emitted as bundles of- energy
called photons and is a form of electromagnetic
radiation similar to X-ray. Gamma ray emission
results from energy level transitions within a
nucleus.

D. The average range in air of the three types of
radiation varies f rom about five centimeters
for alpha to five meters for beta and several
hundred meters for gamma. |

E. Radioactivity is measured in terms of the rate
at which a quantity of the radionuclide is

; transformed from the parent nuclide to the
daughter nuclide. |

F. The number of disintegrations occurring in a
unit of time is called the "activity" of the
nuclide of a specific nuclide-considered
"quantity".

2

G. The "curie" is the unit for activity and is

() defined as 3.7 x 10 ' disintegrations per3

second.

1

. . _ _ .



..

Pcge 1-8

91.0.5 Radioactivity - Ccnt'd.

H. The curie defines a number of disintegrations per
unit time and not related emissions, which may be
alpha, beta, or gamma (not X because X is gamma
produced by electron impact only.) One curie of
radium does not provide the same radioactive
emission as one curie of some other radioactive i

'material, although both will have the same number
of disintegrations per second. The curie does not
define the nature of the radiation, it simply gives |
the number of disintegrations per second. It is a i

measure of the activity of a radioactive source.

1.0.6 Interaction with Matter

When radiation travels through matter, it can disturb
the balance of the atomic structure through which it
moves. The irradiated material can be either excited
or ionized. The electrons of the irradiated atom are
moved to orbits of higher energy within the atom. The
excited state is unstable, and the atom may regain its
more normal (ground) state by the emission of radiation.

When the orbital electrons of the irradiated atom are
knocked completely out of the atom, this produces an
ionized atom, one with a net positive charge.

Ionization is usually measured in terms of ion pairs
produced. The number of ion pairs prcduced by radia-
tion per unit length of travel in a gitan medium is
defined as specific ionization.

1.0.7 Particulate or Corpuscular Ionization

A. Of all common forms of particulate radiation, the
alpha particle has the highest specific ionization,

j This is due to its double positive charge, large
| mass, and relatively slow velocity.
|

,-?Q y
, A) D ,-

.., .

*

ALPHA PARTICIE

O

_ -- - - - - - - - - - - - - - - - - - - - - _ -
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\-)/ 1.0.7 ' Particulate or Corpuscular Ionization - Cont'd.

B. Since beta particles have the same negative charge
and mass as electrons, they' repel electrons from
atomic orbits. Beta particles possess 1/100 of the
specific ionization of alpha particles.

9
* g/
N'

*
4

e{ $'+ +

[ I\.

BETA PARTICLE

The beta electron also can interact with an atomic
nucleus, the beta electron is slowed, and the elec-
tron emits radiation known as bremsstrahlung (braking
radiation) which is X-ray radiation.

,

C. Neutrons seldom cause ionization directly. Ions are
formed as a result of radiation that is emanated() during a reaction between a neutron and an atomic
nucleus. Neutrons are absorbed by a material in
two more or less distinct stages.

First, the high energy neutrons passing through the
material are slowed by collision with the nuclei.
Since the probability of absorption of neutrons by
most materials is virtually zero at high energies,

! it is only when the neutrons have reached low
i energies that the second stage, capture of the

[ neutrons, can take place.

Once the neutron has been slowed, it will be quickly
.

captured before it has a chance to dif fuse much
further because of the large capture probability for
most elements at low energy. Thus the actual pene-
tration properties of the neutrons 9re really dependent
upon the benavlor of the fast neutrons, and once a
neutron has been slowed, it can essentially be con-
sidered as removed from the beam. Neutrons captured
by material will, in most cases, result in the emis-
sion of high energy secondary gamma rays.

|

O

|

,
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1.0.8 Electromagnetic Ionization

Gamma rays are electromagnetic, have no mass and no
charge. The gamma ray has approximately 1/10,000 of
the ionizing ability of the alpha particle. Inter-
action is in three ways (Figure 1-3) :

A. The photoelectric effect occurs when the entire
energy of a gamma photon is transferred to an
orbital electron of an atom. If this energy
equals or exceeds the binding energy of the
electron to that atom, the electron is ejected
from the atom. If the energy imparted to the
electron is sufficient, it too can cause ioniza-
tion.

B. The Compton effect occurs when the gamma photon
iraparts only part of its energy to an electron
which then becomes a free electron and produces
ionization. Through a series of such actions ,
the gamma photon gives up energy until it under-
goes photoelectric absorption.

C. pair production occurs when a gamma photon of
energy equal to or greater than 1.02 MeV pene-
trates close to a nucleus. The gamma photon is |||
converted into an electron and positron that
combine with other similar particles and anni-
hilate releasing energy in the form of two X-rays.

RELATIVE SPECIFIC IONIZ ATION TABLE

If Alpha (a) = 1.0
Then Beta (B) = 1/100
And Gamma (y) = 1/10,000

If Gamma (y) = 1.0
Then Beta (B) = 100 .

And Alpha (a) = 10,000

FIGU RE l-3

1.0.9 The Electromagnetic Spectrum

Any electromagnetic radiation can be described by
three properties: 1) its wavelength, 2) its frequency,
3) the energy per pnoton of radiation.

O
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1.0.9 The Electromagnetic Spectrum - Cont'd.

Because of the enormous range of the electromagnetic
spectrum, a variety of units has been found useful in
measuring wavelength. In the radio region, the meter
or centimeter is the usual unit. The centimeter is
inconveniently large in the domain of X-rays and gamma
rays, where the Angstrom (A) is customarily used:'lA = 10 8 cm = 10- m. Electromagnetic waves cover a
wide range of wavelengths from electric and radio waves, '

with a wavelength of many meters, up to the extremely I
short wavelength found in cosmic rays, some of which may |
have energies of billions of electron volts (Figure 1-4). |

|
Figure 1-4 shows the wide range of radiation and its

|various wavelengths, frequencies, and photon energies. |

It should be noted that this is a continuous spectrum; |
there are no sharp boundaries between the various
regions; some of the regions overlap.

It should be emphasized that there is no difference
between X-rays and gamma rays; they occupy the same
energy range, and an X-ray photon having a particular
energy would be indistinguishable from a gamma ray

||| ;photon of the same energy. The two names are the re-
sults of the origins of the photons: the term X-ray
refers to the photon produced as a result of electrons
and atomic interaction; the term gamma ray is applied
to photons which originate within the nucleus of the
ator by natural radioactivity.

Gamma rays are pure electromagnetic radiation and do
not contribute to the transmutation of elements, as
do both alpha and beta emissions.

Irradiation of food. In the food industry, radiation
may be used in three ways: (1) To prevent sprouting
of root crops, such as potatoes; (2) to eliminate
insects from grain before storage; and (3) to preserve
food by inhibiting or destroying bacteria and other
microorganisms. The amount of radiation required for

| each of these effects differs greatly. A dose of 1000
to 4000 rads is highly effective as a sprout inhibitor
when applied to onions or r,ctatoes. Grains and cereal,

can be disinfested of insects at 20,000 to 50,000 rads,
and at 50,600 rads it is possible to sterilize the
larvae of insects that lodge inside fruits.

O
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I)~ 1.0.9 The Electromagnetic Spectrum - Cont'd.

Pasteurization doses, generally in the range from 200,000
to 500,000 rads, will prolong shelf. life or storage time.
For example, the refrigerated storage life of fresh fish-
can be extended up to 30 days by such doses. Much higher
doses, between 2 and 4.5 million rads are required for
"sterilization" of foods for long-time storage without
refrigeration. Bacon and other pork products, chicken,
and beef can be prepackaged and irradiated at 4.5 million
rads. These meats are reported to be well preserved
(but not particularly palatable) after a year's storage
at room-temperature following the treatment.

There are, however, problems associated with food
sterilization that have not yet been solved. Chemical
changes may be produced in foods which can result in
unpleasant flavors, loss of color, or change in texture.
For example, lemons become spongy and dairy products
develop an odor.. The latter is probably from peroxides

'

formed in the milk and. butterfat. Cheese is reported
to become rancid faster after treatment. The vitamin
content of some foods may also be decreased.

.

~

1.1.0 Transmutation or Disintegration

As shown in Figure 1-5, radioactivity may result in the
transmutation of elcments from parent to daughter nuclide.
Most natural radioactive elements emit either alpha or
beta rays, although few emit both. Gamma rays may or may
not accompany the alpha or beta emission.

The rate at which one element changes into another is
obviously an important characteristic of the material
and is described in terms of either half-life or decay
constant.

O
'

.
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O
Cobalt-60 (5.26 years)

Beta particle ( G -) emitted
|

|
|
|

| 4 Nickel-60 (excited state) |
Gamma ray |

|

v Nickel-60 (less excited)
Gamma ray

V Nickel-60 (unexcited or ground state)

FIGURE l-5

1.1.1 The Neutron

High-energy neutrons are another type of radiation that has
not yet been discussed.

The neutron is an elementary particle (component of an atom)
that has about the same mass as that of a proton, but no
charge. Lord Rutherford first predicted the existence of
a neutron in 1920. Neutrons can be produced by bombarding
light elements with alpha particles.

The most intense neutron fluxes are produced by nuclear
reactors, or piles. Next come neutrons produced by various
accelerator-induced nuclear reactions. Cyclotrons can
produce intense beams of high-energy particles, but these
have a considerable energy spread, and are accompanied by
strong gamma radiation. Thus cyclotron neutrons are far
from monoenergetic and are contaminated with gamma rays.

Low-intensity sources suitable for many purposes are made by
mixing a radioactive nuclide with a suitable target material.

| Low Z elements, usually beryllium, are favored targets since
j they have a low potential barrier.

22sRa-Be, 2toPo, and 23'Pu are sources for neutron production.
To most fully utilize the short-range alpha particles, finely

f powdered beryllium must be intimately mixed with the active a
material. Compressed discs may have a yield of 1 neutron W
for each 2500 alpha particles.

____-_- __- -- -
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1.1.1 The Neutron - Cont'd.gs

Lv)
A Po-Be source has the advantage of a low gamma-ray
contamination, but decays with the relatively short half
life of zioPa. A Ra-Be source is relatively constant, but
has a strong gamma emission. Pu-Be sources combine the best
features of the previous two but are limited in output by the
low specific activity of assPu.

Neutrons cannot be accelerated like charged particles, but a
beam of high-energy neutrons can be degraded by collision
processes to very low energies. Neutrons can be classified
into various energy ranges (whose boundaries are rather
indistinct) .

High-energy neutrons are usually considered to have energies
greater than 10 McV. Fast neutrons will range from
10 kev to 10 MeV. Intermediate neutrons range from
100 eV to 10 kev and slow neutrons go down to 0.030 ev.
Neutrons just above 1 eV are sometimes called epithermals.

When neutrons lose energy by collision without absorption
they will slow until their mean kinetic energy is equal to
the mean thermal energy of the sorrounding atoms. The
neutrons are then said to be thermal and, by kinetic theory,

(') have E = (1/2) kT.
%J

Neutrons moving through matter behave differently from
charged particles, and their behavior depends strongly on
their energy. When the neutron has an energy of 20 Mev
or more it is capable of disrupting a struck nucleus with
the ejection of a number of particles.

The neutron source most commonly used is a chemical mixture
of americium 241 and beryllium. The americium decays and
emits large quantities of alpha particles. Alpha particles
are double ionized helium nuclei, consisting of two protons
and two neutrons. These alpha particles then collide with
the intermixed beryllium causing the beryllium to emit
medium energy neutrons. The neutron source has a half life
of 458 years, and a neutron flux density of 10 million
neutrons per second.

The principle mechanism by which the neutron loses energy,
is elastic scattering. In an elastic scatter the neutron
collides with a formation nucleus, but no energy is
internally transferred to the nucleus. The only energy
transferred is the kinetic energy (motion) given the
struck nucleus.

O
V
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I1.1.1 The Neutron - Cont'd.

An elastic scattering analogy has often been made using
the collision between a marble and a billiard ball. The i

marble (neutron) bounces off the billiard ball (nucleus) |

trans ferring only a small amount of its one :gy in the l
process.

A noteable exception to this analogy is the element
hydrogen because it has a mass approximately equal to the
mass of the incident neutron. For neutron-hydrogen elastic
collisions, a more reasonable analogy would be the collisioni

f of two marbles. When hydrogen is the struck nt: leus, the
i maximum energy loss, is 100%. Of course, not all neutrons

will lose this maximum amount of energy. On the average,
neutrons will lose about 50% of their energy in each
elastic scatter with hydrogen. The probability, or
cross section, for elastic scatter is appreciable for
hydrogen, across a very broad neutron energy range. It
therefore follows that once neutrons pass below the
threshold for inelastic scatter, the presence of hydrogen
dominates the neutron slowing down process.

| The most important absorption process which terminates the
lives of most source neutrons is the thermal neutron capture
reaction. Principles of this reaction are discussed below. |||The neutrons are eventually slowed down to an average
energy, and most have undergone many collisions and have

| been reduced to about one millionth of one percent of their
original energy. The thermal neutrons continue to

| elastically scatter off of the nuclei and diffuse, with as
j many neutrons gaining kinetic energy as those losing energy

to these nuclei. Eventually each is captured by one of the
nuclei, leaving the nucleus in an excited state. This
excited nucleus, in most cases, almost instantaneously

| emits "capture" gamma radiation, the energy of which is
indicative of the capturing nucleus. The cross sections
for thermal neutron capture, are very strongly dependent
on the nucleus involved. A chlorine nuclcus, for example,
is more than 100,000 times as likely to capture a thermal
neutron as an oxygen nucleus.

In the process of being slowed down to thermal energy and
then diffusing, the neutrons tend to move farther from the
source with each collision, since neutrons lose much more
energy in collisions with hydrogen than in collisions with
other elements, it takes fewer collisions in highly hydro-
geneous f o rmations to slow tne neutrons down than in
non-hydrogeneous formations. The net result of these
e f fects is that the thermal neutron and the secondary
thermal neutron capture gamma ray distribution are formed a
closer to the source in products containing higher W
concentrations of hydrogen.

- _ - _ _ _ _ _
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1.1.1 The Neutron - Cont'd.b
''

Stated alternatively, at a point suf ficiently removed
from the source, products or air with decreased hydrogen
content have increased concentrations of thermal neutron,
capture gamma rays, and epithermal neutrons'(those slowed
down almost to thermal energy, yet energetic enough to

~

avoid capture).

. Neutrons seldom cause ionization directly. Ions are
formed as a result of radiation that is emanated during
a reaction between a neutron and an atomic nucleus.
Neutrons are absorbed by a material in two more or less
distinct stages. First, the high-energy neutrons passing
through the material are slowed down by collision with
the nuclei. Since the probability of absorption of neutrons
by most materials are virtually zero at high energies, it is
only when the neutrons have reached low energies that the
second stage, capture of the neutrons, can take place.
Once the neutron has been slowed down, it will be quickly
captured before it has a chance to diffuse much farther
because of the large capture probability for most elements
at low energy. Thus, the actual penetration properties of
the neutrons are really dependent on the behavior of the
fast neutrons, and once a neutron has been slowed down,
it can essentially be considered as removed from the

f) beam. Neutrons captured by material will, in most cases,
x/ result in the emission of high-energy secondary gamma rays.

Nuclear Reactors

A nuclear reactor or pile contains both readily fissionable
23:2asU and the more abundant isotope, U. Slugs of the

( uranium fuel elements are separated by a moderator, usually
pure carbon in the form of graphite stringers, or

| deuterium, as heavy water. The function of the moderator
is to slow down, or thermalize, without capture, the fast
neutrons produced by assU fission.

A nuclear reactor, like a fission bomb, is an essentially
unstable device. Fortunately, a small fraction of the

| neutrons emitted are delayed sufficiently to permit the
j introduction of mechanically operated control devices.

These control rods consist of an element such as cadmium
or boron with a high cross section for thermal neutron
capture. In normal reactor operation these control rods

,

I are adjusted so that exactly one neutron por fission will
be available to initiate another fission. '

i

! a

i

;

i.
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1.1.1 The Neutron - Cont'd. |h
A variety of reactor designs is availeble for special
applications. For biomedical purposes a reactor may
have a large thermal column, a relatively large volume
consisting only of graphite moderator. Any neutrons
entering this volume will be thermalized before reaching
the center of it. Animals or other test objects can then
be introduced into the center of the thermal column,
where they will be exposed to the thermal-neutron flux
and gamma radiation produced by the fission process and
the decay of the fission products.

Large quantities of heat are generated by the fission
process; it is usually removed by air or water cooling.
In a power reactor, steam may be generated and delivered
to turbines or other prime movers. The efficiency of
heat engines goes up with the operating temperature and
reactor cooling water may be replaced by a liquid metal.
Even at the best efficiency attained, however, nuclear
energy cannot at present compete economically with
fossil fuels in the United States.

Artificial Radioisotope production

The high neutron fluxes available in nuclear reactors
permit the large-scale production of radioactive isotopes.
Stable elements placed in the thermal column may absorb
neutrons. In most cases the product nuclide is radio-
active.

Neutron Therapy

As the physical properties of neutrons became known it
was natural to hope that their unique properties would
be of value in radiation therapy. Dr. R.S. Stone, the
first to use cyclotron neutrons in a group of cancer
patients, used a Victoreen 100 thimble chamber and
called its readings "n units" instead of roentgens.
The results of animal experiments and theoretical
considerations suggested that 1 n unit was equivalent
to 2.5 R and treatment was given accordingly. The

; neoplactic tissue responded to neutrons as to other
forms of penetrating radiation, but delayed, untoward
reactions ensued and the overall results were not '

encouraging.

Technical advances in the techniques of neutron
measurement continued, and in 1952 a detailed
analysis of the problem was reported. Unfortunately,
the :2E of neutrons depends upon the size of the animal
being irradiated, as well as upon the characteristics
of the neutron bean and the effect being measured.
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Because_of this complication, extrapolation of values from
small animals to man is uncertain. It should be pointed
out that pure neutron irradiations cannot be achieved.
Radiative. capture reactions are inevitable in any tissue,
so any neutron flux will be accompanied by an appreciable
gamma-ray component.

Some unfortunate human overexposures have emphasized the
outstanding ability of neutrons to produce lens opacities.

A new approach to the therapeutic use of neutrons is yet to
be evaluated. In this technique an element with a high
capture cross section is administered in a form expected _to
concentrate in malignant tissue. A subsequent slow neutron
irradiation should release charged particles to produce
localized tissue destruction.

h

.
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: ((_/ 2.0.0 DETECTION OF RADIATION

,

i

.

Outline: *

1. Vocabulary-

2. Basic Detector Jircuits

3. Ionization Chambers

4. _ Proportional Detectors

5. Geiger-Mueller. Detectors

6. Scintillation Detectors

7. Neutron Detection

2.0.1 Vocabulary |

Biological Effects Ionization

Calorimetry Luminescence .

.

(
Photography

Since we cannot see a moving subatomic particle, it
must "do" something before we know it is there.
Radiation energy can be measured only by some effect

,

caused by the radiation. These effects include: '

A. Photography - blackening of film; historically
significant (how radioactivity was discovered) ,
covered in Section 3 : "Dosimetry - Personnel
Monito ring" .

| B. Ionization - the most common technique; based
' on the ion chamber; most ef fective for alpha;

least ef fective for gamma; relative ionizationj
effectiveness, based on gamma = 1, is:,

10,000 = Alpha [
100 = Beta

1 = Gamma ,

i

'
!

'

:
,
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2.0.1 Vocabulary - Cont'd.

C. Luminescence - the second most common technique.
The florescent ef fect is the basis of the scintil-
lation counter; zinc sulfide or organic crystal
is flourescent when struck by alpha, beta, or
gamma rays of sufficient energy. Thermoluminescent
Dosimeters (TLD) will be covered in Section 3:
"Dosimetry - Personnel Monitoring".

D. Calorimetry - any energy can be measured by its
effect of raising the temperature of the body that
absorbs that energy. Calorimetry is the most
direct but most difficult of measurement techniques
because even large doses of radiation produce only
small temperature rises.

E. Biological Ef fects - the destruction of or damage
to living tissue (bacteria, f ruit-fly eggs) is
still used as a crude indicator of radiation.

2.0.2 Basic Detector Circuits

|||A. When a potential difference exists across two
parallel plates and ionization occurs between
tham, the ions travel to the terminal having an
opposite charge. Collection of the charge
particles at the plates produces a flow of
current through a load resistor and produces a
voltage signal across that resistor.

B. As shown in Figure 2-1, the circuit can be used
either as a charge detector or ao a current
detector. In the former case, a capacitor across
the electrodes is charged by the ions in the
chamber; this charge is then measured. In the
latter case, a resistor is used instead of the
capacitor, and the current resulting from ions
in the chamber is measured. The totalized charge
on the capacitor is a measurement of dose intensity.
Measurement of current is a measure of dose intensity
rate.

C. The parallel plates, together with the load resistor,
cause a resistance capacitance (RC) voltage pulse.

O
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Gas atoms are ionized by radiation. The resulting current isi

| directly related to the strength of radiation.
|

| FIGURE 2-1
|

2.0.2 Basic Detector Circuits - Cont'd.

a. Amplification in a detector is called gas
amplification. Because of their size and
complexity, standard air chambers are not
used.

:
'

O

1 ..
|
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2.0.2 Basic' Detector Circuits - Cont'd.

b. Gas amplification factor (A) is equal to the
number of electrons collected, divided by the
number of primary ionizations.- The chamber
shown in Figure 2-1 is simply an enclosed
volume of gas with a collecting electrode
mounted on an insulator. When a-high voltage
is applied to this electrode, ions formed in
the gaseous volume by radiation will be
attracted to the electrode.

D. Detector tubes have a very small diameter central
wire.

a. Strengthening of the electric field near the
central wire aids the avalanche effect.

b. An instrument using .001 inch central wire
has most of the avalanche effect occurring
within .0005 inch of the wire.

E. As detector voltage increases, avalanche electrons
obtain enough energy to penetrate outer electron
shells and excite inner shell electrons.

'' a. When an inner shell electron is excited so
that it can escape from the atom, an outer
shell electron will fall frem its orbit to
fill the vacancy.

b. This results in the emission of an X-ray which,
in turn, causes ionization by interaction with
other atoms.

i c. When inner shell electrons are excited, they
l also yield X-ray upon de-excitatien.

! F. Incoming radiation ionizes gas in the gas-filled
' tube. The ions produced are collected at the

electrodes. A negative ion collected on the anode
causes the meter to deflect (Figu'e 2-3)._

G. In region I some ions recombine. As the voltage
increases, the drif t velocity of ions increases
and recombination decreases. At saturation volt-
age, or the end of region I, the recombination is
at a minimum.

O

1
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.0.2 Basic Detector Circuits - Cont 'd.2

H. R*gion II is called the ionization region and
extends over a few hundred volts. In thTs
regica, all ion pairs are collected. The
voltage range is normally about 100 to 300
volts.

I. Region III is the proportional region. Here
the primary ions acquire enough energy from

i the voltage to cause secondary ionization (gas
I amplification) and increase the charge collected.

The secondary ionization may cause further

| ionization. In this region there is a linear
relationship between number of ion pairs collected'

and voltage.

J. In region IV no linear relationship exists between
ions collected and primary ions. An avalanche of
ions starts and increases as voltage increases.

K. In region V there is a complete discharge in the
vicinity of the central wire. This region is
called the Geiger-Muller ( G-M) region. The com-
plete discharge is independent of the initial

() ionizing radiation and an avalanche of electrons
develops all over the central wire and in the gas.
The beginning of the Geiger-Muller region, or
region V, is called the threshold voltage. Here
the number of ion pairs levels off and remains
relatively independent of the applied voltage.
This leveling-off is called the Geiger plateau.

L. The plateau extends over a region of 200 to 300
volts; the threshold is normally about 1000 volts.
The operating voltage of the tube is normally about
1200 volts. It should be remembered that the
ionization in this region is independent of the
nature and energy of the original radiation. An
increase in voltage about the G-M region produces
a continuous discharge in the tube and will very
quickly destroy the tube.

M. Th f Trent methods of detecting radiation (ion,

ch, * G-M counters, etc.) depend upon the
vai, t ehav,or of the ions produced by radiation
in t. r passaya through the tube. Thus, one type

O .

_ - - - - - - - - - - - - - - - - __
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2.0.2 Basic Detector Circuits - Cont'd.

of detector may have advantages over another in
certain applications (i.e., proportional counters
as neutron counters, Geiger tubes for small
specific ionization).

N. Alpha particles are detectable in all three useable
regions, but the proportional is preferred.

O. Beta pulses become detectable at the higher volt-
ages of the proportional regions.

P. Gamma pulses are detectable only in the G-M region
and give the sans pulse height as alpha and beta
particles since any ionization in the chamter will
completely saturate the tube.

2.0.3 Ionization Chambers

A. An ion chanher can be used as either a pulse or a rate
type detector,

a. In pulse operation, the output of the chamber ||h
is indicated as a series of signals (usually
voltage) separated in time,

b. In rate operation, no attempt is made to re-
solve individual action. Instead, the output
is the time average of many interactions.

B. Measuring the output current of the ion chamber is
an example of a mean level system. When the total
dose measured is averaged over the time interval of
measurement, the electrostatic or self-reading pocket
dosimeter (covered in Section 3 : " Dosimet r y -
Personnel Monitoring") becomes an example of a mean-
level type ionization detector.

C. Operating voltage varies with detector geometry and
sensing gas and is generally below 500 volts. Pulse
width ranges f rom 10 to 50 microseconds. If there is
a pulse width of 5 microseconds and the radiation
particles enter more rapidly than one every 5 micro-
seconds, the instrument will not give a proper indica-
tion of the pulse rate. The pulses pile up and look
like a single pulse to the instrument.

O
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('_)j 2.0.3 Ionization Chambers - Cont'd.

D. With an integrating ion chamber, the pulse width is
purposely increased by several magnitudes. The
pulses keep adding up until a point is reached where
the stream of ions keep the pulse level constant.
To evaluate the reading, the current through the
load resistor is measured.

E. The integrating ion chamber will indicate dose rate
directly for beta and gamma, giving an indication of
the number of particles per unit of time.

2.0.4 Proportional De tecto rs

A. Gas amplification occurs in the proportional region
giving a large pulse.

B. This instrument has a recovery time (pulse width) in
the vicinity of 10-' seccnds. Typical operating volt-
age ranges from 300 to 2600 volts. The gas amplifica-

2 and 10".tion factor is between 10

(~)' C. Voltage is plotted against meter readings to pick a
\- good operating level for a specific instrument in a

like manner.

a. A radioactive source is placed under the probe;
the high voltage is adjusted and readings at
various voltages are recorded on graph paper,

b. A curve ia produced that will define a small
plateau. This plateau will vary from tens of
volts to a few hundreds of volts wide.

c. The instrument voltage is adjusted for the middle
of the plateau, so that variations in the detector
voltage will give no change in the counts indiceted.

d. The lower third portion of the plateau is used when
high energy beta may be encountered.

2.0.5 Geiger-Muller Detectors

The Geiger-Muller ( G- M) counter has been the most widely
used detector. It has been popular because: 1) it is
highly sensitive to even the smallest radiation, 2) it

_- _---_--------- - -- ---- --------------- _ ----- -- _ - _
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2.0.5 Geiger-Muller Detectors - Cont'd.

can be used with many different types of radiation, 3)
it has a very high voltage pulse output, 4) its cost is
reasonable.

A. The G-M detector is frequently used as a pulse-type
detector. G-M detectors have a gas amplification
factor of approximately 10 8

B. The voltage pulse height across the load resistor
will be the same for any volume or number of ioni-
zations. The re fore , the reading obtained is approxi-
mately the same as a dose rate. The time requi re d
for an avalanche to go from initial ionization to
final collection is about 10-' seconds. A period of
10-1 seconds is required for the positive ions to
travel to the cathode and be neutralized. This pro-
duces a positive ion sheath that will be moving to
the outer wall after the electrons have been collected.

C. Additional electrons will not be able to penetrate
the positive ion shesth until the sheath is a certain
distance from the anode. This distance is called the
critical radius. The time it takes a positive ion
sheath to move te the critical radius is known as
dead time.

D. The time required for a positive ion sheath to move
from the critical radius to the cathode wall is called
re co ve ry time .

E. Radiation will not be detected if it enters the probe
during dead time. Radiation entering the probe during
recovery time will be detected, but will produce a
smaller pulse than normal. If a G-M detector is used
in a very high radiation field, only one pulse would
be recorded between successive dead times. Due to an
intense radiation field, the tube may not be able to
recover at all, producing a zero reading on the meter.

F. When a positive ion sheath is neutralized at the
cathode, X-rays are released which are of sufficient
energy to cause ionization.

G. If an instrument were allowed to retrigger once a
pulse was f o rme d , it would retrigger indefinitely.

O
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) 2.0.5 Geiger-Muller Detectors - Cont'd.

H.- Quenching is the term applied to measures that
prevent retriggering. Quenching may be provided
by: 1) lowering the tube voltage for a few
microseconds (external quenching), 2) intro-
ducing an organic gas into the tube, 3) intro-
ducing a halogen gas. External quenching is very
seldom used. The + ions transfer their energy to
quench gas molecules and when the gas molecules
reach the cathode, they dissociate rather than
produce an electron.

Alcohol quenched tubes have a lifetime of about
1'

'; 10 events, while halogen ions recombine there-
by extending the lifetime of the tube almost
inde finitely. The gas is generally about 90
percent argon at a total pressure of 10 cm Hg.

2.0.6 Scintillation Detectors

A. Certain crystalline solids and organic liquids
will absorb energy from radiation and emit a

() photon pulse of light in the visible or ultra-
violet region.

B. Approximately one-half of the energy absorbed
,

will be emitted in the form of light. "

C. A typical crystal has a de-excitation time of
10-8 seconds which gives a counting rate of 10 3'

pulses per second.
.

D. Addition of certain materials to the scintillat-
ing phosphors allows better ef ficiency. This is
known as activation.

,

E. When organic liquids are used, the de-excitation
time is relatively short in comparison to inorganic
liquids. More interaction from gamma is encountered
with organic liquids due to photoelectric effect.

F. Liquid scintillators allow a sample to be placed
within the liquid so that energy given off in any
direction can be detected.

O
4
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|||2.0.6 Scintillation Detectors - Cont'd,

G. The photomultiplier tube has a photocathode similar
to a photocell (Figure 2-4).

a. The photocathode is followed by a dynode which
is positive in relation to the photocathode,

b. Electrons given off f rom the photocathods are
attracted to the dynode. Each electron strik-
ing the dynode causes several electrons to be
given off,

c. A second dynode will be more positive in rela-
tion to the first.

d. The electrons freed will be accelerated to the
second dynode. Each electron will, in turn,
release several other electrons.

e. All of the electrons are finally collected at
the end of the photomultiplier tube. This can
be seen as a voltage pulse and the instrument
counts the pulse rate.

~

ovnodes
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FIGURE 2-4

2.0.7 Neutron Detection

A. Methods of detection vary according to neutron energy.
Slow neutrons are detected by nuclear reactions with
either boron-10 or with material which has a high
cross-section for fission with low neutron energies.

a. The boron chamber consists o f a small cylinder
containing BF 3 gas or boron-10 in solid form.

b. This detector functions as a proportional counter
to detect the alpha particles released from the
![ B (n, -+ a ) | Li reaction. O
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() 2.0.7 Neutron Detection - Cont'd.;

B .' . Fission chambers are~ constructed similarly to
boron chambers,

2asa. For slow neutron detection, enriched U
is used to line the chamber wall.

t

b. For detecting fast neutrons, the chamber
is lined with U288

'I
c. Pulse counting ion-chambers or proportional

detectors are used with fission chambers.

C. Scintillation detectors- are also used for neutron
detection.

a. The energy of the neutrons detected is a
function of-the scintillation crystal used.

.

b. The crystal is impregnated with a material
which gives off ionizing radiation when

; bombarded by neutrons.
.

c. The crystal may be either solid or liquid

() in form.
'

;

' D. A neutron chamber's ef fectiveness is increased
when it is surrounded by a moderator.

a. To discriminate neutrons with dif ferent ,

energies, the moderator is surrounded with
a material such a~ cadmium, which captures,

' thermal and slow neutrons.

b. Slow or fast neutrons can be detected by
using a moderator with a cadmium shield in ;

conj unction with the boron chamber. ;

!

t

t
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3.0.0 DOSIMETRY - PERSONNEL MONITORING

This section will give background information on Dosimetry
-procedures, Dosimetry devices, and hazard control.

Outline:

1. Determination of Exposure

2. Film Dosimeters

3. Criticality Dosimeters

4. Thermoluminescent Dosimeters (TLD)

5. Self-Reading Pocket Dosimeters

6. Exposure Control

3.0.1 Determination of Exposure

A. Gamma exposures are determined primarily through
the use of film packets which are exchanged peri-
odically or when personnel exit from possible

('T exposure areas. Other dosimeters include pocket'

'~' ionization chambers, thermoluminescent dosimeters ,
and, rarely, chemical dosimeters.

B. Beta exposures are usually evaluated through the
use of a film badge covered with various filters
which categorize the energies of the incident
radiation. Gamma exposure densities are subtracted
from the beta plus gamma exposure densities to cal-
culate the beta dose.

C. Neutron film packets are used by persons working
in the vicinity of nuclear reactors or neutron
sources. Thermal neutron pocket chambers are
issued in some areas.

D. Radiation dose caused by internal deposition of
radionuclides is determined through biological
analysis or by whole body counting techniques.

E. Records are maintained of measured radiation doses
both for exposure control and for legal purposes.

F. The standard man is used to establish permissible
internal deposition guides.

O
.
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3.0.1 Determination of Exposure - Cont'd.

G. In emergency situations, appropriate dosimetric
devices may not be available and dose estimates
may have to be made for individuals and/or the
population from exposure measurements.

3.0.2 Film Dosimeters

A. A film badge packet is used' to determine external
radiation exposure. The developed film is both a
measuring device and a permanent legal record,

a. The film packet consists of one or more
dosimetry films similar to dental X-ray
film,

b. The type or number of film used is de-
pendent upon the range desired.

B. Gamma photons react with the filtering material
to produce secondary electrons which af fect the
film emulsions, just as light photons cause
changes in film emulsion. |||

C. The filter material is selected and used in the
particular quantity necessary to assure uniform
film emulsion exposure response over the usual
wide gamma energy range.

D. Calibration of gamma film packets is performed
by exposing representative film from each batch
to known amounts of radiation, by using a cali-
brated gamma radiation source.

a. Films which are not exposed to the radiation
of interest are also included in the cali-
bration procedure as control film.

b. After development, the dencity of the con-
trol film is set at zero on a densitometer,

c. Densities of the exposed film are measured
in net optical density (NOD) units. Known
radiation exposure versus NOD is plotted on
a calibration graph for each batch of film.
These curves are used to determine radiation
exposures received by personnel wearing film
from the same batch.
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(f 3.0.2 Film Dosimeters - Cont'd.

E. Processing of' film includes developing, rinsing,
fixing,-washing, and drying.

a. Both unexposed control film and exposed
film standards are processed with each
group of personnel film to assure that
background radiation densities (base fog)
and calibration standard densities are
correct after the film processing.

F. Films exhibiting unusual densities are examined
to assure that the exposures. are valid and not
caused by such things as heat, light, and pres-
sure damage.

G. Beta exposures are usually determined with the
same film used for gamma exposure,

a. Since beta will not penetrate appreciable
. thicknesses of material, the beta detec-
tion area of the film should not be covered
with thick material.

O b. The density contributed by'any gamma ex-
- posure should be subtracted from the beta

plus gamma density to determine beta
exposure,

c. Calibration for beta exposure densities is
performed similarly to gamma exposure by
the more uniform beta density and dose re-
sponse.

H. Measurements of small neutron exposures are com-
plicated because neutron reactions vary with energy,

a. Elastic collision of a fast neutron with a
hydrogen atom in special film emulsions
causes a proton recoil ionization track
which can be observed microscopically.
Tracks per unit and area per unit resulting
doses can then be extrapolated,

b. These special film emulsions, when exposed
to other radiations, may exhibit sufficient
density to obscure the proton recoil tracks.
Therefore, the film is usually shielded with
copper and lead to decrease densities caused

O
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3.0.2 Film Dosimeters - Cont' d.

by other radiation and increase film offi-
ciency for fast neutron radiation detection.
The special emulsions used in neutron moni-
toring film depend only on highly hydrogenous
materials surrounding the film to produce
tracks from protons released as secondary
radiation.

c. Thermal neutron exposures are sometimes
measured by using cadmium filters over
gamma film by comparison with an area
which is not shielded with Cd.

d. Also used are thermal neutron pocket chambers.

3.0.3 criticality Dosimeters
|

A. In areas of possible criticality accidents, methods
for measuring very large radiation exposures must
be provided. It is important to determine the
neutron energy spectrum which existed during a
criticality accident. This is usually accomplished ||)by using several dif ferent elements which have high
cross sections for neutron capture at dif ferent
neutron energies. Common elements used in such
criticality dosimeters are gold, sulfur, copper,
silver, and indium.

B. The chemical elements in the bodies of personnel
exposed to large amounts of neutron radiation may
be used to estimate exposure by neutron activation
analysis. Blood and hair analyses are most commonly
used.

c. High gamma radiation doses can result from a criti-
cality accident, and be above the range of gamma
film measurement limits. Glass rod dosimetry is
used for this purpose.

3.0.4 Thermoluminescent Dosimeters (TLD)

A. TLD have resulted f rom recent developments in solid
state physics.

9

-
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j 3.0.4 Thermoluminescent Dosimeters (TLD) - Cont'd.

a. Examples of materials used are LiF, CaF2,
Li2, BSO7, CaS05 having impurities such as
Mn or Dy added as activators.

b. Incident radiation causes orbital electrons
to be raised to higher energy levels. Read-
out is performed by heating and measuring the
light photons released which are proportional
to the amount of incident radiation.

B. Advantages of TLD over film:

a. May be used in many forms, i.e., powder,
extruded shapes, impregnated into holding
materials such as Teflon.

b. TLD's can detect gamma, beta, and slow
neutrons.

c. Relatively insensitive to environmental
aging caused by heat, light, and moisture,

d. Long "shelf life".

p'w/
e. Capable of recording into the kiloroentgen'

range.

3.0.5 Self-Reading Pocket Dosimeters

A. For immediate indication of dose received by exposed
personnel, self-reading pocket dosimeters are used
(Figure 3-1).

a. A self-reading pocket dosimeter consists
of a small air-filled chamber in which a
quartz fiber electrometer is suspended.
A small microscope and a graduated scale
across which the shadow of the quartz fiber
moves, indicates the applied dose.

b. The design and operation of a self-reading
dosimeter utilizes the principle of dis-
charging a pair of oppositely charged sur-
faces when the air between them is exposed
to ionizing radiation.

A
LJ"
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3.0.5 Self-Reading Pocket Dosimeters - Cont'd.

c. The migration of the negative particles to
the electrometer reduces the positive charge
between the f rame and quartz fiber of the
electrometer permitting the fiber to move
closer to the frame which, in turn, causas
the shadow of the fiber to move across the
calibrated scale.

d. Self-reading pocket dosimeters are available
in many ranges of gamma doses from 0 to 200
mR to 0 to 1000 R. Appropriate scale mark-
ings are provided with each dose range,

e. The dosimeter charger is a small battery
operated power supply designed to impress
a DC voltage on a charging electrode of a
dosimeter. Pressing the dosimeter into
the well serves two purposes :

1) with a slight amount of pressure, the
switch is activated which turns on a
light in the charger so that the shadow
of the fiber of the electrometer may be gseen.

2) with increased pressure, the charging
switch is also closed in the dosimeter
so that an electrical connection is made
between the charging circuit and the
electrode,

f. While holding the dosimeter firmly in the well,
an adjusting knob is rotated until the hairline
is on zero. It may be necessary to attempt the
charging procedure several times to accomplish
a zero setting when the dosimeter is removed
f rom the charging well; however, it is not
necessary to have an exactly zerced setting
since the exposure obtained can be determined
by subtracting the initial reading from the
final reading,

g. Self-reading dosimeters should be worn on the
upper front part of the body:

1) generally two are worn at the same time,
one of higher range than the other.

O
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~l 3.0.5 Self-Reading Pocket Dosimeters - Cont'd.r

2) this serves two purposes: each dosimeter
is a check against the other; by wearing
dosimeters of different ranges, the total
possible range covered is increased,

h. Self-reading dosimeters are quite rugged and
durable. However, they can be affected by
shock if they are dropped.

1) the gamma dosimeter is insensitive to
beta and neutron radiations. The re fore ,

total dose estimates must consider the
dosimeter measurements and also measure-
ments taken with beta radiation sensitive
portable dose rate instruments,

m_ m.
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POCKET DOSIMETER

Pocket dosimeter, direct-reading type:

1. Microscope
2. Scale
3. Ionization Chamber
4. Quartz-Fiber Electrometer
5. Capacitor
6. Charging Switch
7. Enlarged View of Scale
8. Fiber Indicator

FIGURE 3-1
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3.0.6 Exposure Control

A. Monitoring of radiation exposure areas with portable
dose rate instrumentation allows prediction of ex-
posures that will be received by personnel working
in the areas.

B. Self-reading pocket dosimeters should be worn by
personnel who expect to receive exposures. In this
way, accu;nulated exposures can be obtained while they
are being received and personnel can leave exposure
areas when they reach any established exposure limit.

C. Since gamma film packets are considered as a legal
exposure record, it is necessary for the results of
film processing to be transmitted to the control
location as rapidly as possible when exposures are
of a magnitude that could cause personnel to exceed
established exposure guides.

D. Personnel dosimetry is valuable as an exposure control
mechanism and has an equally valuable function in the
measurement and documentation of exposures which have
been received by personnel. Dosimetry is an aid to ex-
posure control, but it is secondary to sound exposure
preventive measures. |||

.
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4.0.0- RADIATION SAFETY

Outline:

1. Vocabulary.

2. Introduction

3. Radiation Dose Limits

4. Additional Precautions

5.- Basic Nuclear Phenomena

6. Effects of Radiation

7. Field Intensity Calculation

4.0.1 Vocabulary

Curie

Dose Linear Ion Density or

O Specific Ionization
Dose Rate

Rad
Half Life

Rem
Half Value Layer

Roentgen (R)

4.0.2 Introduction

A. The best way to avoid becomming a weekend traffic
statistic is to stay off the highways. With
radiation too, the best policy is avoidance.
Radiation energy is harmful to the human body
when absorbed at an excessive rate. For example,
a glowing incandescent lamp cannot be held in
the hand without severe discomfort or a painful
burn resulting. The hand can be held close to
the lamp for seconds, at a few inches for a few
hours, or several feet away continuously. By
use of an insulating jacket about the lamp or
with an insulated glove, the lamp could be held
indefinitely without discomfort or injury.

O
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4.0.2 Introduction - Cont'd. ||h
B. Radioactive energy and radiation is analogous

to light energy and radiation with a radioactive
source taking the place of the incandescent lamp,
permissible human exposure to radioactive sources
is dependent upon:

a. The number of millicuries of radioactive
material in the source (similar to wattage
rating of l amp) .

b. Distance from the source,

c. Time or duration of exposure.

d. Amount of absorber between source and body.

e. Amount and portion of the body receiving
the radiation.

f. Age of person,

g. Type of radiation.

gggC. The term "milliroentgen per hour", abbreviated
mr/hr, is a measure of the radiation field in-
tensity in air. When radiation is absorbed by
the body, the term "rem" or "millirem" (0.001
rem, abbreviated mrem) is used. This distinc-
tion is necessary because not all radiation
af fects the body in the same manner. For gamma
radiation, the millirem is equal to the milli-
roentgen.

4.0.3 Radiation Dose Limits

The Nuclear Regulatory Commission limits the amount
of radiation which a person could receive to 1.25 rem
per calendar quarter (20.101a). This is an average of
about 100 mrem per week.

A. The 1.25 rem per calendar quarter limitation is a
dose at which there is no known possibility af in-
jury. However, since the use of gamma radiation
is relatively new, the history of injury is not
complete. Thus, it is wise to receive as little
radiation as possible.

O

i
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O RAolar108 >R0rScr10x Cu1oEs

Type of Exposure- Condition Dose (rem)

. Radiation worker:<

(a) Whole body,' head and trunk, Accumulated dose 5 times number of years '

. active blood-forming organs, beyond age 13
gonads, or lens of eye 13 weeks 1.25

(b) Skin of whole body and Year 30
thyroid 13 weeks _7.5

(c) Hands and forearms, feet Year 75
and ankles 13 weeks 18.75

Population:

(a) Individual Year 0.5
(whole body) f

(b) Average 30 years 5 ;

(gonads)
,

, :
: NOTE: See FRC Report No.1, May 1960, for details.

FIGURE 4-1-

!
,

i

NATURAL BACKGROUND RADIATION
1 Dose rate !'

Type Source mrad / year Varies with

I
: External Cosmic rays 30 - 60 Latitude & altitude
| Soil potassium-40 30 - 100 Location (mineral

thorium, uranium deposits), dwelling :i

,4 (least in tents, |.
greatest in stone

i buildings) |
i

'

! Internal Thorium, uranium 40 - 400 Location & water
and daughters supply j

,
Potassium-40 20 Not very variable {

! Carbon-14 2 Not very variable ;
Tritium 2 Not very variable i

'

t

f| TOTAL 100 - 600

i i
FIGURE 4-2 ;

.

i

?

|
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4.0.3 Radiation Dose Limits - Cont 'd. h

B. To guard against possible over-exposure and to
maintain a record of personnel routinely exposed
to radiation, the NRC requires personnel monitor-
ing of persons who are exposed to a radiation field
greater than 100 mr/hr (20.202b3).

C. Personnel monitoring devices, such as film badges
or dosimeters, are required when personnel can
receive a dose in excess of 312 mrem per quarter
(20,202al). For persons under 18 years of age,
the dose is 51 of adult dosage per quarter. (20.202a2).

D. When personnel monitoring is required, a record
must be kept showing the dose received. When
records are kept, and if the employee requests it,
the employer must furnish a written report of
radiation exposure annually (19.13b) and upon
termination of employment (19.13 c) .

E. For all Kay-Ray installations, the source is con-
tained in a lead-filled source holder with an OFF
(store) and an ON (measure) position. When the
source holder is mounted on the pipe or vessel and
turned to the ON position, the pipe walls and the |||mounting brackets absorb most of the radiation.
The maximum allowed field intensity is 5 mr/hr at
a distance of 12 inches f rom any surface of the
gauge (20.204a).

F. Long experience with hundreds of gauges where the
source is contained in a source holder, indicates
that the dose received by the operators, maintenance
personnel, and supervisors is less than an average
of 0.2 mrem per week. Thus, for gauges where the
source is contained in a source holder, it is
usually unnecessary to provide any personnel with
monitors. Since monitors are not required,
obviously no written records must be kept.

G. Although the rad is a most useful unit, it is found
that in biological systems, the degree of damage
produced by a given dose depends upon many factors
including the type of radiation and how the radia-
tion is distributed. To take this difference into
account when adding the absorbed dose of dif ferent
radiation, we must multiply the absorbed dose of
each type of radiation by a quality factor (OF)

I

|||
l
|

.
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* (-) 4.0.3 Radiation Dose Limits - Cont' d.

which reflects the ability of the particular type
of radiation to cause damage. The quantity obtained
when the absorbed dose in rads is multiplied by a
quality factor is known as the dose equivalent, or
rem (rems = rads x Quality Factc ).
a. Quality Factor Values:

Gamma rays from radium in
equilibrium (0. 5 mm)
platinum filter 1

X- rays 1

Beta rays and electrons;
>0.03 MeV 1

Beta rays and electrons;
<0.03 MeV 1.7

Thermal or slow neutrons 3

Fast neutrons 10g3
O

Protons 10

Alpha rays 10

Heavy ions 20

4.0.4 Additional Precautions

A. A radiation protection program has two facets:
the continuous protection evaluation of exposure
and the reduction of exposure by any applicable
control measure. The fact that all exposures
are maintained below maximum permissible levels
is an indication that the control procedures are
work ing , but since any unnecessary exposure is
unwise, the possibility of maintaining values as
low as possible should continuously be kept in
mind.

B. Additional precautions are required when a gauge
is used on a vessel large enough to permit entry
of personnel. With the source holder in the open

() position, the radiation field intensity inside the
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4.0.4 Additional Precautions - Cont'd. h

vessel can be high. A procedure must be established so
that personnel cannot enter the vessel until the source
holder is in the closed position or the source is removed
from the source well. The use of padlocks on all man-way
and access port covers is acceptable. The key or
combination for the lock should be kept by the person
responsible for radiation safety (20.203c2).

4.0.5 Basic Nuclear Phenomena

Radiation definition: the emission or propagation of
energy through space or material. In nuclear radiation,
this energy is caused by the rearrangement of protons
and neutrons within the nuclei of stable atoms. Radia-
tion is present everywhere: in the air (cosmic radiation),
X-ray at the dentist's office (20 mrem for each dental
X-ray taken), and from your own television set at home
(1 mrem for each hour viewed from black and white, 2 mrem
for each hour viewed from color), even people packed in a
crowd (2 mrem per year) .

A. Radiation vs Time.

B. Radiation vs Decay or Disintegration. Common modes
of decay:

a. Alpha particles.

b. Beta particles,

c. Gamma emissions.
1

d. Spontaneous fission.

Review paragraph 1.1.0. See Figure 4-4.
|

C. Time required for product to decay to one-half of its'

value (half life of material = T ).
a. Radium-226 = 1,602 years.

b. Cesium-137 = 30 years.

c. AmBe-241 450 years,=

d. Cobalt-60 5.26 years.=

Example: A 100 mci Cesium-137 source today will become g
a 50 mci Cesium-137 source in 30 years, y

D. Radiation vs Shielding. The following table summarizes
the shielding materials which should be used with each

type of source material.

1
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] 4.0.5. Basic Nuclear Phenomena - Cont'd.

Type of Source Shielding Material

Neutron Between 15 to 30 cm of water,
wax, or polyethylene followed by
1 mm cadmium sheet or 1 cm of
boron. When boron is used it
is normal to mix boric oxide
into the wax or water.

Gamma, Lead. The thickness of lead
bremsstrahlung depends upon how active the

source is and the energy of
the radiation emitted by the
source.

Electron capture These are best regarded as
and B+ sources gamma sources.

B- sources Usually 1 cm of Perspex is
used as the shield followed
by 1 mm of lead. The lead
is used to shield the brems-
strahlung emitted as the beta

_ particle is slowed. For low-

|||() activity sources, where little
'- bremsstrahlung is produced,

the lead may not be required.

E. Alpha particles are so easily stopped t. tat they
never present a shielding problem. A thin piece
of paper is sufficient to stop most alpha parti-
cles. Because of their short range, alpha parti-
cles cannot penetrate the dead layer of skin
surrounding the body, although they would enter
the eyes. It is the very short-range particles
which make scaled sources the least hazardous to
handle. If an alpha source is more than 5 cm from
the body, the alpha particles will be stopped be-
fore they reach the body.

F. Beta particles are more penetrating than alpha
particles. Beta particles will not be stopped by
normal clothing, nor will they be stopped by the
dead layer of skin surrounding the body. They can
penetrate up to 3 meters of air. Hence, shielding
mus t be used with beta sources. When a beta parti-
cle is slowed, it emits bremsstrahlung and since the
production of bremsstrahlung is much reduced in

s

-<%.
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) 4.0.5. Basic Nuclear Phenomena - Cont'd. Ih
materials of low mass numbers, it is customary to
use Perspex or aluminum when shielding beta sources;
1 cm of material is sufficient. If necessary, this
can also be clad with thin lead (1 mm) to shield the
bremsstrahlung.

G. It is a fact that beta sources are easily shielded
and that at a distance in air greater than 3 meters,
the beta particles will not reach the individual.
The.t makes sealed sources less hazardous to handle
than gamma sources.

H. Gamma sources are shielded using lead. The thick-
ness of lead required depends on both the energy of
the gamma radiation emitted by the source and on the
activity of the source. For highly active sources
emitting high energy gamma rays, as much as 20 cm of
lead may be required.

It is the difficulty in shielding gamma sources which
makes them the most hazardous to handle. We cannot
rely on small amounts of air between us and the source
or on our clothing to shield us.

'u/ I. The shielding used with B+ sources or electron capture
sources is the same as for gamma sources.

J. Half-value thickness is that thickness of a material
necessary to reduce incident radiation by 50%.

Examples are: Cs 137 Co 60

2Water (H O) 3.9 5.88 inches
Refractory 1.77 2.60
Aluminum 1.5 3.1
Steel 0.6 0.87
Copper 0.65 0.83
Lead 0.25 0.49

(Also see Figure 6-4: Un-Shielded Source in Air)

K. Neutron, like gamma rays, has a very long path in air
and thus shielding is required, however, lead is not
used as the shielding material. In this case, shield-
ing is usually wax or polyethylene followed by a layer
of boron of about 1 cm thickness, or a cadmium sheet
1 mm thick. Sometimes the boron and wax are mixed to
form a borated wax mixture. Water or oil itself forms
an effective neutron shield especially if it has boron,-~s

( ) dissolved in it. The thickness of the wax or polyethy-
''

lene depends upon the neutron energy, but it is usually
about 15 to 30 cm thick.
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4.0.6. Ef fects of Radiation(-
L

A. The effects of radiation are based largely on the
ionization produced when the energy of the radia-
tion is absorbed in matter. While the physical,
and even some of the biological, effects are under-
stood, many of the biological mecilanisms and the
ultimate radiation damage in humans are not.

B. The physical effects result of ionization is merely
a conversion of the radiation energy into another
form of energy within the absorber. This energy
is usually heat on the atomic scale. The biological
effects of radiation are considered here only in
sufficient detail to be of assistance in the pro-
blems of radiation protection.

C. X-rays or gamma rays, because of their penetrating
nature, may dissipate only a fraction of their
energy in passing through the body. Radioisotopes,
in contrast, may present a further hazard when the
material is taken into the body and irradiates the
tissues or organs internally. The most serious
effect from this standpoint are produced by the
alpha emitters. They are particularly marked
because alpha emitters outside the body expend

() their energy either in the clothing or in the dead
cells of the epidermis and the emitters cannot
penetrate to the living cells,

once they are taken into the body, this same
property of short range and high specific ioniza-
tion increases their relative effect considerably.
Alpha emitters in a small section of tissue will
irradiate that small sect _on very heavily.

D. Beta emitters can be both an internal and an ex-
ternal hazard. The range of most external beta
radiation is great enough that the outer tissues,
at least, will be penetrated. The most common
external effects have been radiation burns and
malignancies of the skin. Internally they may
produce a considerable effect. Their specific
ionization is high, although not as high as that
for alpha.

E. Most of the heavy metals tend to be deposited in
the bone structure. Other common sites of deposi-
tion are the lungs and lymph nodes for inhaled
particles, and specific organs for certain isotopes
such as the thyroid for iodine and the spleen for
iron.
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4.0.6. Effects of Radiation - Cont'd.

F. The greatest hazard from both alpha and beta
emitters is when they are inhaled or ingested.
The greatest hazard from gamma c t ars is
ionizing radiation (Figure 4-3) .

4.0.7. Field Intensity Calculation

The best way for determining the radiation field
intensity is by measurement with a servey meter.
However, the field intensity can be calculc.ted
fairly accurately.

A. The radiation field intensity can be calculated from:

K mci
D= (d)T x 1000

D= dose rate, mr/hr
mci = millicurie value of source
d= distance to source in inches
K= constant: 1.3 for Radium

0.505 for Cs is7
2.0 for Co 80 g

B. Suppose that for a certain installation, the esti-
mated exposure time to the unshielded source is ten
minutes at an average body-to-source distance of 20
inches. The source is 10 millicuries of Cs 337 The
dose rate for this example would be:

0.505 x 10
Dose rate (20)2 .x 1000=

5.05=

400 x 1000

and the dosage received would be:
10

Total dose = 12.6 x 66 = 2.1 mrem

O
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4.0.7. Field Intensity Calculation-- Cont'd,

Neutron Field Calculationv("j
0Neutrons are emitted in omni-directional patterns (360 ).

Thus, if1the distance from the source is known, it can be
used as the radius of a sphere.

Dose rates for neutrons are expressed.in mrem /hr. This
2rate is derived from the number of neutrons /sec/cm striking

a surface at a given distance from the source. The N.R.C.

Rep's. (20.3 Para.19,C4) lists'the quantity of neutrons /sec/
cm to equal a rem at a specific. neutron energy.

NRC 20.3 Para.19,C4

Neutron Flux Dose Equivalents

Neutron energy (Mev) Number of neutrons per A"erage flux to
' square centimeter deliver 100 millirem

equivalent to a dose of in 40 hours (neutrons /
21 rem (neutrons /cd) cm per sec) .

__

6The rma l . . . . . . . . 970x10 670
5

0.001 720x10 500........
6

0.005 830x10 570........
60.02 400x10 280........

- ()
6

0.1 120x10 80........
6

0.5 43x10 30........
6

1.0 26x10 18-........
6

2.5 29x10 20........
8

5.0 26x10 18........
6

7.5 24x10 17........

10 24x10' 17........
8

10 to 30 14x10 - 10.......

Neutron Flux.

Number of neutrons /sec emitted by a source.

241Example: 500 mci AmBe source with 4 MeV equals
61.38x10 neutrons /per sec.

2Calculation of the number of neutrons /mec/cm at a given
distance is achieved by dividing the total neutrons emitted

2
j by the total number of cm on the sphere's surface area.

The distance from the source at which this information is
needed and used is the radius. For Kay-Ray neutron level
71008, this distance is 9 inches in the store position.

t

!

O
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4.0.7. Field Intensity Calculation - Cont'd.

A. Formula

2N/SEC/CM at "R" Distance = N/SEC
CM2

Where: "R" = Desired Distance, for field present.

2 24FRCM =

B. Given: Kay-Ray 7100B, the source in store position,
261capsule of AmBe located 9" or 22.86 cm from

surface of neutron sensor.

C. Using formula, solve for number of cm at the
desired measurement point fi rs t.

I.E.

2 24PR 4x3.14x22.86=

12.57x522.58=

26568.83(cm )=

2D. To find neutron /sec/cm for 500 mci AmBe241,

9
6 2Divide: 1.39x10 210.083 N/SEC/CM @ 9" (or 22. 86 cm)=

E. From NRC part 20.3 Para. 19, C4, Use the closest Mev
value to obtain the average flux to deliver 100 mr in

640 hrs. (5 Mev = 26x10 18 flux)=

I.E. 210.083 = 11.67 flux
18

mr/hr @ 9" = 11.67 x 100
40

11.67 x 2.5=

29.18 mr/hr @ 9"=

9



IONIZING RADIATION
h 100mR per hr

P ge 4-13
1 hour 100

'Ihe effect of time cn ' 2 hours 200m M
radiation exposure is easy
to understand. If we are
in an area when the radia- 4 hours 400m
tion is 100 mP/hr, then
in 1 hr we would get 100 mr
(millirens) . If we stayed

8 hours 800_ M2 hr, we would get 200 mr
4 ,

and so co.
Fran U.S. Atanic Energy Ommission;
"Living with Radiation, Part 1 - Fundamentals."

- ,

..

,

~
.

o - ~
.

' m

m

1

10 m

15 '

20
28

40
62

111
250

1000

h h 8' 7' 6 5' 4' 3' 2' l' h i

'Ihe effect of distanm cn radiation expcsure follcws the inverse-squaru law -
the intensity of the radiation falls off by the square of the distance fran the

If we had a Lnt source of radiation giving 1000 units of penetratinisource.

O' external radiation at 1 ft, we would receive cnly coe-fourth as nuch, or (1)2,g
5

if m double our distance to 2 ft. If we triple the distance, we reduce the
dose to one-ninth, or (1/3)2,

Fran U.S. Atcmic Energy Cmmissico,
"Living with Padiation, Part 1 - Fundamentals."

FIGURE 4-3

. _ _ _ _ _ _ _ _ - - - - - _ _ _ _
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\
\ IN 7 HALFLIFE PERIODS

\ THE RADIOACTIVITY OF>.
j \ g THE MATERIAL HAS
uJ / DECAYED TO LESS THAN

\ 1 PER CENT03
W-

s
\

U
< \ #
9 x f

#
o
< \ /

Ny' y?'# $ p* + One [r gs g g# pwrure pP E R IO D-> g.

d--Y O
'

-
-

-

24HR 24Hk 24HR 24HR 24HR 24HR 24HR
Ii

' # % * 1 I 1 >
- - - .- v

1 2 3 4 5 6 7 DAYS

Decay of a radioactive traterial with a 24-hr half-life. If a contaminant
has a short half-life, it is sometimes sinpler to allcw the area to remain
idle until the radioactivity has died off by the natural process of the
passage of sufficient half-lives. If, for example, the reading was 100 mP/hr
in a roca contaminated with a 24-hr half-life gamra anitter, in 24 hr the
reading m uld be dcwn to 50 mP/hr; in another 24 hr, it w uld be down to
25 mP/hr; and so cn, as illustrated here.

Prcm U.S. Atcmic Energy Ccmnission,
"Living with Padiation, Part 1 - Fundamentals."

FIGURE 4-4
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SPECIFIC ACTIVITY TABLE
'

Curies Curies
Radionuclide H al f-Li fe per gram Radionuclide Half-Li fe per gram-

3 5
Hydrogen-3 ' ' 12'. 3 y r. . 9.64x10 Molybdenum-99 67 hr. 4.72x10

'

Carbon-14 5730 yr. 4.46 Technetium-99 6.0 hr. 5.28x10'
Nitrogen-16 7.2 sec. 9.79xlO" Ruthenium-106 367 dy. 3.36x10 3

Sodium-22 2.60 hr. 6.25x10 Iodine-125 60 dy. 1.74x10"3

Sodium-24 15.0 hr. 8.71x10' Iodine-130 12.4 hr. 1.94x10'
5 5Phosphorus-32 14.3 dy. 2.85x10 Iodine-131 8.05 dy. 1.24x10

Sulfur-35 88 dy. 4.24x10" Barium-133 7.2 yr. 374
5 - 3Chlorine-36 3.1x10 yr. 3.21x10 * Cesium-134 2.05 yr. 1.30x10

7
Argon-41 1. 83 hr. 4.18x10 Cesium-137 30.0 yr. 87.0

Potassium-42 12.4 hr. 6.02x10' Barium-140 12.8 dy. 7.29x10"
5

Calcium-45 165 dy. 1.76x10" Lanthanum-140 40.22 hr. 5.57x10
Chromium-51 27.8 dy. 9.21x10" Ce rium-141 33 dy. 2.81x10"

3 3
Manganese-54 303 dy. 7.98x10 Ce rium-144 284 dy. 3.19x10

3 7
Iron-55 2.6 yr. 2.50x10 Praseodymium-144 17.3 mon. 7.55x10

7Manganese-56 2.576 hr. 2.17x10 Promethium-147 2.62 yr. 929
3 3

Cobalt-57 270 dy. 8.48x10 Tantalum-182 115 dy. 6.24x10
8

I ron-59 45 dy. 4.92x10[2
Tungsten-185 75 dy. 9.41x10

3
Nickel-59 8.10 yr. 7.58x10 Iridium-192 74.2 dy. 9.17x10

3 5
Cobalt-60 5.26 yr. 1.13x10 Gold-198 64. 8 hr. 2.44x10

s
Nickel-63 92 yr. 61.7 Gold-199 75.6 hr. 2.08x10

,

Copper-64 12. 8 hr. 3.83x10 Mercury-20 3 46 9 dy. 1.37x10"8

3' Zinc-65 245 dy. 8.20x10 Thallium-204 3.8 yr. 462
6 8

Gallium-72 14.1 br. 3.09x10 Polonium-210 138.4 dy. 4.49x10
.

6 I7
Arsenic-76 26.5 hr. 1.56x10 Polonium-212 304 ns. 1.75x10
Bromine-82 35. 34 hr. 1.08x10' Radium-226 1602 yr. 0.988

I -7
Rubidium-86 18.66 dy. 8.14x10" Tho ri um-232 1.41x10 'yr. 1.09x10

5 ~8
Strontium-89 52 dy. 2.82x10" Uranium-233 1.62x10 yr. 9.48x10
Strontium-90 28.1 yr. 141 Thorium-2t i 24.1d{. 2.32x10"

-65 7.1x10 2.14x10Yttrium-90 64 hr. 5. 44x10 Uranium-234
4.51x10{yr. -7

Yttrium-91 58.8 dy. 2.44x10" Uranium-238 3.33x10
-2Plutonium-239 2.44x10"yr. 6.13x10

FIGURE 4-5

f
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DECAY TABLE

O
CESIUM-137 COBALT-60

Percent of Percent of
Years Radiation Years Radiation

0 100.00 0 100.00
1 97.72 1 87.61
2 95.49 2 76.76
3 93.30 3 67.25
4 91.17 4 58.92
5 89.09 5 51.62
6 87.06 5 45.22
7 85.07 7 39.62
8 83.13 8 34.71
9 81.23 9 30.41

10 79.37 10 26.65
11 77.56 11 23.34
12 75.79 12 20.45
13 74.06 13 17.92
14 72.37 14 15.70
15 70.71 15 13.75
16 69.10
17 67.52
18 65.98
19 64.47
20 63.00
21 61.56
22 60.16
23 58.78
24 57.44
25 56.13
26 54.85
27 53.59
28 52.37
29 51.17
30 50.00

,

FIGURE 4-6
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.

Expected Effects of Acute Whole-body Radiation Doses

V_ Acute dose (r) Probable Effect

0-50 No obvious efrect, except possibly minor blood changes.
80-120 Vomiting and nausea for about I day in 5-10% of exposed personnel. Fatigue

but no serious disability.
130-170 Vomiting and nausea for about I day, followed by other symptoms of radiation

sickness in about 25% of personnel. No deaths anticipated.
180-220 Vomiting and nausea for about I day, followed by other syrnptoms of radiation

sickness in about 50% of personnel. No deaths anticipated.
270-330 Vomiting and nausea in nearly all personnel on first day, followed by' other

symptoms of radiation sickness. About 20% deaths within 2-6 weeks after
exposure; survivors convalescent for about 3 months.

400-500 Vomiting and nausea in all personnel on first day, followed by other symptoms
of radiation sickness. About 50% deaths within 1 month; survivors convalescent
for about 6 months.

550-750 * Vomiting and nausea in all personnel within .I hours from exposure, followed
'byother symptoms of radiation sickness. Up to 100% deaths; few survivors
convalescent for about 6 months. .

1000 Vomiting and nausea in all personnel with I-2 hours. Probably no survivors
from radiation sickness.

5000 Incapacitation almost immediately. All personnel will be fatalities within I
week.

cts nnd CondWons
(within a f etor of 2 or 3)

100,000 r . Spastic seizurcs; death within seconds; sperm
'

rnotility stop;nt.

10,000 r Disruption of central nervous syi. tem fum tion;
death within minutes or hours.

1,000 r Necrosis of progenitive tissues; 100 percent death
in 30 to 60 days.

100 r >Iiht irrailiation sickness in part of the organi.3m;
*

no deaths.

10 r Few or no detectable effects.

10 r/ day Debilitation in 3 to 6 weeks; death in 3 to 6
months (projectal from animal data).

Ir/ day Debilitation in 3 to 6 months, death in 3 to 6
years (projected from animal data).

0.1 r/ day Perminible dose range 1030-50.

0.01 r/ day Permissible dose range 1957.

0.001 r/ day Natural radiation.
,

FIGURE 4-8
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5.0.0 INSTRUCTIONS FOR BY-PRODUCT LICENSING
(~)
\# Outline:

1. IntroductLon
.

2.: NRC Regulations Outline

3. General License Instruction Plate

4. Form NRC-313

5. Guide for Preparing a By-Product License

6. Procedure for Wiping Source Holders
(Licensed Personnel Only)

7. Emergency Procedure to be Followed After
Damage to Kay-Ray Source Holders

8. Customer Return Procedure

9. Licensing Officials in Agreement States

5.0.1 Introduction

A. Moct radioactive material used in gauging devices
is regulated by the U. S. Nuclear Regulatory Com-
mission. The NRC issues licenses to users and
manufacturers of gauging devices utilizing radio-
active materials and inspects sites where materials
are being used to determine that the material is
being handled properly, safely, and in compliance

| with the terms of the license.

i
| B. The NRC has issued rules on: 1) the licensing of
| radioactive materials and devices (10 CFR Part 30),
'

and 2) radiation safety (10 CFR Part 20) . A copy
of these regulations is located in Section 5. Also,
a brief outline of the regulations is given in this
section.

C. During 1962 the NRC began entering into agreements
| with individual states to transfer regulatory
| authority to them. Known as Agreement States,
l their regulations closely parallel those of the
| NRC and are essentially identical except that the

Agreement States usually regulate the use of all
radiation-producing devices. Thus, the attached

| NRC regulations are generally applicable.

()'

|

|
.- . . . . - - - - .. -. . .
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5.0.2 NRC Regulations Outline

OA copy of Title 10 Code of Federal Regulations, Parts
19, 20, 30, and 31, is located in Section 6. This
should be read thoroughly to become f amiliar with the
laws governing the use of radioactive materials. Some
of the more important regulations are given below. The
CFR paragraph numbers are shown in parentheses.

A. The "Individual Use r" listed on the "Application
for By-Product Material License" (NRC-313) is
responsible for the source. If this person is
transferred or is changed to a position where he
is no longer responsible for the source, the
license must be amended prior to the assignment
of the new "User" (30.32, 30.33, 30.34, 30.38).

B. Use of the source is usually licensed for a par-
ticular plant site. If the source is transferred
to a different plant site, the license must be
amended prior to the transfer (30.34c, 30.38).

C. A record of the initial radiation survey must be
kept for reference (20.40lb).

D. A record of the periodic leak test must be
maintained.

E. A label must be attached to the source holder, or
source well, stating the type and quantity of
radioactive material and the date of manufacture.
The label must bear the conventional radiation
symbol (20.203).

F. The area in the vicinity of the source must be
posted with a radiation warning sign if the
radiation field is greater than 5 mR/hr at a
distance of 12 inches from the surface of the
gauge (20.203, 20.204a).

G. Personnel monitor ng is required when personnel
are apt to receive a dose in excess of 312 mrem
per quarter, or when they enter a radiation field
greater than 100 mR/hr (20.202).

H. Disposal of nuclear sources must be by transfer
to an authorized recipient (20. 30la) . Also see
"Customer Return Procedure" (Section 5.0. 8) .

O
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5.0.2 NRC Regulations Outline - Cont' d.
m

I. The Regional Operations Office of the NRC must be-

notified of any incident, such as fire or explo-
sion, which involves the radioactive material used
in the gauge (20.403). Kay-Ray, Inc. should also
be notified.

J. If personnel monitoring is required (20.202a) , a
record of the radiation exposure must be kept on
NRC-5 (20.401a, c) and, if the employee requests
it, written notification must be given annually
or upon termination of employment (10.13, 20.406,
20.404).

K. If a person receives more than 1.25 rem per calen-
dar quarter, notification must be made in writing
both to that person and the NRC (20.405).

L. A "Restricted Area" is defined in Parts 19.3 and
20.3; the permissible exposure to individuals in
a restricted area is given in Part 20.101. An
"Unrestricted Area" is defined in Parts 19.3 and
20.3; the permissible level of radiation in an
unrestricted area is given in Part 20.105.

M. Any area where an individual, if continuously
Os present, can receive a dose in excess of 2 mrem

in any one hour or where he can receive more than
100 mrem in seven consecutive days, must be treated
as a restricted area and access thereto must be
under the control of the licensee.

N. Employees working in or frequenting a restricted
area must be advised of the restriction by posting
of Form NRC-3 (19.11, 20.203). The NRC regulations
state that this form must be posted so that employees
can "observe copy on the way to or from their place
of employment" in the restricted area. Thus NRC-3
could be posted at or near the entry into the re-
stricted area. If personnel do not work in or fre-
quent a restricted area, Form NRC-3 need not be
posted.
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5.0.3 General License Instruction Plate

1. "The receipt, possession, use, and
transfer of this device are subject to
a general license or the equivalent and
the regulations of the U.S. NRC or a
State with which the NRC has entered
into an agreement for the exercise of
regulatory authority.

2. "Abandonment or disposal prohibited
unless trans ferred to persons specifi-
cally licensed by NRC or an Agreement
State.

3. "Operation prohibited if there is
indication of failure of, or damage to
containment of radioactive material.

4. "Installation, dismantling, reloca-
tion, repair, or testing shall be per-
formed by persons specifically licensed
by NRC or an Agreement State.

5. "Device shall be tested for leakage
of radioactive material and proper
functioning of the ON-OFF mechanism
and indicator, if any. This testing g
shall not exceed an interval of 3 years.

6. "If there is any indication of
failure of, or damage to , this source
housing or shutter mechanism or if
loss or theft of this device is dis-
covered or if this device is trans-
ferred, operation should be suspended,
if applicable, and Kay-Ray, Inc. should
be notified immediately for corrective
action."

. GENERAL LICENSE gay.aAy INC.
TITLE . ; g S T R tic T I 0 ft P L A T E

k_SCALE: A '' C g g g 99
TOLERANCES UNL[SS OTHERWISE SPECIFIED: FRACTIONAL: 11/64.

DEC6 MAL: 1.005 ANGULAR: 50 MIN. DWNBY,6CNC4g p DATE M - FC - J' C
~

NO REv1SloeG GATE APP. , 2[JO[ 74 '

APP,UY /6 4 ,, , ,, DATE *

T wp ? . . _- f Ir
~

; w oo. -s m-m -om :p ' DWG. NO. 620-000202
~

c .
_
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5.0.4 Form NRC-313
,
,

h
Forr.s NRC-313 (1) Form Approved by GAO

10 F 30

INSTRUCTIONS FOR PREPARATION OF
APPLICATION FOR BYPRODUCT MATERIAL LICENSE

FORM NRC-313 (1)

GENER AL INFORMATION

' An applicant for a "Byproduct Material (Radioisotopes) License." 3. Broad License (research and development) "Licensing Guide
should complete Form NRC-313 (1) in detail and submit in duplicate for Type-A Licenses of Broad Scope for Research and Develop-
to the U.S. Nuclear Regulatory Commission. The applicant should ment;"
endeavor to cover his entire radioistope program with one application,
if possible. However, separate applications should be submitted for 4. Licensing Guides for the performance of welllogging operations.

gamma irradiators. Applications for medical uses should be submitted
on Form NRC 311 (M) and applications for use of scaled sources in 5. Licensing guide for the use of sealed sources in portable and semi.

radiography shoukt be submitted on Form NRC-313R. Supplemental portable gauging devices.

sheets may bc :ppaned when necessary to provide complete infor-
mation. / tem 18 must be cumpleted on allapplications. Submission The Commission charges fees for fihng of applications for licenses as

of an incomplete application uill often result in a delay in issuanceof specitied in Section 170.12, Title 10, Code of Federal Reguutions,
the license because of the correspondence necessary to obtain infor. Part 170. The applicant should refer to Secdon 110.31, Schedule of

motion requested on the applicotton. fees for materials licenses, to determine what fee should acmmpany

/7 the application. No action can be taken on applications until fees are

() NOTE. -When tlw application includes one of the special uses listed paid. Checks or money orders should be made payable to the U.S.

below, the applicant should request the appropriate pamphlet which Nuclear Regulatory Commission.

povides additional instructions:
Two copies of the completed Form NRC-313 (1) and two copies of

I Industrial Radiography "Licensing Requirements for Industrial each attachment thereto, shouW be sent to the Division of Fuel Cycle

Radiography" (use application Form NRC-313R for Radi. and Material Safety Offi?. of Nuclear Material Safety and Safeguards,

egraphy); U.S. Nuclear Regulatory Commission, Washington, D.C. 20555. One
copy should be retained for the applicant's file. Applications may

2 Laboratory and Industrial Uses of Small Quantities > Guide for also be filed in person at tb Commission's office at 1717 11 Street.

Preparation of Applications for Laboratory and Industrial N.W., Washington, D.C. or at 7915 Eastern Avenue, Silver Spring,
Uses of Small Quantities of Byproduct Material." Maryland.

EXPLANATION OF FORM NRC-313 (O

|

I

|
Form NRC-313 (f) is designed for use in supplying information 5. The actual sites of use should be listed as indicated. Per-

on programs of varying complexity. The applicant should provide manent facilities such as field offices for portable gauges or
l

i complete information on his proposed program for the possession devices should be identified in item $ by Street, Address,

I and use of licensed material. For those items that do not apply, indicate City and State. Temporary field locations of use should
| as N.A. (not applicaele). be specified as "temporary job sites of the applicant" and

list the States throughout which the temporary job sites will

item No. be located. Attach additional properly keyed sheet if mort
space is needed.

1. Self-explanatory

l 6. Self-explanatory
[ 2. T he "applicant" is the organization or persons legally res-

ponsible for possession and use of the licensed materials
specified in the application. 't . The "Radiation Protection Officer"is the named individual

who is expected to coordinate the safe use of the licensed

3. Self-explanatory material specified in the application and who will ensure
compliance with the applicable parts of Title 10, Code of

4. Self explanatory Federal Regulations.

l

-_._
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5.0.4 Form NRC-313 - Cont'd.

8. List by name each radioisotope to be possessed and used Attach additional properly keyed sheets if more space is
under the license. Example: needed.

8.E State the use of each licensed material listed in 8.A, B, C,
A D and D.

(1) Iodine-131 (1) lodide
(2) Iodine-131 (2) lodinated Human 9. Description of containers and/or devices in which scaled

Serum Albumin sources listed in item 8 will be stored or used. Dample:
(3) Krypton-85 (3) Gas
(4) Cesium-137 (4) Scaled Source A B

(1) #4 - Source housing lio. Corp
C D

(1) Not Appbcable (1) 10 millicuries C
(2) N. A. (2) 1 millicurie Model Z-278
(3) N. A. (3) 1 millicurie
(4) Iso. Corp (d) 2 source of l50 10-18 Self-expla natory. (For those items that do not apply,

Model Z-78 millicuries each indicate as N.A. (not applicable).

O

..

PRIVACY ACTSTATEMENT

Pursuant to 5 U.S.C. 552a(c)(3), enacted into law by section 3 of the Privacy Act of 1974 (Public Law 93-579), the followmg statement is furmshcJ
to individuals who supply information to the Nuclear Regulatory Commission on Forms NRC-313M, NRC-313a, NRC-3131, or NRC-313R. 1%
information is maintained in a system of records desigriated as NRC-3 and described at 40 Federal Register 45334 (October 1,19 75).

1. AUTilORff Y Sections 81 and 161(b)of the Atomic Energy Act of 1954,as amended (42 U.S.C. 2111 and 2201(b)).

2. PRINCIPAL PURPOSE (S) The information is evaluated by the NRC staff pursuant to the criteria set forth in 10 CFR Parts 30-36 to determine
whether th application meets the requirements of the Atomic Energy Act of 1954, as amended, and the Commission's regulations, for theiuuanv
of a byproduct materiallicense or amendment thereof.

3. ROUTINE USES The information may be used: (a) to provide remrds to State health departments for their information and use;and (b) to proside
information to Federal, State, and local health officials and ether persons in the event ofincident of exposure, for their information,inscstigatmn,
and protection of the public health and safety. The information may also be disclosed to appropriate Federal, State and local agencies m the
event that the information indicates a violation or potential violation of law and in the course of an administrative or judidal proceeding. In
addition, this information may be transferred to an appropriate Federal, State, or local agency to the extent relevant and necessary for a NRC

| decision or to an appropriate Federal agency to the estent relevant and necessary for that agency's decinon about you. A copy of the license
i issued will routinely be placed in the NRC's Pubhc Document Room, 1717 11 St reet, N. W., Washington, D.C.

4. WilFTilER DISCLOSURE IS MANDATORY OR VOLUNTARY AND EFFffT ON INDIVIDUAL OF NOT PROVIDING INI ORMAIlON
Disclosure of the requested information is voluntary. If the request information is not furnished, however, the application for byprodutt materol
license, or amendment thereof, will not be processed.:

5. SYSTEM MANAGER (S) AND ADDRESS Director, Division of FuelCycle and Material Safety,0ffice of Nuclear Material safety and Safeguaido
| U.S. Nuclear Regulatory Commission, Washington, D.C. 205 55.

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ - _ _ _ - -
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FORM NRC 313 | U.S. NUCLEAR REGULATORY COMMISSION 1. APPLICATION FOR:
'"h (3 80) (Check and/or complete as appropriate)

10 C F R 30

APPLICATION FOR BYPRODUCT MATERIAL LICENSE
a. NEW LICENSE

IN'JUSTRI AL
b. AMENDMENT TO:See attached instructions for details,

LICENSE NUMBER

Completed applications are filed in duplicate with the Division of fuel Cycle and Material Safety.
Office of Nuclear Material Safety, and Safeguards, U.S. Nuclear Regulatory Commission, ''R'NEWA
Washington, DC 20555 or applications may be filed in person at the Commission's office at ggN5E NUMBER
1717 H Street, NW, Washington, D. C, or 1915 Eastern Avenue, Silver Spring, Maryland.

2. APPLICANT'S N AM E (Institution, firm, person, etc.) 3. NAME AND TITLE OF PERSON TO BE CONTACTED
REGARDING THIS APPLICATION

TELEPHONE NUMBER: ARE A CODE - NUMBE R LXTENSION TELEPHONE NUMBER: ARE A CODE - NUMBER EXTENSION

4. APPLICANT'S MAILING ADDRESS (Inctda lip Cooel 5. STREET ADDRESS WHERE LICENSED MATERIAL VelLL BE USED
(Address to which NRC correspondsoct, noGces, bulletins, etc., (Include Zip Codel

should be sent.)

,

(IF MORE SPACE IS NEEDED FOR ANY ITEM. USE ADDITIONAL PROPERLY KEYED PAGES.)
6. INDIVIDUAL (S) WHO WILL USE OR DIRECTLY SUPERVISE THE USE OF LICENSED MATERf AL

(See Items 18 and 17 for required training and experience of each individual named below)

FULL NAME TITLE

O *

b. .__

C.

I Attach a resume of person's training and experience as outlined in Items7. RADI ATION PROTECTION OFFICER
I16 and 17 and describe his respons.3ilotoes under item 15.
I
l

8. LICENSED MATERIAL

L ELEMENT CH EMIC AL NAME OF MANUF ACTURER MAXIMUM NUMBER OF
AND MILLICURIES AND/OR SEALED

i AND AND/OR
N MASS NUMBER PHYSICAL FORM MODEL NUMBER SOURCES AND MAXIMUM ACTI.

(// Scaled Source) VITY PER SOURCE WHICH WILL
E BE POSSESSED AT ANYONE TIME

N O. A B C D

(1)

( (2)

(3)

(4)

DESCRIBE USE OF LICENSED MATERIAL
E

(1)

(2)
i
i

(3)

(4)

FORM N RC 313 I (3,80)

. . _ .
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5.O.4 _Porm NAC_-313 - Cont'd.
9. STORAGE OF SEALED SOURCES

I CONTAINER AND/OR DEVICE IN WHICH EACH SEALED NAME OF MANUFACTURER MODEL NUMBER
N SOURCE WILL BE STORED OR USED.

N o. A. B. C.

(1)

(2)

(3)

(4)

10. RADIATION DETECTION INSTRUMENTS
TYPE M AN U F ACTU R E R'S MODEL NUMBER RADIATION SENSITIVITY

{ OF NAME NUMBER AVAIL ABLE DETECTED RANGE
N 1NSTRUMENT (alpha, beta, (milliroenegens/ hour

N o. gamena, neutron) r counts /rninute)
A B C D E F

(1)

(2)

(3)

(4)

11. CALIBRATION OF INSTRUMENTS LISTED IN ITEM 10
D e. CAllBRATED BY SERVICE COMPANY Ob. CAllBRATED BY APPLICANT

NAME, ADDRESS, AND FREQUENCY A ttach a separate sheet desenbing method, frequency and standards
used for calibrating instr ments.u

12. PERSONNEL MONITORING DEVICES

(Check and/or compINte as appropriate.) #(Serv ce C pany)
A B C

O(1) FILM BADGE O MONTHLY

O (2) TH E RMOLUMIN ESCEN CE O QUARTERLY
DOSIMETER (TLD)

O(3) OTHE R (Specify): O OTHER (Specify):

13. FACILITIES AND EQUIPMENT (Check were appropriate and attach annotated sketch (es) and description (s).
O a. LABOR ATORY FACILITIES, PLANT F ACILITIES, FUME HOODS (Include filtration, if any), ETC.
O b. STOR AGE F ACILITIES, CONTAINE RS, SPECI AL SHIE LOING (fixed and/or temporary), ETC.
O c. REMOTE HANDLING TOOLS OR EQUIPMENT, ETC.
O d. RESPIRATORY PROTECTIVE EQUIPMENT, ETC.

14. WASTE DISPOSAL
a. NAME OF COMMERCI AL WASTE DISPOSAL SE RVICE EMPLOYED

b.lF COMMERCIAL WASTE DISPOSAL SERVICE IS NOT EMPLOYED, SUBMIT A DETAILED DESCRIPTION OF METHODS WHICH WILL
BE USED FOR DISPOSING OF RADIOACTIVE WASTES AND ESTIMATES OF THE TYPE AND AMOUNT OF A( TiVITY INVOLVED. IF
THE APPLICATION IS FOR SEALED SOURCES AND DEVICES AND THEY WILL BE RETURNED TO THE MAb UFACTURER, SO STATE.

FORM NRC 313 I (3-80)
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5.0.4 Form NRC-313 - Cont ' d.
INFORMATION REQUIRED FOR ITEMS 15,16 AND 17

3 Describe in detail the information required for items 15,16 and 17. Begin each item on a
[V separate page and key to the application as follows:

15. RADIATION PROTECTION PROGRAM. Describe the radiation protection program'as appropriate for
the material to be used including the duties and responsibilities of the Radiation Protection Officer,
control measures, bioassay procedures (if needed), day to day general safety instruction to be followed,
etc. If the application is for sealed source's also submit leak testing procedures, or if Jeak testing will be
performed using a leak test kit, specify manufacturer and model number of the leak test kit.

16. FORMAL TRAINING IN RADIATION SAFETY. Attach a resume for each individual named in
items 6 and 7. Describe individual's formal training in the following areas where app!! cable, include
the name of person or institution providing the training, duration of training, when training was
received, etc.

a. Principles and practices of radiation protection,

b. Radioactivity rneasurement standardization and monitoring
techniques and instruments.

c. Mathematics and calculations basic to the use and measurement of
radioactivity,

d. Biological effects of radiation.

17. EXPERIENCE. Attach a resume for each individual named in items 6 and 7. Describe individual's
work experience with radiation, including where experience was obtained. Work experience or on-

Q the-job training should be commensurate with the proposed use, include list of radioisotopes and
maximum activity cf each uwd.

18. CERTIFICATE
(This item must be complered by applicent)

The applicant and any official executing this certificate on b? half of the applicant named in item 2,
certify that this application is prepared in conformity with Totle 10, Code of federal Regulations,
Part 30, and that all information contained herein, including any supplements attached hereto, is true
and correct to the best of our knowAedge and belief.

WARNING.-18 U.S.C., Section 1001; Act of June 25,1948; 62 Stat. 749; makes it a criminal offense to make a willfully false statement or
representation to any department or seeney of the United States as to any matter within its jurisdiction,

e

s. Lit;ENSE FEE REQUIRED b. CERTIFYING OFFICIAL (Signaturel
(See Section 170.31,10 CFR 170)

c. NAME IType or print)

(1) LICENSE FEE CATEGORY:

e.DATE
(2) LICENSE FEE ENCLOSED: $

_-

FORM N Rc-313 I (3 80)

-,, . - . . .-., _ .. . . -. ..
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5.0.5 Guide for Preparing a By-Product License h
The following is a guide for the user of nuclear in-
strumentation. This guide was prepared by the Nuclear
Regulatory Commission, Division of Fuel Cycle and
Material Safety, Material Licensing Branch, Washington
in March of 1980. It attempts to inform the user as to
requirements for possession and/or maintenance of equip-
ment containing a sealed source.

Introduction: This guide describes the information needed to
evaluate applicatior.s for specific licenses for receipt, poss-
ession, and use of sealed sources containing by-product material
in nonportable gauging devices, i.e. , gauges mounted in "fixed"
locations, for measurement and/or control of material density,
flow, level, thickness , weight, etc. In addition to the contents
of this guide, applicants should refer to the requirements in the
Commission's regulations listed below. The applicant should
carefully read the regulations. This guide is not a substitute
for an understanding of the regulations.

A. 10 CFR Part 19, "Notices, Instructions, and Reports to
Wo rke rs ; Inspe ctions" .

B. 10 CFR Part 20, "Standards for Protection Against Radiation".

C. 10 CFR Part 30, "Rules of General Applicability to Domestic
Licensing of By-Product Material".

D. 10 CFR Part 170, "Fees for Facilities and Materials Licenses,
and other Pegulatory Services Under the Atomic Energy Act of
1954, as Amended".

Fees: The applicant should refer to 10 CFR Part 170, Section 170.31
"Schedule of Fees for Materials Licenses and Other Regulatory
Services", to detemine the arount of the fees which must accompany
the application. No action will be taken on applications filed with-
out the proper fee. Checks should be made payable to the U. S. Nuclear
Pagulatory Commission.

Filing an Applicati< Two copies of Pom NRC-313 should be submitted
in accordance wit instructions on the form and should provide, as
a minimum, the in ition described in this guide. Since licensees
are required to comply with Commission rules and regulations, license
cm dition s , and the content of the submitted application, we suggest
that the applicant prepare and retain one copy for reference. Space
on the fom is limited; additional infomation should be provided
on attachments to each copy of the fo m. Attachnunts should clearly
reference the applicable items on the fom for which additional infor-
mation is being provided.

O
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5.0.5 Guide for Preparing a By-Product License _ -- Cont'd.
_

Applications should contain sufficient information to enable the
Commission to have a clear understanding of the activities to be
performed by the applicant. Submittal of insufficient information
will result in delays in issuance of the license. Applications
should be mailed to:

Nuclear Regulatory Commission
Division of Puel Cycle and Material Safety
Material Licensing Branch
Washington , D. C. 20555

Except for Item 1, which is self-explanatory, the following pro-
vides a discussion of the minimum information needed for. each
item on Form NRC-313.

Items 2, 3, 4, and 5 - Applicant, Malling Address, and Locations
of Use r The applicant, corporation, or other legal entity should
be specified by name in Item 2 and mailing address in Item 4. Ihe
name and telephone number of the individual who should be contacted
concerning the application should be provided in Item 3. Individuals
should be designated as the applicant only if they are acting in a
private capacity and the use of by-product material is not connected
with their employment with a corporation or other legal entity.

'

The actual location (s) where the by-product material in sealed
sources, source holders, gauges, etc. , will be possessed, stored,
and/or used should be specified in Item 5. Such location (s) should
be clearly identified by road.or street name, number, city, and state.
A post Office box number should not appear in Item 5.

Item 6 - Individual Users: The name of the individual (s) who will
. use (operate) and/or supervise the use of the devices listed in the
! application must be listed in Item 6. An adequato number of trained

users should be listed to provide for continuity of operations. '

Normally, an individual user should be physically present when the
devices are in use.

Item 7 - Radiation Protection Officer: Normally, it is not necessary
for users of nonportable gauging devices to designate a radiation
protection officer unless there are multiple users and gauges within

;

the plant or facility. However, the applicant should list the name
,

| in Item 7 of an individual user, supervisor, foreman, or other

| designated individual who has been assigned responsibilities for
determining that:

A. All by-product materials, scaled sources, and devices in use
and/or in the possession of the applicant are limited to those
listed in the license and are being used for the purposes
specified in the license.

O B. Only those individuals authorized by the license use or supervise
use of the devices.

|
|
|

- - _ _ _ _ _ _ _ _ _ ._ _ . _ . . _ _- _ .-- ____-_,, . .
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5.0.5 Guide for preparing a By-product License - Cont'd.

C. periodic leak tests of the sealed sources are conducted as

required by the license.

D. The established "lock-out" procedures are followed during
maintenance or repairs on or around the pipes, tanks,
vessels, conveyors, etc. , to prevent individuals from
entering the radiation beams. (As shown in Item 15 of
this guide, "lock-out" procedures must be described in
the application for certain types of devices.) |

|

Item 8 - By-product Material, Forms, and Uses : Each radioisotope {i

to be used should be specified in Item 8. A; Item 8.B should show |
| that the by-product material to be possessed and used is in the

'

form of sealed source (s) . The name of the manuf acturer and model
number of the sealed source should be shown in Item 8.C, and the !
total activity, in millicuries, in the sealed source should be )'

provided in Item 8. D. Item 8.E should specify the manufacturer

| and model number of each gauge, source holder, or device in which
'

the by-product material and scaled source described in Items 8. A
through 8.D will be used. In addition, Item 8.E should describe

| the purpose for which the device will be used. Some exanples of
the kinds of information to be provided in Item 8 are as follows :

8.A 8. B 8. C 8. D 8.E
I Cesium-137 Sealed XYZ, Inc. Not to exceed For use in an ABC

sources Model XYZ-1 100 milli- Company Model 22
i

curies per source holder to
source control level of

coke in hoppers.

Cobalt-60 Scaled Mesa Verde Inc. Not to exceed For use in Grand
sources Model A-34 1500 milli- FMsa Inc. Model

curries per 3201 source hold-
source ers to control

level of molten
glass in furnace.

Cobalt-60 Sealed Rio Grande Inc. Not to exceed For use in Ojeto
sources Model RG-1 500 milli- Inc. Fbdel X-12

curies per holders for den-
source sity control of

con cre te-s an d
mixture in mixer.

Item 9 - Storage of Scaled Sources: Since sealed sources are normally

| removed from gauging devices by the manufacturer or supplier of the

| devi ce s , it is only necessary to reference Item 8 in Item 9. A of the

| application for information regarding storage devices , i.e. , storage

} in the gauging devices only. Applicants who will remove or relocate

| gauging devices (refer to Specific Authorizations in this guide)
I should describe storage devices (i f any) and storage areas (refer to
f Item 13 - Facilities and Equipment, in this guide) .

--- _ _ --- _ --- - - - - - _ - - - - - -- -
..
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5.0.5 Guide for Preparing a By-Product License - Cont'd.

hm Items 10 and 11 - Radiation Detection Instruments:. For routine use
'

of devices, radiation survey and measuring instruments are not normally
required. Applicants who will perform other activities which require
the use of radiation detection instruments should provide the appli-
cable information described in Specific Authorizations of this guids.

Item 12 - personnel Monitoring: For routine use of devices, the use
of personnel monitoring devices (film badges or thermoluminescent
dosimeters) are not normally required. Applicants who want to per-
form non-routine activities which will require the use of personnel -

monitoring devices should provide the name of the supplier of the
monitoring devices and the frequency of exchange for proecssing by
the supplier. For guidance concerning personnel monitoring require-
ments, the applicant should refer to 10 CFR Part 20, Section 20.202.

Item 13 - Facilities and Equipment : Ihe applicant should provide a
description of the equipnent and facilities to utilize the devices
containing the by-product material. A simple annotated sketch or
drawing showing where each device is installed and the location of

adjacent ladders, aisles, or work areas employees will occupy should
be provided.

Item 14 - Waste Disposal: The applicant should describe the disposal
method for scaled sources containing by-product material when use of
the devices containing the by-product material is discontinued. If

(' the supplier will remove the devices and sealed sources from the
\ '

applicant's f acility for disposal, this should be so stated in the
application. If persons or a company other than the supplier will
remove the devices and sealed sources from the applicant's facility,

for return- to the supplier or transfer to an authorized recipient, the
number of the NRC or Agreement State license which authorizes removal
and disposal of the applicant's sealed sources should be provided.

If the applicant will remove devices containing sealed sources for
return to the manufacturer or for transfer to another authorized
person for disposal, this should be stated in the application.
Specific Authorizations, Paragraph A, of this guide specifies the
additional information which should be provided in the application
for authorization to perform this operation.

Item 15 - Radiation Protection Program: For routine use of devices,
the applicant should provide the following irformation:

A. The name of the company or person who will conduct servicing
operations involving installations, relocations, removals ,
initial radiation surveys , maintenance , rep ai rs , and removal
of the devices containing licensed material and installation,
replacerent , and disposal of sealed sources containing licensed
material used in the devices. If any of these operations will
be performed by someone other than the supplier of the device,
the applicant should provide the name and the number of the

g ,/ NRC or Agreement State license which authorizes performance of
these operations. Applicants who request authorization to per-
form any of the above servicing operations should provide the

information described in Specific Authorizations, paragraph A,

__ . . . _ . . -- - - . - - - ._..-. -. . _
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B. A description of how access to the devices containing by- |h|
Iproduct material will be controlled (barriers, warning signs,

remote or inaccessible locations, control by individual users,
etc.) |

|
C. For use of a device where it is possible for a major portion i

of an individual's body to receive exposure to the radiation
beam f rom the device , a description of "lock-out" procedures ,
(i.e. , procedures for preventing employees from entering the
radiation beam during maintenance , repairs, or other work on j
or around the bin, tank , hopper, pipe, etc. , on which the de- |

vice is mounted) should be submitted. If the device shutter
or switch is locked, bolted, "tagged-off", etc. until the |
work is completed, the applicant should describe this and ;

provide the name of the individual (s) responsible for enfore- j
ing this procedure.

{
t

i

D. The procedures for leak testing of the sealed sources. If
|

the supplier of the devices containing the sealed sources will j
perform leak tests of the sealed source in the applicant's
f acility, it is only necessary for the applicant to state this
and to specify the frequency of the leak tests. If the appli-
cant plans to use a leak test kit, the name of the supplier
and the model number of the leak test kit should be specified.
Applicants who will perform their own leak tests (collect the
leak test wipes and analyze the wipes) , should provide the g
information described in Specific Authorizations, Paragraph B,
of this guide.

The required frequencies for leak testing of sealed sources in non-
portable devices range f rom three months for alpha-emitting by-pro-
duct material to six months for beta-gamma emitters. Some scaled
source / device combinations containing beta gamma emitters have leak
test frequencies not to exceed three years. Information concerning
sealed sources and devices which have three year leak test frequen-
cies may be obtained from suppliers and/or manufacturers. Unless a
specific request for the three year leak test frequency is included
in the application, a six-month frequency will be specified in

! licenses.

Items 16 and 17 - Qualifications of Individual Users: The training
and/or experience of each individual named in Item 6 of the applica-
tion must be commensurate with the reques ted use and should be
described in attachments for Items 16 and 17. For routine use of
devices containing sealed sources , the training provided by the
manufacturers at the time of installation is suf ficient to qualify
individual users. Training for non-routino operations (ins tallation ,
re-location, removal from service , etc. ) or training provided by

someone other than the device manufacturer must be described in
detail and submitted as an attachment to the application. As a
minimum, the following information should be submitted:

__-__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ -_
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r
( A. The names and qualifications of the instructors.

B. An outline of the training program.

C. The duration of the training program.

D. The method f)r determining trainee competency.

Item 18 - Certification: The application should ba signed and dated
by an official representative of the applicant, i 1., the Plant
Manager, Department or Division Head, Safety Supervisor, etc. , to
certify that the application contains information which is true and
correct to the best of the applicant's knowledge and belief. Appli-
cations which are unsigned will be returned for proper signature.

Anendment of Licenses: Applications for amendment of existing licenses
may be filed in the same manner as initial applications or may be filed
in letter form. The application should clearly i'dentify the license to
be amended by license number and specify the exact nature of the re-
quested changes to the license. Additional supporting information, as
necessary, should be provided.

Renewal of Licenses: Applications for renewal of licenses filed at least
thirty (30) days prior to the expiration date shown in the license remain
in effect until final action has been completed on the application.
Applications filed after the expiration date are considered to be new

\ applications. Applicants needing additional time to prepare renewal
applications should submit written requests for extension of the
license expiration date.

Renewal applications should contain complete and up-to-date information
concerning the applicant's activities to be conducted under the license.
General references to previously submitted information (i.e. , see pre-
vlous applications, see previous amendment, etc.) or submittal of copies
of the current license are not acceptable. Form NRC-313 should be com-
pleted in its entirety and documents submitted with the application should
describe the applicant's current program.

Applicants may reference previous applications and/or documents in
renewal applications provided these are clearly identified by date.
Where portions of previously submitted applications and/or documents
will be referenced in the renewal application, these should be clearly
identified by date, attachment number, section number, and page number.

Specific Authorizations: This section describes the information appli-
cants must provide in applications to the Commission for specific
authorizations to perform any of the following operations:

A. Servicing operations on devices containing by-product materials.

B. Leak testing of scaled sources except by means of leak test kits.

C. Calibration of radiation survey and measuring instruments.

- -. - -_ -- - ._ - ._- _ _ . _ _ - - _ ___. - __ . _ . , -



Pcg3 5-16

5.0.5 Guide for Preparing a By-Product License - Cont'd.

Each of these are discussed, in order, in the following: h

A. Servicing Operations: Applicants who want to perform operations
on devices involving installation, relocation, maintenance, re-
pair, removal for disposal, performance of radiation surveys
following installation, etc. , should provide the following
information:

a. The specific device (s) on which the operations are to
be performed.

b. A description of each specific operation to be performed.

c. The step-by-step procedures to be followed in performing
each operation including a description of the radiation
safety procedures which will be followed.

d. The name of each individual who will perform the services ,

e. An outline of the training received by each individual who
will perform the operation. This training should include
instructions in the performance of each specific operation,
the step-by-step procedures to be followed, radiation safety
and the use of radiation survey instruments , "lock-out"

'
p rocedure s , i.e. , procedures for securing the device shutters
and/or switches in the closed or shielded position, and , i f |g
applicable , personnel monitoring requirements.

f. A description of the qualifications of the individual (s) who
provided the training in servicing of devices,

g. If operations are performed which require radiation surveys
(i.e. , installations or removals) , a description should be

provided to show the locations of the radiation measurements
and the kinds of records to be maintained of the results.

B. Leak Testing of Scaled Sources: Applicants who want to perform
leak tests of sealed sources, i.e., collect the wipe tests and
analyze the results , should provide the following information :

a. The name and qualifications of each individual who will per-
form the leak tests.

b. procedures and materials to be used in collecting test samples.

c. The type , manufacturer's name , model number, and radiation
detection and measurement characteristics of the instrument
to be used for assay of test samples.

d. Instrument calibration procedures, including the name of the

manufacturer and model number of each standard source to be
used, the nuclide and quantity of radioactive material in eadi
standard source, the step-by-step calibration procedures to be
followed, and the name and the experience and training of each
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Q individual who will perform the calibrations. In providing
infomation concerning the standard sources used in calibra-
tions, applicants should provide information concerning the
accuracy of each source used. Each source should be, as a
minimum,15 percent of the stated value and traceable to a
primary standard, such as that maintained by the National
Bureau of Standards,

e. The method, including a sample calculation, used to convert

instrument readings to units of activity, i.e. , microcuries.

C. Radiation Survey Instruments: If the applicant will perform
activities requiring the use of radiation survey instruments,
each instrument should be described. The manufacturer's name,
model number, and the range of each instrument should be pro-
vide d. If the applicant will perform calibrations of the
radiation survey instruments, the following information should
be provided.

a. The manufacturer and model number of each radiation source
to be used.

b. he nuclide and quantity of radioactive material contained
in each source,

c. The accuracy of the source (s) . We traceability of the
% source to a primary standard should be providad.

d. We step-by-step procedures, including associated radiation
safety procedures.

e. The name and the experience and training in instrument cali-
brations for each person who will perform the calibrations.

If the applicant intends to contract out tht. . bration of in-
struments, the name, address, and license nt w: .ie firm

should be specified together with the frequ,.m M m'' oration
for each type of instrument.

An adequate calibration of survey instruments t < ' ally ca ?ot be
performed with the built-in check sources. Ele. ' re ni r. . libra-.

tions that do not involve a source of radie. tion e av not
adequate to determine the proper functioning and n .se of all,

components of an instrument. Daily or other frequent checks of

survey instruments should be supplemented every sp months _ with
a,, two-point calibration on each scale of each instrunont with

the two points separated b_y, at least fif ty percent of the scale.
! Survey instruments should also be calibrated following repair.

_

A survey instrument may be considered properly calibrated when
the ins _trument readings are withi_n i ten por_c_.'nt of the calcu-

p lated or, known values for each p_oint checked. Readings within

V i twenty percent are acceptable if a calibraticn chart or graph
is prepared and attached to the instrument.

I
__ . - _
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5.0.6 Procedure for Wiping Source Holders (Licensed Personnel |h
Only)

I
A. Following the instructions of the Model A source wipe j

kit, prepare the cotton swab for testing. I
i

B. Take cotton swab and wipe around all weldments of the |
source holder, source shutter, position handle, and
all other corners and edges of the device.

C. Record the information requested on the back of the
source wipe kit.

D. Return source wipe kit to Kay-Ray, Inc. If mailed,
survey wipe test kit envelope. Radiation level must
not exceed 0.5 mR/hr. If excessive radiation is
present, contact Kay-Ray, Inc. at 312-259-5600.,

t

|

| E. Kay-Ray will process the source wipe kit upon receipt.
!

F. Wipe Test Certificate will be forwarded to the
customer for his records.

!

O

|

t
i

e

_- _ - - - - - - - - - - - - - - - - - - - - _ _ -
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J LEAK TEST
R INDU$iRIAL PROCfSS CONTROL EQUIPMfNTC CERTlFICATE
$16 West Campus Dove. Atletten Heithis, liknois 60004
Mene; 0121259 5600 CaJe Address RAYRAY TeWi 28 2536

To: Date

Ref:

KR Job No:

This certifies that the source (s) listed below have been leak tested
according to prevailing NRC standards, and radioactive contamination
found to be less than .005uci
Please retain this certificate for your files.

CERTIFICATION:

By:

Title:

I Date:

......................................................................

Leak Test Source Holder Source Holder Source Holder Activity

; Snrial No. Manufacturer Model No. Serial No. (mC1) Date Bl

i

I
.

|

i
,

O'

l
| SV- 31 9 - 80 FIGURE 5-3
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5.0.7 Emergency Procedure to be Followed Af ter Damage to
Kay-Ray Source Holders

A. This procedure applies to all instances where damage
is incurred by the source holder due to such action
as fire, etc.

B. Immediately rope of f the area around the source
holder to a radius of 30 feet in diameter.

C. Inform plant radiation safety officer, or person
responsible for use of the source, as to the
situation.

D. In fo rm , by phone or telegram, the proper regional
NRC of fice of the accident.

E. Notify Kay-Ray, Inc., 312-259-5600, if their
assistance is required.

F. Limit access to source head until a radiation
survey and source wipe can be performed by
qualified personnel or a representative of
Kay-Ray, Inc.

O

O
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C

5.0,8 Customer Return Procedure

The following procedure must be used in retu rning equip-
ment with radioactive material. However, this procedure
cannot be followed unless specifically authorized by the
user's specific license. The user's license must state
that removal of the source head is permitted. Kay-Ray
personnel are licensed to perform this f unction.

A. HNo material is to be returned without prior authori-
zation from Kay-Ray, Inc.

B. Material must be packaged properly to insure against
damage.

C. All material returned must have a packing slip stat-
ing original purchase order number and the reason for
the return.

D. Material is to be shipped prepaid to:

K AY- RAY , INC.

506 West Campus Drive
Arlington Heights, Illinois 60004
Attn: Service Department

O E. Shipper will construct the crate so as to limit radia-
tion level on outside surface to 50 mR/hr or less.

F. Crate must bear radioactive labels on two opposite
sides of the crate showing appropriate radiation
class (Figures 5-5, 5-6, and 5-7). Labels are
available from Kay-Ray, Inc. upon request.

G. Contents, number of millicuries or curies, and trans-
portation index must be filled in prior to shipment.
Transportation Index is measured radiation level in
mR/hr at one meter (39") from surface of source head.

H. Bill of Lading must describe material (Figure 5-4).

O

. .. -
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O I RADIOACTIVE MATERI ALS
h SPECI AL FORM N.O. S.UN2 9 74

(CESIUM 13 7) TYPE A-U S AOl W TiV G INSIDE CDNTAINERS CDMPLY WITil- ~~

N PPESCRIBED SPECIFICATIONS

7 l 's O
/

i N '
/

| b/
i /

/

| ,'

I /
\ /

~

I f
| /3

J 'b' W

O /-

-
USA-DOT-7A

_ . _ _ . - _

\
\
\

| USA-DOT-7A |

oV

FIGURE 5-5
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-_ _______________-__ _ _

(TOP) (SIDE)

39" or 39 " or q E

.

1 meter
/ h [

1 meter ,

6 n

|p
/

/ ACC.gS.S ML SUEEACE j / ACCESET.HLS S Ej f
CRATE i C D_"E

"O O |
[uw L

(BACX) i pts (FRONT)
~

b|
0* y g

O O 1$ \ ------- J '

L. _ _ _ _ _ _ _
fx

.N /\ \
\ / \ /9

39" or 39" or
1 m n t n v. I metnr

,

(BOTTOM) SURFACE (SIDE)
READINGS

CUSTOMER NAME:

SOURCE MODEL NUMBER:j _

SOURCE SERIAL NUMBER: { )

TESTED AND APPROVED BY:

DATE: KR:

RADIONUCLIDE: ACTIVITY:

COMMENTS:

DOSE RATE LIMITS

LABEL AT 39" OR 1 METER FROM ANY ACCESSIBLE
RADIOACTIVE EXTERNAL SURFACE POINT ON SURFACE

"WHITE I" 0 0.5 MR/HR
"YELLOW II" l.O fir /HR 50 MR/HR
"YELLOW III" 10 11R/HR 200 MR/HR

,

TITLE: TOLERANCES S
NAY"N4Y INC.RADIATION SURVEY WORK SHEET untass einenwise swow=

FOR RETURNED GOODS F R ACflON Alu i 1/64 *
I ANGUL AR= * 30 MIN. ~

.00: *.010 /.000 = i.005 m a ggg
wa nrvision orscnipTion Euco arm oArt I

. SCALE: i.fh INCHES (METRIC)
2 AwiscDceco2 AWN /3 % y to-to &

DWN: 2W9y DATE: /o-/o-7','

[ APP:t.% % DATE: /C //099
DW G. N 9. REV.

974-000101 2
.

- _ _ _ _ - _ _ _ - _ - _ . _ _ _ _ _ _ _ _ . - - -
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cx
d

RADIOACTIVE MATERI AL PACKAGES LABEL CRITERIA
49 CFR Transportation 172.403

DOSE RATE LIMITS

LABEL AT ANY POINT ON AT 1 Mr.:TER OR 39" FROM
ACCESSIBLE SURFACE EXTERNAL SURFACE OF
OF SOURCE HOUSING SOURCd HOUSING (TRANSPORT

INDEX)

" RADIOACTIVE-WHITE I" 0.5 mR/hr 0

" RADIOACTIVE-YELLOW II" 50 mR/hr 1. 0 mR/hr

"RADIOACTIVE-YELLOW III"* 200 mR/hr 10 mR/hr

* Requires vehicle placarding

T.I. is the highest field present at any measured point 1 meter
or 39" from surface of source housing.

O

f
I

|
|

|

Radioactive - White I Radioactive - Yellow II Radioactive - Yellow III*
/^s^

N r s
t s / / \

/ g
f g # / \

N
|

#
/' \ / \ gj

gf' &/ a '' ' N' a x s
s

RADI0 ACTIVE IN ,;' x RRIDACTIVEHI /
,

Rpl0 ACTIVE I f ,' '

N s /s w\ ,~

N N /- ,s
s e ' \ /
\ / \ ~-

. . . . _ /

\ s /N / /

'V V
v

| 3ackground - White Upper Half - Bright Yellow Upper Half - Bright Yellow
Iower Half - White Lower Half - White

|
.
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O

CERTIFICATION OF TRAINING

Name:

Company:

The above named individual has successfully completed the
INSTALLATION AND NUCLEAR RADIATION SAFETY cours3 offered by
Kay-Ray, Inc., consisting of the following curriculum:

Principles and practices of radiation protection-

Monitoring radiation levels using Geiger counters-

Radiation exposure limits-

Radiation areas defined-

Calculatir' radiation levels from known gamma source-

size and distances

O
Calculating dose rates of typical installation-

- Leak testing Kay-Ray source housings

- Safety practices required for the use and handling
of Kay-Ray source housings

Installation of source housings demonstration and-

Hands-On installation

This training course consists of formal discussions, practical
applications, leak testing, specific installation discussions,
and hands-on installation completion with related forms for
record keeping.

Certified on equipment
model

Instructor:
Date:

O

FIGURE 5-8
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5.0.9. LICENSING OFFICI ALS IN AGREEMENT STATES

ALABAMA GEORGIA
Mr. Kirk Whatley Carol Connell, Chief
Director of Radioactive Materials Licensing Radioactive Materials Unit
Bureau of Radiological Health Radiological Health Section
Room 510, State Office Building Georgia Dept, of Human Resources
Montgomery, Alabama 36130 GMHI-Room 425 South
(205)261-5315 1256 Briarcliff Road N.E.

Atlanta, Georgia 30306-2694
ARIZONA (404)894-5795
Mr. Charles F. Tedford, Director
Arizona Radiation Regulatory Agency IDAHO
925 South 52nd Street, Suite 2 Mr. Robert D. Funderburg, Manager
Tempe , Arizona 35281 IDHW-Division of Environment
(602)255-4845 Radiation Control Section

450 W. State
ARKANS AS Statehouse
Mr. Mark Smith, Chief Boise, Idaho 83720
Licensing & Environmental Surveillance Section (208)334-4107
Radiological Health Section
Division of Radiation Control and Emergency KANS AS
Management Programs Mr. Gerald W. Allen, Director
Arkansas Department of Health Kansas Department of Health and
4815 W. Markham Street Environment
Little Rock, Arkansas 72201 Bureau of Air Quality and
(501)661-2000 Radiation Control

Forbes Field, Bldg. 321
CALIFORNIA Topeka, Kansas 66620
Mr. Joseph O. Ward, Chief (913)862-9360, Ext. 284
Department of Health Services
Radiological Health Branch KENTUCKY
714/744 P. Street E. Edsel Moore, Manager
Sacramento, California 95814 Radiation and Product Safety Branch
(916)445-0931 Dep t . for Health Services
(916)322-2073 (Mr. Ward) Cabinet for Human Resources

275 East Main Street
COLORADO Frankfort, Kentucky 40621
Mr. Albert J. Hazle, Director (502)S64-3700
Division of Radiation Control
Office of Health Protection LOUISIANA
Department of Public Health Mr. William H. Spell, Administrator
4210 East lith Avenue Nuclear Energy Division
Denver, Colorado 80220 Office of Environmental Affairs
(303) 320-8333, Ext. 6246 P.O. Box 14690

Baton Rouge, Louisiana 70898
FLORIDA (504)925-4518
Mr. Paul E. Shuler, Jr.
Public Health Physicist Manager MARY LAND
Radioactive Materials Section Mr. Robert E. Corcoran, Chief
Of fice of Radiation Control Division of Radiation Control
State of Florida Department of Dept. of Health and Mental Hygiene
Health and Rehabilitative Services 201 West Preston Street
1317 Winewood Blvd. Baltimore, Maryland 21201 |h
Tall ahas s ee , Florida 32301 (301) 383-2744 or 2735
(904)487-1004

4/85
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5.0.9. LICENSING OFFICI ALS IN AGREEMENT STATES - Cont'd.

MISSISSIPPI NORTH CAROLINA,,,

( ) Mr. Eddie S. Fuente, Director Mr. Cecil B. Brown, Head
Division of Radiological Health Radioactive Materials Branch
State Board of Health Radiation Protection Services
P.O. Box 1700 Department of Human Resources
Jackson, Mississippi 39215-1700 Division of Facility Services
(601)354-6657 or 6670 Box 12200

Raleigh, North Carolina 27605-2200
NEB RASKA (919)733-4283
Mr. Ellis Simmons, Director
Division of Radiological Health NORTH DAKOTA
State Department of Health Mr. Dana Mount, Director
301 Centennial Mall South Division of Environmental Engineering
P.O. Box 95007 Radiation Control Program
Lincoln, Nebraska 68509 State Department of Health
(402)471-2168 1200 Missouri Avenue

Bismarck, North Dakota 58501
NEVADA (701)224-2348
Mr. John vaden, Supervisor
Radiological Health Section OREGON
Nevada Division of Health Mr. Ray D. Price, Manager
505 E. King Street Radiation Control Section
Carson City, Nevada 89710 Division of Health
(702)885-4750 Department of Human Resources

1400 S.W. 5th Avenue
NEW HAMPSHIRE Portland, Oregon 97201

f'T Ms. Diane Tefft, Manager (503)229-5797
d Radiological Health Program

State of New Hampshire RHODE ISLAND
Department of Health and Welfare Mr. James E. Hickey, Chief
Division of Public Health Services Division of Occupational Health and
Health and Welfare Buildina Radiation Control
Hazen Drive Rhode Island Department of Health
Concord, New Hampshire 03301 Cannon Building
(603)271-4588 75 Davis Street

Providence, Rhode Island 02908
NEW MEXICO (401)277-2438
Mr. Benito Garcia, Acting Bureau Chief
Radiation Protection Bureau SOUTH CAROLINA
Environmental Improvement Division Mr. Heyward Shealy, Chief
P.O. Box 968 - Crown Building Bureau of Radiological Health
Santa Fe, New Mexico 87503 South Carolina State Department of

(505)984-0020 Health and Environmental Control
2600 Bull Street

NEW YORK Columbia, South Carolina 29201
Mr. Jay Dunkelburger, Director (803)758-5548
Bureau of Nuclear Operations
New York State Energy Office TENNESS EE
2 Empire State Plaza, Agency 2 Mr. Michael Mobley, Director
Albany, New York 12223 Division of Radiological Health

(518)474-2190 Department of Public Health
C2-212 Cordell Hull State Office Building

(- ) Nashville, Tennessee 37219-5404

(615)741-7812

4/85
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5.0.9. LICENSING OFFICIALS IN AGREEMENT STATES - Cont'd.

TEXAS
Mr. Joe Klinger, Administrator
Industrial Operations Branch
Bureau of Radiation Control
Texas Department of flealth
1100 West 49th Street
Austin, Texas 78758

(512)835-7000

UTA!!
Bureau of Radiation Control
P.O. Box 2500
150 West North Temple
Salt Lake City, Utah 84110
(801)S33-6734
Mr. Arnold J. Peart, IIealth Physicist
(Administrator has not been named yet)

WASiiINGTON
Mr. Gary Robertson, Managet
Radiation Control Section
DSIIS Health Services Division
Mail Stop LP-13
Olympia, Washington 98504
(206)753-3351

O

O

4/85
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NUCLEAR REGULATORY COMMISSION

REGION I REGION IV

Mr. John Gle Director Mr. Karl V. Seyf rit, Dire ctor
Nuclear Ibgu$bory Comntission Nuclear Begulatory Commission
631 Park Avenue 611 Ryan Plaza Drive, Suite 1000
King of Prussia, Pennsylvania 19406 Arlington, Texas 76011
215-337-5000 817-334-2841

REGION II REGION _V_
Mr. James P. O' Reilly, Director Mr. Bobert H. Engelken , Director
Nuclear Pegulatory Commission Nuclear Regulatory Commission
101 Marietta Street NW 1990 North California Blvd.
Atlanta, Georgia 30303 Walnut Creek, California 94596,

I 404-221-4503 415-943-3700

| IEGION III

f Mr. James G. Keppler, Director
| Nuclear Pegulatory Commission
'

799 Ibosevelt Ibad
Glen Ellyn, Illinois 60137
312-790-5500
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1

,
coi o.oo ino.c.ie. ine phy.ic.i .i.ie o, ine eiemeni onoe, o,oin.,y conoii.on.: 2 ,
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6 41 01218
ELECTRONIC CONFIGURATION Shown .1 the upper right .s . group of bl.ck numer.l. When
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3 Na Mg di' 55' Y [ Ul
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22 9 977 2005 IIIB IVB VB VIB VIIB , IB IIB 26 98154 28 0855 3097376 3206 35453 39 948s

il3 19 . .l2O i 21i . 22 : 23 | 24 ! 25 ! 26 i 27 28 i 29 i 30 i 31 i 32 i 33 i 3,4 35 i 36'

.. .a ,n ,u . .m,o i. n ,.i. .a .. a m,n ....i. . :a _,,i. m' ,_m84 K' Ca' Sc' Ti ' V' Cr' Mn' Fe' Co' Ni' Cu ' Zn' Ga' Ge' As' Se' Br Kr*
.. , a

N 29 0983 4008 44 9559 4790 50 9414 51 996 54 9380 55847 58 9332 58 70 63 546 6538 69 72 72.59 74.9216 78 96 79 904 83.80

? 37 iz.38 i.3 9 .i. 40 ,i 41 ,1,42 i.43 .m_.1 45 1 46 ,!.47. . . ,1 4 8 ,i. 49. . .i.SO ! 51 1 52 ,1 53 1 5 4_ .
144

. . ,
.,5 .o ._ m._ .. m ,,,.,,m ,

Rb Sr Y . Zr" Nb" Mo" Tc" Ru" Rh" Pd" Ag" Cd" In " Sn" Sb" _Te" _| " Xe"
854678 87.62 88 9059 91.22 929064 9594 (97) 101.07 102 9055 1064 107.866 112.4) 11482 11869 ,121.75 127.60 1269045 131.30

55 156 1 57 172 173 1 74 1 75 1 76 1 77 1 78 1 79 1 80 1 81 1 82 1 83 i 84 i B5 1 86 i~" " ~" " ~' '" ~" ''~n 'u ~n6
" ~~" ~~ "" '~" "~2 "~2 ~"

Csi Ba: *La Hf ': Ta': W 'i Re ' Os ': Ir " Pt '; Au" Hg" Tl Pb 'i Bi Po' "At " Rn:" " '

132 9054 137.33 138 9055 17849 180 9479 18385 186 207 1902 19222 19509 196 9665 200 59 204 37 2072 208 9804 (209) (210) (722)

87 188 iB9 | 104 105
7 g ...g ....g

Fr' Ra"3 "Ac'i t t uhe ,n,.n.ien.i un. .. ~one ch h--, .oe-. ouei n.~ . .,nm ,. e en
, 3

(223) 226 0254 (227) (260) (260)

Laath=a'o= san *h58 59 i 60 | 61 i 62 i 63 i 64 65 i 66 67 68 i 69 i 70 | 71 ig .g n ..g .g g .~ g .. - g . . . .g. g _,g .. . . g . ,1- g ...~ g.. .

Ce; Pr: Nd: Pm: Sm: Eu: Gd: Tb Dy: _Ho : Er: Tm: Yb: Lu:
.

.

'

140.12 140 9077 144.24 (147) 1504 151 96 157.25 158 9254 162.50 164.9304 167.26 168 9342 173.04 174.97

" ^c''a* S*"" h 90 i 91 i 92 i 93 1 94 ! 95 i 96 i 97 98 99 100 101 102 103.co ,,,e m977 n

Th || Pa'n U 'uNp'u Pu ':Am"eCm" Bk Cf Es Fm Md No Lr
1 -n- - -~ ~- '~ - - - - ~

i j ! i
,..he, Sc.e,,...c co.no. v

2 2 0381 231.0359 238 029 237.0482 (244) (24W (247) (247) (25n (254) (257) (258) (25% (260)C.t. No S45520

_



- _ _ _ _ _ _ _ _ .

PHYSICAL PROPERTIES OF COMMON METALS & ALLOYS
O

Metal Density Specific Melting Coefficient Resistivity
or Alloy at 200C Heat Point Linear at 200C

0(grams per at 20 C Centigrade Expansion (micro-ohms
em3) at 200C per cm)

(per C0x 10-6)

Aluminum 2, 7 0.21 659 26 2.82
Brass 8. 6 0.092 900 19 7
Cadmium 8.65 .055 321 28,8 7.62
Chromel 180 8.95 .092 1100 16.1 29.8
Copper 8. 9 0.091 1083 17 1.72
German Silver 8. 4 0.094 1100 18.4 33
Gold 19.3 .031 1063 14.3 2.44
Iron 7. 8 0,115 1535 11 10
Lead 11.3 0.031 327 29 22 ;

Magnesium 1.74 .245 651 26.0 4. 6 {
Manganin 8. 4 910 18,7 44.0 l
Nichrome Alloy 8. 2 1500 13.7 100 l

Platinum 21.4 .032 1755 8. 8 10.O
Silver 10.5 0.056 960 18,8 1.59
Steel 7. 8 0.107 1510 12.0 10-70
Tungsten 18.7 .034 3400 4. 3 5. 5 g
Zinc 7.1 0.092 419 26.3 5. 8

J

PHYSICAL PROPERTIES OF COMMON LIQUIDS

Liquid Density Specific Boiling Coefficient Index of
0at 20 C Heat Point at of Volume Refraction

(grams per 150C 760mmpg Expansion for Sodium
ml) (cal /g-Co) ( C) at 20 C Light

(per C0x10-3)
,

!

| Acetic Acid 1.05 .468 118.1 1.071 1.37
| Acetone .7908 0.52 56.2 1.49 1.36

Alcohol, Ethyl .789 0.56 78.5 1.12 1.36
Alcohol, Methyl .793 0.59 64.96 1.20 1.33
Alcohol, N-Propyl .7796 . 5d6 97.2 .956 1,39

1Aniline 1.022 .488 184.4 .858 1.58
} Benzene .879 .406 80.1 1,24 1.50

Carbon Disulfide 1.263 45.0 1.15 1,63
Carbon

Tetrachloride 1.595 0,20 76.8 1,24 1,4664
Chloroform 1.50 234 61.3 1.27 1.4433 g
Ether, Diethyl .714 0.54 34.6 1.66 1.35
Glycerol 1.26 0,56 290 0.51 1.47

| Mercury 13.6 0.033 357 0.182 1.62
Toluene .867 .395 110.6 1.099 1.4961

1

!

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ . _ _ _ _ _ ___ _J
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Page 6-6

CALCULATION OF RADIATION LEVEL

Inside vessel with source closed

2K (X )MR/IIR = x source size (mci) x . 0 01 + RR
(X + D) 2

K - from chart
X - from chart
D - distance in feet
RR - reduction ratio of the wall thickness

RR = 2(bV)

SOURCE IIOLDERS

X K
7050B .65 20
7051B .65 20
7062 .375 1000 g7063 .520 50
7064 .70 20
7067 .89 2
7080 .583 150

Example: 7062 with 50 mci Cs!87, wall thickness h" steel, surface
of source 2" from outside wall.

Calculate: Radiation inside vessel at 1.25 feet from inside surface.
1000 x .3752

|
,

| (.375 + 17.25)2 x 50 x .001 = 2.14 j
12

|

.25 steel = .25 = .416 values 2'435 1.334 RR=
.6 l

2.14
1.334 1. 604 MR/IIR=

1

!
'

FIGURE 6-5

_ _ - _ _ _ _ . _ _ _ _ _ ._
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FIGURE 1 Page 6-7
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(6.3525 )

-+
~30 10

(74 ) (2.54)1 -*i
* O.05 )

62* .5 0 -,

4(12.7) .27
4 !

4.375 ) -* t J (9.39)
,, ,3 7 ." "

(9.52

\ ^ " *

.25 )
+

(6.35\ \ t t
b\ \

" "" 4'
l 27) \ \(5 8)(.7501905) \
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\ \ .540 \ \08
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\\\\N " .
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NOTES:

1. Items 1 and 3 to be mated to each other
HELIARC FUS!ON WELDS to limit laterial movement to .005 in.

/ max.
2

2. Asbestos fiber fill to be used as a
means of eliminating the movement of

([[[[ source material within the capsule, g
,

\
/ y/r

3. Item 2 to be pressed in place suffi-

N \ 3 cient to remove linear movementASBESTOS
FIBER ' PACKING' %\ /

~

\ between items 1 and 3.

4. Capsule (Iteml) to be engraved wi th
ASBESTOS -hJq , ,, ,, ,M isotope, activi ty, model no. , serial

FIBER NEST" no., and date.
ASSEMBLY

5. After welding perform liquid nitrogen

RADICACTIVE MAT'L leak test on inner a outer capsule

APPROXIMATELY IN WeId5-

CENTER OF CAVITY 6. After welding outer capsule perform
seven (7) day wipe test.

7. Leak tes t certifica te to be supplied
with each source.

8. Amount of activity must be as
specified t10%.

TIT E SOURCE (CESIUM) CS-137 FOR L gay.ppy fue
SOURCES OF ONE TO TEN CURIES K 5SCALE 2:1

8LM.f38oTHE SPECF1ED: FRACT1oHALt Athe(ton MitgMs. minois USA

DWN.WY ME NC I C, DATE 7/28/75NCL REYisioNS oATE APP.
APP. 5Y BEN DLE R DATE 3/2 G 7(.I REDRAlcu- DIE E H6T.(6AHe.gf1 G/7G Ret.

! DWG.NO.625-000102
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"

MATERIAL: 3/16 STAINLESS STEEL

| I

ENGRAVE
_

(30.0)
~

1.18
IDENTIFICATION

~

' ARGON ARC WELDAND SERIAL NO.

AS REQUIRED

& T//////////Ef/T
/// /A/ \ n

W's / / ///YF'
/

N'

ss , -

N ;N-
'

\ ',
. (31.0)

'

1.22,
'

\(1.5639.6)
, '

s '

N J N- ss

N . N-m s s m

38 "
N[x
frffc1r#%N u

NAN \Ni > ""'o
m

a . - \
AmO /BeO25
CERAMIC INSERT(12.7) N 'ACTIVITY 300mc

q

KAY-RAY
Radiation Specification.

DOUBLE WALLED WELDED 1

4x 20 UNC+
CAPSULE TYPE X3

= 60 Kev cammaSPECIAL FORM MATERAL
S/F CERTIFICATE NO.

SFC 9 REFERS INCHES

(MILLIMETERS)

AmBe 241300mc CERAMIC SOURCE gay. gay /NC.

ISCALE 2:1
mms mss omEMSE e klington He ts.lHinois USA

NQ REYlSIONS DATE APR DWR BY 'Optg/mf > DATE 4-2 - 76
f DOJ6. vr(<As 6 90 -OOO 20 f 5/7(o 04't APR BY h (f M DATE 4{3/76-

DWG.b0.6D0-000104
FIGURE 6-7
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Page 6-11
UNITED STATES NUCLEAR REGULATORY COMMISSIONq

V RULES and REGULATIONS
TITLE 10. CHAPTER 1, CODE OF FEDERAL REGULATIONS-ENERGY

PART NOTICES. INSTRUCTIONS, AND REPORTS TO WORKERS:

19 iNSeECTiONS

engaged in activities licensed by the Com ,,| sued pursuant to Subpart B of Part 2 of(c) "Worker" means an indiddualSec.
this chapter, and any response f rom theI e. >ur r"$'-

|d hgQn, mission and controlled by a licensee, A licensee,
but does not include the licensee. Q (b) If posting of a document specined

l 9.4 lat er pr et a tions.
19.5 Co m en unic at tu ns. (di "Urense" means a lleense issued g in paragraph (a) (1). (2) or (3) of this
t o.1 Posting of notices iu workers. under the regulations in Parts 30 through a section is not practicable, the licensee
19.12 Instruction to workers. 35, 40, or 70 of this chapter. Including @ may post a notice which describes the

,
e e ceIf rep $es'nIa NL nsUe licenses to eMrate a production or utili. document and states where it may be

e
and wmkers durins minestwns. ration f acility pursuant to Part 60 of this examined.

89.1s consvttarson with wurkers during in. chapter. "Licensee" means the holder of C
ic) Form NRC-3, "Notice to Em-s pestioni .

such a. license.19.16 Requests to workers for mipections. ni Restricted area" means any stes ployees" shall be posted by each 11
t o.t ! Inspectms put warranted; informal te D tecess to which is controlled by the 11 censee therever individuals work in or

v nSns. k censee for purposes of protection of in. ;' frequent any portion of a restricted area.so.3o d!Viduals f rom exposure to radiation and Nott: Coptes of For m NRC-3 may be ob.
w radioactive materlats. "Restricted area" S

19.31 Arpiecatmn for exemptions. g
89.33 Dacriminatwn protubiteJ. g tained br urating to the Director of the

g shall not include any areas used as real= w appropriate U S Nuclear Regulatory Com.
,} dential quarters, although a separate O mission Inspection and Er.f erce:ne nt Re.

U AUTHC4fTT Seen 83. 63. 61,103,104,161. room or rooms in a residential building gional Omce listed in Appendix D i Part 20
Pub. L. 83-703, 68 Stat. 93o 933. 935, 936. may be set apart as a restricted area. of this chapter. or the Director. Otce of in.
937. 948, as amended (42 US C. 2073, 2093, spection and Enforcement, t' S Nuclear Reg.
2111, 2133. 2134, 2201 : Sec. 401, Pub 1,. 93- I I9 I I nlef Pr' 18 8,*"'- ,ulatory CommLsaton. Washington, D C. 2c55$8

438,84 stat 1254 (4211 S C. 5891) Except as spect$cally authortred by the
Comrnission in writing, no interpretation (di Documents, notices. or forms

of the meaning of the regulations in this posted pursuant to this section shall ap-

$ 19,1 Purpose, part by any omeer or employee of the pear in a sudetent number 01 places to
Commission other than a written in. permit individuals engaged in heensed

The regulations in this part estab!!sh terpretation by the General Counsel wtll activities to observe them on the may to

requirements for notices, instructions, be recognized to be binding upon the or from any particular licensed activity
and reports by !!censees to individuals Commission location to which the document app!!es,

participating in licensed activities, and r shall be conspicuous, and shall be re.--

options available to such individuals in g 19,5 Com m u nica t ion., placed if def aced or altered.
connection with Commission inspections (e) Commission documents posted

Except where otherwise specined in pursuant to paragraph (a)(4) of thisof licensees to ascertain compliance with t'ils part, all communications and reports section shall be posted within 2 workingthe provisions of the Atomic Energy Act
, of 1954, as amended. Title H of the En- g concerning the regulations in this part days af ter receipt of the documents from
* ergy Reorganization Act of 1974.and res- g should be addressed to the Director, Of- the Commission; the beensee's response.
E u!ations, orders, and licenses thereunder e fice of Inspection and Enforcement. U.S. If any, shall be pnated within 2 morking
* regarding radiological working condi a Nuclear Regulatory Commission, Wash- days af ter dispatch by the licensee. SuchE

ti g ington, D C. 20555. Communications, re. t documents shall remain posted for a
? ons' ports, and applications may be delivered N minimum of 5 merking days or tmtil ac.

$ 19,2 Scope. In person at the Cornmission's omces at E tion correcting the violation has been
The regulations in this part apply to 1117 H Street, NW., Washington, D.C.: w completed, whichever is later,

all persons who retelve, possess, use, or or at 7920 Norfolk Avenue. Bethesda,8 6 19,12 luteb w Mers,
transfer materiallicensed by the Nuclear _ Maryland.

I ''I I I**'I"8 * I "*'I"' '' **'k e rs, ing any portion of a restricted area shall
regu at o nPr 30 thr ua 35. 0 be kept informed of the storage. trans.
or 70 of this chapter, including persons 11 (an Each licensee shall port current

! us o ra one ma a or
censed to operate a production or utill. copies of the following documents: (1) o}gg , ,

ration fact!!ty pursuant to Part 50 of g The rerulations in this part and in Part stricted area; shall 'be instructed in the
*

_t,his chapter, g 20 of this chapter; (2) the lleense, license health protection problems associated
e nditions, or documenta incorporated utth exposure to such radioactne mate.G 19,3 De finitions. E

m into a license by reference, and amend. flats or radJation, in precauttons or pro-~
n As used in,this partt R ments thereto; (3) the operating proce. cedures to minimize exposure, and in the

ces an
uneoQses applic e to lic ed acti tieO Act f1 ,f 8 t 9 udi a d, ,

* " " * and instructed to observe, to the eatent.
8 (b) ''Commissain .' * *

radaoloccal working conditions, proposed
means itse United States within the worker's control, the apphen-

g gg * ble prosistons of Commission regulattoru| Nuclear Regulstory Commissam;

19 1 August 1,1980
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PART 19 * NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS: INSPECTIONS

and licenses for the protection of per- report shall be transmitted at a time deltberately interferes sith a f air and
sonnel f rom exposures to radiation or not later than the transmittal to the orderly inspection With regard to areas
radioactne rnaterials occurrmg in such Cornmiolon, containing information claMined by an
areas; shall be instructed of their re- - agency of the U S. Government in the
sponsib1hty to report promptly to the ll*

7) f e; At the request o'c worker who is interest of national security, an indntd-
censee any condition uhkh may lead to ual who accompanies an inspector may
or cause a v6olation of Comm15sion regu- artnannt enploWM in a g%n. have access to such information only Lf
4ations and beenses or unnecessary ex- wer dar qarter w;th the beesee in authortred to do so. With regard to a.ny
posure to radiation Jr to radioactne ma- w ork inboh nt radiation dose. or of a area containing proprietary information,
terial; shall be in.structed in the appro- worier who wrule employed by another the workerv representatbe for that a.rea

priate response to sarnings made in the persoa is terminating assignment to shall be an individual previously author-
event of any unusual occurrence or mal- work ins chinF rad,at:en dose in the tzed by the licensee to enter that area.
function that may insolve exposure to ; Mensee s facj '. tr. that calendar $ 19,15 Con uhavion miih workere dur.
radiation or radioactive material; and ? cuarter. each beensee sr,all prende to in g in.Pec tion.,

shall te addsed as to the radiation ev { each such worker er to tre worker s (a) Commission inspectors may con-
posure reports shich workers may re. * cies gnee. at termmahon. a written sult privately with sorkers concerning

quest pursuant to i 1913. The extent of ; reyn repr4 % raiauon dose mauers M ucupaNnal Mam prec-

these instriletions shall be commertsur- recen ed b) that w orker from operatior.s tion and other matters related to ap-

ate with potential radio!ogical heaJth of the beensee dur;ng that specifn. ally afd tb*8
so "
,t e eprotection p*oblems in the restricted identified ca!enda* QLarter or fracticn spectors deem necessary for the conductare a- thereof. cr f rende . w nt!en ethrnate of of an effective and thorough inspection.

t IV.l3 % ifications and resorts to in. that dose if the fins!!) de'enr.t.ned (b) Durmg the course of an insrection
dedJuel , personnel menitor:rg resa!!s are nol any worker may bring prhately to the

tai Radiation exposure data for an as allsb!e at that time Est. mated doses attention of the inspectors, either ora:ly
2ndaadual and the results of any meas- shall be cleath trd cated as such or in a riting, any past or present condl-
urements, analyses. and calculations og

-

tion which he has reason to bellese rnay-

radioactne material depmited or re- have contributed to or caused any vio-
Ismed in the body of an individual, shall i 19.14 l'resence of eepresentathes of lation of the act, the regulations in this
be reported to the individual u specified firen ces and workers durieig in+pec. chapter, or license conditlen, or any un-
in tha section. The information reported t hans. necessary exposure of an individual to

shMI include data and resulta obta.med (a) Each licensee shall a.fford to the radiation from licensed radioactive ma-
pursuant to Commission regulations, or- "" " " #* * #*" ^"I
ders or license conditions, as shoun in Commissien at all reasonable tima op-

s n e m ng SM comply mith .srecords maintained by the licensee pur- portunity to inspect materials, methitles' the requirements of | 19.16(a),
suant to Commission regulations. Each f ac1htles, premises, and records pursu-

(c) The provisions of paragraph (b)
g, mg; include appropriate identLf)ing data g, ant to the regulaticns in this chapter.
, notincation and report shall: be in wr;t. ,,, of this section shall not be interpreted as

(b) Durmg a.n ir.spection, Corrmission A authori2ation to disregard instructions
|

R such as the rume of the licensee, the R inspectors may consult privately with E pursuant to | 19.12. 1

- name cf the indhiduaj. the inda:Nal's .
0 d i !9 ! e l! t ]9'l6 Ilequests by workers for in pec-I social Secunty number; include the indi- I

cn eo 1 a nen ma i-R sidual s exposure infctmation; and con R accorr.pany Commission inspectors dur E |tain the follouing statement: (a) Any werker or representative cf (ing other phases of an inspection.
li+ i reo a ten A Jto m., unJo IN rros e (C) If, at the time of inspection, an workers who beheses that a violaticn of I

. t i s u s h o ui o..e 3 ( mm,+,n reg u indaldual has been authorized by the the Act, the regulations in this chapter,ii

',o i, n :v i i H twi a b.u huiJ r rmrse an scrkers to represent them during Com- or license conditJons exists or has oc-n i s . ., e o,i tto v e t o , r"' mission inspections, the licensee shall rurred in license act! Miles sith regard to
tb) At the request of any worker, each nottfy the inspectors of such authoriza. radictogical w rkmg conditions in which

1:censee shall advise such worker annu- tion and sha!! give the workers' repre- the worker is engaged, may request an
ally of the wor ker's exposure to radiation s,entatne an op;>crtunity to accompany inspection by gning notice of the alleged

|or radioactne material e,s shown in ree- *he inspectors during the inspection of '*' lit"'n tu lhe threc tor f lnycttion and t n-
|ords ma2ntamed by the lleeruee pursu- physical working conditions. fortenwns to the Duntor of the arrro-

ant to 120 4011a) and (c). (d) Each workers' representative shall priate Commission Regional Of*ce, er to
8cl At the reque t of a sorker former- be routinely engaged in licensed acthi. Ccmmission inspectors. Any such notice

|
ly engaged in licensed actiuties con- ties under control of the !!censee and shall be in a riting, shall set forth the

[trolled by the !!censee. each licensee shall shall have received instruellons as spec- specine grounds for the notice, and shall

furnish to the worker a report of the ined in | 1912. be signed by the worker or representa- I

s orker's exposure to radiation or rad;o- (e) D1'f erent representatives of 11- tin of worurs. A copy shall be prouded '

active rnaterial Such repcrt shall be fur- censees and workers may accompany the the htensee ti) the (hrutor of Inspot tion anJ
nished within 30 da>s f rom the time the inspectors during different phues of an I "I"''"''"' RCS'on al O fk Dun tor,
request is made, or within 30 days af ter inspection tf there is no resulting inter- or the inspector no later than at the time
the expo',ure of the individual has been ference with the conduct of the inspec- of inspection except that, upon the re-
determined by the beensee, w hicheter is tion. Itosever, only one workers' repre- quest of the worker giving such notice,

Ilater, shall coger, within the renod of sentative at a time may accompany the his name and the name of indalduals j
time sp' caned in,the request, each calen. ins pec tors. referred to therein shall not appear in I

dar quatter in which the worker 3 ac- (f) With the epproval of the licensee such copy or on any record pub'ished, |tinties mvohed exposure to radiatic.n and the workets' representathe an in. released, or made available by the Com. lf rom radioactive materials licented by dhldual who is not routmely engaged rnission, except for good cause shown.
|the Commission; and shall include the in licen. sed actiuties under control of (b) If, upon receipt of such notice, the

dates and locations of licensed actiuties the 1: cense, for example, a consultant thru tot of Intet tion a nd i nios.crnent or Re-in shleh the worker participated durmg to the beensee or to the scrkers' repre- gnenal Of 4c thrccior &ictnano ihat 'j

this period. sentathe, shall be afforded the oppor- the complaint meet.s the requirements setedi When a licentee is required pur- tunity to necompany Commission inspec. forth in paragraph Ia) of this section,
suant to | 20 405 or i 20 408 of this chap. tors during the inspection of ph3 steal and that there are reasonable grounds toter to report to the Commission any ex- working conditions- beheve that the alleged %lolation eatsta
po<ure of an indindual to radiation or . (g > Notulthstanding the other progi- or has occurred he shall cause an in- I

radioactne material the licen'ee shall sions of this sectnen. Commission inspec* spection to be made e soon e practica. |also preside the individual a report on tors are author 17ed to refuie to permit ble, to determine if such alleged wolation |* his exposure data included therein such accompaniment by any indn1 dual sho exists or he occurred Inspections pur- |

|
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PART 19 * NOTICES, INSTRUCTIONS, AND REPORTS TO WORKEFvS: INSPECTIONS'

(N suant to this section need not be limited tion, or order issued thereunder. or any |

( ") to matters referred to in the complaint. term, conditirn or hmitattun of any h-
'

'

(c) No bcensee shall disebarge or in cense tsf ued thereunder. or for any sto.
any manner dheriminate against any lation for shich a heenw may be retoked
worker because such sorker has filed any under sutton 186 of the Act. Any perr.on
complaant or instituted or caused to t* s ho s t'! fully notates any provision of*

instituted any proceeding under the E the Act er any regulation or order issued
regulations in this chapter or ha.s testi- Q thereunder mai le guilty of a enme a.nd |

fled or ts about to testif y in any such pro- a upon conviction. may be punished by f'ne iceeding or because of the exercise by u

such sorker on beht.!! of hinuelf or g or tmprisonment or both h.5 proitded by |
others of any option afforded by this last j
part. g 14.31 Appli ation for nrn'plinn*. |

| 19.17 Inspections not warranted t in- The commisuon may. upon apphes.
I'"" 'I '" * " ' tion b) any bcensee or upon its osn m-

tal if the thrcsi..e of f ngvs non anj i vioa r- ttutn pant such exemptians from the
nient os of the appropriate opm it d rmhwhhOmee determmes, stth respect to a com. art u it deternunes are authcrued tvplaint under i 19.16. that an inspec' ion
is not m arranted because there are no law ar.d sill not ren.lt in undae hanrd
reasonable grounds to beheve that a vio. to lif e or preperty

1stion exists or has occurred. he shall no.
~

tify the complainant in snttng of such k 19.32 Ili * ri""ua'io" p'"I"I'i'C'l
determination. The complainant maY .No person v.all un the ground of ecs j
obtain reuew of such determination by be culuded f.om pas timpation in be de- '

submitting a written statement of posl* med the benefdh of 01 be sub;ccted to |
|a min wit h the i ses uto r Dites los for tips ranon' N mm i ut Ai W piWrm m m-

t .S. Nusicar Rc ulatot) Commm on. %hmg m m Ne W U th h jem H.Matm )ton. D t , 203.L . m ho w ill prouds the tu rnsce g , yyg ,

sith a copy of such statement by certt. I M M t w@ ws p:cmiens ard I
fled maal esclut.ng. at the reque<t of the t% c A n'$ ot Abshed |complamant, the rame of the ccmp!am- "$ i

,g g g g g ,g ,,
a.nt. The licensee may subnut an orpos- ; gg gggg g.3 gg g eg g ppg, j,

ing sTttten statement of position sith dW "I'W i m M u mt edu-the i set utne Ditestot for 0;wranon w ho will n W ill t pie'.u ire orrenide the mmplamant with a wps of sush
starctncnt h scentkJ rnait t pon the n qm st "

q, ,

of t he sump'lo nani. ibs I sc6 uin e thrn tor for ~WC 1, T 6 nn me

(O
()perations or hn Js yner rus)

) hold an inf ormal conference in shich
the complainant and the bcensee may
orall) present their \1cu s An inf ormal
conference may also be held at the re-m

F, cuest of the hcentee but daclosure of the
R ndentity et the comrlamant st!! be made

only follom mg receipt of s ntien auther.=
tration f rom the cornflamant Af ter con.*

5 siderms a:1 s tatten and craj nes s pre-
sent ed. t he i ses utn e D>tes tor lot (lps f an'*
shalt afhrrn. rnoJit y . or ro s tse 16 Jctc tmma-
t>>n of the then t..t of inc inon a*J l of-r,c.
ins nt of of the apprornah Regninat
O".ce and f urnish the complatnant and

the beennee a a ritten notif.caticn of his
decmon and the reasnn therefor.

Ibi If the Ih rn e.., of in pn iioo a nd I niors e-
rn ni or ut ths- appropnate Rs pinals

Otce cetermmes that an instwtaen is
not s arranted because the rea'Jrementa
of i 1916*a e ha\e not teen met he sl.all
notif y the comilamant in sntmc of
such dete-mmation Such determmation
shall be sithout prejudice to the filmg of
a nes comt.lamt meetmg the teamre-
ments of | 1916'ai.

b 19.3n tinlaiion..

{ An injunc tion er other tout t or der mav
e be ot. tamed plc.h;bitmg M3 \ li.at Mn of
K anv piosioon of the Art or Title !! c f
", the f~nete Hectrahuation Art of IM4
* or an regulatun as oidet Ivurd their.

Lu"e")
A court~

order may be obtained f or the payTner.t
jgi of a twil renalty tmived p'.;tmant to
\ / settbon 234 of the Act for \tstion of 1.rc-

Linn 53 57. 6? 63. 81. 80 101. 103 104.
107, o* 109 of the Art or a.n> rule. reruW

19 0 August 1.1980



Page 6-15
,: ,

C) UNITED STATES NUCLEAR REGULATORY COMMISSION

RULES and REGULATIONS
TITLE 10. CHAPTER 1. CODE OF FEDERAL REGULATIONS-ENERGY

PART
STANDARDS FOR PROTECTION AGAINST RADIATION

20

EXCEPTIONS AND ADDITION AL REQUIRE-
MENTSGFNFR AL PkubidtONS 1954, as amended, and the Energy Re-
20. sot Arphcations for esemptions. organization Act of 1914 should. in ad.

Sec. 20 502 Additional requirements. dition to Complying with the require.
S$E2 E" "" "UENFORCEMENT

O reasonable effort to mainta'in radiation20.1 Det .mt wn s.
20.4 t'mts of radiation dos'- 20.601 Wotations R exposures, and releases of radioactive
20.s Units of radioactmiy. 3 materials in ef5uents to unrestricted20.6 Int e r pr et a t ions. Appenda A-l Reserved l E areas as low as is reasonably achievable20.1 Co m m u mc ations.

Appendan B-Concentrations in air and water ' The term "as low as !s reasonably
n t .r ba c k su und. O s'chievable" means as low as is reason.PERMISSIBLE DOst s. LEVE LS. AND App,'n C

CONCEN T R ATIONS ArpenJis D'-Unned Sistes buclear Regula. ably achkvable taking into account the
t 3r> Co mmisen inspection ar.J En. state of technology, and the economics of

I ;.tol Espusure of momduals to radia.
force me nt Resional Offices. improvements in rolstion to bene $ta ;o

trninaNoYo
*

acc 14 ed AU THO RI TY : The psovmons of tNs Part 2o the reublic health and safety, and other2 0.to - De
g inued unde r se cs. 5 3. 6 3. 6 s. 81,10 3,104,16,>. sxietal and socioeconomte considera.

20.10) E sposu're of individuals to concen- ,8 8,$,'[M3 3* ]s . 4s a'g tions. and in relation to the utilizationO, trations of radioactive materest 6n gc g g
Vj restr cted areas. 2133, 2134. 2101. For the purposes of sec. " of atomic energy in the public interes'

2 2 3,6r St at. 9 s S. as amended. 42 U S C. '

. er iss le le e s f' radiation in k2 . so
3. ' '$ 2C Pe-mend'ed gunrestncied areas 2201 M Sen 202,2e6 Pub L 93-4 38, a s E The reg'4|ations in this part apply to20.106 Ra a ct t in effluents to unre.

J at 12 44. l24 5 (4 2 U.S C. s 54 2. 5 846 k $ all persons w ho recche. po# sets. tue, or
20.101 Mcd. cal diagnc> sis and theraps i 20.1 Purpose. v transfer material licensed pursuant to
2 0.10 s Orders requirms furnishms of No. tal The regulations in this pa-t estab- the rer slations in Parts 30 through 35.

arsay services.
, lish standards for protection agains; ra- 40. or 70 of this chapter. Includ ng per.~

PRECAUTION ARY PROCEDURES Q diation hazards arising out of activities sons beensed to operate a production or
c under licenses 1* sued by the Nuclear Reg- utilinuen f acthly pursuant to Part 50

g of th:s chapter.
Ulstory Commission and are issued pur-

.

20,202 Personnel monif orms. o
20.202 raution signs. labels, signals, and * suant to the Atomic Energy Act of 1954, i 20.3 De finitions.
20.204 Sar etc tion s. as amended. and the Energy Reorgani:a. #al As used in this part:
20.20s Procedures for pickins up, receiv. -tion Act of 1974. (11 "Act" means the Atornle Energy

ins. and c penms packages. Act of 1954 (H Stat. 919) including an)
! Iso'r'as and coNoYofcensed (c: The use of ra6cactne matenal or amendments thereto;

m aterials m unrestrkted areas. Other sources of raiation not 'icensed (2) "Airborne radloactive material"
WASTE DISPOS.tL by the Commission is not subject to the means any radioactive material dispersed

regulations in th:s par * However.it is in the air in the form of dusta, fumes,i

1 2 e d o obt g approval of th. purpof e of the regulations In tht, mists. VapoN. or gaaes!
'

(3) Byproduct material', means anypropo.ed disps. sal procedures. Part to cor.tNI the pollession. ue, and
20.303 Disposa; by release into sanitar>

seurage systems. transfer of f censed rnatenal by any radioactive materim (except special nu.
clear materiali yielded in or made ra-, heensee in SUCh a manner that the total

,
20.304 Disposal by burial m sort e dioactjve by exposure to the radlation

Tresy'ent or disposal by incinera. E dcse to an in6uoual(incluuin8 li.cident to the process of producing or20.Jo s

s exposures to beensed and unheensed utiliting special nuclear rnatettal:i

RECORDS. REPORTS. AND NOTIFICATION' rad osctive matenal and to other
; unheensed sources of ra6ation. whether m "cafendar quarter" means not lesa

2 0. 01 Recordi of surveys. radiatsen mon * ~ han 12 consecutf ee weeks mor mors than6torias, and disposal. in the possession of the hCensee or any ft14 con 6ecuWre weeks. The $rst calendar
. 20.402 Reports of thef t of loss of bcensed other person. but not inCluing ' quarter of each year shall begtn in Janu*
|

' " E
scat o's of incidents. exposures to radiation from natural ary and subsequent calendar quarters20.403 No n

20.404 i Reserved l background sources or me& cal f shall be sucts that no day ts included in
20.40s Reports of overeuposures and e:-

| ve evels and concentrations &agnosis and therap>) does not exceed more than one calendar quarter or

hers nnel reonitoring reports-
the standards of n&ation protection omitted from inclusion within a calendar

i 2o.401 jresenbed in the reguladons in this part. ,qu . ha 8'
, fd in

\j 20.40s Reports of personnel monitonns oni -

termination of emplot ment or work. ' (C) In accordance With renmmenda, calendar quarters except at the beginning
M W Mral bdiaUon Cound of a calendar yeer.

1 20.409 Notifications and reporin to 6nds- approveill by the President, parstma eaa.
I vid uals.
1

gagM jn EllTitles MDdar 1)oensea laaued (5) "Conirnimon" rneans the Nuclear Regu-
by the Nuclear 841ruistdry commisalon talor) Comenisson or its duly authorized

f pursuant to the Atomic Eneery Act of ' rePrese nta rn es;
,

20.| August 1,1980
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PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION

the body. When the regulations in this
executive department. commission, tade.g' m elsht

'

t

(6) "Oovernment agency" means any one-tw entieth cf one percent part specify a dose during a renod of
p e n d e n t establishment, corporation * * * ' '' ** 'I * ** ' time, the dose means the total quantity

"m e y y 90 no btales of erica hi h an
tru S U"#! ** 1

D0d7 d"fin 8 's..a period of time. Severalmentality of the United States, or any dicennt unit of h are in eurnnt use.board, butetu, division. service, of5ce, g
(16) "Special nuclear material" means Definitions of units as used in this part

of5cer, authority administration or
othef establishme'nt in the executive (1) plutculam, uranium 233. uranium are act forth tn paragraphe (b) and (c)

branch of the Government'- , enriched in the isotope 233 or in the iso. of this section.
(b) The rad as used in this part,is a(7' "Individual" means any humangtope 235, and any other material which"

being - - the Commh21on, purruant to the.proe1 measure of the dose of any ionizing radi.

(8) Licensed material" means source [aions of section 51 of the act, determime ation to body tissues in terms of the
material, special nuclear material. or by.eto be epecial nuclear material, but does energy absorbed per unit inars of the

g product material received. possessed.Nnot include source material; or (11) any
tissue. One rad is the dose correspond.,

material art 2ficia!!y enriched by any of ine to the absorption o! !00 ergs per gram- used. or transferred under a general :r the foregoing but does not include source of tissue. tone milliras (mrad)=0.001: specific license issued by the Commissien ra
p s ant to the regulations an this .Jnaterial; ) ,g,g

I 11 " " means any a mes.sure of the dose of any lonizing

, nder the regulations,in Part 30, 40, orh are(a a) Unrestrseted tres
W ,ileense.. means a license issued to which is not controlled by radiauon to body t!ssue in terms of Its

,J,0 of this chapter. the licensee for purposes of protection of estimated biological erect relative to a
. Licensee means * individuals from exposure to radiation dose of one roentgen (rl of X rays. (Onez
the holder of such license: minitern (mrem > = 0.001 rem.) The rela."Occupational dose,' includes ex-0 and rsdioactive matetials, and any area tien of the tem to other dose un!ts de.s10
posure of an individual to radiation ai) L-used for residential quarters. pends upon the biological efect under
in a restricted area: or sii: in the course - (18)"Deptittment" means the g consideration and upon the cond2tiens cfof employment in s hich the individual's Department of Energy estabbshed by the irra ation For the purpose cf the reg.
duties irivolve exposure to radiation; c ulauens m Ws part, any of the fobow.Department of Energy Organization Act 'provided. that "occupational dose ' shall ng is considered to be equivalent to a
not be deemed to include any exposure (Pub. L 9b91. 91 Sta t. 565. 42 U.S.C. R dose of one rem:
of an ind*vidual to radiation for the pur. 71(h et seg ) to the extere that the (1) A dose of 1 r due to X- or gamma
pose of medical diagnos.s or medical Departraent. or its dulv authorized radiation:
therapy of su,:h individual. representatives, exer.ises functions (2) A dose of t rad dae to X , gamma,

I formerly vested in :ne U.S. Atomic or beta radisuon:
(3) A dose of 0.1 rad due to neutrons(11) "Person" r.seans (1) any indi- * Energy Comminori. its Chairman. or th energy protons;vidual. corporation, partnership, firrn. I membets, oftcers and components and (4) A dose of 0.05 rati due to pcrticlesassc<iation, trust, estate, public or pri trans{errej to the U.S. Energy Resaarch heseier than protons and with surncientvate instituticn. group. Ooiernrnent I

and DeveToptrent Admmistratica and to energy to reach the lens of the eye:agency other thr.n the Commission or the - ,

Administration (except that the Admin. ; the Administrator thereof pursuant to If it is recte ;onvenient to Inet.sure the

istration shall be considered a person sections 104 (b). (c) and (d) of the Energy neutron f!ux, or equivalent, than to de.

E within the meaning of the regulations in Re rganization Act of1974 (Pub. L 9b termine the neutron dose in rads, as

Eo this part to the extent that it' facilities 438,88 Stat.1233 at 1237. 42 U.S C. $814) fg,.*agra ph me e n o ne tro ra su
g and activitics are sucject to the licensing and retransferred to the Secretary of may, for parposes of the regulatians in

and related regulatory authority of the Energy pu.rsuant to section 301(s) of the this part, te assumed to be equsvalent
E Co;nmission pursuant to section 202 of Deptrtment of Energy Organization Act to 14 rnillica neutror.: per square eenu.

the Energy Reorgan;zation Act of 1974 (Pu L L 9b91,91 Stat 565 at 577-578. 42 meter incident upon the body: or, ifS

(88 Stat 1244i), any State, any Icreign thnuxists suf5cient informauen to esu-
government or nation or any political U.S C 7151)' mate with reasonable accuracy the ap-
subdivision of any such government or - g g) ,.T 4W" treans the end of proximate distribution in energy of the
nation, or other entity; and (lli any neutrons, the incident ntzmber of nau.emp|oyment mth 3, jscensee or, m 3e trons per Mum ochter Whtlegal successor, representa'lve, agent, or

case of mdmduals not employed by the to one tem may be esumated from the-agency cf the foregoing. O
heensee. the end of a werk assiFnment followmg table:-

(12) "Radiation" means any or aU of % in the bcensee's restncted areas in a Kamn nn Does terrman,

* gamma rays, X-rays, neutrons, high g gnen calendar quarter. without
the fluowing: alphs rays, beta rays, ,

expectation or specific scheduhng of ** * *|s e.n .e o.ru,,

@ speed electrons, high-speed protons, and * reentry into the hcensee's restricted * 5a

TE NM; other atomic particles; but not sound areat during the remainder o) that Nron ewer Odm
eMor radio waves, or visible, infrared, or calendar quarter. inM... een%,a

g ultravioletlight: rm)- nm
(13) "Radioactive material" includer ,,,,

um
any such material whether or not eubjact (b) Dean!uona of certain other words

,to Ucensing control by the Commission; and phrases as used in this part are act .N,xf , , - @ Q
~ forth in other accuona, including: o me . no w sm- *(14j '9tstrictWares means any

area access to whleh is controDed by the M b I 20.2% $
..__ ez x m zo(1) "Altborne radleset!rity area" de, eat

- ** ** *: D $
11eenar ior purposes ci protection of (2) ''Radlauon area" and "b,tsh radi. i 8. . yxw is

"k indivi uals from expsure to radiah @*
. . - - - - - - - . .

@::
'"" E$ $auon area"deaned in l 20M2;

and radioactive materials. "Restricted - (3) "Perso*inel monitoring equipment" 7a ::""l.. W 37

@ area" shad not include any areas used e denned in i 20.202: E 4; s"~" "~ " * ~ EN E

N r.s resWe,nual quarters, although a sepa* $a (4) * survey * deaned in i 20.201:
"

ate room or rooma in a residential N (5) UnJta of measurernent of dose (rad,
building may be set apa.rt as a restrieted rem) deened in 120.4: (d) Por deternurung erporates to X or
ares; ...i.. (6) Unita of snessurement of radio- gamma rays up to 3 Mev the dose limits

a
C netJrity Mud in i 20.5. specified in || 20101 to 20104. Inclusive,

(15) "8ource material" means (1) may be nasumed to be equlvalent to the
uranium or thorium or any combina. (20.4 Units of rodiatlee desa. "air dose". Por the purpe of this edr
tion thereof,in any physical or chemkal (a) "Dose." as used in this part, is the * air dose" mans that tbe dose is meas-
form: or (11) ores which contain by quantity of radiation atsorbed. per mit ured by a properly es11brsted appropriate

of masa by the body or by any portiot.of instrument in air at or near th'. body sur.
Iace in tAe resnon of highest oosage rase,.

August 1,1980 20 2
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PART 20 e STANDARDS FOR PROTECTION AGAINST RADIATION
/N l'20.5 Unita of radiomethlir, body greater than that permitted under' (c)(1) In the preparatior, of Forrn NRC-4C (a) Radioactivity la commonly, and parma or a War and W red con-

for purposes of the regulations in this (1) Dunng an) calendar quanu e , tatning all the information required in
part shall be, measured in terms of dis- total occupabonal dose to the who,se that form. the 11cernee shall make a rea-

! inteerations per tmJt time or in curies. 'ody shall not exceed 3 rems and h" sonable effort to obtain reports o' the
{ secondOne cuc5e=3.7210" disintegrations per :: e individual's previously accumulated oc-

(dpa ) = 2.2x 10* disintegrat-lona <2 The dose to the whole body. shen a cupational dose. F'or each period for
& per minute (dpm). Commonly used sub- added to the accumulated occupational 2 which the licensee obtains such reports. >

g multiplels of the curie are the millicurie dose to the whole body, shall not exceed the licensee shall use the dose shown in
and the microcurle: 5 . N-18 rems shere ''N" equals the in- the report in preparing the form In

(1) One millicurie (mC1) '=0x01 curie utvidual's age in years at his last birth- any case where a licensee is unable to
(Cl) '=3.7x10' dps. day: and obtain reports of the ind;tidual s occu-

(2) One microcurie 4C1) %0.000001 '3 s The beensee has determined the pational dose for a previous complett
i

curie =3.7110' dps. 8 individual's accumulated occupational calendar quarter. It shall be assumed
~

e dose to the whole body on Form MP. or that the individual has received the oc
(b) (Deleted 40 FR 50704.) e on a cleas and legible remad contain- cupational dose spectned in uhtcheve.

' ing a!! the information required in that _of the f allowing columns apply-
N orm. and has otherwise complied with -f(c) [ Deleted 39 FR 23990.|

the recutrements of I 20.102 As used in '- -

r! 20.6 Interpretation . paragraph rbi, * Dose to the whole body" I r ino i e%,e
x

shall be deemed to include any dose toExcept as specincally authonzed by c,u p1 m.i*
the shole body, gonads. active blood. ,

y the Commission in writing. no interpreta-
tion of the meaning of the regulations in formmg organs. head and trunk. or lens g

-

,ng- g, ,

.n i, , , , , , .-

e this part by any omeer or employee of J 'Y'' ?MN .Z[,"

the Ccmmission other than a w ritten in ~~| 2C.132 Determensbon of poor Oose. E h" 3 3* 8*

h'I $ iR terpretation by the General Counsel will
be o n12ed to be bindmg upon the f a) Each hcenset sham require an) N

g gg ,

indmdual mio the hcensee s restncted; 9 20.* m.m3 3.no i,m,
Corn mu nications. ares durmg each emple> ment or work km af '96

|

| this part. all communications and re.Except where otherwise specined in sasement under suQ circumstances - --

tr.at the mdmdual wid recene or ts g (2) The lictnsee shall retrin and pre-ports concerning the regulations in this hkely to receive m an) penod of one
part should be addressed to the Execu- calendar quarter an occucational dose - serve rtesrds used in preperms Form
tive D! rector ;or Operations, U.S Nu- m exe,3, c[:3 percep. of the a;phcable E * ",

g clear Regulatory Commission, Washing * statdards specihed in [ 2010lla) and ;
i i ''

co ton. O C. 20555. Cornmunications, re-p) l FAal to 6scbse m a cuen.
e par,ts. and apphestions may be delivered ~ siped statement. either (1) that the ,fIf calculaticn of the mdntdual s ac-b * In person at the Commission's o.".ces at ;
% 1717 H Street NW . Washington, D C.; or a indmdua! had no prior occupa'.iona. v cumu!atea occapational dose for all

at "$20 Norfc|k Avenue. Bethesda. Mary g dose cunng the cu rera cs'endar g periods prior to Jcnuary 1.1961 nelds
land. ' quarter. or G! tr.e rature and amoum of 4 result higher than the apphrable ac.

; camul.sted dose value for the indmdual* any occupat.onal cose wh.cn the~
u

tudmdual mt) has e recen ed dunng g as cf that date. as sMelfled m paragraphesamsasa cws tema we.-

ems mm"' .he' speedcaist identifa d current i abi of I 20101. the excess may be disre.
_I #0.101 Reest.on dose standards fo' r alendar quarter ffom sources of L.garded.

Ineviduats in restricted areas. ra6ation possessed or controUed by
la)in accordance with the prowsions other persons. Ea ch hcensee shall

, of i 20102(a). and except as pronded in rnamtam records of such statements ~

g paraFraph (b) cf ints section, no hcensee untd the Cennussion authcriz.s their 9 20.103 Exposure of indhidual to ron.
centration, of radioaciiu material.

g shall possess, use. or transfer hcensed d.sposition. In air in re tricted arca*.
matenal m such a mar.ner as to cause (b) Before perrnittmg. pursusnt tog

fa)(1) No licensee shall possess. use; any tndmdual m a resir eted area to i 20.101[b). any indmdual m a restncted or transfer licensed material in such Areceive to any penod of one calendar ana to recen e an occupational manner as to permit any individualin a
,

quarter from radioactive matenal ar.d ra6ation dose in excess of the restricted area to inhale a quantity of
other sources of radiabon a total standards specified m i 20101(a). each g radioactive matertal in any period of

*

occupational dose m excess of the beensee shau. m one calendar quarter greater than the
standards specified m the foUowmg U cuantity which would result from Inha-""

table. (1) Obtain a certificate on Form NRC 4, or e lation for 40 hours per week for 13 weeks

["'"
on a clear and legible record [ at untform concentrations of radioactiseArms per calenda, quarter containing all the information required v material in air specified in Appendix B.

h 1. Whole body bend and trur.k: in that form. signed by the individual, Table I. Column 1.''' If the radioactives e tiv,

blood.rorm.in g org a ns. lens or showint each period of time af ter the material is of such form that intake by
[ eres. or gonads... ....... ... 1% individual attained the age of 18 in which absorption through the skin is likely. in-

2 Hands and forearrns; f ee t and I the individual received an occupational dividual exposures to radioactive mate.N
_a sain or whole body.....

.... .. ta'* $ dose of radiation; and rial shall be controlled so that the up-a rta l es . . . . . . . . . . .

'r % g .

J (b) A heensee may permit en * ance eth the instructions appear.
,

take of radloactive material by any or-..... ... .

{(it e( ag
,

r a so e

~| indmdualin a restncted area to receive ing therein. or on a clear and legible dar quarter does not exceed that which
[ a total occupational dose to the whole record containing all the information wou|d result from Inhaling such radio-

required in that forTn. the previously ac- active material for 40 hours per week for6

; cumulated occupational dose received by 13 weeks at uniform concentrations spec.' the individual and the additional dose 1 Sed m Appendix D. Table 1. Column 16 / a wnerent poautne. the apprepriate unit
%./ annuid be written out a4 curteist.- mini. allowed for that individual under

curtec a)." oc "trJerocurie W." ared the abbr,. I 20.101(b) .
vtations should not be usec.
* * Amended 36 F R 1466

20 3 August 1,1960
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O

O

Pm

i Since the concentration spec 1 Sed for tr;t-
turn ontde sapor assurres equal intakes by
stin absorption ard inhalation, the total
intake permitted is twice that which wculd

result frem Inhalation alone at the concen-
tration speelned for H 3 S in Appendts B.
Table !. Colurnn 1 for 40 hours per week for
13 weeks.,

'For rsoon 2:2. the limiting quantity La
; that hhajed in a period of one calendare

[ rea,r. For radjonctive materials designated
"Sub" in the "Isotope" column of the table.a
the concentration taJue spectfled is baseda

*
Upon exposure to the material as an exter-
nal radiation source. Indjvfdual etposures to
these materials may tr accounted for as
part of the limitation on cdMdual dose in
$ 20.101. These nuclides shall be subject to
the precautionary procedures required by
( 20.103(b M I).

' Multiply the concentration njues spect-
fled in appendia B table I. column 1. by
8.3 x108 mi to obtain the quarterly quantity
tirJt. Multiply the concentration vajue spec.
ifled in appendit B. table 1. column 1. by
2.3x10' m1 to obtain the annuaJ quantity
limit for En-222.

-

O
f ootnotes 4 snd 5 on page 20-4.

August 1,1980 20 4



- _ - -

.

Page 6-19
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/_s
(j 428 No licensee shall possess, use, or limit concentrations of radioactive ma- 320.Inl Espo ure of min..r..'

transfer mixtures of U-234. U-235. and terial in air below those defined in
U-238 in soluble form in such a manner i 20.203edi s11tili. other precautionary g[. \'n$\ueb a

0 #' **
,nsed atas to permit any tnd.vidualin a restricted procedures such as increased survell-

area to inhale a quantity of such material lance.11mitation of working times, or manner as to cause any Indaldual withm

in excess of the intake limits specified in provision of respiratory protecthe equip- a testrkled area uho is under 18 Sears
Appendix B. Table I. Column 1 of this ment. shall be used to maintain intake of age. to receive in any period of one
part. If such soluble uranium is of a form of radioactive material by any individ- calendar quarter from radioactive tra-
such that absorption through the skin is ual within any period of seven consec ,terial and other soulces of ladiation in
likely. Individual exposures to such me. utive days as far below that intake of ,the licensee.& possession a dose in excess

I0 en ent of e hmits pec fled interial shall be controlled so that the up. radioactive material which would result t etake of such material by any organ from from inhalation of such material for 40 g (be No Iteen sha!! possess. use 'on-either inhalation or absorption or both hours at the uniform concentrations * t licensed material in such atoutes of Antake ' does not exceed that specified in Appendix B. Table 1. Col- R ranslet
manner as to cause any mdividualwhich sould result from inhaling such umn 1 as is reasonably achievable.

material at the lunits specified in Ap. Whenever the intake of radioactive ma- within a restricted as ea. w ho is urder 18
pendix B. Table I Column 1 and footnote terial by any indindual exceeds this 40- years of age to be exposed to airborne
4 thereto. hour control measure, the licensee shall adioactive material possessed by the

138 For purposes of determining com. make such evaluations and take such licensee in an avetage concentration in
p!!ance with the requirements of this sec. actions as are necessary to assure exceu of the limits specified in Appendix
tion the licensee shall use suitable meas. against recurrence. The licensee shall B. Table 11 of this pas t For purposes
urements of concentrations of radioac. maintain records of such occurrences, of this pararraoh concentrations maj
tive materials in att for detecting and evaluations, and actions taken in a clear be averaged os er periods aiot glester
evaluating airborne radioactivity in re- and readily identifiable form suitable t,,han a v eck.
stricted areas and in addition, as appro- for summary review and evaluation.

protective f (c' The provisions of f f 20103(b)(2)priate shall use measurements of radio- set When respiratory
activity in the body, measurements of equipment is used to limit the inhala gand 20103re s shall app;y to exposures

g radioactivity excreted from the body, or tion of airborne radioactive material rv subject to paragraph tbt of this section
except that the references in || 20.103any combination of such measurements pursuant to paragraph (bi s2> of thisrv

* as may be necessary for timely cetection section. the licensee may make allow g (b (2) and 20.103te t to Appendix B.
[ and assessment of individual intakes of ance for such use in estimating expo. . Table I. Column I shall be deemed to tw

n unus to Appendix B. Table II Col.. radioactivity by exposed individuals. It
' ts assumed that an individual inhales ksures of individuals to such materials *b*"provided that such equipment is used

radioacthe material at the airborne con- Sas stipulated in Regulatory Outde 815, 720.10* Permi..i!le leiel. af r.adiati mcentration in which he is present unless e"Acceptable Programs for Respiratory 6,, ,, ,, ,,. . , , a mj ,,,,, ..he uses respiratcry proteethe equipment ' Protection."'
pursuant to paragraph set of this see E iS Notu1thstanding the provisions of (a * nm may w MM in am ap
tion. When assessment . ' a particular pheatiots for a heense er for amendment, paragraphs abs and e e n of this section.L) individual's intake of rar nactive ma- of a license proposed limits upon levelsthe Commission may impose furtherterialis necessary. in'akes les. than those f radiation in unrestricted areas result-,estmtions.
whirh would result fro 7 inha". tion for * '

ing from the applicant s possession or
2 hours in any one day or for 10 hours ili On the extent to which a licensee use of radioactive maternal and other
in any c,ce s eek at ur.iform concentra- may make aHowann fM use of uspira* sources of radtation Such appheations
tiens speelfled in Appendix B. Table I, tus in lieu of provision of procm. con- should include infotmation as to antici-
'.'olumn 1 need not be included in such tainment, ventilatlon, or other ergineer- pated atelage ladiation levels and an.
assersment. provfoed that for any assess. Ing controls. If application of such con- ticipated occupancy times for each
ment h excess of these amounts the en- trols is found to be practicable; and unrestricted area invol ed The Com.
tire a mount is included (28 As might be necessary to assure miss en will approve the proposed limits

ib881) The lier:nsee shall, as a precau, that the respiratory protective program if the applicant demonstrates that the
tionary procedure. use process or other of the licensee is adequate in limit!nf v proposed limits are not hkely to cause
engineering controls, to the extent prAc. exposures of personnel to airborne ra " any individual to receive a dose to the
ticable. to limit concentrations of radlo- dioactive materials. ! u hole body in any period of one calendar
active materials in air to levels below ei The licensee shall notify. in writ e yearin excess of 0 5 rem
those which delimit an airborne radlo- ing the Director of the appropriate Nu * tb> Except as authorized by the Com-
activity area as defined in i 20 203s d > (1) clear Regulatory Commission Inspection R mission pursuant to paragraph can of
8111 and Enforcement Regional Off'ce listed this section no beensee shall possess.use

#2i When it is impracticable to apply in Appendix D at least 30 days before the or transfer heensed matettal m such a
process or other engineering controls to date that respiratory protective equip- mrtner as to create in any unrestricted

ment is first used under the provisions area f om radioactive material and other
of this section. Sources of adiation in his ponession;

aft A licensee who was authorized to e li Radiation !cs els w hich. if an indi-
make allowance for use of respiratory vidual m ere continuously piesent m the

'Strntneant intake by ingestion or injec. proteettve eculpment prior to Dacem- area could result in his receivmg a dose
j tion is presumed to occur on!r as a result of ber 29. 1976 sh*ll bring his respira- in excess of tuo millitems in any one

circumstances such as acetdent. toads ertence. tory protect?ve program into conform- hour, or
poor procedure. or ismtlar special conditions anee with the requirements of para- i2' Reidianon levels which. If an indi.
Such intakes must be evaluated and ee- graph ten of this section within one vidual mere contmuously present in the

the etre rnNanees o year of that date, and is exempt from area. could result in his receiving a dose
| may be app pr ate
| the occurrence Exposures so evaluated shan the requirement of paragraph (e) of in excess of 100 muhums in any smn
I be included n determining =hether the t consecutive days

_his section
~

| Ilmttation on Inditidual esposures in $ 20
l lo3ta) a i has been eseceded 3 20.106 Redioactivit, in effluenta to

du Utn$ake radiomettvErra$ertal
' ***"'""*"D#** * *

sien ass saproved by the Director of the"Fed. eIndt o :
. elven in Reeulatory Outde a 9. "Acceptable

' ^" ~ eral Register on October 19, 1996 Single ** tai A licensee shall not poness. use,
( [n 'a B r s$ '* sine e co te, copies of ptegulatory oulde a 15 are avattable & or transfer licensed snaterial so as to re.t s*a

from the O*fice of Standards Dereto-ment. lease to an unrestricted area radjonctivei of which are available from the Oatee cf
! Standarda Dereioement. Us Nudear neeu. I Y C * '*''' " * * *D 'U 8 N"'3'''

"''s"s.''*p'on s*Titte n req' uest I materialin concentrations which exceedinston D C 20$ ulatery Commission. Washington. D C. 20555
upon STitten request.

20 5 August 1,1980

, _ . _ . _



Page 6-20

PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION g
the limits specified in Appendix "B", reduce the concentration of radionuclides equipment by:
Table II of this part, except a.: authorized in e5uents prior to their release, fII Each individual uho enters a re-
pursuant to l 20.302 or paragraph (b) of (d) Por the purposes of this section strictcd area under such circumstances
thi. section. Por purposes of this sec. the concentration limits in Append 12 "B", that he receives or is !akely to receive,

tion concentrations may be averaged over Table II of this part shall appl,. at the a dose in any calendar quarter in excess
of 25 percent of the appiscable value

a period not greater than one year, boundan of the restricted area. The specified in paragraph 'ai of $ 20101concentration of radioactive materia.1(b) An application for a license or (25 Each individual under 18 yetis of
discharged through a stack, pipe or sim.amendment may include proposed limits
Llar conduit may be determined wt.- age who enters a restricted area under

higher than those specified in para.
graph (si of this section. The Commis- respect to the point where the matert uch circumstances that he receives or

leaves the conduit. If the conduit dit s likely to recche. a dose in any calen-
alon will approve the proposed limits

charges within the restricted area, the jar quarter in excess of 5 percent of
if the appbcant demonstrates: concentration at the boundary may be the applicable value spectfied in pas a-

(1) That the applicant ha,s made a
determined by applying appropriate graph ia) of 1 20 101.

reasonable effort to minimbe the radio-
contained in eOuents to un. A actors for dilution, dispersion, or decay t3e Each individua! tho enters a highfactivity

g etween the point of discharge and the radiation area.bs eJtricted areas; and
(2) That it is not likely that radio. . boundary. (b) As used in this part,

(e) In addition to limiting concen- (1) "Personnel morutoring equipment"active materialdischarged in the ecuent e
would result in the exposure of an indi. * trations in ecuent streams, the Com* means devices designed to be worn or

vidual to concentrations of radioactive R mission may limit quantitles of tsdio- * carried by an individual for the purpose
material in air or water exceeding the active materiais reles. sed in air or water of measuring the dose received (e g.
limits specified in Appendix "B", Table during a spectaed period of time if it g film badges. pocket chatnbers, pocketappears that the daily intake of radio. ,

Il of tNa part.
(c) An application for higher limits active snaterial from air, water, or food z dosimeters. film rings, etc.);

* (2 "Radiation area" means any area,pursuant to paragraph (b) of tNs sec. by a suitable sarnple of an exposed pop-
N acces)sible to personnel, in which there

tion shall include information demon. ulation group, averaged over a period

strating that the app!) cant has made a not exceeding one year, would otherwtse exists radiation, originating in whole or
reasonable effort to mintmb the radio, exceed the daily intake resulting from in part within !!ccased material, at such

continuous exposure to air or water con- levels that a major portion of the bodyactivity discharged in ecuents to unre.
stricted areas, and shall include, sLs terunt one-third the concentration of could receive in any one hour a dose in

radioactive materials spectfied in Ap.
pertinent:

(1) Information as to f}ow rates. total pendix "B", Table H of this part_ exec.s of 5 millitem. or in any 5 con-

(f) The provisions of this section do secutive days a dose in excess of 100
volume of ef|uent, peak concentration of
each radionuclide in the ef5uent, and con. not apply to disposal of redic#,ctive ma- millirems:
centration of each radjonuellde in the terial into sanitary sewerage systems, (3) "High radiation area" means any

_ hich is governed by 6 20.303 area, accessible to personnel, in whichweSuent averaged over a period of one
there exists radiation origiriating inyear at the point wner e the eSurnt leaves i 20.107 Medical diesnosie and therapy.a stack, tube pir a, or similar condult; ,

g (2) A description of the properties of Nothing in the regu:4tions in this part rial at such levels that a major portion,
* the emuents, including. shall be interpreted as limiting the in- of the body could receive in any one hour

(1) chemical composition; tentional exposure of patients to radia-
a dose in excess of 100 tn1111 rem.e (10 physical characterisucs, including tion for the purpose of rpedical diagnosism

R tuspet.ded solids content in liquid ecu- or medical thernpr.
ents, and nature of gas or aeroso! for air R

- y 29.108 Orders reyviring furnishing of g $ 20.203ef|!uents: M*' 8? ** ' i( "- Caution signs, tal,els, signal *,(120 the hydrogen ion concentratJons e
a ud controls.(pH) of 11guld emuents; and Where necessary or desirable in order

077 the size range of pa.rt'etlates in to aid in determining the extent of an N
ecuents released into air. inmvidual's exposure to ecncentrations L

(3) A description of the anticipated of radioactive tnaterial, the Commission 'a' Cettef ol. (1) Except as otherwisehuman occupancy in the unrestricted may incorporate appropriate provimons
area where the highest concentration of in any license, directing the licensee to authorized by the Commission. sym.

radioactive material from the ecuent is make ava11thle to the individual appro. bols prescribed by this section shall use
expected, and, in the case of a river or priate bio-assay services and to furnish the conventional radiatjon caution colors
stream. a descript!on of water uses down- a copy of the reports of such services to '(tnagenta or purple on yellow back-

stream frotn the point of release of the , the Commission. ground). The symbol prescribed by this

s[ction is the conventfonal three bladedInformation as to the highest con. 5 PRECACTION ARY Pnocrotms
4

centration of each radlocuclide in an " $ 20.201 Su n ey s.
unrestricted area, including anticipated * is) As used in the regulations in this
concentrstions averaged over a period of $ part, '3urvey" means an evaluation of

the radiation harards incident to the pro-
l) I air at any point of human oc. duction, use release, disposal, or pres- |

teupancy; or ence of radioactive materials or other(11) In water at points of use down- sources of rad:ation under a specific set i
stream from the point of release of the
eSuent. evaluation includes a physical survey of

.jof conditions. % htn apprcpriate, such

(5) The background concentration of the location of materials and equipment.
radionuclides in the recejving river or and tneasurements of levels of radiation |stream prior to the relesse of liquid or concen'f ations of radioactive material |

ef5uent.
(6) A description of the environmentaJ present. i

i(b) Each licensee shall make or esusemonitoring equ!pment, including sensg.
tivity of the system, and procedures and to be made such surveys as may be neces.

sary for him to comply with the regula. ;
calculations to determine concentrations tions in this part.
of radionue11 des in the unrestricted area
and possible reconcentrations of radio. I 20.202 *>ersonnel monhoring.
nuclidea. (a) Each licensee shall supply appro- i

CI) A description of the waste treat- priate personnel monitoring equipment |

ment facilities and Vccedures used to to, and shall require the use of such |

|
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/7 PART 20 e STANDARDS FOR PROTECTION AGAINST RADIATION
V Rapianops St a4 sot area eatabhshed for a pericd of 30 days . trol devices such that upon failure of

or less, dartet surve!!!ance to prevent un- the entry control detteea to function asI crou.httched area is to be anytn;a or authostred ently may be substituted for required by paragraph ac+ 6 ala of thispups
2 Back:round ts ta be yellow. the controls required by subparagraph section the radiation !ctel within the

(2) ci this paragraph. area. from the sealed source shall be
O -(St Any licensee, or applicant for a reduced below that at which it w ould be[R N R liceme, may apply to the Commissicn possible for an individual to rectne aj

$ for approsal of methods not included in dose in excesa of 100 mrem in one hou: .
g subparagraphs 826 and (4) of this para- and visible and audible alarm signals

'graph fcr cor.trolhng accer.s to high radl* shall be generated to make an mdntdua'Q S

arcan 'l he Commission sill attempting to enter the asea anroe ofgo $ otion/,s 'g apprcte the proposed altctnatives if th? the hazard and the beensee or at leasts 3 .s
beensee er applicant demonstrates that one other individual w ho is f amtha'NN ,> I the alternatne methods of control w.!!

g.,

Q Q uith the actmtF and prepared to render
{

prevent unauthortred entry into a ht?h' / 'N N V or summon assistance, anare of suchD 2.,' / ' M3 NN'E N t radiation area. and that the requirement'. y failure of the entry control detices' "
*( . ) of sub,"alagrrph '3s of this paragraph 15" - ~ '"

.
I *111' Be equipped utth control device *met.'j,
8 such that upon failure or remotal of-.,

[ : i to s Each area in u hlch there may exist physical radiation barriers other ti an~

the source s shielded storage container
! radiation levels in excess of 500 rems in
i one hout at one meter from a sealed the radiation level from the source shall'

be reduced below that at w hich it w ouldradio-acttie source ' that is used to 17-'

I be possible f or an individual to recene
" ~~~ 7' radiate materials shall . a dose in excess of 100 mrem m ine

- l 41. Have each entrance or aecess point
hour; and tisible and audste alarm str-

d- 4 |[A
I equipped u tth entry control devices nals shall be generated to make poten,AF
|

uhich shall function automatically to. tlall) affected andnidual.* en are of the', prevent any individual from madver-*
hazard and the beensee or at least oneI tently entering the area when such re-' ~. other individual. who is famt!:ar utthe diation levels exist; permit deliberate the act vit and prepar t en e or

'2) In addition to the contents of s!gns " entry into the area only af ter a control
and labels pancrat'?d in this section,11- device is actuated that shall cause the r mt M W WM me ww'
censees may rrovide on or near such g rad.ation level uithm the area. from the
signs and lat,els any additionalinforma * sealed source.to be rMuced below that at the shield for 11{e 51o ed _

our e 1 as

"hkh s' *ould t<e posu et for an :n.
tion which may be appropriate in aiding * dividual to neceive a dose in excess of g
indniduals to minimize exposure to radt- g g

[ 100 mrem in one hour; and present op-atten or to ractuethe material. shieldmg Physleal radiation ba riers
eration of the source !! the source would e'b' 1:adiation arcos. Each radiation
could result in a dose to an individual in (tM

wm mm mmt 'produce radiation levels in the area thatatea shall b( conspicuously poste t with
a s4n or s: Ens bearar::: the radiation cau- g, p g
tion symbol and the words: excess of 100 rnrem in one hour. The en- Ein ordinary circumstan:es need not meet

try control des aces required by this para ythe r equirements of tho pa:a graph0 AUT10N 8 Fraph teii6' shall be estabbshed in such '#'+'*'RAMAmN AMA a way that no indnadual util be pre- *11 * Be equipped with der!ce* that u d;
f ei High radicticn crecs. Ili Each vented from leaving the area

hich radiation area shall be conspicu- est. De equipped with additional con- f,to$a
'

a a ra e i a
y ,

ously pmted with a t!gn or s:gns beartn;t the area before the source can be put
the radiation caution symbol and the into operation and in su.?ctent time fer
w ords. This paragraph ection does not apptr to

CA UTION i radioactive sources that are used in tel,. any individual in the atea to operate a
therapy. la radtegraphr. or in completeh clearly identitled conttol device ubich

-
Il10H RADIATtON AREA se;f shmded irradiators in which the seurce shall be mstalled in the area and ubleh

is e th stored and operated within the same can present the source flom being put~

(2) Each entrance or access point to shielding radianon barrier and in the de- into oper.ntion.a high radiation area shall be: s:gned configuration c-f ste irradiat:r. is al- .s. Be controlled by use of such ad-(1) Equipped with a control detice m an phrstrant insteemble to any inoirtdua: m m trative priew d.n M and such de-
shich shall catue the level of radiation and cannot create high lesets of radintton in vices as are necessar.s to assure that theto be reduced below that at which an an area that is accessible to any indatdont
individual might' receive a dose of 100 This paragraph et 6i also does not apply to area is cleared of personnel prior to each

milltrems in I hour upon entry into the sources from which the radiation is inci. use of the source precedms ubich use it
(' ental to some other use nor to nectear re- might hate been possible for an Indi-

area; or
6ctor ger.erated radiation other than raata- vidual to have entered the area

41) Equipped with a control device uon fr m bm duct. s uret of Welal ol' Be che:ked b3 a phetical radia-which shall energize a conspicuous vis- nuclear materiais that are t. sed m sen:ed tion measurement to assure that prior to
,,, Ible or audible alarm signal In such a sources in non te:f shte:ded irradiators the firn Indhldual s entry into the areaes
S Inanner that the individual entering the < These requirements appir af ter star 14 agter any use of the source the rad 2a-
g high'radjation area and the licensee or IMs F.ach person incensed to conduct setn t- tion let e] from the source in the area is
S a supervisor of the activity are mad 2 ties to which ints paragraph eet i6 a pp!!es belot that at uhtch it would be possible
$ aware of the entry; or at:d w ho to not in cernp'innee with the pro.

unions f th:s paragraph n Mar 14 19:e f r an individual to recette a dose in ex-
tift) Maintained locked except during shal r.le u nh tre D: rector. Omce of Nuclest cess of 100 mrem in one hourperiods when access to the area is re* Af aierial safety and safeguards U s Nuclear n11 ' Hat e entry control dettees re-

quired. with positive control over each Regulatory comrnission washington. De quired in paragraph ac' < 6 ile of this
inditidual entry. 20H5 on or before June 14.1978 information section which hate been ' tested for

(3) The controls required by subpara- describing in detail the actions taken or to proper gunctioning prior to imtial
graph (21 of this paragraph shall be be taaen to achiese compliance with t his

operation with such souice of radiatian
estabitsbed in such a m ay that no indi. paragraph by Dec 14 1978 and mai continu,

scunties in conformance with present beens, on any dat that operations sie not un-

[\ vidual w!!! be prevented from leaving a Cond*tions and the pronsions of the pre. Inters-uptedly continued from the previ-
high radiation area. s tously e!'ettire $ 20 203 until such compit- ous day or before resuming operattons

84) In the case of a high radiation anee is achiesed For such persons comph- af ter any unintended interruption, and
ance must be achsered not later than Dec 14 for a hich lecords are kept of the dates

* "" W8
. tirnet and lesults of such tests of func-

* Amended 4 3 i M 21o , w,,g
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PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION
mi) For manufacturing or process

tion. No operations other than those its AddUtMalrenuarments. (1) Each
necessary to place the source in safe area or room in shich Ikensed material equipment, such as nuclear reactors, re-

actor components, piping, and tanks.
condition or to e!'ect rtpairs on controls is used or stored :ind s htch contains ariy _

shall be conducted with such source t;n. radwsetive mater,al toth< r than naturh! ~
less control devices are functioning uranium or thnrlum' in an amcunt ex- | (4) Each licensee shall, prior to dis-
properly. ' Die licensee shall subrnit an credm; 10 times the quantity of such ; posal of an empty uncontammated
acceptable schedule for more complete material specified in Appendix C of this g container to unrestricted areas,

part shall be conspicuously posted with N remove or def ace the radioactive mate-periodic tests of the entry control and a sien or si:ns bearing the rad!ation f rial label or otherwise clearly indicatewarning systems to be established and
adhered to as a condition of the beense, cautmn symbol and the sords: n that the container no longer contains

{adioactive materials.tv111' Have those entry and exit portals eatmos .
that are used in transporting materials RADIOACTIVE MATERIALi8i
to and from the irrPdiation area, and

12# Each area or room in which nat-that are not intended for use by individ-
uals. controlled by such devices and ad- ural uranium or thorium is used or
ministrative procedures as are necessary stored in an amount exceeding one-

to physically protect and warn against hJndred times the quantity specified in
inadvertent entry by any individual Appendix C cf this part syl] be con-
through such portals Exit portals for spicuously posted sith a sign or signs
processed materials shall be equipped to bearing the radiation caution symbol
detect and signal the presence of loose
radiation sources that are carried toward

nd the words:a

such an exit and to automatically pre. - CAITON'vent such loose sources from being car- RADIOACT!VE MAMtAtJ8)* ried out of the area.
i7s Licensees with. or applicants for. (f) Containers. (1) Except as pro-

E licenses for radiation sources that are
vided in subparagraph (31 of this para-

within the purslew of paragraph ac t i6' graph, each container of licensed mate-
N

of this section. and that must be used in a rial sha!I bear a durab!e, clearly visible'

variety of positions or in pecuhar loca- label identifying the rad,osctivs con-
tions, such as open fields or forests. that tents.
make it impracticable to comply with m A label required pursuant to sub-

paragTaph ti) of this paragraph sha!!certain requirements of paragraph ic, bear the radlation cautto.1 symbol and
16' of this secuon. such as those f or the the words "CAUTION, RADIOACTIVEautomatic control of radiation les els, MATERIAL" or "DANGER. RADIOAC-may apply to the Director. 05ce of Nu- TIVE MA'IERIAL". It shall also provideclear Material Skiety and Safeguards. succient inf ormation ' to permit in-US Nuclear Regula tery Commission. dividuals handhng or using the con-
Wadlington D C. 20555. for approval. tainers, or working in the ucinity there-
prior to use of safety measures that are cf. to take precautions to avoid or mini-
alternat$ve to thnse sWohed*1n paragraph mise exposures.ice'65 of this section. and that wl:1 pro, (3) Notwithstanding the provisions of
vide at least an equh alent degree of per- subparagraph (1) of this paragrapn.sonnel protection in the use of such laWE is r.ot rmM
Sources At least ene of the alternative (1) For containers that do not con-measures must include an entry prevent.
ing interlock control based en a physical, tain licensed materials in quantiues
measurement of radiation that assures 7 greater than the app |icab e quantities
the absence of high radiation levels be- hsted in ApMndix C of this part.

@ Fbr containers containing orJyfore an Individual can gam access to an a-
area ahere such sources are used [ natural uranium er thorium in quanudes

no greater than 10 timas the apphenbleM

[ (d) Airborne radwcefitif y creas. (1) quantities listed in Appendix C of this
As used in the regulations in thi:: part, paa
''airb:Tne radioactivity area" means (1) (ul) For containers that do not con-
any room, enclosure or operating krea tain licensed materiajs L1 concentrations

in which airbcrne radioactive materials. greater than the app!! cable concentra-
composed shelly or partly of licensed uons listed in Column 2. Tat:e I. Ap.
material. exist in concentrauons in ex- pendix B of this part.
cess of the amounts cpecif!ed in Appen- tiv) Fct containers when they are at-
dix B. Table I. Column 1 cf this part: cr tended by an indjudua] who takes the
(11) any rocm, enclosure. or operating precautions neceAsary to prevent the

area in a hlch mirborne radioactive mate-
exposure of any individual to radiation or

rial composed w holly or partly of licensed radioactive materials in excess of the
hmits established by the regulauens in

material exists in concentrations which. this partaveraged oser the nurnber of hours in (v) For containers shen they are in
any seek during which individuals are transport and packaged and labeled inin the area, exceed 25 percent of the accordance with regulauons of the .

amounts specified in Appendix B. Table I. Department of TransportationColumn 1 of this part.
(2) Each airborne radloactivity area ( vi) For containers which are acces- ' As appropriate. the teformation wtil in-

shall be conspicuously posted with a sign albie' only to indinduals at.thertred to crude radiation se,,:s. ainds or materlat. es-
or signs bearing the radiation caution handle or use them, or to work in the tur. ate of acuvitt. date fx which activity is

esumated maas er.rict. merit. etc.
symbol and the words: vicinity thereof. presided that the con.

tents are idenuned to such indtuduals ' For enarnple. cor. tainers in locations such
stebSM cuals. storage vauna. or hotCAtmON S by a readily avaljable written record

AIRBORNE RAD 10ACTTVITT AREA
Amenjed M I H 19846*

Or Da r ger

' Amended.
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PART 20 * STANDARDS FOR . PROTECTION AGAINST RADIATION

j patient.s containing byproduct material days and a total quanuty of no more -

e, provided that there are personnelin al- than 100 millieuries.
S tendsnee who w111 take the precautions ne monitatng shall be performed as( g

necessary to prevent the exposure of any soon as Dracucable after receipt, but no( ') individual to radiation or radioactive later than three hours after the pack-
g

- m
g material in excess of the limits estab- age la received at the Deensee*4 faculty
glished in the regulations in this part. if received during the licensee's normal

working hours, or eighteen hours if re--

(c) Caution strns are not required tc ceived after normal working hours.
be posted at areas or rooms containing (2) If removable radioactive contami-
rsdioactive materials for periods of les' nation in excess of 0.01 micrxuries

y than e!sht hours provided that (1) the (22.000 dishtegrsuons per mhte)'per
g snaterials are constantly attended during 100 square centimeters of package sur-

such periods by an individual who shall f ace is found on the external surfaces ofg take the precautions necessary to pre- the package, the licenset shall immedi-m
e vent the exposure of any individual to ately notify the final delivering carrier
** radiation or radioactive materials in ex- and, by tedephone and tseegraph, mailgram, or

ceas of the limits established in the regu- facsimDe,t the appropriate Nuclear Regdstory
lauOns in this part and; (2) such area of Commismon Inspectbn shd Enforcement Re-

_ room is subject to the licensee's control. gional Office sho=1 in Appendh D.
Timu ce Ersa&r axo Trrs A QUurnras

(di A room or other area is not re-
quired to be posted with a caution sign. , ,
and controlis not required for each en- Transport rnsp 8 enaatnt b ennavir amts

c, "*"**"*O "" "N
8 trance or access point to a room or other
* area a hlch is a high radiation area solely ,,al,,i [. .. *

[ because of the presence of radioact!)e a caos

g materials prepared for transport and %I - j j
j ypackaged and labeled in accordance with g. . . - . . . - -

rerfatJons of the Department of R vii'.*'."':.T..,7. * z ae no
' "

Transportation. R_
8* I"

e (c) (1) Each licensee, upon receipt of a""

6 20.203 Procedures for picking up, re- a pmage ecastatntne quantlues of radio-
eching, arsd operuns packages. R active material in excess of the Type A

(a)(1) Each licensee who expects to quantitles specified in paragraph (b) of
receive a package containing quantitles this section, other than those transported
of radicective material in excess of the by exclualve use vehicle, aball monitor
Type A quanuties specified in paragraph the radiation levels external to the pa41-
ib) of this section shall: age. De package shall be anonitored as

p} (D 11 the package is to be delivered socn as p seticable alter receipt, but.no

V to the licensee's facility by the carrier. later than three hours after the package(

make arrangements to receive the pe.ck- 1,s recetted at the licensee's facility if
age when it is ol'ered for delivery by the received durtog the licensee's normal
carrier: or worMag hours, c'r 13 hours if received

(11) If the package is to be picked up after normal sorking hours.
by the licensee at the eArser's terminal. (2) If radlauoa leveb are found on the
make arrar.gements to receive notif.ca- external surf ace of the package in excess
lion from the carrier of the arrival of the of 200 m211 rem per hour, or at three feiet
package, at the time of arrival. frocn the external surface of the pdage

(2) Each licensee who picks up a ,1n excese of 10 m1111 rem per hour,,

package of radioacttre material from a the licensee
carrier's terminal shall pick up the pack- shall immediately notify by telephone

6 20.204 Samer esceptions, g age expeditiously upon receipt of notif1 - and telegraph, mailgram, or facsimile,
,,

e cation from the carrier of its arrival. e the director of the oppropriate NRC Re-
Notwithstanding the provisions of C (b)(1) Each licensee, upon receipt of * gional Ofnce listed in Appendix D, and,

a package of rsdioactive material, shall e the final delivering carrier.g i 21203. e
-. (a) A room or area is not required to * moolte th external surfaces of the r- Ea:h 11censee shall establish and
g be posted with a caution sign because of R package for radioactive contaminationN ma(d)intain procedures for safely opening

the presence of a sealed source provided cau3ed by leakage of the radioactive con-R packages in which licensed material is
"

N the radiation lerel twelve inches from tents, eacept: recetted, and shall assure that such pro-

the exempt quantity specified in the [g sideration is given to specialinstructions
(D Packages containing no more than cedurts are followed and that due con-the surface of the source container or

housing does not exceed five millirem
, er hour. table in this paragtsph; for the type of package being opened.p

(1D Packages cont atnins no more
than 10 mill! curies of rsdicactive Inste $"$ 20.M Instrueden of pmonnd,(b) Rootns or other arena in hospitals
rial consisting solely of tritium, carton.are not required to be posted with cau-

uon signs, and control of entrance or 14 sulfur-35, or kxiine-125; R Instructions required for individuals
access thereto pursuant to | 20.203(c) is (tin Packages containing only radio x working in or frequenting any portion of
not required, because of the presence of active material as gases or in special S a restricted area are specified in i 19.12

Packages containtng only rsolo R.of this chapter.
form;

i.(iv)
acuve material in other than liquid form
(including Mo-99/Tc-99m generators)
and not exceeding the Type A quantity
limit specified in the table in this para-
graph: sad

(v) Packages containing only rsdfo- , p,, em,, ,, i,w,n,s swer and %=saa

A nuclides with half lives of. less than.30 s,.~wu gn teinertm m
pinended di FR 1644 5.

(Gd
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PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION

F120.297
Soeste and eostrof ef Becaeed ing results of whole body counting ex.

saaterials la enresu4csed areu. In water; and uminations, made pursuant to | 20.108,
$ shall be preserved until the CommissionR (a) Ucensed materials stored in an o radjoa U e atena re 6

g unrestricted area shall be secured from the system by the licensee in any one ' '

unauthorized removal frorn the place of (2) Records of the results of surveys
[ storage, day does not exceed the larger of sub- and monitoring which must be main.

(b) Ucensed materials in an unre- paragraphs (1) or (2) of this paragraph: tained pursuant to paragraph (bi of this
E stricLed area and not in storage shall be (1) The quantity which, if diluted by 8 section shall be preserved for two years

tended under the constant surveillanet the average daljy quant!ty of sewage re- g af ter completion of the survey except
and immetilate control of the Ucemee. leased into the newer by the Licensee. - that the following records shall be main-

.~ ' sill result in an average concentration g tained until the Commission authorizes
equal to tJ e limits specified in Appendix their disposition: (1) records of the re. ID 8T8 "'t

.

I 20.301 Ge neral requiremen t. D. Table I, Column 2 of thls part; or = s
an th 20 0 a i n the a -No licensee shau dispose of licensed (2) Ten times the quantity of such sence of personnel monitoring data, rec-.

E material except: material spectaed in Appendir C of this ords of the results of surveys to deter-
S tal By transfer to an authortred re- part; and mine external radiation dose, and (111)

*

g eJplent as provided in the regulat!ons Ln (c) The quantity of any lleenaed or records of the results of suneys used to
Part 30,40 or 70 of th!.s chapter, which- other radioactive matedal released In evaluate the release of radioactive eSu-S

R ever may be app!! cable; or any one month, tf diluted by the average ents to the environment
(b) As a u t h o r 1 x e d pursuant to

h,Li 20 302; or the licensee. will not result in an average ;@> (3) Records of disposal of hcensed

~

monthly quantity of water released b) l

> (t) As prosided m i 3 301 apphcable concentration exceeding the limita spec ~ matenal made pursuant to il 20.302.
;- to the daposal of liceni.eJ material by tfled in Appendix B. Table I. Column 2 [ 20 303, and deleted i 20 304i are to be

montained untd the Commission
a release mio sanitary sewerage n sterns. of this part and

0 au'honzes their dispositjon. |,

' or in i 20100 (Radioactmt) in effluems - (d) The gron quanuty of lleensed and
0 to unrestricted areas) 0 other radioactive material released into (4 i Records which must be maintained

~

6 x the sewerage system by the licenace does pursuant to this part may be the orts-
g 20.302 Method for obtaining approval "N not exceed one curie per year.

inal or a reproduced copy or microform
of propo+cd disposal procedurce. Excreta from individuals underTolns fu>authent7 by a the d son6(a) Any licensee or applicant for a medical diagnosis or therapy with radlo* nel and the nueroform is capable of pro-g

- license may apply to the Commission for active material shall be exempt from ducing a clear and leg 1ble copy aftere Cpproval of proposed procedures to djs- any limitations contained in this storage for the period specified by Com-pose of lleensed material in a manner net section-$ otherwise authorized in the regulations o mission regulations.
(5) If there is a conflict between thein this chapter. Each application should $ 20.305, Treatment or d sposal by inein 0 Commission's regulations in this part,include a description of the licensed ma- e ra t um.

terial and any other radioactive material g I cense condition, or technical specifi-
No licensee shall treat or dispose of ' cation, or other written Commission ap.Lnvolved, including the quantlt.les and licensed matenal by incineration except proval or authortz.ation pertaining to theLinds of such material and the levels of as speelfically approsed by the Commis- retention period for the same t>Te ofradioacclsity involved, and the proposed ston pursuant to || 20106f bl and 20 302 record, the retention period specified in

minner and conditions of disposal. The
the regulations in this part for such

cpplicatJon should also include an ans]- "CC' * " N"8 - '"D "O N C'"C" records shall apply unless the Commis-
ysis and evaluat on of pertinent informs- 6 20.401 r,cco d. of .unen, radiation ston pursuant to 1 20 501, has granted a
tun as to the nature of the envirrnmrnt, monitoring, and dkpmal. specific exemption from the record re-
including topographical, geological, me' fa) Each beensee shall main'tain rec. tention requirements specified in the
teorological, and hydrological c.haracter- ords showtru the radiation exposures of regulations in this part.

1stics; usage of ground and surface all indmduals for s hom personnel mon- C
| tmers in the general area; the nature storme is required under i 20 202 of the { 20.402 Reports of theft or loss of
' end location of other potentlauy affected regutalsons in this pan. Such records shad licensed material.

faeliltjes; and procedures to be observed be kept on Form NRC 5, in sccord (a) Each licensee shall report by tele-,

' to minimtw the risk of unexpected or ance sith the trutructions contained in|

-hazardous exposures. that form or on clear and legible rec. phonet to the Director of the appropnate
ords contaming all the information re- Nuclear Regulatory Commission of the

[*(b) 'The Commisafon will not approve quired by Forrn NRC 5 The doses entered appropnate Nuclear Regulatory Commis-
e any application for a lleense to receive on the forms or remrd.s shall be for r-
" Ucensed material from other persons for periods of time not exceeding one calen e lon inspection and Enforcement Re-s

E disposal cri land not owned by the ,,,,,d, ar Qua r t e r * gional Office bsted in Appendis D, im-
g l'ederal governtnent or by a State el mediatel) after its occurrence becomes
grovernment. ) (b) Enh licensee shall mamlain known to the hcensee, any loss or theft

? recerds m the same umts used in this
{any ) pplication for a license for dtsposajp shains the resuhs of surse> s f bcensed matenalin such quantities andte The Commission will not approve --

,,, e r uired by 120 301|b). mominnns under such circumstances that it appestsa

applican sh us at sea s a offers required by { { ?O.205(b) and 20 05| c ). to the bcensee that a substantial hazard
2 less harm to man or the environment * ed daresals made und, r il 20 302. may result to persons in unrestricted
g th:n other practjeal alternative methods 20 30 and deleted i 20 304 ' areas.
gof disposal ,_

' -

to radiation and to radioactne material e[- W t.adi knwe e n requd 2(ci rli Records of individual exposure
f3 20.303 Disposal by release into aank
g tary newerage eystems. whnh must be maintamed pursuant to g make a report punuant to paragraph (a)

No lleensee shall discharse lleen.pd the provisions of parnraph <an of this - of this section shall, within thirty (30)-

E m'terialinto a sarJtary sewerage system section and records of MnmaVS 1Eclud - day s after he learns of the loss or theft,

| N f it is readily soluble or dispersib;e ; make a repon in wntmg to the approp
p.nw .cfim .edo m wi# s'f'a*' | ate NRC Regional Office hsted in Appen-% o-. ac w rm >+d f er M Mj |

% e of as|

'Redeusnated St & H 2 313 A deu erwe m the Federal Repiee of ( * 'er
m tw (45 U -l

Octobe r 31,1980 20-10

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION
m te the operation of any facilities~

dix D with copies to the Director of
# ##

, inspection and Enforcement, U.S.

(J Nuclear Regulatory Commission, Wash jk. h4} Damage to property in excess ofi
2M' 'inston, D.C. 20555, setting forth the -

jollowing it. formation: (b) Twenty four hour nortfication.
Each licensee shall within 24 hours notify-

(1) A description of the licensed m> by telephone and telegraph, mailgram,or
terial involved, including kind, quantity, " facsimile, the Director of the appropriate
chemical, and physical form; f NRC Regional Office listed in Appendix

(2) A description of the circumstances ; D of any incident involving licensed
under which the loss or theft occurred; material possessed by him and which may

(3) A statement of disposition or have caused or threatens to cause:
probable disposition of the licensed ma- I
terialinvolved; (1) Exposure of the whole body of

(4) Radiation exposures to individ. any individual to 5 rems or more of
uals, circumstances under which the ex. radiation; exposure of the skin of the
posures occurred, and the extent of pos. whole body of any individual to 30 rems

gsible hazard to persons in unrestricted or more of radiation; or exposure of the

Rareas; feet, ankles, hands, or forearms to 75

(5) Actions which have been taken,or g rems or more of radiation;orm
(2) The release of radioactive material{will be taken, to recover the material; and g

(6) Procedures or measures which e in concentrations which, if averaged over

recurrence of the loss or theft oflicensed { times the limits specified for such ma-
have been or will be adopted to prevent a a period of 24 hours, would exceed 500

material. terials in Appendix B, Table 11;or

(c) Subsequent to filing the written (3) A loss of one day or more of the
report the licensee shall also report any operation of any facilities affected;or

substantive additional information on the (4) Damage to property in excess of

loss or theft which becomes available to $ 2,000.$

the licensee, within 30 days after he
learns of such information. (c) Any report filed with the Commis-

3 (d) Any report filed with the Commis- 1sion pursuant to this section shall be(d sion pursuant to this section shall be so Eprepared so that names of individuals
prepued that names of individuals who f who have received exposure to radiation
may have received exposure to radiation will be stated in a separate part of the
are stated in a sepuate part of the report.

L port.re

~j 20.403 Notifications ofincidents.

Each D' * cen(se)d under { 50.21 or Q 50.22, the
d For nuclear power reactors li-

(a) Immedere notification. -

censee shall immediately notify by tele $ incidents included in puagraph (a) and
phone and telegraph, mailgram, or fac e puagtsph (b) in this section shall in

* simile, the Director of the appropriate $ addition be reported pursuant to
E NRC Regional Office listed s,n Appendix * @ 50.72,i
n D of any incident involving byproduct, L.

aource, or special nuclear material pos-
aessed by him and which may have caused

o.r threatens to cause:
-

(1) Exposure of the whole body of
any individual to 25 rems or more of

,

radiation; exposure of the skin of the|
l whole body of any individual of 150 rems
' or more of radiation; or exposure of the

feet, ankles, hands or forearms of any

| [ individual to 375 rems or more of radia-
| ion; or

| (2) The release of radioactive material
,

in concentrations which, if averaged over
! a period of 24 hours, would exceed 5,000

times the limits specified for such
p materials in Appendix B, Table II; or

fA - ded42 m m es.
V (3) A loss of one working week or

,

|
* con nuon

| WI October 17,1980 (reset)

|

|
;
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diation or concentrations of radioactive (aX2) of this section. If personnel
material #whether or not involving ex- monitoring was not required to be pro- .

cessive exposure of any individuali in vided to any Individual by the lleensee
an unrestricted area in excess of ten under |{ 20.202(a) or 34.33(a) of thistimes any apphenble limit set forth in chapter during the calendar year, the
this part or in the license. Each report licensee shall submit a negative report

k required under this parapeh shall desciite indicating that such personnel mor.i.
g the estent of exposure of .ndmduals" toring was ot required.
g to radiation or to radioactive material. (b) A statistical summary % port of
' including estimat.3 of each individual's the personnel moniiming Information
E exposure as required by paragraph tb) recorded by the lleensee for individ.

of this section; levels of radiation and uals for whom personnel monitoring
concentrations of redloactive material was either required or provided as de-
involved: the cause of the exoosure, scribed in paragraph (a) of this sec-
levels or eeneentrations: and corrective tior, indicating the number of individ-
steps taken or planned to assure against uals whose total whole body exposure

,a recurrence recorded during the previous calendar
(bi Any report filed with the Commis. year was in each of the following esti.

g sion pursuant to this section shall in- mated exposure ranges:
g clude for each individual exposed the

- - - - - - - -- name, social security number, and date
E of birth; and an estimate of the indi- Estimat*o a h le b dy Number of Indwidasts
* vidual's exposure The report shall be ''' " "'''"'**" '""''"8'
$ prepared so that this information is
{ stated in a separate part of the report. heu"Ne'eNsNetGol. ~

(c) (Deleted 38 FR 22220.| C h''[,2 _ _ _ _ _ _ _ _ _ ,

[20.406 (Deleted 38 FR 22220.1 Ns$[i) _ _ ' _ _ -" 7 h
I to 2.. _

-

j 20 atC Perwnnel monsberine reporte. 3 to 3, , . , , , , ] ~{
Each person described in | 20 408 of 8y - - - - - - -

thi.s part shall, within the first quarter 5ge
cf each calendar year. sut,mit to the s to t T"- ~~'

_"_~C _ _ _

Director ef Manseament and Pro; ram 9 to s
. . . . .

Analysis. U.S Nuclear Regulatort a to s_ _ , _ _ - . ._
._

Commission. Washing +on. D C. 20555 I,'*w'k -

- . . _ . _ _ , , -_~_
---

,

the reports spreified in pare. graphs (a s ; i n to ir - . _

and (b1 of this acction covering the . 12+- - . - . - . - . _ . . _ _

preceding calendar year ' All other ' - - - - - - - - - - - - - -g
persons specif:cally heensed by the s 'indindusi isiues emartly equal to the estues sep.
Commistan shall, within the fir: t arsons esposure ranses shan be reported in thea

cuarter of calendir years 1979 ond * lusher rarse
1980, submit to the Director of Man- The low exposure range data are re-
agement and Program Analysis, t .S

Quired in order to obtain better infor.,

N uclea r Regulatory Commiscon- mation about the exposures 'actually~
; V at,hinstf on. l) C 655. the reports

specified in pararaphs s al and (b) rA recorded. This section does not reQufre'

[ tnf t sectinn covermd the preceding eat improved measurements.

endar> care liW8 and L97W. - .l 20.404 Reports of personnel monitoring-

(a) A report of either (li (nq to:al*

on termination of emploi ment ornu.r.ber of mdividuals for u hem per. -

*sonnel monitoring uas required under
|| 20.202(a) or 34 33 a) of this chapter (a) This section applies to each
durmg the calendar 3 ear; or (2) the person licensed by the Commission to:

_ 620.404 IDeleted 38 FR 22220.1 total number of it.dr. duals far s hom (1) Operate a nuclear reactor de.
t 20.10 ** Report of os rrespo urce and personnel monitoring u ns provided signed to produce electrical or heat

necois c ics cl and i oncenirstions. dur ng the c4lendar year Pro t idet. energy pursuant to l 50.21(bl or l 50 22
g tal In addition to any notincation re. Ac ect e r. That auch total includes rt of this chapter or a testing facility as

quired by 1 20.403, each Ucensee shall least the nemt<r of indaiduals ra- defined in i 50.2(r) of this chapter;
O make a report in writing within 30 days cursd to br repx tt J t..s.h/ 5.arsi:raph (2) Posuss or use byproduct materi-
E to the appropriate NRC Regional Of5ce u n i, cf thu sc'+n The rma t shall al for purposes of radiography pursu-

in@ ate u na ther it a subn:tti d in at ant to Parts 30 and 31 of this chapter;** listed in Appendix D Mth a copy to the m * * m r use at any one time,Director of Inspection and Enforcement. for purposes of fuel processing, fabri-
U.S. Nuclear Regulatory Commission, cation. or reprocessing. special nuclearWashington. D C. 20555, of:

u .how i me se espires or tn m, material in a qantity exceeding 5,000
ft) each exposure of an nates prior to. or on the tast day of the ist grams of contained uranium 235, ura-individual to radiation in excess of the endar Sear, stau aut,mit reports at the erp.

appheable limits in il 20101 or 20104 rs' ion or termmanon of the beense. cos er. ngum.g, or plutonium or any combi-
or the license; (2) each exposure irs that g, art of the star daria.g w hich the nation thereof pursuant to Part 70 of

k o(a)f an individual to radioactive material h',3','y$'$#[ .itt esstante the data this chapter; or
y in excess of the applicable limits in obtained for leis and 19':9 pursuant to thm (4) Possess or use at any one time,
n il 20.103(a)(1), 20103 f a) (2), 20.104 t b) rarsersrh. and the benenta dartsed there for processing or manufacturing for
y or the lleense; (3D levels of radiation or from and mer t,ke action includire pubh distribution pursuant to part 30,32' orconcentrations of radioactive material canon of notice of prom rulemstmt ino

in a restricted area in exceas of any evend or otnerme rnodify tha rmrtins 33 of this chapter, byproduct material
other aoplicable limit in the lleense: (4) requirement in quantitles exceeding any one of the
any incident for which notincation is re- t Amended 42 IR 4 396s. following quantitles:
outred by 120 403; and (5) levels of ra-

* * A mended 4 3 i R 29 2 70.
August 1,1980 20 0
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LJ ~

1.3 ,,, , j $ 20.502 Additional requirements. APPENDIX A [ Reserved]~ho,m .
r e'n 1 The Commission may, by rule regula.

e tion. or order. impose upon any licensee
Cesiu m.13 7 - . I - such requirements, in addition to those

boIjI,'a ~"" ~ ' 80, established in the regulations in this

loome.13 -- - - -
..

I * part, as it deems appropriate or necessary-

le * to protect health or to minimize danger
Bridiu m 19 2 . _ . .____ _.Krypion ss _ i coo to life or property.
Prom et hiu m. I 4 7 .- --.- - 1#

Technetium 99m t 800

g 'The Commaaston may rewW. u a luer.ne conds.
An injunction or other court orderi uen. or as ruw reswauen or oreer powant to

i so set. reporta frore inrwes s he a,e innaed to may be obtained prohibiting any viola-
us, ramenuri.on not oc tw sat in wanni sur- tion of any provision of the Atomic

; reeni to race companbw rstanon ineta. Energy Act of 1954. as amended, or Title
| (b) When an individual terminates II of the Energy Reorganization Act of

I employment sith a licensee described . or a n a n or der usW
thereunder. A court order may be ob., in paragraph (a) of this section, or an tained for the payment of a civil penalty,

- indMdual a.ssigned to work in such a . Imposed pursuant to section 234 of the
U icensee's f acility but not employed by 0 Act for violation of section 53.57.62.63,l

the licensee, completes the sork as. * 81. 82,101.103.104.107 or 109 of the
E signment in the licensee's f acility, the ' Act,or section 206 of the Energy Reorga.

** " A' I * ' "" # ' '

lleensee shall furnish to the Director I tion,"or order issued' thereunder','or anya
=
| of Manegement and Program Analysis. term, condition. or limitation of any

U.S. Nuclear Regulatory Commission, license issued thereunder or for any

Washineton, D.C. 205$5, a report of violation for which a license may be re-

the individual's exposures to radjation voked under section 186 of the Act, Any
person who willfully violates any pro-and radioactive material. incurred vision of the Act or any regulation o'

during the period of employment or order issued thereunder may be guilty of
| work assignment in the licettsee's fa* a crime and, upon conviction, may be

cility, containing information recorded punished by fine or imprisonment er
by the ljeensee pursuant to both, as provided by law.

'--IN H 20.401ta) and 20.108. such report
shall be furnished within 30 days after
the exposure of the individual has
been determined by the licensee or 90
days after the date of termination of
employment or work assignment,
whicheter is earlier.

i B 20.409 Notifications and reports so
t individuals.

(a) Requirements ice notincations
and reports to individuais of exposvie to
radiation or rsdioactive material are

2 speci$ed in i 19.13 of this chapter.
" (b) When a licensee is required pur-

& suant to il 20.405 or 20.408 to report to
"

the Commission any exposure of an in.

. dividual to radiation or radioactive ma-
" terial, the licensee shall also notify the

indMdual. Such notice shall be trans-
mitted at a time not later than the
transmittal to the Commission, and shall
comply with the provisions of i 19.13(a);

Lof this chapter,

f Excerttons Axo ADD!ttoMAL
Rzeerarwantsj

: 6 20.501 Applications for czernptions.
O The Commission may, upon application
~ by any licensee or upon its own initiative,
a grant such exemptions from the require.
* ments of the regulations in this part as
' it determines are authorized by law and

will not result in undue hazard to life or
property.

(j Nort-he reporting and record keeping
requirements cont *Ined to thLs part have
been approved bv the Oeriert! Accounting
O*5ee under B-lao 225 40043), (Roo44). and

iRoo643.

2013 August 1,1960
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C-e. e.ie B. A. d . A60.e w Sea ew.d-Co d ; ,, -'3| =-|7c,,0;,,;',7, 'e.

,

'These radon concentratione are approprt-

,
-- ate for protection from redon-222 combined

I with its abort-Ilved daughters. Alternatively,
T ble i Tebse n T

g the value in Table I may be replaced by one-
.e third t%) "wcating level." (A "working k
O level" le deftned me any combination of short- 3I

| Celesen 2Elemea* (e'eade avanber) feefere ' | Ce&wana I Cetwa== 2 Cole.no 1 o Ilved radon-222 daughtere. polonium-218 M'
| * lead-214, binmuth-214 and polonium-214. In,

! Aer weeer i Aa, we,e, E one liter of air, without regarit to the degree h
.(a i/mi)(pci/mi)(pci/mt: (pci/nt)o'''te emisaton ofc "'"*"=****'""'"'a***'*8-

Oe ma 1.3 a 10 MeV of alpha-, ,

{ particle energy.) The Table II value may be g
II=e(30) Za 65 1 I e y 10 ' 3 w to 8 4 x 10 * I y 10 * replaced by one-thirtleth (%) of a "working q

' lent no Hmit on redon-222 concentratlane ge 6 w 10 * . 5 w 10 * 2 x to * 2 w10 *
Z. 69== 5 4 x to ' e 2 x to 8 I x 30 * 7 s to e in mtdcted smaa may be based on an an-

3 w to * | 2 = 10 8 I e xIO * 6 w 10 a Pd "NSE'-I
. r x s o * ,. 5 x to * 2 xto * ' 2,30-> 74 por solutie mlatunee of U-238. U-234 y

O
]1 Za 6* s

| 9.=IO * | 5 x to ' 3xto P 2 wto '' and U-235 in air chemiest testclty may be the8

IZheeaesas(40) Z, 93 S I w 10 ' 2 xto 8 4 r30 ' 8 x 10 * limiting factor. If the percent by weight (en.

3 x to ' |I
'

2 xIO 8 3xto * O w 10 * richment) of U-236 la less than 6 the con. U? I

$ 2r 95 5 9 w l0 ' | 2 wl0 8 4 ,r10 ' 6 x10-s centration ensue for a 40-hour workweett. M
-

8 3 w to * 2 x 10 ' I w 10 ' 6 wto e Table Z. Is 0.2 milligrams uranium per cuble
E Ze 97 5 t ,30 ' 5 m to * 4 w to ' 2 w10.s meter of air average. Fbe any enrichment.
g

I 9 x IO * 3 M 10 * 3 eto ' 2 x 10 , the pMuct of the smage constration and
&lme d eRposwa dwW e Mon wwkwed 2.

ce Any eengte e.deengsted* Sob
t n to * | Kshall not escoed 5xt&* SA eC1-hr/ml. where y

3 w 10 e
a.e Neeed ebe.. woe. f* SA la the spectSc activity of the urantum in-devey .nede eeher ehe. E hated.The concentration value for Table ZI is
es he e 4. h e,

j ' O.007 mullgrams uranium per cubic meter of Oc
, ,

|
@ alr. The speelSc activity for natural uraniuma d with eed%n,e

f
is 8 77X 104 curtos per gram U. De spectSe* bear. arse p.ee the= 2
activity for othee mixturve of U-238. U-235% q
an U-234, U not known, M k -Aoy e3=gte e.dlenwegsde 3 x 10 ' 9 sr 10 * 8 3 )r its * 3 x 10 *

noe Nemed .beve wash BA = 3 8 x 10-' curfe / gram U Udleplat.a O'
decoy aned ether rh.a , 5A = (0 4 + 0.38 E f 0.0034 E') 10 4 E 2e 72 g

* - aee-a**a
, f I' w.here E la the percentage by welght of U-235. p*4"***"'"'****

e

..d == die e i L pre ed a.p.rceni. o.
,

h.un. ,,e .m 2 i * ^=>c ded n & M 2.i il *. ),
heere. * * A mended le F M 2.199n; feast ne.f e ve. -

2Aay a.e e ,.dse e,esde | 4 w to '8 I 4 = 10 ' 2 x 10 " ' 3 x to e deupriated 40 I H Sn704.s

aee n. d .h.... wks.h 3 | ...A,n.nded 4. i u sovo4 U3
Hd+< eve hv .8,b .ade- I

'
i , A, ,, a,d ,in I a 2, ii 4.

$ Amceeded .94 I H 2%48 t; redeugnated 3" ''* **** *
en i H to7o4. M

-
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~
NOT) TO APPFSDlX B 3. If any of the conditions spec 18ed below

~
Nots la any use e twee there a a misture la aar o, are met, the corresponding eslues spectoed

ester of more than one radionuchae. the hmitma suue. below may be used In lieu of those spec 1 Sed
for purgenes of ttus A ppeDdis the aid le determined at 1.n paragraph 2 abOTe.
follo w s a. If the identity of each radionuclide in
d3('Y'80',(8, [",l',*'** N*M*$ the mLature la known but the concentration,

should tv derned as to laws lievermme. kar each re. of one or more of the radionuelldes in the* dionuchde in the mniure. the rarm t er s een t he quanen > to misture is not known, the concentration
Q nt in the amure and 6he htmt otherstw est*P' $ 11mit for the misture is the limit spectaed |z . in Appendia B lor the scweiht radionuchde = hen in Appendiz "B" for the radionuelide Ln the

'

[ ue1NYtbe m itur
'

enai en 4 I e . E mixt ure baring the lowest concentratat$'t
* hmit: or

$ "untry")r.t aa rts !! radionuchdas 4. E ud r are siresent @ b. If tre identity of each radionuclide in
in concentrutans C., C s. and C c. and if the appikar ne " the mixture la not known, but it is k.nown
St PC s. are \t PC and \f Pra. and M Prc restee that certain radionuclides specifed in Ap. Isn eh. then the concent stens onli te hm;ted no tha' pendiz "B' are not present La the misture, !ine Mins ma ri nationship rusts |the concentration limit for the misture La

_ra c. er
i b!PL SIPCs,StPCrSi the lowest c coentration 11mit spectaed in

Appendit "B" for any radionuclide ubich is
) P" not k.nown to be absent from the m12ture;

5 ,, i,,t,r eit h., in, w , s y w ev ro re n tre. * ef w y

-

e or

$ w n w,,4,
, ., . .. ..,e a n ., a, s n u.e nrn it me,

pr;. g,4c 1:a p .r ar tei
- s. For purposes of Table 1. Col.1---6 x 10 8|

'

[ b. For purpot es of Table 1. Col. 3-4 x 10 '
e. For purposes of Table 11. Col 1-2 x 10-"

g d For purposes cf Table II. Col. 2--3 x 10-*
8

- _

Tabk 1 Tath Il

t Elemaet (stwie numte) and isotore
Cottunn 1 Cotuma 2 Colurnn 1 Column 3

Air (eC1'en!) D ar.er Al- (eCums) D ater
GCutn!) 4Cuma)

U lt is known that Si e0. I 1M I IM.1 IJ9.1 III (1133
taWe !! on'y h Pb 210. Po A0. Ai ill, ha 7:3. Rn 7.'4
Ra FM. At 227, Ra 77. Tn 2as. Pa 13i, T u ,3J. Tb.
nat. C a 24&. C s 2/A and 7 m M are not preact.. . . . . .. ... 9 X 10-4 . . .. 8 X1H

5 1s a u an e n that se ec. I 123. irs.11.v. <1 sai. I lu.
' table Il ed)). Pb 211 Po 216. Ra 023. Ma 7% ha ?.B.ce
d Pa 231. Taxaat, Cm 244. Cf 264. and Tm 2.x are not

k n En't'ti'i'5tWI' i5 'fI'i?.5 'I'15.'l' I6,'t' b '' N'
""" " ' * " ~

E IJ a a e
ere). Pb 210, Rs 2M. Ra 2.3. Cm 244. u.a Cl .54 are*

P1 D it u a noen that (! 129. table !! orus ). Ra 72 and Ra. . . . . . . . . .
2 X1H eX1FO not preser.t . . . . . . . . . . . . . . . . . . . . . . . . . . . .

728 are not gfetent. 8XlM . I X1H
11 it a k no w n t h at th. . . . . . . . . . . . . . . . . . . . . . . . . . .em'tters and Er 10, i 179. Pb

2ut. Ac m, Ra 2::5. ra 2.EPu 241, ud bs its nie not

11it in known that aJphumitters and Pb tio. At 277 .
8XIM . I X 10-*geesent...........................................--

If it la knows that a,pt.wmitters ud As m are not. . . . . . . . . .
8 X10-* . . . . . . I X 10-88 ...Ra 22B and Pu 2e; are siot present. . . . . . ...

IJ it u k nown that Ac 7?*, Th 230. Ps 23i. Pu 238. Pu. . . . .
8 X 3o-*' . . . . . I X 10- e .. ..gener.t........................... . . . . .

236. Pu 26', Pu 242. Pu 244 Cm 2t&, C 24s and Cf 231
are not prewot.. 8X10 m 1 X 10- 8 . .. .

-

[ 4. If a misture of radienucaldes consists of
P uranium and its daughters to ors dust prior
C to themicaJ separstson of the uranJum from
# the ort, the values spec 1Aed below may be
[ used for uttalum and Ita daughters through

radium 226,instead of thcse from pargrapha
k 1,2 or 8 above,
a-

a. For purposes of Table I, Col.1-lx10 H
h aCI'm1 gross alpha e.ctistty; of 5 X1D sct/
M ml natural ura.nlum: or 18 micrograms per
N eubic metet of air natural ursnaum.
E b. Por purpcmes of Table II. Col.1-3 X 10 *

aC1/ml grcss alpha activity; or 2 x10-u , elf*

$ m1 natursk uranium; ce 8 maaograms per
L,euble meter of air naturst ursnaun

8. Ptv purpcses of this eote, a radio-
nucDde may be considered se not present in
a mirture if (a) the rstto of the concentra-
tion of that radionuclide in the misture

w (Ca) to the concentration 11m2t for that
,

f radionuclide erectSed in Table II of Ap.
|

- pendia B (Af7Cs) does not esoeed he
E Ca 1

le. pggg) and (b) tb4 sum of such"

N (atlas for all the tsalonuc11 des conaldered na
-

f
7t tre.ent in the mature does not exceed gT

C. Cs
I 0.e p g + p g + .....$%).J

_

August 1,1980 jo.jo

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



PART 20 o STANDARDS FOR PROTECTION AGAINST RADIATION*

Any alpha emitting radionuchde=
Aeronars C WM MemeWes not listad abon or mistures of

Osmi u m.10 a m' . . . . .. .. .. .... .. . . . 100 alpha emitters of unknown com.Naternal Afierocartes Osmlum 193 100 E puttion ..... .. . .03... ................
.01 Osmium 195 100 E Any radionuclide other tham alphaO 4 meric hs m.241 .. . .... ...

f j A n timon) .122 . .. ... . . .
....................

100 Pall adi u m.103 . . . . . . . . ~ . ~ .... . 100 * emitting radionuelldes, not llated(j A nt imon) .124 10 Palla diu m .100 . . . . . . . . . . . . . . . . . . . 100 $ above or mlatures of beta emit.
.. ... .....

A nt imon) .125 . .. . . 10 P hos p horus.3 2 . . . . . . . . . . . . . . . . . 10 L ters of unknown composition . .1. .......
* A rsenir.73 . 100 Pla tin um.198 100

Arsemc.74
. ....... . ... ....... . .........

30 Pla ti n u m.19 3 m . .. . . . . . . . . . . . . . . 100.... . . ...........

Arne me.78 . 10. . .. .. .. . ... Platinum.193 100 Naes Joe purposes of I 0 303. whe.e.. ..... .. ... ...
Arne me.77 . . .. .. 100 Pi a t i n u m .19 7m . . . . . . . . . . . . . . . . . . 100........... .

** there is trivolved 8 combination of isotopes inmarium 133 10.... ....... ........ Platinum.197 100. .... ......... ..

Plutonium 239 .... . . ... O n a* known amounts. the hmit for the combinationa nmum 1.4 4 ,
.... .

Polonium.250 01 p should be derhed as follows Delermme forma nu m . l e . . . . . . . . . . . . . . . . . . . . 8"
. .................IBismuth.210 .. Po t saal u m 4 2 . . . . . . . . . . . . . . . . . . . . 10 each isotope in the cornhination. the taho... .... .. .

10 gBromine 82 Pr a cody mlu m.142 . ... . . . ... ... . . 100 k between the quantity present in the... .. .. . . . .
Cadmhun.109 10

. .... .... . 100 ePr aseod y mium.143
Cadmmm llSnt. . . . . . . . ~ . . . . 50 Promethium.147 . .. . .. . . . . . . .. . 10 '. .... . .

combinshon and the hrml utherwise
estabhshed for lhe specMc isotope when not. .. .. .. .. 100 Prom ethiu m 14 9 . . . .. .. . . .. . . . -- . 1Cedmium il5
in combination. The sum of such ration for allCa teaum-4 5 . . . . ... .

,o na di u m.226 . . . . . . . . . . . . . . .. . . . . .01

exceed 1 s in the combinahon may not
the isotopeCaln u rn. 4 7 . .. . ...... R h e n iu m 186 . . . . . . . . . . . . . . . . . . 100.. . . .. .. . ~ 100Cnhon.14 . M . unh IR he r..u m 184 . . . . . . . . . . . . . . . . . .. 100

Ce r mm.141 IM R hodi u m .103 m . . . . . . . . . . . . . . . . . 100Ceriu m .14 J . . . . . . . . . . . ~ . . ~ . . IM
-

. .. . .. . .. . Rh odI u In.106 . . . . . . . . . . . . . . . . . . . 100L e rlu m .14 4 . . . . . . . . . . . . . ... - I R u bidi um . 86 . . . . . . . . . . . . . . . . . . . . 10
Ce uu m.13 8 ..........*~.. 1.000 R u bid iu m . 87 . . . . . . . . . . . . . . . . . . . 10
Cesium.134m IM Rutheniu m 97 . . ... . . . . .... . . ... . 100
reslum.134 . .. .. . . . . . . . . . . ~ . . ~ . . I. .. . . .. R u th e ni u m. 3 03 . . . . . . . . . . . . . . . . . . 10
Cenmm.13S 10 R u t h e ni u m.106 . . . . . . . . . . . .. . . . .. 10......... ...... ...

C e si u m .13 6 . . . . . . . . . . . . . . . . . . . 10 R u t h eniu m.106 . .. . . . . . . . . . . . . . . . I
resmm .13 7 . . . . . . . . . . . . . . - . . 10 Sam ari u m . I S I ... . . . . . .. . . .. ... .. 10

10 s.m ar i um . l S3 . . . . ... .. . . . . . . . . . . 100Chlorine.36 . . .. . . .... ......
Ch lor i n e . 38 . . . . . . . . . . . . . . . . . . . . 30 bc a ndium.46 10....................
Chromium.Sl ... .. ....... .. 1,000 Sc a n di u m . 4 7 . . . . . . . . .. .. . .. . . . . . 100
Cob al t . 5 8 rn . . . . . . . . . . . . . . . . . . . . 10 Sc a ndi um. 4 8 . . . . . . . . . . . . . . . . . . . . 10
Co ba l t. 58 . . . .. . .. . . . . .. . . . . . . . 10 Se le ni u m .7 5 . . . . . . . . .. . . . . . .. . . . . 10
Cu b a l t . 60 . . . . . . . . . . . . . . . . . . . . . . I Silicon .31 . .. . . .. . . . . . . . . . .. . . . . . 100
co p pe r . 64 . . . . . . . . . . . . . . . . .. . . . . 100 bilver.106 . 10....................

Dvsprou u m.165 10 $t h e r. ) I Dm . . . . . . .. . . . . . . . .. . . . . . I...... ..........

Dvspress u m.166 100 Saher.Ill....................... 100. . ... .... .. .

300 Sodium.2 4 10Erbium.169 . .. .. ... ..... ............ .. ......

Erbium.171 100 h t ro n t i u m . 8 5 . . . . ... . . . . . . . . . . . 10............ ...... .

E uropi um. I S2 9 2 h. .... .. . .. . . . 100 S tron t i u m. 89 . . . . . . . . . . . . . . . . . . . I
b Europmm lS2 13 yr.. .. ........ I Ni

S tro n ti u m . 90 . . . . . . .. . .. . . . . . . . .. O.1
5 Otrespmm.154 . . 1 E S t ron ti u m . 91 . . . . . . . . . . . . . . . . . . . . 10. .... . .

g E uropm m.1 SS 10 g S t ron ti u m . 9 2 . . . . . . . . . . . . .. . . . . . 10.... . .........

[m} m Fluorine 18 ..... ... ..... 1.000 w s u l ph u r.3 5 . . . . . . . . . . . ... . .. . . . . 100
10O n dclau um.153 10 g T.ntalum.182 ... ... .... .. .("/ N ...... ..

Technetium.96 10Oaunlun um.159 ... . . . . . . 100 .. .. .... .......

04II:um.72 . . . . 10 T ec hne tiu m.9 7tn .. . . . .. . ... . . 100. . .. ..

Germanium.7) .. .. ... . .. 300 Technetium.97 . .. 100. ... . ....

.. ........ 100 Tec h ne tt urn-99 m 100Ovid 108 . ... . ......

10GolelfG .... . . ....... 100 Technetium.99 . ... ..... ..

Holnu !tm. lf 6 . .. . 100 Tellurtum.127m
.... . 10Ita tsa im.181 . . .. . .......... 10 Telluri u m 125m . . .... .

I t'...... .... ....

fndmm ll3m .. . .
.... .... . I.000 Telhtrium 127 .. 100H) d rog e n .3 ........ .....

.. . . . .. .. 100 Triturmm.129m . 10

lodium. l l 4 m . . .. 10 Tellurium.129 .
. .. ...

100.... ...... .. ... .. .. .

. . . .. . 100 Tellurtt.m.131m . . .. . . 10Indium.llSm .
10t od m m.115 . . . ... . 10 Tellurium.132 . ... .. .

101 Terbuim.160 . .. ... .... ..I"dlue.125 . . . ... . . . ..
.. . . .. 100l' 4 me.126 . . .. ...... . 4 Th,elh u m.200

O. I Th411 m m.201 . . . . . . . 1001s<1me. ' 29 . .. . . .. ....... .. . .. .

I Thalhu m 202 . . . . ... .. . 300lutme.131 . . .. ........

10 T h alim m. 204 . . . . . . . . .
.... .

10Isdire.lJ2 . . .. . ... . ..

lod e n e. m I * *n ort um ( n atu r alli.. .... ... ....... 100... .

lodme .134 . . ... . 10 Tuuhum 170 . . .. to

Induun.192 ...
... .... . 10 Tn ulmm.171 . . .. .. 10Itdine.135

10 Tra.Ilt .. . . . 10. ...........
10100 Ten.125 ...... . . . .tradmm.194 . . . .. .

100 1 unp en 181. . . . Iofron ds . . . .... .

10 'I m et.n 18% . 100
10tren b ... .. ... . ....... 300 Tune st e n.187Mr3pton 85 . ... ..... .. . ....... . . .

30 * * Ur a niu m ( naturs!)"...... ........ 100K r) pt on.8 7 .... . . .....

10 O r A nlu m.233 ...., ....... 01Lant ha num.140 . .

100 t'r.nium 234 Uraruum.235 .. . .01Lut et ium.177 . .. . .
10 Va n.nlium.48 . .. . . . ..... 10

Sta nt a nese.52 .. . . . . .. .
.. . . 1.0vo10 X.n w. a 31 utSla n g kne 4*.54 ... ... ... ......

... . .... . 10 X e non.133 . ... 100kla turanese.56 .
Alercurl .W7m . ... . .... .. Im X e non.135 ... . . 100

S t e rc ury .197 . . .. ...... . . 100 Yt t e rhmm.175 . 100

31eretar3 203 . . . .. . 10 Ytt rmm.90 . . 10
. .......

10klalt bdennm.99 . 100 Ytt rium 91. .

100
...

N eod y miu m.14 7 100 Y ttrium.92 . . ...... ... .

Neodymturn.149 .. . . ... . 100 Y t tr mm.93 . .. 100
8 Bsard on alpha disintegittion rate of

10%ckel.SU . .... . 100 Zine.65 . .. . .

100 W232. ht$0 and their daughter pro 3ucta.
10 E' nc.6km . ..S n h el.C3 . . .. . ... .

100 Ziuc.67
... ... ..

...... . 1.000 8 Based on alpha dlaintegittlon rate of
%chtb65 ...

10 Zirt oniu m.03 10 U 238. U 234. and U.238..... .

manum.91m . . .. . ...

* N earn u m.p s . . 10 Zereonium.95 . . 10 Am<r JcJ .th 1 H f 6a9m*g

... . 10 '' AmenJcJ 39 1M 23990
tj %cbmm.97 10 Zirconsum.97 .... .... . . ... .

100.ma u m .145 .. ... ..

20 21 October 31,1900
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Appendis O

UNITED STATES NUCLE AR REGULATORY COMMI5510N

tNSPECTION AND ENFORCEMENT REQtONAL OFFICES

Telephone
Reglon Address

CaytIme %,'[*y[
l

R eni USNRC 8 $Connecticut, Delamere, Oestrict of Co- ONice of Inspection and
lumD64. Maine, Maryland. MassaChu. Enforcement (215)3374 006 (216)3374000setts, New Hampshtte, Ne w Jersey, 6 31 Park Avenue
Ne w Yor k Pennsylvania, Rhoos 15- King of Prussia, Pa. 19406
lan4 and hermont

tR non ll, USNRC
* *Ala bama, Florida, Geof gla. Kentucky, ice et InsWMn and

M is'ssappe, NQ,Ca oika e,e ' 101 teEa 4 ) til 4 60 3 N H)2284503
c h t reet

Caroinna. Tennessee. Vereinta, Verein Suite 3 00
Islands, and West Virginia Atlanta, Georgia 30303

Ill

Repon 111, USN RC ee e.
Of fice of Inspection and

E (312)932 2500 (312)932 2500inmon. Ind.ana. Iowa. Mich69an, Minne-
sota, Mtssourt. On6o, and wisconsin 7 9,n f or ce me n tRoosavett Road

Q>en Eltyn, Ill. 60132

R ton IV, USN RC
Arkansas. Colorado. Idaho. Kansas. O ece of Inspection and
Lovesiana, Montana. Nebraska. Ne w E n force ment
Me nico North Dakota, Oklahoma, 611 Ryan Plass Drive (0l7).3 34 33 g g (317 ) 3 3 4 3 3 4 g
Soutn bakota. Texas, Utah, and Suite 1000
wyoming Arlington, Temas 76012

Re ion V, USN RC

Aiaso. Artsona. Calffornt'a. W wau, 't,$ e T" " "* ** **

Nevada. Oregon. Wasningt on. and U.S. 19 3 0 N. Calif ornia Blvd. (415)943 3700 (415) 943-3700terrstories and possess.ons 6n tne sone 207Pa cific Walnut Creek, Calaf.
9alg6

'
S FR 42557 -

'

' Am ended 41 F R 5 5 8 51.

tArnended 4 3 F R 32741.
3 Amended 43 FR 52201.
'' Amended 44 FR 63515

ese Amended 45 FR 33905

O
August 1,1960 M22
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UNITED STATES NUCLEAR REGULATORY COMMISSION

RULES and REGULATIONS
TITLE 10. CHAPTER 1. CODE OF FEDERAL REGULATIONS-ENERGY

.--

PAR RULES OF GENERAL APPLICABILITY TO DOMESTIC

30 LICENSING OF BYPRODUCT MATERIAL * *
,

GENERAL PROVISIONS ENFORCEMLNT Q 30.3 Activities requiring license.

30.61 Modification and revocation of licenses. Except for persons exempt as providedSec.
30.1 Purpose and scope. 30.62 Right to cause the withholding or recall in this part and Part 150 of this chapter,
30.2 Resolution of connut, of byproduct material.
30.3 Acthities requirins license. 30.6 3 % iolations

g transfer, receive, acquire, ow n, possess, or30.4 De fin mons.
30.5 Interpret ations. SCH EDU L ES g use,'' byproduct material except as
30.6 Commu nicat wns. E authorized in a specific or generallicense

E30.10 Schedule A-Esempt concentrations.
E ssued pursuant to the regulations in thisi

E X EM PTIONS 30.11 Schedule R chapter.

30.11 Specific esemptions. AUTHORITY: Secs. 81,82,161,182,183. Q 30.4 Definitions.
30.12 Persons using by product material under 68 Stat. 935,948.953,954, as amended (42 As used in this part and Parts 3135"

certain Enersy Research and Devel- U.S.C. 2111, 2112, 2 201, 2 2 32, 2 2 33), secs.

O opment Administration and Nuclear 202, 2 06, 88 Stat.12 44,1246 (42 U.S.C. s842 of this chapter:

() Regulatory Commission contracts. and 5846). (a) " Act" means the Atomic Energy
30.13 Carriers. Section 3o.34(b) also issued under sec.184, Act of 1954, (68 Stat. 919)* including
30.14 Exempt concentrations. 68 Stat. 954, as amended (42 U.S.C. 22 34). For any amWmnM h6
30.15 Certain items contamins byproduct ma- the purposes of sec. 2 2 3, 68 Stat. 9 5 8, as

terial. amended (42 U.S C. 2213), I 30.34(c) issueJ
~

30.16 R esins containing scandium-46 and under sec.161b., 68 Stat. 948 (42 U.S.C. 2201 ~ (,4) Department"and "Department
designed for sand-consolidation in oil (t)) and || 30.51 and 30.52 issued under sec. of Energy" means the Department of
wells. 161, 68 Stat. 950, as amended (42 U.S.C. Energy established by the Department of

Eurgy Organization Act (Pub. L 9b91,
I Self lu o s p roducts con taining 91 Stat. 565,42 U.S.C. 7101 et seg ) to the

tritium, Itrypton.s5, or promethium. 30.1 Purpose and Scope. extent that the Department, or its duly
ia, This part prescribes rules aoplicable to authonted representatives, exercises

30.20 Gas and aerosol detectors containins
byproduct material. , all persons in the United States governing funct.ons formerly vested in the U.S.

R domestic" licensing of byproduct ma- Atomic Energy Commission. its

LIC EN S ES g terial under the Atomic Energy Act of Chairman, members, officers and

* 1954, as amended (68 Stat. 919), and components and transferred to the U.S.
30.31 Types of licenses- S under Title 11 of the Energy Reorganiza. Energy Research and Development
30.32 Apphcations for specific licenses. 1974 (88 Stat.1242), and ; Administration and to the Administrator
30.33 ceneral requirements for issuance of tion Act of - thereof pursuant to sections 104 (b),(c)

specific ticenses. exemptions from the domestic" li-! and (d) of the Energy Reorganization
30.34 Terms anJ conditions of hcenses. censing requirements permitted by ; Act of 1974 (Pub. L 9}-438. 88 Stat.1233

' section 81 of the Act. at 1237,42 U.S C. 5814) and
ppficat$ns f r e al of hcenses. retransferred to the Secretary of Energy30.

30.38 Apphcat6ons for amendment of heentes.
-

pursuant to section 301(a) of the
30.39 Commission action on apphcations to -

Department of Energy Organization Act
renew or amend. 30.2 Resolution of conflict. (Pub L 9 . 91 Stat. 565 at 577-578. 4230.41 Transfer of b> product material. 7g g

R ECO RDS,1N SPECTIONS, T ESTS, E addition to, and not in substitution for, ,,_

PROCEDURES, AND REPORTSt E other requirements of this chapter. In any
conflict between the requirements in this I (b) Terms defmed in section al of the8

E
, " , ' , ' g part and a specific requirement in another g Act shall have the same meaning when

part of the regulations in this chapter, the e used in the regulations in this part and,,.

30.5 3 Tests.
/ 30.54 Control and'accountins procedures for specific requirement governs. " Parts 3135' to the extent such terms

("3
k

) tritiu m. t k=are not specifically defined in this part;
30.55 Tritium reports.1

Amended 36 FR 1466.*
t Amended 31 FR 9207. " Amended 43 FR 6915.
$ Added 37 FR 9201.

Au9ust 1,1980p
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PART 30 e RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING"
(q) " R ese arc h and desciorment"

{ (c) "Agreement State" means any the Energy Reorganisation Act of 1974
means (1) theoretical anal > sis, explora-

g state with w hich the Atomic Energy (88 Stat. 1244), any State or any
tion, or experimentation; or (21 the

g Commission or the Nuclear Regulatory { pohtical subdnision of or any political exte,sion of investigatise findings and
a Commission has entered into an effectivem entity within a State, any foreign govern-

theories of a scientific or technical nature
g agreement under subsection 274b. of thef ment or nation or any political subdivi- into practical application for e x peri-

Act. "Non Agreement State" means any g sion of any such government or nation, or
Lother State; other entity; and (2) any legal successor * mental and demonstration purposes

neluding the expenmental productiorrepresentative, agent, or agency of the-

:nd testing of models, devices, equip-(d) ,B) product material,, rneans any foregoing.
radioactive material (except special - ment, materials and processes, ,,Research
nuclear materiall pelded in or made (1) "Physician" means an individual and developrnent" as used in this part and
radioactise b) exposure to the radiation hcensed by a State or territory of the Parts 3135+ does not include the internal
incident to the process of producing or United States, the District of Columbia or or external administration of byrroduct
utduing srecial nuclear matenal; the Commonwealth of Puerto Rico to rnaterial, or the radiation therefrom, to

(e) "Commission" means the Nuclear d ispense dn.gs in the practice of human beings,

Regulatory Commission and its dul) me dic tne, C (r) "Sealed source" means any by
e product matenal that is encased in aauthorned representatives; (m) " P r odu ction facility" means

defined in the $ capsule designed to present leakage or(f) "Curie" means that amount of production facuity as
radioactise material which disintegrates at regulations contained in Part 50 of this g escape f the byproduct matenal,
the rate of 37 bUlion atoms per second, chapter; (s) "S urce materia!" rneans source

material as defined in the regulations
b e xe(g) "Gowernment agenc)" means any

(n) "Radiographer" means any indi-
cutise d e p a rt ment. commission, vidual who performs or who, in atten- c ntatned in Part do of this chapter,

f independent establishment, corporation.g dance at the site where the scaled source (t) "Special nuclear rnaterial' means
E special nuclear matenal as defined m thew holl) or partly owned by the UnitedE or sources are betng u sed, personally q

b States of America which is an instrumen.f supersises radiographic operations and regulations contained in Part 70 of this

tality of the United States. or any board,R who is responsible to the licensee for chapter;

bureau. division, service, office, officer, assurms compliance with the requirej (u)"United States". when used in aauthorit), administration, or other es. ments of the Commission's regulations: geographical sense. includes Puerto Rico
tablishrnent in the executive branch of and the conditions of the license; E and all territories and possessions of thethe Government; (o) "Radiographer's assistant" means : United States.

(h) "lluman use" means the internal any individual who, under the personal
N "Utduation facility" means aor external administration of byproduct superusion of a ra diographer, uses

facBty as defined in thematerial, or the radiation therefrom, to radio traphic e x posure devices, scale ds regulations contatned in Part 50 of thishuman beings, sourc es or related handhng tools, or
(il "License" except where otherwise radiation' survey in struments in ;: '

specified means a license for byproduct radiogra phy ; (w) "Commencement of const ru c-
material issued pursuant to the regula- (p) "Radiography" m e 2ns the tion" means any cleanns of land, excna.
tions in this part and Parts 3135t of this examination of the structure of materials tion, or cther substantial action that
chapter; by nondestructise methods, utUning w ould a dversely affect the natural

sealed sources of byproduct materials; in environment of a site but does not
O )( 1 ) " M i c r o c u rie" means that $ include changes desirable for the

* amount of radioactne material which 'The " Department facilities and activitiese temporar) use of the land for pubhc
g disintegrates at the rate of 37 thousand Wenuried in section 202 are. g recreational uses, necessar) bonngs ton atoms per second, (1) De monstration Liq uid Metsi l ast determine site characteristics or other

(2) "Mdlicurie" means that amount of Breeder reactors when operated as part of the preconstruction monitoring to estabhshpown gennanon facuitin of an eienne unho
Lradioactive material which disintegrates at background information related to thesy stem, or w hen operated in any other mannerthe rate of 37 million atoms per second;
-

for the purpose of demonstratms the suitabdity suitab0ity of a site or to the protection of
for commercist appbcation of such a reactor.

_ ens tronme ntal valuesN "Person" means (1) any indi-
t2) Other demonstration nuclear reactors, _

vidual, corpora tion, partnership, firm, ,, c,,, ih os, in ,,isie n c, on j anuary t o, i e t s, % 30.5 Interpretations.
association, trust, estate, public or private when operated as part of the power generation Except as speetficauy authorned by

, institution, grou p, Government agency facdines of en electe : utihty system, or when gg
0 other thin the Cornmission or the * P "' " d '" ' " F '' "" * * " "" ' ' ' h ' P" 'P "''
so of demonstrating the suitability for commercial tion of the meaning of the regulations inn Department " , except that the Depart- apphcat6on of such a reactor. Ethis part and Parts 3135t by an) offwer$ ment" shall be considered a person (3) Facihtees used primarily for the receipiEor employee of the Commission other
' within the meaning of the regulations in and storase of hish4e el radioscibe was ''Ethan a wntten interpretation by thethis part to the extent that its facilities usuluns from taenwd econon.

and activities are subject to the licensing (4) Retrievable Surface Storage f acuitiesRGeneral Counsel w.dl be recognued to be
,,, ,,,,, ,,,,,. ties au thoris e d for the e m preis binding upon the Commissionand related regulatory authority of she po, pose or suhtequent tons. term storage nr

{ 30.6 Communications.Commission pursuant to section 202 of high.ie.el radioacthe w eite senereted t>> the
" Department, whuh are not used for, or an Except where otherwise specified all
part of, research and deselopment actmties commun4ations and reports concerning

i Amended 43 F R 691s. * Amended % F R 1466.
* * A m e n d e d 4 5 F ft 1 a j 9 9
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PART 30 e RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-
subject to licensing pursuant to section 3 30,14 Exempt concentrations.

C) the regulations in this part and Parts 202 of the Energy Reorganization Act of (a) Except as provided in paragraphs(, 3135t and applications filed under them,
should be addressed to the Director of

1974 are involved, any prime contractor (c) and (d) of this section, any person is
of the *" Department is exempt from the exempt from the requirements for aNuclear Material Safety and Safeguards,
requirements for a license set forth in license set forth in section 81 of the ActI U.S. Nuclear Regulatory Commission,
sections 81 and 82 of the Act and from and from the regulations in this part and

E Washington, D.C., 20555. Communica.
! ions, reports and applications may be the regulations in this part to the extent Parts 3135 t of this chapter to the extent

t that such contractor, under his prirne that such person receives, possesses,uses,R delivered in penon at the Commission's contract with the "' Department m anu* transfen, owns or acquires products oroffices at 1717 H Street N .W . ,
Washington, D.C., or **7920 Norfolk factures, produces, transfers, receives, materials containing byproduct material

acquires, owns, possesses, or usesi by- in concentrations not in excess of thoseAvenue, Be thesda, Md.
pr duct material for:(a)the performance listed in { 30.70.EXEMPTIONS (b) This section shall not be deemedof work for the "* D_epartment. at a-

f 30.11 Specific exemptions. United States Government owned or to authorize the import of byproduct~

(a) The Commission may, upon controlled site, including the transports- material or products containing by-
application of any interested penon or tion of byproduct material to or from product material.

! upon its own initiative, grant such exemp- such site and the performance of contract (c) A manufacturer, processor, or
* tions from the requirements of the regula- services during temporary interruptions producer of a product or material in an
E ons in this part and Parts 3135t of this of such transportation;(b)research in, or Agreement State is exempt from theti
N chapter as it determines are authorized by development, manufacture, storage, requirements for a license set forth in

law and will not endangerlife or property testing or transportation of, atomic section 81 of the Act and from the
or the common defense and security and weapons or components thereof; or (c)g regulations in this part and Parts 31,32,
are otherwise in the public interest. { the use or operation of nuclear reactors E 33, and 34,t to the e xtent that be

$"States
f '" DM # # E" " *

p 30.11Ib) (Ddeuns n m sss:1 Government owned vehicle or g a product or material in concentrationsu,

S vessel. In addition to the foregoing ' not in excess of those specified in
exemptions and subject to the require * @ 30.70 and introduced into the product
ment for licensing of '" Department or material by a licensee holding a
facilities and activities pursuant to section specif c license issued by an Agreement

f 202 of the Energy Reorganization Act of State, the Commission, or the Atomic
\ 1974, any pnme contractor or sub- Energy Commission expressly authorizing

contractor of the *" Department or the such introduction. This exemption does
Commission is exempt from the require * not apply to the transfer of byproduct
ments for a license set forth in sections material contained in any food, beverage,
81 and 82 of the Act and from the cosmetic, drug, or other commodity or
regulations in this part to the extent that product designed for ingestion or inhala-
such prime contractor or subcontractor tion by or application to, a human being.
manuf actures, p r o d u ces, transfen. (d) No person may introduce by-
receives, acquires, owns, possesses, or product material into a protuct or sne-
usest byproduct material under his prime terial knowing or having reuon to believe
co ntract or subcontract when the that it will be transferred to penons

Commission determines that the exemp- exempt under this section or equivalent
tion of the prime contractor or sub- regulations of an Agreernent State, except
contractor is authorized by law;and that, in accordance with a license issued
under the terms of the contract or sub- punua: t to { 32.11 of this chapter or
contract, there is adequate assurance that the general license provided in i 150.20
the work thereunder can be accomplished of Part 150.
without undue risk to the public health ,"

*
and safety, g
I g Q 30.15 Certain items containing by-

Q 30.13 Carriers- e product material.
Common and contract carrien, freight "

forwarden, warehousemen, and the U.S.f$ 30.12 Persons using byproduct m a.
terial under certain *a Department

{ of Energy Postal Service are exempt from the ~ (a) Except for penons who apply
a Nuclear Re gula tory Commission regulations in this part and Parts 3135i byproduct material to, or persons who

6 of this chapter and the requirements for a incorporate byproduct material into, the
'" Depart R license set forth in section 81 of the Act {gfollowingf contracts.

products, or penons who% Except to the extent that
to the extent that they transport or store w initially transferi for sale or distribution(q | ment facilities or activities of the types byproduct material in the regular course Mthe following products containing by-

'j of carriage for another or storage incident product material, any penon is exempt
thereto, from the requirements for a license set

t Amended 43 FR 6915
** Amended $4 FR 19 546.
*" Amenced a s F R1419 9

Oc*ober 3,1960
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,1, forth in section 81 of the Act and from[ (5) Marine compasses containing not { 32.14 of this chapter, which license

g the regulations in Parts 20 and 30 35' ofR more than 750 m0lieuries of tritium gas states that the product may be

, this chapter to the extent that such$ and other marine navigational instru. distributed by the licensee to persons
a person receives, p o s s e s s e s, uses.g ments containing not more than 250 exempt from the regulations pursuant to
X transfers,' owns, or acquires the(miDieuries of tritium gas. paragraph (a)of this section.
Lfouowing producir =_

E { 30.16 Resins containing scandium 46
- (1) Timepieces or hands or dials; (6) Thermostat dials and pointers and designed for sand consohdation in

containing not more than the followinggcontaining not more than 25 milhcunes ou uus.
specified quantities of byrroduct material.of tritium per thermostat

I Any person is exempt from the re.
and not exceeding the foUowing specified .-
levels of radiation: - (7) (Deleted 34 FR 6651.) quirements for a license set forth in

(8) Electron tubes: Provided. That section 81 of the Act and from the(i) 25 mDheuries of tntium per ttrne-
each tube does not contain more than regulations in Pans 20 and 30-35' of this

(ii) 5 millicunes of tntium per hand one of the following specified quantities chapter to the extent that such person

(iU) 15 milheuries of tritium per dialec f byproduct material- ; receives, possesses, uses, transfers,' owns,
m (i) 150 miuicuries of tntium perg or acquires synthetic plastic restns(berels when used shau be considered as

part of the dial), er wau receiser protector tube or 10g containing scandiu m-46 w hich are
destaned for sand-consolidation in oilmillieuries f tritium per any otherg(iv) 100 microcuries of prornethium, weUs, and which have been manufactured

147 per watch or 200 microcuries of _ electron tube;

promethium 147 per any other timepiece,
~ " "' " I '# # ' " " '

fii) 1 microcurie of cobalt 60 bution, in accordance with a specific,

(v) 20 microcuries of promethium * (tti) 5 microcunes of nickel-63; beense issued pursuant to { 32.17 of this
{ promethium 147

147 per watch hand or 40 microcuries of (iv) 30 microcuries of krypton 85; chapter or equivalent regulations of an
per other timepiece (v) 5 microcuries of cesium 137, Agreement State. The exemption in this,

Q hand, 5 (vi) 30 microcuries of promethium- section does not authorue the manu-
p (vi) 60 rnicrocuries of promethium g 147; facture or uutial transfer for sale or

147 per watch dial or 120 microcuries of5Md provided further, That the levels of distribution' of any resins containing
promethium 147 per other timepiece dialX r a diation from each electron tube _ scandium 46.(berels when used shau be considered as containing byproduct material do not

5 3 II * "" P ' 9 " * " U ' N '-part of the dial), exceed 1 milbrad per hour at I centi-
(vti) The levels of radiation from meter from any surface when measured (a) Except as provided in paragraphs

hands and dials containing promethium- through 7 milhgrams per square cent . (c) and (d) of this section, an> person is-
147 will not exceed, when measured meter of absorbery exempt from the requirements for a
through 50 milhgrams per square - license set forth tn section 81 of the Act
centimeter of absorber: (9) lonizing radiation measuring and from the regulations in Parts 30-34 of

(a) For wrist watches,0.1 milltrad per instruments containing. for purposes of this chapter to the extent that such

hour at 10 centimeters from an> surface, internal calibration or standardization, a person recesses, possesses, uses, transfers,
(b) For pocket watches,0.1 mdltrad w source of byproduct material not ex- owns, or acquires byproduct matenal in

per hout at I centimeter from any sur Rceeding the applicable quantity set forth individual quantities each of which does

0.2 [in { 3171, Schedule B.
face, not exceed the appbcable quantity set

(c) For any other time pie ce, forth in @ 30.71, Schedule B.
millirad per hour at 10 centimeters frorr (10) Spark gap trradiators containing (b) Any person who possesses by-
any surface. g not more than 1 microcurie of cobalt 60 prod uc t matenal recened or acquired

" per spark gap irradiator for use in electri 3 prior to September 25, 1971, under the
"

(2) Lock iDuminators containing notw cally ignited fuel oil burners having a!generallicense then provided in { 31.4 of
more than 15 milbeuries of tritum or notO finns rate of at least 3 gallons per hour 5 this chapter is exempt from the requtre-
more than 2 milbcunes of promethium-[(11.4 liters per hour)- R ments for a Ucense set forth in section 81147 instated in automobile locks. The -

levels of radiation from each lock (b) Any person who desires to apply of the Act and from the regulations in

illuminator containing promethium 147 byproduct material to, or to incorporate

wiu not exceed 1 milltrad per hout at I byproduct material into, the products that such person possesses, uses, transfers,
a

h centimeter from any surface wheri exempted in paragraph (a) of this section, or owns such byproduct matenal

or who desires to tnitially transfer * for (c) This section does not authorize for
r' measured throu gh 50 milligrams per purposes of commercial dtstnbution' the
I square centimeter of absorber' sale or distnbution such products

(3) Balances of precision containing containing byproduct material, should production, packaging, repackaging, or"
transfer * of byproduct material, or the

not more than ] miDieurie of tntium per app y for a spec fac cente pursuant to
incorporation of byproduct material into

balance or not more than 0.5 milbcurie of products intended for commercial distri-
tritum per balance part. 7 For pue; nes or this subpararrsph **elec-

non tubn" wiude sterk sep tubes, power -

(4) Automobile shift quadrants
cubes. saa tubes includins slow lamps. receivins (d) No person may, for purposes of

containing not more than 25 milbeunes tubes, rnicrow nie tubes, indicator tubes. p6ckup comrnercial distnbution,' transfer by-
of tritium. tubn. radmion detection tubes, and any othe' product material in the individual-

compietely ne sied tube thei to desisned to quantities set forth in { 30.71 Schedule, Amended 43 FR 691s. conduct or control electrical currents.

August 1,1980 304
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PART 30 e HULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-
~

aerosol detectors containing byproduct (b) The Commission may at any time
B, knowing or having reason to believe

d(7
material,' any person is exempt from the after the filing of the original application,

that such quantities of byproduct ma.
requirements for a license set forth in and before the expiration of the license,terial will be transferred to persons
section 81 of the Act and from the require further statements in order to

I exempt under this section or equivalentregulations in Parts 20 and 30 35' of this enable the Commission to determineregulations of an Agreement State, excep
[g in accordance with a license issued under

chapter to the extent that such person whether the application should be
receives, possesses, uses, transfers,' owns, granted or denied or whether a license,

* @ 32.18 of this chapter, which license
or acquires byproduct materialin gas and should be modified or revoked.I states that the byproduct insterial may be
aerosol detectors designed to protect life (c) Each application shall be signed bytransfened by the licen.ee to persons airborne h he applicant or licernee or a person dulyor property from fires and texempt under this section or the equiva.
hazards, and manufactured, processed,a authorized to act for and on his behalf.

,, lent regulations of an Agreement State. produced, or initially * transferred in' (d) An application for license filed
E6 30.19 Self luminous products con % accordance with a specific license issued pursuant to the regulations in this part

to @ 32.26 of this chapter, and Parts 32 35' will be considered alsotaining tritium, krypton.85, or pro-g pursuant
methium 147. which license authorizes the initial' as an application for licenses authorizingg
(a) Except for persons who manu * transfer of the product for use under this other activities for which licenses are

facture, process, produce, or initiallyIsection. required by the Act, provided that the
transfer for sale or distribution * self- (b) Any person who desires to manu- a p plic ation specifies the additional
luminous products containing tritium, facture, process, or produce gas and activities for which licenses are requested

krypton-85, or promethium 147? and acrosul detectors containing byproduct and complies with regulations of the
except as provided in paragraph (c) of material, or to initially * transfer such Commission as to applications for such
this section, any person is exempt from products for use pursuant to paragraph licenses.

the requirements for a license set forth in (a) of this section, should apply for a -,
section 81 of the Act and from the license pursuant to Q 32.26 of this (e) Each application for a byproduct

regulations in Parts 20 and 30 35' of this chapter, which license states that the material license, other than a license

chapter to the extent that such person product may be initially * transferred by gexempted from Part 170 of this chapter,

receives, possesses, uses, transfers,' owns, the licensee to persons exempt from the -shall be accompanied by the fee
regulations pursuant to paragraph (a) of f prescribed in { 170.31 of this chapter.or acquires tritiu m, kryp ton-8 5, or
this section or equivalent regulations of R No fee will be required to accompany anpromethium-147 in self luminous

A products m a n u f a c tured, processed, )n Agreement State, application for renewal or amendment of
a license, except as provided in i 170.31U , produced, or initially' transfened in

~
1.lCENSES of this chapter.

m accordance with a specific license issued
@ 30.31 Types oflicenses. ;;

X pursuant to { 32.22 of this chapter, IJcenses for byproduct material are of (f) An application for a license to
which license authorizes the initial. receive and posress byproduct material
transfer of the product for use under this$ two types: General and specific. Specificfor commercial waste disposal by landE licenses are issued to named persons upon

burial or for the conduct of any othersection.
(b) Any person who desires to manu.E applications filed pursuant to the regula-this part and P.its 32 35.* $ activity which the Commission de-

facture, process, or produce selfluminousR tions inGenerallicenses are effective w;thout the In termines will significantly affect the
products containing tritiurn, krypton 85,
or promethium 147, or to transfer' such

fding of applications with the Com g quality of the environment shall be filed
mission or the issuance of licensing g at least 9 months prior to commencement

products for use pursuant to paragraph of construction of the plant or facilityin
(a) of this section, should apply for a documents to particular persons,

* *" # # "" ""

license pursuant to @ 32.22 of this ~Q 30.32 Application for specifielicenses. shall be accompanied by any Environ-
chapter, which license states that the a) Applications for specific licenses mental Report required pursuant to Part

thek o(uld be fded tn duplicate on Formproduct may be transferTed by sh 51" of this chapter'
licensee to persons exempt from the S NRC 313, "Application for Byproduct

"'"

regulations pursuant to paragraph (a) of f aterial 1.icense," with the Director of { 30.33 General requirements for lo-
M

this section or equivalent regulations of g Nuclear Material Safety and Safeguards, suance of specific licenses,

an Agicement State. U.S. Nuclear Regulatory Commission, (a) An application for a specific
(c) The exemption in paragraph (a)of Washington, D.C. 20555. License will be approved if:

this section does not apply to tritium, - M (1) The application is for a purpose
-

krypton 85, or promethium 147 used in Applications may be filed in person at E authorized by the Act;
products primarsly for involous purposes the Commission's offices at 1717 11 5 (2) The applicant's proposed equip-

.or in toys or adornments. + Street, N.W., Washington, D.C., or 7920 Maryland R ment
and facilities are adequate to

Avenue, Bethesda, prottet health and minimize danger to
6 30.20 Gas and aerosol detectors con hNorfolkI

s in f or m ation contained in previous hfe or prope
t Ining byproduct material.

for persons who manu S pphead ns, states, or upons fdeda (3) The applicant is qualified by
ac (a) Except w th the Commission M the Atomic training and experience to use the ma-

O ' facture, process, produce, or initially Enugy Commission may be incorporaud terial for the purpose requested in such
U transfer for sale or distribution' sss and by reference, prodded that such

teferences are clear and specific.
' Amended 39 FR 26219.

Amended 4 FR 491s.*

October 3,1980
. 30 5 . _
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PART 30 0 RULES OF BENERAL APPLICABILITY TO DOMESTIC LICENSING-
. .

!O ! manner as to protect health and minimizedanger to life or property;

E (4) The applicant satisfies any special
* requirements contained in Parts 32-35;'
I and
L

[ license to receive and possess (5)In the case of an application for a
byproduct meterial for commercial
waste disposal by land burial or for the
conduct of any other activity which the
Commission deternnnes will
significantly affect the quality of the
environment, the Director of Nuclear
Material Safety and Safeguards or his
designee, before commencement of
construction of the plant or facility in
which the activity will be conducted, on
the basis of information filed and

% evaluatioris made pursuant to Part 51 of
this chapter.has concluded, after
weighing the environmental, economic.
technical, and other benefits against
environmental costs and considering

; available alternatives, that the action

(* called for la the issuance of thepreposed license, with any appropriate
w conditions to protect environmental
g ivalues. Commencement of construction's

(d pnor to such conclusion shall be5

grounds for denial of a bcense to receive
and poueu byproduct materialin such
plant or facility. As used in this
paragraph the term "commencement of
construction" means any clearing of
land, excavation. or other substantial
action that would adversely affect the
environment of a site.The term does not
mean site exploration. necessary roads
for site exploration, borings to
determine foundation conditions, or
other preconstruction monitoring or
testing to establish background
information related to the suitabihty of
the site or the protection of
environmental values.

-

O

October 3,1980
30 5a

(nest page is 3 s4)



PagS 5-44
PART 30 0 RULES U CENERAL APPLICABILITY T3 DOMESTIC LICENSIN^ -

accordance with the provisions of the Act "$ 30.35 [ Deleted 40 FR 4774.]and shall give its consent in writing.
:~ { '0.36 Expiration of licenses.

(c) Each person licensed by the Com* Except as provided in I 30.37(b),
mission pursuant to the regulations m this each specific license sh=J expire at thepart and Parts 3135* shau confine his

end of the day, in the month and year
possession and use of the Syproduct stated therein.

g material to the locations and Frposes Q 30.37 / pplications for senewal of
g authorized in the license. Except as other* licmus.
g wise provided in the license, a license

W b f d Maissued pursuant to the regulations in this
specific license shall be filed in accord-

aart and Parts 3135* of this chapter shau
'"#' bcarry with it the right to receive, acquire,

av case c a b.cusee,own, and possess,* byproduct material.
* us an sys r to thePreparation for shipraent and transport of
expiration of his existing license, has filedbyproduct material shau be in accordrnce
af application in proper form for renewalwith the provisions of Part 71 of this

chapter. or for a nev license, such existing license
= shril not expire until the application has

(0 Each license issued pursuant te be*n finaDy determined by the Com-
the regulations in 'this part and Parts gmission.
3135* shall be deemed to contain the E@ 30.38 Applications for amendment of
provisions set forth in section 183b.-d., 5 licenses,
inclusive, of the Act, wlather c/ not 8 Applications for amendment of a
these provtsions are expressly set fortn in

license shall he filed in accordance with
the license.

. { 30.32 and shall specify the respects in
(e) The Comnission may incorporate'

which the licensee desires his license to bein any license issueJ pursuant ,o the amended and the wounds for achregulations in this pert and Parts 3135,* amendrnent.
at the time of issuance, or themfter by

e appropriate rule, regulation or order, such } 30.39 Commiaaion action on app ica-

$ additional requirements and conditions tions to renew or amend.
_

(b) Upon a cuterrnination trat anc with respect to the licensee's receipt, in considenng an application b/ a

application rMets the 'equirements of the k possession, use and transfer of byproduct licensee to renew or amend his license the
Commission will apply the applicableAct, and the rec.lations of the Com- raaterial as it deems a;propriate or

mission, the Commission wiu issue a necessary in order to: criteria set forth in { 30.::3 and Pans
32specific license authorizing the possession (1) Promote the common defense and L 35 * of this chapter.

and use of byproduct material (Form security;
N R C 3 7 4, "Byproduct Material 72fProtect health or to minimize -

1.icense"). danger to life or property: @ 30.41 Transfer of byproduct material.

$ 30.34 Terms and conditions of (3) Protect restric. <~ (a) No licensee shall transfer by-
licenus. (4) Require su t.. and the j product mat.* rial except as authorized,

h (a) Each license issued pursuant to the keeping of such recoro .nd to provide |q pursuant to this section.
nc cu m an n n ng (b) Except as otherwise provided in- regulations in this part and the regula-

N tions in Parts 3135* shau be subject to cenu an ec t pr W onsUcenu as may e necM a y rg
' all the provisions of the Act, now or appr priate to effectuate the purposes of of paragraphs (c) and (d) of this section,

any licensee may transfer byproduct ma-

hereafter in effect, and to all valid rules, )jhe Act and regulations thereunder.- '

regu%tions and orders of the Com- D EAch (leensee' shall nbtify the
To the Administration''missac r. Cortunission ,in .witing when the U- ,,,,

granted f censet decidea to permanently discon-(b) No license issued or
p (2) To the agency in any Agreementpursuant to the regulations in this part'';timre allet.Mdties involving matertala ;t

and Parts 3135,* not any right under a g authertzed under the lleense. This no- Eo State which tv;ulates radioactive material
license shan be transferred, assigned or in,tiftention requirement applies to all [ pursuant to an agreement under section

' specific licenses issued under this Part'any manner disposed of, either volun- g 274 of the Act;

indirectly, through transfer of control of
g,"f*
" 8 ""tarily or involuntarily, directly or "

~
(3) To any person exempt from the

any license to any person, unless the k (g)Eachlicensee preparing " licensing requirements of the Act and
Ccmmission ahau, after se uring full-technetium 99m radiopharmace ticals ;; regulations in this part, to the extent
inf rmatirm, find that the transfer is in3from molybdenum 99/ technetium 99m a permitted under such exemption;

* generators shall test the generator I (4) To any person in an Agreement
E eluates for molybdenum-99 a

i Amended 43 FR 691s. * breakthrough in accordance with | State, subject to the jurisdiction of that
State, who has been exempted from the

" Amended 39 FR 26279. | 135.14(b)(4) (1) thru (iv).

October 3,1980 (raset) 3o.6
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PART 30 e RULES OF GENERAL APPLICABILITY TO DOMESTIC LIC5NSING-
(5) When none of the methods of for the samt type of record,the retentionhcsnsing requirements and regulations of

verification described in paragraphs (d)(1) period specified in the regulations in thisthat State, to the extent permitted under
to (4) of this section are readily available part and Parts 3I 35* for such recordssuch exemption; or when a transferor desires to verify that shall apply unless the Co mm mion,(5) To any person authoris ed to

receive such b> product material under . information received by one of such pursu ant to { 30.11, has gr.nted a
2 terms of a specific license or a general { methods is correct or up to date, the specific exemption from the record reten-

may obtain and record tion requirements specified in the regula-M license or their equivalents issued by the ; transferor
Atomic Eners) Commission. the Com. . confirmation from the Commission or the

tions in this part or Parts 3135.*
* bcensing agency of an Agreement State [mission,or an Agreement State;or

_ that the tran'feree is licensed to recene 30.52 Inspections.
the byproduct matenal- (a) Each licensee shall afford to the;-

RECOR DS. IN SPECTIONS. TESTS. Commission at all reasonable tirnes5 (6) To a person abroad pursuant to an PROCZDURES, AND REPORTS + opportunity to inspect byproduct
g esport heense issued under Part 110 of _.j 30.51 Records. material and the premises and facilities
e this chapter;

h (a) Each person who recenes by- wherein byproduct material is used or
stored.

D) i As otherwise authorned by the product material pursuant to a heense
Comrnission in wnting. issued pursuant to the regulations in this (b) Each licensee shall make available

(c) Before transferring byproduct part and Parts 3135' shall keep records to the Commiston for inspection. upon

rnatenal to a specific heensee of the showing ti.e re ceip t, transfer,' and reasonable notice, records kept by him

Comrmssion or an Agreement State or to disposal of such byproduct material. W pursuant to the regulations in this

a general beensee w ho is required t, (b) Records which are required by theE chapter.

register with the Commission or with an regulations in this part and Parts 3135i ( 30.53 Tests.

Agreement State prior to receipt of the or b) license condition shall be R Each licensee shall perform. or permit

b> produ ct rnaterial. the licensee trans. maintained for the penod specified by the Commission to perform. Such tests as
the appropriate regulation or license the Commission deems appropriate orfernns the material shall verify that the

transferee's license authoraes the receipt condition. If a retention period is not necessary for the administration of the
otherwise specified by regulation or regulations in this part and Parts 3135 *of the type, form, and quantity of by.
heense condition, such records shall be including tests of:product matenal to be transferred.

(d) The following methods for the sn ain t a in e d u n til the Commission (a) Byproduct material.
tenfication required b) paragraph (c) of authorizes thear disposition. ib) raedities wherein byrroduct ma-%

this section are acceptable: (cMll Records of receipt of by* terial is utdaed or stored;

(1) The transferor may have in his product m a t e nal which must be (c) R a dia tion detection and

possession, and read, a current copy of maintained pursuant to paragraph (al of monit oring instrument s. and
this section shall be maintained as long a> (d) Other equipment and desices usedthe transferee's specific bcense or registra,

n the licensee retains possession of the in connection with the utihration ora tion certificate; o
(2) The transferor ma> have in his- byproduct material and for two years storage of byproduct material{ possession a untten certification by thew following transfer,* or disposal of the

-

Itransferee that he is authorized by license U byproduct material. (2) [ Deleted 43 l'R l 30.54 Control and accounting pr o-
69151 (3) Records of transfer of bP cedures for tritium,or registration cirtificate to receise the

type, form, and quantity of byproduct product matenal shall be maintained by gg g
the licensee who transferred the materialmaterial to be transferred, specifying the ggg

beense or registration certificate number, for five years after such transfer. (4) authonred to possess at any one time and
Records of disposal of byproduct ma * location more than 10.000 curies ofissuing agency and espiration date;
terial sha!! be maintained in accordance e(3) For ernergency shiprnents the trans. g

feror may accept oral certification by the with { 20.40) (c) of this chapter. g g
transferee that he is authorized by beense ( d )( 1 ) Re c ords which must be
or registration certificate to receive the maintained pursuant to this part and

Parts 3135 may be the original or atype, form, and quantity of byproduct
reproduced copy of microform if such

g
matenal to be transferred specifying the
heense or registration certificate number, reproduced copy or microform is du!y r- g
issuing agency and expiration date: authenticate d by authorized personnel

and the microforrn is capable of ,horided, That the oral certification is*

confirmed in wnting within 10 days; producing a clear and legible copy after a g
(4) The transferor may obtain other storage for the period specified by Com ; ,

sources of information compUed by a mission regulations. g
(2) If there is a conflict between thereporting service from official records of

Commission's regulations in this part and g"- (b) Wntten material control and at-
r

the Commission or the licensing agency
Parts 3135,* license condition, or other e counting procedures are not required forof an Agreement State as to the identity

of bcensees and the scope and expiration *ntten Commission approval or author * f(l) tntium produced or possessed within
s iaation pertaining to the retention period na production or utdaation facdit) in ci-dates of heenses and registration;or

* Amended 43 FR 691s-t Amen dea 311 R 9 2 01.
3 Redesignates 43 FR 691s.

30 7 August 1,1980
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PART 30 e RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-
dental to the operation of the facdity: Part 20 of this chapter by telephone and report, record or inspectica or otherand * 121 tritium contained in spent fuel. telegr aph, madgram, or facsimile any means which would warran' the Com-other than tritium intentionall> produced incident in which an atternpt has been mission to refuse to grant a hcense on anm or recosered from a production or made or is behered to have been made to

l original apphcation, or for violation of. oruti iz ation facdit> for an> subsequent commit a theft or unlawful diversion of failure to obscrse an) of the terms anduse. * (3 ) (Deleted 43 FR 6415.1 (4) more than 10 curies of such malerial at provisions of the Act or of an) rule,[ Deleted 43 FR 6915.1 any one time or more than 100 curies ofin regulation or order of the Commission.
@ 30.55 Tritiam reports. { such matenal in an> one calendar year. (c) Except in cases of wdlfulness or

of this section each heensee who w;The initial report shall be followed within $ thos? in which the pubhc health. interest
(al Except as specified in paragraph

a penod of fifteen (15) days by a wntten E or safety requires otherwise. no bcense(d)
_

transfers or recenes at any one time , report submitted to the appropriate NRC f shall be mudified. suspended or revoked
1.000 cunes or more of tritium shall Regional Office which sets forth the R unless, prior to the institution of
comrlete and distr +ute a Nuclear Ma- details of the incident and its conse- proceedings therefor, facts or conduct
terial Transaction" Report on Form quences Copies of such wntten report which may warrent such action shall hase
NRC 741,in accordance with the printed shall be sent to the Director of Inspection been called to the attention of theinstructions for completing the form, and Enforcement. U.S. Nuclear Regu- heensee in wnting and the hcensee shall
Lach licensee who transfers such material lat ory Commission. Washington, D C. hase been accorded an opportunity to
shall submit a completed copy of Form ,,,.0555. demonstrate or achiese comphance with

i NRC 741 to the Commission and three -

A copies to the receiser of the matenal Subsequent to the submission of the alllawful tequirements.
.

promptly after the transfer takes place. written report required by this paragraph,7
Lach heensee who recenes such matena) the hcensee shall prompt!> inform the R
shall submit a completed copy of Form Office of Inspection and Enforcement by ; @ 30.62 Right to cause the withholtng
NRC441 to the Commission and to the means of a wntten report of any; or rnall of by product materials.

shipper of the matenal within ten (10) substantne additionalinformation, which ?_

da> s after the rnaterial is recened. The becomes as ada ble to the licensee. -

The Commission ma) cause the with.Commission's copies of the report shall concerning an attempted or apparent g
be submitted to the l'.S. Energy Research theft or unlawful daersion of tntium. g g g

(d) The reports described in thisand De velopme nt
Administration, Post ~$ section g g

Ridge. Tennessee arc not require d for tntiumOffice Bos E Oak standards to protect health as ma> be
3?830. and shall include the Repcrting e possessed pursuant to a general license
identification S> mbol (RIS) assigned by g rrosided in Part 31 c' this chapter or for;

g
g g g

the Commission to the beensee. tntium contained in spent fuel '

(e) The report desenbed in paragraphs regulation of the Commission. or in a
manner other than as disclosed in the

f (b) Except as specified in paragraph (b) of this section are not required for (1)
apphcation therefor or approud b) the

(d) and (e) of this section, each licensee tritium produced or possessed within a
Commission.

who is authorized to possess at any one pr duction or u t ilization facility -

incidental to the operation of the facihty,
other than tritium intentionally produced ], time and location more than 10,000

O cunes of tntium shall submit to the
$ Commission within thirty (30) days affer by or ruovered from a production or An irdunction or other court order

utihz ation factlity for any subsequent may be obtained prohibiting an) uola-* March H
"t ~ 30+ " eac[h

'

E 3 ear a staterhent use. . (2) (Deleted 43 FR 69151 (3) tion of any provision of the Atomief his tritium in ntor
to the ne arest hundredth of a gram "(Deleted 43 FR 6915.)

Energy Act of 1954, as amended, or Title
11 of the Energ> Reorganization Act ofcakulated at 10,000 curies per gram. -

E'FORCEMENT 1974, r an> regulation or order issued_

thereunder. A court order may be-
The @ 30.61 Modification and resocation of aine payrnent of a eMreports shall be submitted to the U.S. licenses.

penalty imposed pursuant to section 234, F nergy Research and De s elopment (a) The terms and conditions of each % of the Act for siolation of sections 53. 57{ Administration, Post Office Box E, Oak heense issued pursuant to the regulationsEn 62, 63, 81, 82,101,103.104.10~. orRidge. Tennessee 37830, and shall
m this part and Parts 3135. shall bel 109 of the Act, or section 206 of the, inclu d e the Report ng identification subject to amendment, rension or modtfi o E R #'" "^#' 7Symbol (RIS) assigned by the Com-

"Lmtssion to the !icensee.cation bY reason of amendments to the ' any rule, regulation, or order issued there-g
; Act, or by reason of rules, regulations and under, Or any term, condition, or hmita-

I (c) Except as specified in paragraph g mdus issued lion of any hcense issued thereunder, orin acemdance with the
tums the Actk (d) of this section, each hcensee who is R for an) violation for which a heense may

(b) Any bcense may be uvoked, be revoked under section 186 of the Act.2 authorized to possess e tntium shall
suSPen * M m 8 in * M n* report prompt!> to the appropriate NRC Any person who willfully violates any
pan, f r arq matenal false staternent in0' Regional Office hsted in Appendix D of prousion of the Act or an> regulation or
the apphcation or any statement of fact order issued thereunder may be gudt> of
required under section 18: of the Act, or a crime and, upon consiction, may be

t Amended 42 FR 3326s. because of CU,ditions revealed by such punished b) fine or impnsoament or
Amended 43 FR 691s- apphCation or stater 9ent of fact of an) both, as provided by law.

.

" Amended 38 FR 2 33o.
_

August 1,1980 30-8
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/m PART 30 e RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING-
t

f SCllE DllLES'
c,,% , ,

{ 30.70 Sc hedule A-Exempt con- I li

eenitations. t iement ratamn tiq uiJ3,,,
n u m ber) t ,84 and

Column culum n ( **ns i n wiij

l 11 t rat teen conten-

a tra tion1.le me nt ( st umie L iquidggggp, "I Minumber) s.at and
ml8+cont e n- solad

tr a tion cemcen- flafnium ( 721 ---- 11r 1g 1 ----- 7 X 10'',c . ,,, g
mt'+ .cv fl> drogen (11 - ..- - 11 3 3xgo* 3y10"

mt'* Indiu m (491 - ---- In ll3m ----- lxtod
In ll4m ----- :xio4

Antimor> I 511 ~ -- Sb i : ----_ 3xioa lodine (53 ) ---- I 126 3 y 10"' ;, jo *
Sb 124 -_--- :x go 4 #

1 131 3/10' 2x10
Sb 125 ----- g x 103 Il32 S/10" 6Yl0"

Argon (18 e ----- A 37 IXIO* ----_

1333 IX10* *x10"
A 41 4X10" -----

1134 (10" 1(10"9Arse nie (3 31----- As 73 ----- <X10 oIndm ni 78 --- Ir WO - -.- :xic'

9As 74 ----- 5X10 ff W2 --- 4Y10"
As 76 --- - X10-4 l' 4 - -- 3/10"
As77 .--- EXIO * tron C6 p -- -- ic 35 -- W 10*oBarium (561----- Ba131 ----_ :xgo

le N - - g l o"
Bs140 ----_ 3xio*

Kr> Pt n 136) -- -- Kr85m t r. | o** . . - .

Ber> llium (41 ---- Be - ----- 2X109 Kr85 3x30* -___4Bismuth (8 3 ) ---- Bi 206 --_--

4 x 10 , Lanthanum (Sit-- Lil40 4;<t0- - - - -

Bromine (351 ---- Br 8: 4x]o' 3xto. o8d 21------ Pb 203 ----- 4xjo
Cd 109 ----- X 10 2Cadmium (48 ) Lut etium (7 ) : --- Lu lM --- 3 x to 3

---

C Cd i f fm ----- 3 x g o-*

; E Cd 115 _---- 3x t o.4
| Mangmse (:M _-- \ln 52 - _-- 3r104

7
E

W 54 - --- IX10"4E Caleium (20) ---- Ca 45 .----- gx10
4 ' Sln f 6 1*10"---~~

Ca 4 7 _____ <yl0 4g '

M*"f)18 '~--- II8 W7m 2X10----

C 14 3x|oa 8 X 10-3Carbon (6) 0-----

lif le? 3x10-----

Ceriu m (5 81----- Ce l41 -___- 9xjo4
Ils 203 -. -- :x104

Ce 143 4 X 10'* nuni I 21 - M " - -- 2110"
-----

Ce 144 - - - - . - IX104 S'od) mium t601-- Nd147 - -- 3x io a
Cesiu m (5 5 )- -- - Cs l 31 -_-__ :xgo9

Nd 149 --- 3 A 10')9
6 X 10 , Nidel t :8 ) -- --- Ni 65 . __ tygo"Cs 134m -----

9X10Cs 134 9-----

Ni bium (Colum- Nb QS - - 1A309Chlorine (17) ---- Cl38 9X10" 4X10 9M *7 - - - QX10"* ~~~~~
1Chromiu m (241--- Cr 51 -- --

h'X 10 Osmiu m 06) ---- Os185 _- __ 7x jo a
9Cobalt ( 2 7) ----- Co 57 ----- X10 4Os lo tm ---_- 3xt0

Co S8 ----- I X 10-3 oOs 191 ---__ xic
Co 60 ----- 5X104 Os 193 . --- e x t o-*9Corre r ( 29 )- ---- Cu 64 ----- 3y:0

Mahum (4H --- Pd 103 - __ 3x]o"
Dysprosiu m (66) -- Dy l65 ----- 4X]o 3 Pd 109 ---_- 9 x io-d

Dy 166 ----- 4 X 10''
Phosrhorus (15 ) -- P 3: _ _-- :xiod

Erbau m (68)----- Er169 9X 10 4 9-----

Platinum (781---- Pt 191 - -- 1x10nEr 171 ----- 3xjo
Pt 193m -- -- IX10'8

Europium (63) --- Eu 15: 6X 10-4 Pt 197m IX10"-----
-----

(T/2=9.2 if rs) 4Pt 197 -__- 1x10
Eu 155 ----- 2X10s Of 8"iurn (IM --- K4 - -- 3X10"

Fluorine (91 - - --- F IS 2 X 10'' 8X10 3 Praseody mium Pr 14 ----- 3X10"
Cadolinium (64) -- Gd 153 ----- :X10-3 (59)-----_-- Pr 143 -- -- 5X10"

Gd 159 gx i o.4
Promethium (611-- Pm l47 Xio"-----

-----

Gallium (31) ---- (;a 72 4X10 P 149 ---- 4 X 10''
-----

4Germanium (3 2) -- Ge 71 -__-_ ,X10 4nmrn 05 b--- Re 183 -- -- 6X10
Gold (79) ------ Au 196 hX100 Re 186 OX10"-----

-----4Au l98 ----- $X10f Re 188 -- 6 x 10'doAu 199 ---_. Xgo

' Values are then only for thune materials
normally used el gene 6.

' pCi/gm fue solids.

t AmenJeJ 38 t R 29 314.

30.g August 1,1980
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PART 30 e RULES OF GENERAL APPLICABILIW TO DOMESTIC LICENSING-
Column Cuiu mn C olu m n Column

i || l ll

i Lement teiomic Lie uiJg l lement (atomic L N W'd
nwmNel ts as enJ g ,, , p , p ,

nu mber) Gas and
concen. solid concen- suled
traison con ce n- tr a tion con c e n-
pCs/ 1 raison p( il tration

ml' e >Cai ml' e wla
min, y,a,

Rhodium t45) --- Rh 103m --- - lx10 Zinc (30 ) ------ Zn 65 ----- l x 10''
Rh 105 ----- IX10" Zn 69m ----- 7t10"

Rubidium i 37 | -- Rb56 - - - - - - 7X 10** Zn 69 ----- :X10"
Ruthenium 44) -- Ru oi ----- 4 x 10'' Zirconium (401 --- Zr 95 --- - 6Y 10''

Ru 103 --- - 8 X 10'' Zr 97 ----- OX10"
Ru 105 --- - 1 X 10'' i Beta and 'or gamma -------- I X 10'' ' I X 10''
R u 106 - - - - - IX10" b emitting byproduct

Samarium 16 I --- Sm 153 ----- 8 X 10'' E material not listedSt anJium 1:1)--- Sc 46 ----- 4 X 10'' * abose with half life
St 4' ----- 9X10* R less than 3 years
5, 48 ----- 3X10"

Selenium 134 ) --- Se 75 ---- 3 X 10" NOTF 1: Man > radioisoiores dismietrite into isoivres = hich are
Sibeon i l d , . --- -- Si 31 - - - - - - 9 X 10'' 'l" ' ' d ' '' "" h " r " "'" 8 ' h ' '"" " " " '' "'"' '" 5' h' d "'' ' ' h '
Sib er i4'i- ---- Ag 10.5 ----- 1XlO'' ' ' " " ' ' '''''d"'"'' ''h''''"'''"'"P'"d''""'"'*'''"""''"'

daughtern
Ag 110m --- - 3X10" Noti 2: i nt rurruiti of t 30 i4 w here there is in ohed a
Ag ll! ----- 4X10" com bin ai son or isoiupes, the limi rue he combinsiion ihnuid de

Sodium t l l ) - - - - Na24 ----- :X10'3 derised ai rollown-
D"" * '"' ' ' "'" " ' " '" ' h' F' * d * '' ' h' '' no be t e e n t h eStrontium i3 8 6 - -- Sr 85 * --- -

I X 10'.a' concentration present in the product and the enempt concentration
Sr 69 ----- IX10 , ,, , 3 i ,,3, 3 ,, 3,3,3,3, 4 ro, in, ,p,,,r,c noi,p, o g,, noi in
Sr 91 ----- 7 X 10'' comeinanun. The sum of such ranos ma> noi ncud "1" ti ... unn> >
Sr 92 --~~- 7X10" I nample.

b Sulfur 161 - ---- S 35 9X10' 6X10* C o a "" "' "*" o f I"" o " ^ '" P' d a'' I +

$ Tantalum f'3 s - -- Ta 18: ----- 4X10* ****'''"""""'""""'!"'""^
C oncentration of isotore B in Prod.ect* Technetium 143 i -- Tc 96m ----- I X 10.' gi

R ''""#''"""""'""" I * '"" 8Tc 96 ----- 1 X 10'8

Telluriu m ( 5 : 1--- Te 1:Sm ----- X 10'3
,,,,

Te1:?m ----- 6X 10''
~

@ 30.71 Schedule B.4Te 127 ----- 3X10
Te 129m ----- 3 X 10'* B.s product m.stenal .th ero cu nes
Te 131m ----- 6X10*
Te 13 ----- 3 X 10'' Antimony 1:2 (Sb 1:2) 100

Terbium (65 ) - --- Tb 160 ----- 4X10* Antimony 124 (Sb 1:4) 10
Thalbum ( 811 ---- Tl200 4 x 10'' Antimony 125 (Sb 1:5) 10

-----

TI:01 ----- 3 X 10'8 Arsenic 73 ( As 73) . 100
Tl202 ----- I X 10** Arsenic 74 ( As 74) . 10
Tl204 ----- I X 10'8 Arsetic 76 ( As 76) . 10

Thu.wm f 69) ---- Tm l70 ----- SX10" Arsenic 77 (As 77) . 100
Tm 171 ----- 5 X 10'' Banum 131 (Ba 131) . 10

|Tin ( 5 0 6 -- -- --- Sn 113 ----- 9 X 10''
Sn 125 ----- X10* f."Banum 133 (Ba 133) .

10
Barium 140 (Ba 140) . 10

j Tu ngste n (Woli. W 181 ----- 4 X 10'3 3 Bismuth 210 (Bi 210) I

ram)(74 ) - ---- W 187 7 X 10* f Bromine B:(Br 82) 10
-----

Vanadium (23) --- V 48 3X10" R Cadmium 109 (Cd 109) . 10-----

Xenon (54 ) ----- Xe 131m 4x10* Cadmium Il 5m (Cd ll 5m) . 10-----
i 4
1 Xe 133 3X10 Cadmium 115 (Cd i15) . 100

-----

4Xe 135 ]X10 ----- Calcium 45 (Ca 45) 10
| Ytterbium (70)--- Yb 175 ----- I X 10'' Calcium 47 (Ca 47) 10
| Yttnum (39) ---- Y 90 ----- :X10" Carbon 14 (C 14) . 100
) Y 91m ----- 3 X 10'' Cerium 141 (Ce 141) . 100
| Y 91 3X10* Cerium 143 (Ce 143) . 100-----

Y 92 ----- 6X10* Cerium 144 (Ce 144) . 1
Y 93 3X10"-----

i Cesium 131 (Cs 131) 1,000
' Values are shen only for those materials |

nurmally used as genen '' Added 36 FR 3 6 89 8.
' mCt/sm for solids. Added 3s FR 3982.
* Amended 38 F R 29314 *

August 1.1980 30.to
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FART 30 e RULES OF GENERAL APPLICABILITY TO DOMESTIC LICENSING"

Q Byproduct morerial Afscrocunes Biproducs morenal .tlocrocurses Byproduct morerual t! crocuries

Cesium 134m (Cs 134m) . 100 Neodymium 149 (Nd 149) . 100 Tellurium 127 (Te 127; , 100
.

Cesium 134 (Cs 134) . I Nickel 59 # N8 59) . 100 Tellurium 129m (Te 129m) . 10.

.

Cesium 135 (Cs 135) - 10 Nickel 63 (Ns 63) . . 10 Tellunum 129 (Te 1 9). 100.

..

Cesium 130 tCs 136) . 10 Nickel 65 (Ni 65) . 100 Tellurium 131m (Te 131ms . 10
..

Cesium 1.17 (Cs 137) . . 10 Niobium 93m (Nb 93m) 10 Tellurium 132 (Te 132 8. 10
.

Chlorine 36 (Cl 36) 10 Niobium 95 (Nb 95) 10 Terbium 160 (Tb 160) . 10.

Chlorine 38 (Cl 38) 10 Niobium 97 (Nb 97) 10 Thallium 200 (Tl 2001. 100.

.. .

Chromium $1 (Cr 51) 1.000 Osmium 185 (Os 185) 10 Thalbum 201 (Tl 201) . 100
.

Cobalt 58m (Co 58m) . . 10 Osmium 191m (Os 191m) . 100 Thalbum 202 (Tl 20:6. 100.
..

Cobalt $8 (Co 58) 10 Osmium 191 (Os 191) 100 Thalhum 204 iTl 204i . 10
.

Cobalt 60 tCo 60) 1 Osmium 193 (Os 193) . 100 Thuhum l''0 (Tm 1706 10
.

Copper 64 (Cu 64) . 100 Palladium 103 tPd 1031. 100 Thuhum 1711Tm 171i 10

Dysprosium 165 (Dy 1651. 10 Palladium 109 IPd 109) . 100 Tm 113 (Sn 113) . 10
.

Dystrosium 166 (Dy 166) . 100 Phesphorous 32 (P 32) 10 Tin 125 (Sn 1251. 10
.

Erbium 169 (Er 169) . 100 Platinum 191 (Pt 191) . 100 Tungsten 181 (W 1811. 10

Erbium 171 (Er 1711. 100 Platinum 193m (Pt 193m) . 100 Tungsten 155 (W 185) . 10.

Platinum 193 (Pt 193) . 100' Tungsten 187 (W 1871. 100
Europium 15: 9.:h

(Eu 15: 9.2h1 100 Platmum 197m (Pt 197ml . 100$ Vanadium 48 (V 46 10

Platinum 197 (Pt 1971. 100 Xenon 131m (Ne 13|mi 1.000
Europium 15213 3 r

(Eu 15: 13 yr) 1 Polonium 210 (Po 210: 0.1 Nenon 133 tNe 133i 100

. enon 135 (Ne 1351 100
Europium 154 IEu 154) 1 Potassium 4 2 (K 4 2 6 10 \

Europium 155 (Eu 1551 10 Praseodymium 14: tPr 1401 100 Ytterbium I?5 tYb l 5) . 100
.

Fluorine 18 (F 181. 1.000 Preseodymtum 143 (Pr 143) 100 Yttrium 90 (Y 90s . 10

Gadohmum 153 (Gd 1531, 10 Promethium 147 (Pm 1478 10 Yttnum 9) (Y 91: . 10

Gadohnium 159 (Gd 1591 100 Promethium 149 (Pm 149) 10 Yttrium 92 (Y 92) . 100
.

Galhum 7 (Ga 72) 10 Rhenium 186 (Re 1861 100 Yttrium 93 (Y 93) . 100
.

Germanium 71 (Ge 71) 100 Rhenium 188 (Re 188) 100 Zme 65 tZn 65) . 10.

.

g 100 Rhodium 103m (Rh 103m) . 100 Zme 69m tZn 69mi . 100

Q g Gold 198 (Au 1981 Rhodium 105 (Rh 105) . 100 Zinc 69 tZn 69) . l.000
3 Gold 109( Au 199i 100

m Hafnium ISI (Hf 181) . lo s Rubidium 66 (Rb 86).
10 Zirconium 93 tZr 93) 10

10 Zirconium 45 tZr 95 6 10

1.000{ Rubidium S7 (Rb 87)k Holmium 166 (Ho 1668.
100

Ruthenium 97 (Ru Qi) 100 Zirconium 97 (Zr 97) 10
Hydrogen 3 (H 31

Ruthemum 103 (Ru 103n 10 Any b) product material not hsted
Indium Il3m tin ll3m) 100

Indium Il4m (In 114m) 10 Ruthemum 105 (Ru 105) 10 abose other than alpha emitting

Indium Il5m (In ll5m) 100 Ruthenium 106 (Ru 106) I byrroduct matenal 0.1
.

Indium 115 (in !!5) 10 Samarium 151 (Sm 151) 10 -.

lodine 125 il 125) . 1 Samarium 153 (Sm 153) 100.

lodme 126 (I 106) . I Scandium 46 (Se 46) 10

lodme 1 9(1109) . 0.1 Scandium 47 (Sc 47) . 100

lodine 131 (I 131) , 1 Scandium 48 (Se 48) 10

lodme 132 (I 132) . 10 Selenium 75 (Sc 75) 10

lodine 133(1 133). I Sibcon 31 (Si 31) . 100

lodme 134 (1134) . 10 Silver 105 (Ag 105) 10

lodme 135 (I 135) . 10 Silver llom ( Ag Ilom) . 1

Iridium 19 (It 190) 10 Silver !II ( Ag 111) 100

Iridium 194 (Ir 194) 100 Sodium 24 (Na 24) 10

fron 55 (Fe $5) 100 Strontium 85 (Sr 85) . 10
.

Iron 59 (Fe 59) 10 Strontium 89 (St 89) . I

Krypton 85 (Kr 85) . 100 Strontium 90 (Sr 90) . 0.1

Krypton 87 (Kr 87) . 10 Strontium 91 (Sr 91) . 10v

Lanthanum 140 (La 140) 10 Strontium 92 (Sr 92) . 10

Lutetium 177 (Lu 177) 100 Sulfur 35 (S 35) . 100

Manganese 52 (Mn 52) . 10 Tantalum 182 (Ta 182) . 10. ..

Manganese 54 (Mn 54) . 10 Technetium 96 (Tc 96) 10

Manganese 56 (Mn 56) . 10 Technetium 97m (Te 97m) 100

Mercury 197m (Hg 197m) , 100 Technetium 97 (Tc 971 100 NOTE.-The reporting and record

Mercury 197 (Hg 197) . 100 Technetium 99m (Tc 99m) 100 Leepmg requ rements contained m this

Mercury 203 (Hg 203) . 10 Technetium 99 (Te 99) 10 part hase been approsed b> the GeneralO A c c o unting Office under B 1802:5Tellunum 125m (Te 1:5m) . 10
Molybdenum 99 (Mo 99) . 100

Neodymium 147 (Nd 147) 100 Tellunum 127m (Te 127m) . 10 (R0079), (R0089), and (R01731.

kagust 1,1980
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UNITED STATES NUCLEAR REGULATORY COMMISSION

6 RULES and REGULATIONS
TITLE 10. CHAPTER 1, CODE OF FEDERAL REGULATIONS-ENERGY

PART GENERAL DOMESTIC LICENSES FOR BYPRODUCT MATERIAd
! ~31

!

|
| ma nuf a ctured for the pu rpose of

*** 31.3 Certsin deilces and equipment,
31.1 Purpose and scope, detecting, measuring, gauging or

A general license is hereby issued to g g g ,

31.2 Terms and conditions.
31.3 Certain deskes and equipment. transfer receive, acqutre, own, possess and

8'' 'O''""' I" 'U"* '" "' "
si.s certain measunnt. sausms or controihns use byproduct rnaterial incorporated in q u alita tive or quantitative chemical

#""' the fouowing devices or equipment which composition, or for producing light or an31.6 cenerat license to install devues sen*
eratly licensed in { 31.s, have been manufactured, tested and g

31.1 Luminous safe ty devices for use in labeled by the manufacturer in a c- (b) The general license in paragraph
' I'" * f '- cordance with the specifications con, (a) of this section applies vnly to b>-

3t.s Amerklum.241 in the form of cahtva- g g g g
tion or reference sources. product material contained in desices

,

31.9 General license to ow n byproduct ma. by the Commission. w hich have been manufactured or
(a) Static ehmination device. Devices .. any tran&M and lamed in aoserial.

31.1o General heense for sirr,ntium.9o in ke hdesigned for use as static eliminators
in

e rdance with the specifications con-
detection devices. which contain, as a sealed source or taind in a specific license issued pursuant

31.1: cenerat hcense for use or byproduct asoann, hvohet material consisung of to @ 32.51 of this chapter or in ac-p materials for certain in vitro clinical ga total of not more than 500 microcuries g ,or inborator> tutins.Q **I"'d I" ' 'I''iII# II''"'' i''"'d DF '"
b eted 34 FR 651.1 Agreement State w hich authorizes

(c) (Deleted 35 FR 3982.] distribution of the devices to persons
(d) lon generarms rube. Devices de- licensed by the Agreement

signed for ionization of air which contain,
generally

as a sealed source or sources, byproduct "
E " #S" #'

material consisting of a totalof not more "''

~{ 31.1 Purpose and scope. than 500 microcuries of ponnium 210 E E "***' "'" " I''"'

* ''E"**"' '

This part establishes general licenses per device or of a total of not more than R "'"'"""*#'"'' " E*'**''
h for the possession and use of byproduct 50 millicuries of hydrogen 3 (tritium) per ' " "
E material contained in certain items and a desice.

~

' general license for ownership of by- @ 31.4 [ Deleted 36 FR 16898-] to the device at the time of receipt and
$ product material. Part 30 of this chapter bearing a statement that removal of then mus gauging r

also contains provisions applicable to the trolling devices.pring, label is prohibited are maintained thereonc
subject matter of this part. (a) A general license is hereby issued and shall comply with allinstructions and

-

31.2 Terms and conditions, g to commercial and industrial firms and precautions provided by such labels:
(2) Shall assure that the device is(a) The general hcenses provided in 4 research, educational and medicat institu-

g this part are subject to the provision of j tions, individuals in the conduct of their
tested for leakage of radioactive matettal

g { { 30.14(d), 30.34(a) to (e), '30.41, S business, and Federal, State or local
sad proper operation of the on off

a 30.51 to 30.63 and Parts 19,20, and 21t S government agencies to acquire, receive, mechanism and indicator, if any, at no,

N of th'is chapter' unless indicated other- possess, use or transfer, in acco? dance longer than siemonth intervals of at such

wise in the language of the general li- with the provisions of paragraphs (b),(c) other intervals as are specified in the
and (d) of this section, byproduct ma- label;however;

ge nse. terial contained in devices designed and (i) devices containing only krypton
' At te ntion is directed partkularly to the need not be tested for leakage of radio-

8 Persons possessms byproduct material in
provisions or the resulations in Part 20 or this

deuces under the seneral hcense in 6 31.s active material, and
charter which relate to the labehns of con. before Jan. Is.197s man continue to possess. (ii) devices containing only tritium or
tainers. un or HandH that matuialin accordance m1th not more than 100 microcuries of other* Arnended 3 F R 33968. Quirements of i 1.s in eMut on Jan.14 beta and/or gamma emitting material or

) t Amended 43 FR 691s.

August 1,1980
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PART 31 o GENERAL DOMESTIC LICENSES FOR BYPRODUCT MATERIAL

10 microcuries of alpha emitting material within 30 days, furnish to the Director of (d) The general license in paragraph
and devices held in storage in the original the appropriate Nuclear Regulatory Com- (a) of this section does not authorize the
shipping container prior to initialinstalla- mission inspection and Enforcement m a n u facture or import of deuces
tion need not be tested for any purpose; Regional Office listed in Appendix D of ,containing byproduct material.

(3) Shall assure that the tests required Part 20 of this chapter, a report contain-
31.6 General license to install desicesby paragraph (c)(2) of this section and ing a brief description of the event and

other testing, installation, servicing, and the remedial action taken; generally licensed in { 31.5.

removal from installation involving the (6) Shall not abandon the device Any person who holds a specific li-
C'"5' iS5'ie d by an Agreement Stateradioactive materials, its shielding or containing byproduct material;

containment, are performed: (7) Shall not e xport the device authorizing the holder to manufacture,
A (i) in accordance with the instructions containing byproduct material except in ginstall or service a device desenbed in

'

T
this [o @ 31.5 with;n such Agreement State is$ provided by the labels; or accordance with Part 110 of

hereby granted a general license toinstalle (ii) by a person holding a specific chapter;t
* license pursuant to Parts 30 and 3: of (8) Except as provided in paragraph R and service such device in an) non-

this chapter or from an Agreement State (c)(9) of this section, shall transfer or Agreement State; honded. That.

to perform such activities; dispose of the desice containing by- (a) (Deleted 39 FR 43531.1
(4) Shall maintain records showing product material only by transfer to a (b) The device has been manufac-

with the requirements of percon holdias a specific hcense pursuant tured, labeled, installed, and sersiced incomplianc a

paragraphs (c)(21 and (c)(3) of this sec- to Parts 30 and 32 of this chapter or from accordance with applicable provisions of

tion. The records shall show the results of an Agreement State, to receive the device the specific license issued to such person

tests. The records also shall show the and within 30 days after transfer of a _by the Agreement State.
dates of performance of, and the names device to a specific licensee shall furnish [- (c) Such person assures that any labels
of persons performing, testing, installa- to the Director of Nuclear Material Safety required to be affixed to the device under
tion, serucing, and removal from installa- and Safeguards, U S. Nuclear Regulatory - regulations of the Agreement State which
tion concerning the radioactive material, Commission, Washtngton, D.C. 20555, a 5 heensed manufacture of the deuce bear a

_its shielding or containment. report containing identification of the R statement that removal of the label is
dnie by manufac turn's name and

- Records of tests for leakage of radto . del numbn and the name and address brohibited.
(d) [ Deleted 39 FR 43531.]

actis e material required by paragraph % of the person receiving the device. h.o
(c)(2) of this section shall be maintained , report is required if the device is trans- S " " " ' ' #" "'#

for one year after the next required leak E ferred to the specific licensee in order to
~

"*#''

test is performed or until the sealed R obtain a replacement device; (a) A general license is hereby issued
sout ce is transferred or disposed of. (9) Shall transfer the device to to ow n, receive, acquire, possess, and use

g Records of tests of the on-off mechanism another general hcensee only; 'ritium or promethium 147 contained in
g and indicator, requireo by paragraph ( ) Where the device remains in use at luminous safety devices for use in |

(c)(2) of this section, shall be maintained a particular location. In such esse the airc ra f t, provided each device containsg

Z for one year after the next required test transferor shall give the transferee a copy n t more than 10 curies of tritium or 300
V of the on-off mechamsm and indicator is of this section and any safety documents g milheuries of promethium 147 and that

performed or until the scaled source is identified in the label of the device and 3 each desice has been manuactured,
transferred or disposed of. Records which within 30 days of the transfer, report to [ assembled or initially transferredt in

are required by paragraph (c)(3) of this the D; rector of Nuclear Material Safety g accordance with a license issued under
section shall be maintained for a period and Safeguards, U.S. Nuclear Regulatory the provisions of Q 32 53 of this chapter
of two y e ars from the date of the r manufactured or assembled in acCommission, Washington, D C. 20555,
recorded esent or until the device is the manu f acturer's name and model cordance with a specific hcense issued by

_ transferred or disposed of, number of desice transferred, the name an Agree me nt State w hich au thorizes

~ (5) Upon the occurrence of a failure and address of the transferee, and the manufacture or assembly of the device
fr distribution to persons generally

of or damage to, or any indication of a name and/or position of an indnidual
possible failure of or damare to, the who may constitute a point of contact hcensed by the Agreement State,

shielding of the radioactive material or between the Commission and the trans- (b) Persons who own, receive, acquire,
the on-off mechanism or indicator, or I"'* ; 0 f possess or use luminous safety devices
upon the detection of 0.005 microcurie (ii) Where the device is held in storage pursuant to the general hcense in this-

k or more removable radioactive material, in the original shipping container at its section are exempt from the requirements
' shall immediately sugend operation of intended location of use prior to initial e of Parts 19, 20, and 21' of this chapter,
E the device until it has been repaired by (10) Shall comply with the provisions $except

use by a generallicensee. that they shall comply with the
R the rnanufacturer or other person holding

f & s 20.402 and :0.403 of this chapter * provisions of j
e 20.402 and 20.403 of

a specifie license pursuant to Parts 30 and g this chapter.
32 of this chapter or from an Agreement I r reporting radiation incidents, thef t or (c) This general hcense does not

State to repair such devices, or disposed I ss of heensed material, but shall be authonze the manufacture, assembly,
of by transfer to a person authorized by a exempt from the other requirements of repair or import of lummous safety
specific license to receive the byproduct I Parts 19,20, and 21' of this chapter, devices containing t ntiu m or p r o-

material contained in the device and, Amended 42 F R 2s&91. . methium 14 7.
*

* Amended 4 3 F R 641 s.

August 1,1980 31 2
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(d) This general license does not the storage container, bears a label which detection devices, provided each device
'

. authorize the export of luminous safety includes the following statement or a contains not more than fifty microcuries
devices containing trititum or pro- substantially similar statement which of strontium 90 and each device has been

t' .

methium 147.t contains the information called for in the manufactured or initially transferredt in
(e) This general license does not following statement:" accordance with the specifications

contained in a license issued pursuant toauthorize the ownership, receipt, acquisi- Tu receipt, possosion, use and transfer of
tion, possession or use of promethium- thin source, M odei ._.-- , Serial No..... . h 32.61 of this chapter or in accordance '

147 contained in instrument dials. are sutdect to a seneral heense and the resuta- with the specifications contained in a
t ns t ne Unded Smu Nuclear Resulatory specific license issued to the manufac-$ 31.8 Americium 241 in the form of

calibration or reference sources- $"m has ente ed nYo a'n asreeme$t ror
' * D " M'M M' *d

authorizes manufacture of the ice detec-
,

(a) A general license is hereby issued the exercise of resulator) authority. Do not
rem ve th6s tabel. tion devices for distribution to personsto those persons listed below to own,

receive, acquire, possess, use and transfer, C A UTION - R ADIOACTIVE M ATERI AL - $ gein accordance with the provisions of THIS SOURCE CONT AINS AMFRICIUM' (b) Persons who own, receive, acquire,
paragraphs (b) and (c) of this section, 241. DO NOT TOUCH RADIOACTIVE
americium-241 in the form of calibration FORTION OF THIS SOURCI possess, use, or transfer strontium 90

* " ' devices pur-
or reference sources: suant to the general license m. paragraph---------------------------

_ (1) Any person in a non Agreement (Name or manufacturer o' (a)of this section:atate who holds a specific license issued frutial transferor t) g (1) Shall, upon occurrence of visually
pursuant to this chapter which authorizes 3
him to receive, possess, use and transfer (3) Shall not transfer, abandon, or e observable damage, such as a bend or
byproduct material, source material, or dispose of such source except by transferw crack or discoloration from overheating,

R to the device, discontinue use of the
special nuclear material: and to a person authorized by a license

(2) Any Government agency, as de. pursuant to this chapter or from an device until it has been inspected, tested
for leakage and repaired by a person

fined in i 30.4(g) of this chapter, whichg Agreernent State to receive the source.
holds a specific license issued pursuant toe (4) Shall store such source, except holdmg a specific license pursuant to

Parts 30 and 32 of this chapter or from
this chaptar which authorizes it tof when the source is beinz used,in a closed an Agreement State to manufacture or

g receive, possess, use and transfer by,g container adequately designed and con-
" product material, source material, or structed to contain americium 241 which

service such devices; or shall dispose of

E s might otherwise escape during storage. the device pursuant to the provisions of

k (pecial nuclear material.(b) The general license in paragraph (5) Shall not use such source for any j is aer
MM

a) of this section applies only to calibra, purpose other than the cabbration of
to the device at the time of receipt, and

tion or reference sources which have been radiation detectors or the standardization
manufactured or initially transferredt in of other sources.

accstdance with the specifications (d) This general license does not
contained in a specific license issuedt authorize the manufacture or import of 8* "*,

pursuant to { 32.57 of this chapter or in calibration or reference sources contain{ (3) Are exempt from the require-
accordance with the specifications ing americium 241. A ments of Parts 19, 20, and 21* of this
contained in a specific license issued to (e) This general license does not Q chapter except that such persons shall
the manufacturer by an Agreement State authorire the export of calibration or * comply with the provisions of
which authorizes manufacture of the reference sources containing americium R l@ 20.301, 20.402, and 20.403 of this
sources for distribution to persons gener. 24I- chapter.
ally licensed by the Agreement State. { 31.9 Generallicense to own byproduct r-- (c) This general heense does nut(c) The general license in paragraph material. g
(a) of this section is subject to the A general license is hereby issued tog authorize the manufacture, assembly, dis-

"'" ' '' E' ' " '* E"I O I '" " U" * *provisions of { 30.14(d), 30.34 (a) to own byproduct material without regardE *90 in ice detection devices.
(e), and 30.51 to 30.63 of this chapter, to quantity. Notwithstanding any other R

generalband to the provisions of Parts 19,20, and provision of this chapter, a
21' of this chapter. In addition, persons licensee under this paragraph is not { 31.11 General license for use of by.
who own, receive, acquire, possess, use authorued to manu facture, produce, product material for certain in vitro
and transfer one or more cahbration or transfer, receive, possess, use, import or clinical or laboratory testing,
reference sources pursuant to this general export byproduct matertal, except as (a) A generallicense is hereby laaued
license: _authonzed in a specific license. to any physicien, veterinariartin the

' prachce ol vetennaey medacine, clink.a1(1) Shall not possess at any one time,
f 31R Gennal knse fw strondumM j laboratory ot hosp 6taltoreceive,at any one location of storage or use,

in ice detection devices. e acquire, possess, transfer, or use, for any
,

more than 5 microcuries of americium-
241 in such sources; (a) A general license is hereby issued ; of the following stated testa,in

* e p so(2) Shall not receive, possess, use or to own, receise, acquire, possess, use, and *

transfer such source unless the source, or transfer strontium 90 contained tn Ice
, ,

section, the following b roduct
' Amended 42 FR 25a91. e. Sources generally licensed under this seo,

'
i t Amended 43 FR 691 s. tion Frior to January 19,197s, may t$ ear labels

authorned by the regulations in ef rec t on
January 1,197s,

31 3 August 1,1980
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PART 31 e GENERAL DOMESTIC LICENSES FOR BYPRODUCT MATERIAL

paragraphs (b), (c), (d),(e), and (f) of this Material Safety and Safeguards, U.S. '~ (5) The general licensee shall dispose
section, the following byproduct ma- Nuclear Regulatory Com mission, of the Mock lodine-125 reference or
terials in prepackaged units: 3 Washington, D.C. 20555, and received calibration sources desenbed in paragraph

(1) lodine 125, in units not exceedingg from the Commission a validated copy of (a) (7) nf this section as required by
10 microcuries each for use in it. vitrog Form NRC-453 with registration number 7 Q 20.301 of this chapter,,

g clinical or laboratory tests not involvingg assigned or until he has been authorised N
- internal or external administration of pursuant to { 35.14 (c)of this chapter to 5 (d)The generallicensee shalinot
, byproduct matenal, or the radiation use byproduct material under the general 3 receive, acquire, possess, or use
g therefrom, to human beings or animals. License in this { 31.11. $ byproduct material pursunni to

(2) lodine 131, in units not exceeding - paragraph (a) of this section:

NRC-483 the fouowing information and {-
The registrant shall furnish on Form10 microcuries each for use in in vitro

clinical or laboratory tests not involving
internal or external administration of such other information as may be (1) Except as prepackaged units
by product material, or the radiation required by that form: which are labeled in accordance with the

therefrom, to human beings or animals. (1) Name and address of the regis- provisions of a specific license issued

b (3) Carbon-14, in units not exceeding " #8" 2" " "*
(2) The location of use;and ; chapter or in accordance with the provi-

10 microcuries each for use in in vitro g (3) A statement that the registrant has sions of a specific license issued by an
o
;- -

A chrucal or laboratory tests not involving f appropriate radiation incasuring instru E Agreemerit State that authorizes
g internal or external administration ofg ments to carry out in vitro clinical or ;manuf acture and dist ribution of ,

laboratory tests with byproduct materials iodine 125, todine 131, carbon-14, hydro-g byproduct material, or the radiation
Ltherefrom, to human beings or animals. as authorized under the generallicense in gen-3 (tritium), selenium 75, iron 59, or

paragraph (a) of this section, and that Mock lodine 125 for distribution to
(4) liydrogen 3 (tritium), in units not such tests will be performed only by persons generally bcensed by the Agree-

exceeding 50 microcuries each for use in pus nnel e mpetent in the use of such Jent State,
in vitro clinical or laboratory tests not instruments and in the handhng of the -

involving internal or external administra- g
D tion of byproduct material, or the radia- Jyproduct materials. ,

g tion therefrom, to human beings or - (c) A person who receives, acquires, contains the information called for in the

2 '"5* *I'' possesses, or uses byproduct material following statement, appears on a label
(5) Iron 59, in units not exceeding 20 pursuant to the generallicense established affixed to each prepackaged unit org

by paragraph (a) of this section shall appears in a leaflet or brochure whichmicrocuries each for use in in vitro
chnical or laboratory tests not involving h comply with the following: accompanies the package: a
mternal or external administration of-
byproduct material, or the radiation E

We redoacun mawat may be reoud,
acquired. possessed, and used only by

_ therefrom, to human beings, or animals.a sess at any one time, pursuant to the
U general license in paragraph (a) of this [g[p"icians. veterinarians tn the practice of",$"J,$,'$*[*N,[,',' ''

phys
d

section, at any one location of storage orf (6) Selenium 75, in units not use, a total amount of iodine 125, labwetary tests not involving intemat or
g exceeding 10 microcuries each for use in

| in vitro clinical or laboratory tests not iodine 131, selenium 75, and/or iron 59 extehlet administrieon or the material. or the;

radiationTherdroen, tQurtan beings or
| E involving internal or external administra, in excess of 200 microcuries. anfraple.itancefpt.h auftk%ensibE. ,
-

. oss, and tsnsk en h MN st ' ' '. y
|

, tion of byproduct material, or the radia - (2) The generallicensee shall store the am and e W h hug
tion therefrom, to human being or byproduct material, until used, in the Nuclear Regalato y domridsv4n or ofw SteseI

|
-animals. original shipping container or in a con' with uch the hWon W enta wI

tainer providing equivalent radiation en agreement for the emeretse of regulatory
| (7) Mock lodine- 125 reference or
| calibration sources,in units not exceeding protection. authority.

(3) The general licensee shau use the
g 0.05 microcurie of iodine 129 and 0.005e microcurie of americium 241 each for use"n byproduct material only for the uses
E in in vitro chnical or laboratory tests notg authorized by paragraph (a) of this see-
" involving internal or external administray hon.

(4) The general licensee shall not
' tion of byproduct material, or the radia *R transfer the byproduct material except by

tion therefrom, to human beings or
transfer to a person authorized to receive

h' animals. it by a license pursuant to this chapter or
(b) No person shall receive, acquire, from an Agreement State, not transfer
,

,, possess, use, or transfer byproduct ma. the byproduct material in any manner
3 terial pursuant to the general license other than in the unopened, labeled
E established by paragraph (a) of this see- shipping container as received from the
f tion until he has filed form NRC-183, supplier.

~

R "Registration Certificate In Vitro Testing
with Byproduct Matenal Under General mt,a uw i,, g gw,, % ,
l.icense," with the Directort of Nuclear Sweear at ne's mes.be was mW = rear emnt Amended a t FR 1644 s. sepsegmegn , . v ,

August 1,1980 3M
.
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~

(e) The registrant possessing or using
A- byproduct materials under the general
_ h3 license of paragraph (a) of this section

''

g shall report in writing to the Director of
! Nuclear Material Safety and Safeguards
g any changes in the information furnished
g by him in the "Registration Certificate-

In Vitro Testing With Byproduct Material
Under General License," Form NRC 483.
The report shall be furnished within 30
days after the effective date of such

_ change.

(f) Any person using byproduct ma-
terial pursuant to the general license of
paragraph (a) of this section is exempt
from the requirements of Parts 19, 20,
and 21% of this chapter with respect to
byproduct materials covered by that

I general 1.icense, except that such persons
using the Mock lodine-125 desenbed ing

g paragraph (a) (7) of this section shall
* comply with the provisions of

Q $ 20.301, 20.402, and 20.403 of this
chapter.

~$ 31.100 (Deleted 36 FR 16898.]

O

NOTE.-The reporting and record keepins
requirernents contained in this part hate been
approved by the General Accountans Orrice
under B-18022 s (R00a8),(R0160).

$ Arnended 42 FR 2 8891.
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p UNITED STATES NUCLEAR REGULATORY COMMISSION
" RULES and REGULATIONS

TITLE 10, CHAPTER 1, CODE OF FEDERAL REQULATIONS-ENEROY

PAR FEES FOR FACILITIES AND MATERIALS LICENSES

jg AND OTHER REGULATORY SERVICES
UNDER THE ATOMIC ENERGY ACT OF 1964, AS AMENDED *

GEM R AL 15tOOlsl4Ns j and devices containing byproduct ma- nuclear reactor licensed by the Commis-
terial, source material, or special nu. sion under the authority of section 103

Sec- clear material, or a production or utill- .

170 8 Purp w r,ation facility construction permit and or 104 of the Atomic Energy Act of
.002 seope- operating license issued pursuant to 1954, as amended (the Act), and pur-
D03 D*""*"' Part 50 of this chapter, to routine suant to the provisions of Part 50 of this

"U |","[""',, asfety and safeguards inspections of a cha pt e r.
3 licensed person, to a person who ap- (I) "Power reactor" means a nuclearOn i n hemm.m,

on 12 ro mni or ice, p plies for approval of a reference stan- reactor designed to produce electrical or
dardized design of a nuclear steam
supply system or balance of plant, for Q eat energy hcensed by the Commissionh

SCHE DL L E OF FEES
Q review of a facility site prior to the g under the authority of section 103 or

pn 2 whedele of teen for prmtecima and untaa3 submission of an application for a con. - subsection It'tb of the Act and pursuant
o,,a f.cii.nes struction permit, for review of a stan- [ to the provisions of {{ 50.21(b)or 50.22

dardized spent fuel facility design, and
for a special project review which the N of thd chaptii.

pn u sched.te . recs for twenals inenses

(g ..Prouuction gacihty means:
/q EM ORCEM E NT Commission completes or makes

!w,) shether or not in conjunction with a (1) Any nuclear reactor designed or
F.iture t3 .censee in pay aanvai fe' license appileation on file or ahich used primarily for the formation ofit 7o 4:

'

AL,1HORl1Y T he prv*ismes of this P.o 170 EU
mord unJa sec SulE sm 290. 3i U s C esh. T 170.T"T>elinTtTons. the separaisonYo the isotopes of uranium"#M* "' " I''

.es 161. es sm 94n. 42 U s C 2208. sec 201:o.
re L v3 41s. ss sm 124L 42 U 5 C $s4L or the isotopes of plutonium. excepi

As used in this part: laborators scale facihties designed or
(a) "Byproduct material" means any used for e\perimental or analytical pur ;

_

Gt wa AL PaovtsioNs radioactive material (escept special poses only. or
N nuclear material) yielded in or made ~

i 170.1 Purpose. @ radioactise by exposure to the radiation (3) Any facility designed or used fos
ct incident to the process of producing or the procosing of irradiated materiali

The regulations in this part set out fees $ utilizing special nuclear material containing special nuclear material, et
charged for licensing sersices rendered (b) "Government agency"means any cept"

laboratory scale facilitiedby the Nuclear Regulatory Commission, executise department, commission, in- (ii

as authorized under Title V of the Inde- dependent estabbshment, corporation, deg isd or used for experimental or}
pendent Offices Appropriation Act of' wholly or partly owned by the United anah ical purposes. 1

1952 (65 Stat. 290,31 U.S.C. 481a) and States of America which is an instrumen- ti facihties in w hic h the onl>4
pvisions ggarding,t!]eir gay mut s , tahty of the United States.or any board, speaal nuclear materials containsd in'

bureau, dnision, service, office, officer, the irradiated material to be processed
_

estabbshment in the esecutive branch of g, are uranium enriched in the isotope U2n
authority, adminntration, or other1 170.2 Scope.

and plutonium produced by the irradia ,Encept for persons who apply for or
hold the permits, licenses, or appro- the Government. * tion. if the material processed contains

(e) "Materials license" means a E not more than 10' grams of plutoniumvals exempted in (170.11, the regula- '

tions in this part apply to a person byproduct materi.I license issued pur- o per gram of U2n and has fission product.
sho is an applicant for, or holder of, a suant to Part 30 of this chapter, or a actnity nm i., excess of 0.25 milheurico

g specific byproduct material license source material license issued pursuant of fission products per gram of Uan;and
t Part 40 of this chapter, or a special (iin facihties in which processing is'

6o s apte as f c soure t
n rial lleense issued pursuant to Part 40 nuclear material hcense issued pursuant conducted pursuant to a hcense issued

I* of this chapter, a specific special nu- to Part 70 of this chapter. under Paris 30 and 70 of this chapter,or
elear material license issued pursuant (d) "Nuclear reactor" means an ap- equnalent regulations of an Agreement
to Part 70 of this chapter, a specific paratus, other than an atomic weapon, State, for the receipt, possession, use 1

designed or used to sustain nuclear fis- and transfer ofirradiated special nuclearjO ng cn i s las e p rsu t t sion in a seWsupporting chain reaction. material. which authorizes the processfh Part 71 of this chapter, a speelfic re-
quest for approval of scaled sources (c) "Other production or utihtation ang of the irradiated material on a batch

facility" means a facihty oeher thansa| basis for the separanson of selected fiso
' AmenJeJ 43 F R 7210.

g70.g August 1,1980
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PART 170 e FEES FOR FACILITIES AND MATERIALS LICENSES"-

A sion products and limits the process I (p) '' Human use" means the internal 7M5 GmyeI P
R batch to nci more than 100 grams of 3 or external administration of byproduct,

All communications conceming thef uranium enriched in the isotope 235 and *e source, or spectal nuclear material, or
E nto more than 15 grams of any other the radiation therefrom, to human , regulations in this part should be ad-
S special nuclear material. beings, R dressed to the Executive Director for

h " Operation, U.S. Nuclear Regulatoryt
'(h) "Research reactor" means a nu- (q) "Nuclear Steam Supply System" S Commission, Washington, D.C. 20555.~

c! car reactor licensed by the Commission consists of the reactor core, reactor S Com;nunications may be delivered in
under the authority, of subsection 104c coolant system, and related auxiliary person at the Commission's offices at
of the Act and pursuant to the provisions systems including the emergency core 1717 H Street NW , Washington, DC on
of I 50.21(c) of this chapter for opera- cooling system; decay heat removal or at 7920 Norfolk Ave., Bethesda, MDtion at a thermal power level of 10 mega- system; and chemleal volume and con-
watt.s or less, and which is not a testing trol system. ,"*
facility as denned by paragraph (m) of (r)"Balance of plant" consists of the *

this section. remaining systems, components, and h ! 170,11 EsemPtions-(1) * Sealed source" means any by- structures that comprise a complete
product material that is encased in a nuclear power plant and are not in- f
capsule designed to prevent leakage or cluded in the nuclear steam supply n
escape of the byproduct material, system. L

(j) "Source material" means: (s) "Special projects" means those e-
N (1) Uranium or thorium, or any corn- projects submitted to the Commission S

R am(a) No application fees, license fees,8 bination thereof, in any physical cr for review and for which specific fees endment fees, renewal fees approv-
* chemical fortn; or are not prescribed in this chapter. Ex. e al fees, or inspection fees shall be re.
k (2) Orcs wh'ch contain by t rMht amples of special projects include, but S

er are not limited to, topical reports, O quired for-*p one-twenti:th of one percent (0.057 )
more of (1) uranium, (11) thorium, or early site reviews, maste solidification L--

(111) any combination thereof Source facilities, fuel reprocessing facilities, - (l) A license authorizing the export
material do:s not include special nuclear and amendment or renewal of stan- production or utilizationmaterial. dardized reference design approvals. only of a

(k) "Special nu: lear materlJ" me ans: (t) "Routine inspection" means an tuili4

(1) Plutonium, ura nium-233, ura nium inspection performed at frequencies or di A bcense authorizing the export
enriched in the isotope 233 or in t*e during a certain period of time pre- only or i m po r t onl" of byproduct
isotopo 735, an1 any other material o scribed by the Commission for pur- material, source material or special
which the Commiss'cn, pursuant to the g poses of reviewing a licensee's autho' nuclear material.
provis'ons of a:ction 51 of the Act, deter N rized activities to assure that they are (3) A bcense authorizing the receipt,
mines to be special nuclear material but [ being conducted in accordance with
does not include source material; or n regulatory or statutory requirements ow nership, possession, use or production

(2) any material artincially enriched ' and that associated faellities and of byproduct material, source material,
by any of the foreco~n3, but docs not equipment are being operated in a safe or special nuclear material incidental to
include source mat: rial manner. the operat un of a production or utiliza-

0 (u) "Duplicate unit" means one of a tion faciht) heensed under Part 50 of(L) ,"Manuf acturing license" means a limited number of the same kind of this chapter. including a heense under-

N license pursuant to Appendix M of Part units s hich are to be constructed P- Pari 70 ot this chapter, authorizing8 50 of this chapter to manufacture a nu* within a limited time span and subject 3~ possesdon and si rage only of specialci clear power reactor (s) to te operated at to rettew at the same time by the
' sites not identiSed in the 11eerde appih staff. " nuclear material at the site of a nuclear

{ cation. (v) "Replicate unit" means a unit w reactor for use as fuel in operation of the
t- based on the reuse of a plant design, R nuclear reactor or at the site of a spent
n (m) "resting facP.ity" means a nu- presiously reviewed and approved for f uel processug plant for processing atI clear reactor licensed by the Commission construction by the same utility or by 'h' I antlE under the authority of subsection 104c of another utility as part of another con- A constructbn pennu or WseE .the Act and pursuant to the provisions of struction permit application.
'n I 50.21(c) of this chapter for operation (w) "Reference systems concept" apphed thr by, or issued to, a nonprofit
m att means a concept that involves the educational institution for a production
h review of an entire f actitty design or facibi) or utihration facility, other than

(1) A thermal p'ower levelin excess of major fraction of a facility design out- a power reactor. tu be used for teaching,
10 megawatts; or side of the context of a lleense applica- training. or medical purposes, or for

(2) A thermal power level in excess of tion. The standard design would be re- bgroduct material. source material, or1 megawatt,if the reactor is to containt ferenced in subsequent license applica-
11) A circulating loop through the core tions. ,P g g g g g gg

in which the applicant proposes to con. (x) "Ads anced reactor" means any teaching training, or medical purposes,
duct fuel experiments; or nuclear reactor concept other than or in connection with a facility, other

(11) A 11guld fuel loading; or light water reactors and high tempera- than a power reactor, used for teaching,
(iii) An experimental facility in the jure gas cooled reactors.

core in excess of 16 square inches in -
-training. or medical purposes.

.

cross-section, } 170.4 Interpretatiom. [" 0 ) A construction permit or license
(n) "Uttlization facility" means anF g applied for by, or issued to, a Gosern-nuclear reactor other than one designed, E scept as specifically authorized by . ment agency , escept for a utilia stion

or used primarily for the formation of 3 the Commission in w riting, no in- tuiht) designed to produce electrica' crgplutonium or U" and any other equipG terpretation of the meaning of the S hat energy pursuant to sect'on 103 or
ment of devlee determined by rule ofs regulations in this part by an officer or R lti4b of the Atomic Energy Act of 19 54
the Commission to be a utilization f ac!!!ty'nemployee of the Commission other than as amended
within the pur'riew of subsection 11ce"a written interpretation by the General;

_of the Act. Counsel will be recopuzed to be bin'dmg M) | Deleted 38 FR 18443 )
~

(o) (Deleted 43 FR 7210 ) _upon the Commission. (7) | Deleted 38 i R 184431
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PART 170 e FEES FOR FACILITIES AND MATERIALS LICENSES-

o
"' (8) A license authorizing the use of proposed determination of the amend- filed by a utility or utilities.

are referenced in an application (s)/ :
Source material as shielding only in ment class and state the basis therefor

0 devices and containers, provided. as part of the amendment request and (f) Special Project Fees. Fees for spe.
" however, that all other licensed. shall remit the fee corresponding to etal projects are payable upon notifica-

a byproduct material, source material, or this determination with the applica- tion by the Commission when the

tion for amendment. The Commission review of the project is completed.
$8, special nuclear materialin the device or will examine the amendment fee and (g) Inspection Tees. Inspection feescontainer sill be subject to the fees * * ' ' b f nd

prescribedin { 17031. ,hh sork$t p e,nt fd [ "#' pa$ble upon notification by the,mm
_

the additional amendment fee. *
E h) Method of Payment. Fee pay--

(9) A license for possession and use Rencical Fees. The appropriate ' m(ents shall be by check, draf t, orof byproduct material, source materi. (d)
al or special nuclear material applied renesal fee shall accompany the re O money order made payable to the U.S.
for by, or issued to, an agency of a newal application when filed with the Nuclear Regulatory Commission.

o State or any political subdivision Commission. $ 170.21 Schedule of fees for production
N thereof, except for licenses which au. (e) Approrcl fees. Fees for spent and utilization facilities, revien of ref.
* thorize distribution of byproduct ma. fuel cask and shipping container ap- erence standardized designs, and spe.
E terial, source material, or special nu- provals, standardized spent fuel f aelli- elatprojects.
" clear material, or products containing ty design approvals, and construction
' byproduct material, source material, approvals are payable upon notifica- (a) Applicants for construction per-

or special nuclear material, or licenses tion by the Commission when the mits, manufacturing licenses, operat-
review of the project is completed. Ing lleenses, and approsals of refer.authorizing services to any person

other than an agency or political sub. Fees for f acility reference standard- ence standardized facilities designs.
division of the State. tzed design approvals sill be paid in shall pay the fees set forth in the

-

five (5) installments based on payment table below.
{ of 20 percent of the approv.1 fee (see (b) Applicants for special project re.

(10) Activities of the Commission f tn te 31170.21) as each of the first views shall pay fees as separately de-
I undertaken, ursuant to Part 75 of this ive (5) units of the approved design termined by the Commission.
E chapter, sole y for the purpose of scets or nuun nrs
E implementation of the US/LAEA
; Safeguards Agreement. n,g g y ,,,,,,n,, .trws onees p ee -

A Poser reactors
1 Custom t - ...~..- Appheauon-Constivetion perma .~.. s its 60o

o catrueuen perma-nrst una. . e44 ooo
construeuon permn-concurnnt unn t . _. its ooo

F.ipplication by an interested person, m
. . - , ,., n

(b) (1) The Commission may, upom > op,ntme iicenn-nni na _ _.. utt a

A) le openuns innse-Corwurrent unn a - mm
( 135 000w a Standardased en:en- Appheation-Construction permn .-. . . . ~ . .

e4e mav upon its own initiative, grant such en< g soint,unn..
construenon permn.concurrem ume t.. ... 174 0o0
construeuon permit-nnt unn _.. _ ...... _ _

| emptions from the requirements of thd. coutruction perma-nnt watwas una soaamno anc su tst toon
part as it determines are authorized b) op,ntm, innu-nnt ung ... ,. , , . _ , . _ i ona me-

g op"atme irme-concurnnt unn t._ _ mm
law and are otherwise in the public in operstms ticenw-nnt i4enucai unit a4aaional sacsi ... __ t ts ooo-

s ooo,a te rest . tn) Applications for esemption a sandardaed design- Appacauon-constrwtion permn.
reparaw unn . conuruchon permn-nnt unn ._ _ st uoo

$ under this paragraph may include ac. construction wrmn-concurrent un i ts4 soo
tnities such as, but not limited to,the use e,3,trueuen wma-nrst teenuco unn asaniano anc si-_ tas a

of licensed materials for educational or overstms tann-nnt unn #14 soo
. rn m

noncommerciil pubhc duplap or scien- opnauns icenu-concunent un'n sodaional anessoperatma innse-r'nt wntro u nuoo
tJie collections. (3) [ Deleted 43 F R 7210.) e standaremo anien-

Reference sistems
~ concept *

a Utilap referenems a Appheauen-Construction sermn its ooo
standarized nuclear Const*uction permit-nrst unn ._ ssa 400,

| 170.12 Payment of fees. .t,,, ,,py ,, stem construeuen perma-concurrent una t is: too
I n M="-nnt *nues2 mn aaaiuonat ane si_ tas m

(a) Appheation Tees. Each applica- **"atom **n"an'd C="a*twenu- nrst unit . .- 934 tocpiani for teth cr ow ntm
tion for whleh a fee is prescribed shall on st aan operauns tenu-concur *ent unn u .._... ._

see too
tot too

be accompanied by a remittance in the operatms irenn-nrst soentesi una assioonal snesi

S Tull amount of the fee. No application b Utiint nfnenema a Appinuon-construchon pernut its ooo
sianoareud nucine catnieten pennn-nnt na__ mm

" will be accepted for filing or processed construeben permn-concurnnt unn * _ s2 500

v' prior to payment of the full ambc.5 sieam so, ply s,siem catructen pnma-nrot toentro unn soaniono mesi _ tas too
m ano ,ano ,d.ud

specified. Applications for which no wance of p' ant for overstra innn-nrot una. . . . . en too
S 29: ioo

operstms licerue-concurrent una'n. ....._both the CP and OLO remittance is received may be returned OP"**** b"^"*"1 '8'nucai un saanionai sac si _ _ ese too" * * "to the applicant. All appitention fees a
will be charged irrespettive of the conc,pt .cturtna beense

Manuf a

sts oooCommission's disposition of the appli- a venaor-reuca et Apparauon _

annmmarron. Manuraciurms wenu --. l ett m
cation or a withdrawal of the apphes. a ven4or-noe.sn nnai enien amendment.. eee tooor
tion. rmai one

ib) Liernse Tees Fees for construe. , Unin, nfunme a Applicahon-construetmn pumn its ooo

llon permits. operallng lleenses, manu. manursetarms twense construcuon permn -nrut un .. . 730 000
constructan puma-concunent un e st soo

facturing licenses and materials ll, operauns beense-nrsi unit. l. cot too

censes, are payable upon notification opnatms inna-concurnnt unn e . ::: 000

by the Commission s hen the review of s Adianced reactors' . Applicauon-Construction permn its ooo
C ' '"*n P """ ~ 1 * ***

the project is completed o"pera'u'ns twen'u - t est too
a staa4ard reterence sca<snq tc) Amendment fees. The approprt.

f} ate amendment fee shall accompany g En''Ar-sundarama
the application for amendment when nucini steam a ppirb
filed sith the Commission. Where ap. s otem

sconunued.phenble. the applicant shall proside a

August 1,1980
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PART 170 e FEES FOR FACILITIES AND MATERIALS LICENSES ~

__ G.IContinued t SCHEDULt of FACILITY hEs

Ftedats categories Types of fees Pee '

s Reues of prelutmary Apptwauon 60,000
reference des.gn AppreiW .. (13,100

D Retset of fmal Apptwauon .. , 30 000
reference destgn. Appros al. gg) 400

3 Architect engmeer.
Standardised balance of
plant

a Reties of pretusmaJs Applicaten -. 60.000
reference design Appre al 413.100

60.000b, Renet of fmal Apptwauon _ . .

601.200reference design Appre al
C. Test iacusty> _._. Apphcauon-construcuen perrait . 6.000

Construeuon permit -

100 300
01.700

Opertung license .
D. Research reactor L. _ . Apphetuon4onstrucuon permst.. 6000

Operstmg beense
._ 34 900Construcuen permit

68.000
E. Uran!um enrichment Appheauon-Construction permit . 115.000
plants * Construcuon permit 348 400

Opertung trense 451.300
P Specal pro)ects and renens* _ -._._ .._...._._.. _...

*Where a partial fee for a poner reactor operstma laceFha%sn ped prior to the effective date of
-

this amendment. the amount paid shall be deducted from the fee prearribed by this amendment and the
dafference e di be due a hen the op*ratmg tacense for 100 pet poter as lasued.

*Comesaesi test A concurrent unit is defined as a poter reactor or the name design at a at%gle poter
staten that t as ewb)ect to concurrent hcensma revwa ,

*When renes of the permit, license. approval. or amendment is complete, the expenditures for profes
anonaJ manpower and approprsate support servtces ett be determined and the resWtant fee sancesed. but in

no event t111 the fee f aceed that shown in Lhe schedule of f actitty fees When one appuctuon for a pretual-
nary destgn approval or firmJ design appreiM contams Ebore than one des:gn. the addluoral approvals are
subject to a mastmura fee thach is the sum of the appbcauon fee and approval fee.

* Charge 3111 be separately deterudned by the Coramlasnon taatng into account the profeestonal man.
poner required to conduct the revice InuJttphed by the appucable ecat per man yeet plus any appropriate
support sertwo eats tp*urred Where a fee has been paid for a faciuty early site revnet. the charge etl be
deducted from the fee for a construeuon permJt nerved for that arte A separate charge sul not be mancesed
for a elle renes there the person requesting the redes has an apptarauon for a constructoa permit on
fue for the same alte. except there the applacatnon ns withdrten by the applicant or denied by the Comaus-
a on The maatraurn fee for revnet of a LopleaJ report shall not esceed 820.0uo.

o I
k i M0.22 Sdedule of fees for facmty hetnae amendmenta.
G Scursttm or Amorewort Ftra rom RsacTom Faert Tv Pnurra, Lfcpag.s, Apn Orna

$ Arraovats Rgeetats at Tws Ltcass on Couurssion Raovt. arsons
u

Pee *

Cimas of Amendment' Peter reactors Test and research
reactors

CLASS I Amendments that are a dupheate of an
amendinent for a second eenenusaly 6dentraJ unJL at
the name afte. n here both proposed amendments are
rweived. processed, and lasued at the name une ._ $400

CLASS !! Amendments that are pro fortna, admirds
trouve in nature. or have no safety oe environrnental
$1gnif rance - 1.200 6600

CIAAS III Amendmenta, esempuona or required ap.
preals that involve a single eneirournentat aatety.
or other issue. have acceptanttitty for the tasue clear-
ty idenutied by an PrRC postuon. or are deemed not
to trivolve a alstufwant hamards considertuon 4.000 3 000

CLASS (V Amendmenta, estropuona. or required ap.
prevais that ineolve a comptes nasue or snore than
one environmental, safety, or other tasue, or severaJ
enar.ges of the etsas !!! type tneorporsted into the
proposed amendment. or involve a atenifwant has-
ards considmuon. = regan an eatenme environ.
mentaJ unpact apprimal or rwet from damanuing
or innu urmtr4uon ordm :.soo s.ooo

CtAsS v. Amendmenta. esmpuons w pquired ap
preus that requin nouauon of war J compies
ifWuet, or involve review by 1%e ACR8. or require an
enytronmenta) nmpact statessent 3S tr9 Il 400

CLASS VI Amendrnents esempuens. or required ap
preus that requin naiusuon of a ne asiety Anu.
rs= neport and re.m of the f actuty twenn un.
eludme Lechnes) apectfleauonsi, such as may be re-
quind for a iwnae nnetaJ - 4s soo so 000

' At the ume the apptwatun la fded the beenm or apptwent sh&H provide a proposed deurminauon of
amendrnent etsas and state the beans therefor as part of the amendment or modifncauon request and shall
remit the fee toreesponding to th" determinauon The Comm.asion .;J evajuste the pr.,pceed amendment
elaas determmahon and inform ths Wnare or apptwent tf twlaastficauen is requtred nectaasifwation that
changes the eism of amendment stu rwas Ln the refund of ouroarges to the twen.ee or apptwant or

s the ueenm or appirani for addruonal feen
wum.ucenn amendmeni w appreau r=wung from Commtasion Orom issued runwant to se Crn : 30(
and amendments readung in an trut aJ increase in power to 100 sorcent of the uut:aj dea.gn power level are
not out)ect to these fees sacept sa Provided in footnote I to111011. Class 1 II. or !!! arsendments a hath
resalt from a omten Commlasnon requesL for the appurauon may be esempt from im when the amend-
ment is to simplify or clartly license or techn .aJ spectfwauona the amendment has only minor malety als-

rufwance. and is . sued for the conwnance of the commissiort

August 1,1980 00,4
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i 170.23 Schedule of fece fet routine health, safety and enetronsmental inspectlene of
,,

[G
\ feellitlee.

ScusovLa or Factury Routtes HsALTN, SaFETT AND DrVIRoutHurf at IpsrecT30N PEss a

cataeory Poe * Wastmuan frequency *

''
4Il Poser reactee;

Ptret unit $75.100 per year Continuous.
i

Addauonal units at same alte' 440.400 per Fear Do.i

(3) Test reactor 64 600 per inspecuen 3 per year.
(3) Ramsarch reactor 64,300 per inspection I every 3 years
til Other production or utilleauan f aculty * 643.100 per year Comunwoust
(8) Producuan or uultsauen faculty incensed for pos. $464 per year - 1 per year,

amms6cn but not operauon. ,

I
'Itoutine inspecuens are safety. envirorunental and health phyancs inspecuens perferrned at spectfled'

frequenense for purpasse of revteetng a ucensed program to mesure that the authertsed metiviues are bems
conducted la mercedante eith the Atomic Energy Act of 1964 as manended. Comambon regulauona, and
the terms and condauons et the ucenne

Ttw frequency shewn in sfw schedu>e is uw mairmura number of fouune inspecuans tw which a fee
viu'be maneened

* A reduced fee sill be charged when the inspecuon of an addauonal unit at the same aste is conducted

conc.urrenup with the first unn.ree is appucabie for a fuei reproceestna faculty and for a uransura enrichment factuty.

I 170.24 Schedule of fees for routine safeguards inspections of facilitsee

8exxpen.s op FactLf77 RoUTIN Sareccambs IpsrscTsca Pass

Category Pee Waalrnwa frequency'

til Power reactor
First umJt 611800 per year 3 per year.
Add;uonal unit at name a34' 39 600 per year Do.

(3) Teet reactor ifuel of high strategie importancel . 44.600 per inspecuen
1 per year.

sa n Research reactor a fuel of moderate strategie impor 81.800 per snapecuen 1 every 3 years.
Lance 4.

(4i Other producuon or stunauon ( susty' 434.100 per year 3 per year.

2
A R 'The frequency shown in the erhedune is the mantanum nuanber of safeguards Inspectnons for ohnch a

fee sill be naaeemed Poser reactors and other productaan and utussauon facutues 3111 be aaneesed the{g} g
5 yearly inspection fee shools in the above table.

* A reduced fee stil be charged then the nnspecuen of additenal unitial at the earne sate is conductedeg
er eenrurrenup tith the first unit.

a rea is appucapie for a fuel reprocessma f acuity and for a uratuum enrichment f actuty.

( 170.38 Schedule of fees for materials licenses and other resilatory services.
Applicants fer materials licenses and other regulatory servlees and holders

of materials lleenses shall pay the following fees.

Scusws.: op Faza ron Matrataid Liezzssa airo Oruta Raovtatoav 8savress

Category of materials licenses Type of fee * Pee

t 8smal nuclear ma'estal *
A IJeennes for poemenswa and use of 8 Apphratton $14 OCd
kg or more of contamed uranium Mes heemse 133 600
338 in urarduin enriched to 30 pet or Renesal it 800
more. or 3 kg or more of uranium Amendment >
333, for fuel procemns and f abrica. Major-Safety and enttrorunental 54 000
uon ,* M a)or-Safeguards 8 300

timor--84fety and envtrofunentaJ l 400
Wmor-,Saleguards . 3600
Adamistraute. Ild

3 tJeenses for possession ane use ei & Aw;2&u;n_._ $3000
kg or nicer of contamed urtalum New license 113 Sao

334 in uranturn enriched to lees Renemal 19 900
than 30 pet. for fuel processing and Amendment *
Iabricatton. * Ma)or-Safety and envirorunental 84 000

Wa)of ~8afeguards 4 900
Minor-Balety and envirorumental 1 400

Mmor-Safessards. 3 600

Admmistrattt e 160

60 000C. tJeennes for pcesees6en and wee of 3 Apphesuon for construcuan appro*al
440 30044 or more of p4uLonium for fuel Constructaon apprets)
244 400proreastng and f abricateorL e gje,ne, f,,
110 000RenetBJ-

Amendment *
il400Major-8sfet) and environmental
la tooM aser-Safeguards .
34"e M mor-Salety and enytrotunentaJ . 63M

( M mor-eafeguards . IN
i Admnmatrative
\ See loc 4noLee at end of the
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9_,0,,0,_.,__. ~ .f ,_ ,e.

D. LJeennes for ponaeaston and use of 6 Apptwauon ~

31,600
3.000

kg or raore of conta4ned urtidum Net Ikenne
238 in unsealed form. or 3 kg or RenetaJ 18.000
amore of ursnaurn 333 &n unsea)+d Amendment
form for acuvtues other than fuel Safety and environmental I400
processins and f abrtenuon.* Safeguards 3.400

Admmistrsuve. _ 160

E 14eennes for possession and use of Appikauon 6.000
quanuues of plutoruure of 3 kg or Net lxenae 64.300
more in unsetJed forte for acuttues RenetaJ 44.10n
other than fuel proceasms and fatF Amendment
ricattort * Sa.fets and environmental 1.400

Salesaards 6900
Adamastraute.. _.. ISO

F. LJcenses for possessen and use of Applrauon.. ._ . - . .

43.800
5 000

300 g but less than 3 kg of plutotu- Net beense

urs in unseaM form * RenesaJ. _ _ . . . . . 39 600
Amendment
Safety and environmental 1.400
Saleguards 4 800
Admtrustraute . _. .- -. .._ 160

0 IJcenses for possesalon and use of Apc.!kstion 1000
350 g but tens thari 6 kg of contained Neo beense.. 14 400
ursiuum 33S in unsealed form, or Renenaj 11.100
300 g Int less than 3 kg of urtidura Amendment
333 in unsealed form * Bafety and ennronmertal . ..

. I 400
Saf eguards ... _ . . . 3 400
Atrnmistrouve .. 160

11 LJeennes for receipt and stort.se of
spent fuel.* 411 LJcense applkauon
for a sternet f aculty of custorn
4#$1871 FNistring 6 full des 4D
renet-
(a) Stortte f aculty to be located Apptrat on. 838 000

at a net site Net trense . . . . 390 000
Renet a1_. .. . . -- _ 33.000
Amenarnent *

O Major-. Safety and environmental . 64 BOO
Major-Safeguards . . . . _ . . . _ 6 300

N" M por-Safet) and ennronmental . . _ 3 600

M mor -6a f e g wat da ._ _. .,._.._..._ . __ _ 3 600g
160Administratn e _ .. . . _ ~ . . . . _ . . . .

35000
w
pp (D) Stortge f acility to be located Appigabon _ ..- _ - . . . . . . . .

309 300V St the alte of &n entstmg nuclear Net IKense ,.

33 000fmethty * Re ne e al . .. . . .._ .. ..
Amer 4mert *
Mapor-Safety and enstr9nmental $4 600
M asof-Saf eguards ._ . - . . . . . . . . . _ . . . _ . . S 700
W mor--Safety and enstronmentaJ . .-_. ._.... 3 600
M mor-Saf egutrds _ .- . ... , 3 $00

131 lacense appixation for a storage
... _ 160Administro uve .. _... . ..-..

fac1Hty thwh references &n El>
proved standardaed design
tal Stortae facthty to be located Apphesuon 3$000

st a new site New luerue.. . . . 336 600
R ene e a! ..... . ~ _ ._. .. . ._ . _. - = _ 33000
Amendment *
Major-Eaf ety and environmental ... . _ _ _ . _ 64 SCO
Major-Aafeguards . . . ._ - . . . .

.- 3 600
4 300

M mor ~4&fety and ens tronenentsJ _ .

3 500M mor-Safeguards _ _ _

I SOAdm mastrsuse .._ _ . . - .

ll000(to Storage facihty to be located Applestion . ., _ _

130 000at LPie a:Le of an exisurg nuc6 ear New beense .. ... .. ._

f actbty * Renet al . .. .. ... . . . . _ . - 33000
Amendinent *
Major-Safety and ennronmenta! .. $4 500
M a)or -Saf e gu ards ._ - . . . . . . _ . 4 300
Mmor-eafety and ennronmental _ _ 3 600
asmor--Eaferwards .. - _ . . . . . . . . . . _ . *3%.

(Si LJeense appixauori for a storage
. _ _ . . . , 160Admmistrauve .

f at@ty of duphrate design-design
thwh is 6denucal to a prevtously h-
eenned detaal des 4gn

Il 000tal Storset f 6ctuty to be lorsted Apphcauon . . . . . _ -- . . . . . .

169 30064 e nee arte Net bcenae .
Renet al . . _ . _ . . _ . . . 33 000

_

Amendment *
M a)or-Safety and envirorunental .._.. _..._ _.. 44 Soo
M a tor -Saitguards - . . . . . _ . . . . . . _ . 4 300
M.nor-Safet y and enetronmental ... . . _ . 3 500
M mor-6af eguards .. _ . . . . . _ - _ 3 500

t $0Admmistrouve .. _ .. _ . . . . .

10 000thi Storsge f actlity to be krated Apphrstion . -

73 SG0at the site of an tahating nuckst Net Larense .. - _
33 000f acthty * Renemaj_ . . . . . . - . _

See footnotes at end of tab 4e
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Categoef of matenals beennes Type of fee * Pee

Amendment *
Major-Safety and environmental 04.600
Mapr-Saleguards 4.300
Minor-eafety and environmental 3600
Mmor-Safeguards 3.600
Administrauve 160

1. IJeennes for posseaston and use of Appheauco-Net 12ense lie

special nucleat matertaJ la sealed Renetal Ilt

sources contained in dedces used in Amendment 40
industrial measuring systems *

J. All other special nuclear matenal Apphesuon-Net beense 460
Iwenaca, except beenaea authortains Renenal 460
speciaJ nuclear matenaJ in unsealed Amendraent. 110

form tn cornamauon that t ould
consutute a ertiles) quanuty as de-

fined in | Ile 11 of Part 160 s hich
shall pay the same tste as Category
10 and spe:tal nuclear matenal for
use in poter genersuon thwh shall
pay the fee in Category 10.*

| 3 Source material
A IJeennes for possession and use of Apphesuon 11.000
source matenaJ in millms oper New lkense * 99.100

j
suons. encept in in situ leaching Renenal* 100.800
and heapleachtng operations AmendtnenL *

M ajor-Safety and ennronmental* 30 600
Mmor-Safety and environmental * 3.600
Admmistrauve 160

B.1) censes for procenstna and recot- Production scale neurtty-
ery of source matenal in in sttu Apptration 1.000

( neathms operatens or heatleach- Het beenae* 69600
ing opersuona. Research and development mesle acttrity

Applicauon 3.000
Net twenae* 31.800
RenessJ' '81,304

Amendment *
Malor-Safety and environmental * *4 300
Manot-Safety and environmentaJ *160
Administrsuve. *160

C. IJeenses for refmtria ursaturn mill Appheat on 11.000
concentrates to ursntum henafluor Net twense* M.100

S kle Renetal* 46.400
g N Amendment. '
( Ma)or-Safety and enetronmental* 30 600"

'. E Mmor-Safety and enuronmental' 3.600
\ b Admmistrtuve .- lH

h D All othef source maten&J twenses Applwauon-Net twenae 140
Renee al . 10
Amendrnent 40

$ Byproduct matenal
A LJeenses for ponnemanen and une of Applwatton-Net twenae 440

byproduct matenal issued pursuant Renetal too
to Parta 30 and 33 of this chapter Amendmerit lie
for processms ce manuf acturms of
stems contamma typroduct matenal
for corrJnercial distributson. encept

brproduct matenal for use in poter
generation ehtch shall pay Sne fee
m ettegory 18.

8 LJcenses tasved pursuant to $ 3313 Appikst6an-Net brense 190
of this chapter authoname the pre Renetal 160
eessms or manuf acture and detto Amendm. 40
bution of ra&opharmaceutrals con-
tamme byproduct matenal

C. RJcenses for typroduct matenal Applicauon-Net license. - 190
Laswed pursuant to Psrt 34 of this Renetal 160
etapter for industnal radeogrsphy Amendment 40
opersuona performed in ahwlded ra-
diography installa'sonrat or perma-
nently designated ares 4s> st the
addrenar es s hated m the twense

D. IJeensen foe byproduct matenal Appheauon-Net IJeense 400
tasued pursuant to Part 34 of thia Renetal eso
chapter for Industnal rs&ography Amendment 110
opersuons performed in a shiended
radiography arstanatlere s t and at
multiple temporary locations at the
addressaesl ahools in the trenses or
at tempersry JotiaJtes of the beenace
in the field

E LJcennes for possenseen and use of Apphestion-Net Ikense. 190
byproduct matenal in ses)ed RenetaJ 160
sources for trradiation of matenala Amendment 40
there the source la not removed
from tta sheend Iself ah6 ended urutat

P tacenaea for possension and use of Apptwatton-Net twenne too
byproduct matenal in me. led Renessi 4se
sources for arred.aten of restenata Amendment.. 110
e here the source na esposed for arra

C diauon purposes

see foouwtes at end of taba.
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cuegory of mat nus lanses type of fee- r=

0 LJcermes issued pursuant to Sub Appucatma-New beense 9Mpart B of Psrt 33 of this chapter to RenestJ 610dastrtbute items containing byprod. Amendment 330
uct material or quanuties of by.
product matettaj to persons general.
17 licensed under Parts Si or 36 of
this chapter, eacept specifle licenses
authortains redelrlbuuon of items
which have been manuf actured or
imported under a specific beense
and beerued by the Commission for
distnbuuon to persons general y h.
censed under Parte 31 or 36 of thns
chapter.

H !Jeenses lasued pursuant to Sub Appuctuon-Nes license 960part A of Part 33 of this chhpter to RenessJ 410distrtbute Iteras containing byprod- Amendment 330
uet matenal or evanuues of by.
Product matertal to persons esempt
from the beensing requirements of
Part 30 of this chapter. encept til
H 33.ll and 3318 of this chapter.
(3) spectine licenses authortatng re-
detribuuon of items and quanuties
which have been manufactured of
kaported under a specific innse
and Irensed by the Commnsalon for
distnbut>3n te persons esempt frors
the trensms requirements of Part
30 of this chapter and (31 scectine
IJeenses e hleh authortae dis'.ribu-
tion of timepleces. hands, and diaJa

1. IJernses tasued pursuant to 13310 Applicauon-New beense 190of this chapter to distribute evanti. Reneoal
L 60ues of byproduct malenal to per Amendment 40

sons esempt from the trensma re.
Quirements of Part 30 of than chap.
ter.

J. IJeenses issued pursuarit to lat it Applkauon-New twense. 190of this chapter to dnstribute ume. RenessJ
160$ pieces. handa, and d.als contonmg Amendment 40f4 hydrogen 3 or promethrum let to

'' gersons esempt from the beensmaC requtrements of Part 30 of this' chapter

b K IJeenses for gessenalon and une of Apptwauon-New Incer.se. 100
byproduct matenaJ for research and RenesaJ 160
development encept those trenses Amendment...
covered by calesones 3A or 3B and

_- 40

trenses costred by catesones TB or
TC authoristne medraj research

1. AJn other asecife byproduct maten- Appawauon-Nes beense lie
aJ beensea, except thcee in catesones Renes al . 110
4A through ISA * Amendment 40

4 Waste dapo;al
A !Jcenses spec &fraDy authortams Application.. 33.000

the receipt of maste byproduct ma Net trerme * 291.100
tenal. source material or special Renes tl* 98.600
nue)*ar matenal. from other pet. Amendment- *
sorns foe the purpose of commeretal Major 4afety and enetronmental L 191.100
disposal by land or sea burtaJ by the Mmor-Safety and ennronmental 890
twensee Adtr.mistratn e .

B Lacenses specifraDy authortsms Apptration-Net beense. ..
_ 150

1.100
the receipt of t aste byproduct ma. Renenal 670
tenal source matenal or speciaj Amendment
nuclear matertal from other persons Eafety and envirrinmental 870
IJr the purpose of pacanging the A dmmutrauve ' 160
matenal The trensee otil dispose
of the matenaJ by transfer to an.
Other person authertsed to receive
or d.apone of the matenal

C. LJeenses scectfrally authorsams Apptwauon-Nee license. 100
the receipt of prepaceaeed taste Renes tJ . 160
byproduct malenat source matenal. Amendment. 40
or special nuclear materlaJ from
other persons The krensee util dis.
pose of the matertaJ by trarnafer to
another person authortsed te re-
cene or dispose of the matenal.

5. Weu loggmg and teu suntys and Apotrauen-Met trenne 440
tracer studies A lacenses for posses Renen al -.. 460
anon and use of speciaJ nuclear matert. Amendment. In0
al and/or byproduct seatertal for tell

logging. meta surseys. and treat stud-
les

0 Nuclear laundries A LJcermes for com Apptwauon-Nes beense ~ (so
meretaJ collecuan and laundry of Renes al .. _ . .- too
items contammated with byproduct Amendment 110
matenal. source material. or special
nuclest rasenal

see footnotes at end of table
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O| FeeType of fee'E catesory of matensla ucermesV

1. Human use of 6yproduct amatertat
source matertaL er special nuclear
amaterul M0
A IJtenses issued pureuant to Pstta Appineatio> Mew Incense Sie

30. 40, and 10 of this chapter for Reneen! to
human une of byproduct matergat Aaner_- -
source matenal or special nuclear
materna.1 in sealed sources contained
in telethersey devices- IM

E Lacenses nasved pursuant to Parts Appheauoo-Mew M_ lle
H 44, and 14 of this chapter to Renetal 40
emedkce2 insutuuons or tsa or more Amendmen'
physictans on a single Inernee. for
human une of byproduct abateriet
sourte matertal of special nuclear
matenal eacept beennes la estatory
T A. 190

C.14centes lasued pursuant to Parta Apphcauen-Men Deense 160
30. 40, and 10 of this chaMet to an Renewal 40

eindirsduaJ phystetan for human use Amendroen
of byproduct maternal source mate-
rnal or spectaJ nuclear maternal
e acept beenses in estesory 1 A. 190

& Civil defense A IJeermes for &% Appucauon-New utenee 150
and une of typrodact matertal source Renewal _ 40
asterlat or special nuclear materh3 Amendment .
for etTu defense activtues

9 Device, prodwet, or ses3ed source safety
ersluauen; lit
A. Safety evaluauen of eevices or Appucauen-tysJusuon

producta containing byproduct ma-
tertaL eaurte matenaL or eswetal
nuclear materul, escept reacter
fuel dertces and devices or producta
dastributed to genersi brennees or
persons enempt from the requtre,
menta for a utense pursuant to
Parta 30,40. and te of Lfus chapter. 110

B Safety enajuauon of acaled sources de
eentaining byproduct usaterui.
som matenal or W pucW

O. material, encept (l) Reactor fuel,

i
p (3) sealed nou tes eastributed to gen-

ers! Heensees or persons esempt

[ frora the requtrements for a ucenseg

pursuant to Parts 30,40. and it ofA-
i g this chapter, and (31 power sourcesgr

covered by rategory le
1.600

le Peter source. A IJcenses for the Appucat6on-New heense 444
manuf acture and distribuuan of en- RenetaJ 460
rapsulated byprodect matenal or ape- Amendment
cial nuclear matenal thereta the
decay energy of ased matenal is used
as a tource of poser. escept reac%r
fuel

11. Transport 4uon of rsdxwheuve snatert-
al- 4000
A. Daluation of acent fuel cast for Appticauon 14.100

svester than to tW eecap heat. Approesl *
Amendmenta * 8900

M a)or * 3 600Minor * t60
Admarustrauve. IM j

Renesal_ __ 1.000
B Da3 vat &on of spent fuel rash for Apptacauon 43 300

less than 30 kW deesy heat. air Approval'
shipping parange for plutonium. Amendments * 6600
high4evel e sate cassa. and packades M 4Jor *
containing radaoactive matenal M mor'

- _ . 3 600
160

greater than 3.000 times the type A Admtrustrsute . 160
ReneeaJ-quanuty. ' 1 000

C. DeAsuon of fissile pactages con Apphesuon 13 600
tattung greater than type A guanu Appresal*
ues of radioactive material, pack Amendments * 8 600
ages contaming rthoacttve taalerta) Major * 490
less than 3,000 times the tyA A Minor 160Admartisttsuvaenanuty * IM

RenessJ
tooD. halvauen of flasile pactates een- Appincauen

6.300
talning less than type A quanuuss ApproveJ ' [
of radnosctive materut, pacta 4es Amendsments
contairtins radioactive matenal lees M ajor e 3 gp

than 300 times the type A evanti- M mor gg

ty * Administrstive |g

Renee m!
gg
300E, halvauon of packades rentaining Appttrathon l.300red)Qhttive matertaJ 6ees than 30 Approtal'

tunes the type A quanLHy ' Amendments *
M ajor no
M mor 160

O Renes aJ .
gu

v
See footnotes at end of table.
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category of matertals lkenses Type of fee * Poe

it. Review of standardised spent fuel fa. Appikauon 13.000
eulty dealgo. Approval e ist200

18. Special projects *

ifypee affrea Separate charges as shown in the achedule vtu be unceaed for apptkations for new 11-
eenses and approvals. lasuance of net lkensee and approemas, and amer.dmenta and renewals to entsung D-
censes and approvals. The following guideltnes apply to these charges

Ia) Appheahoe / pea Apptkauons for materials beenses and approvals abau be accompenbed by Lhe pre-
scribed applicauen fee for each category, except that appikauons for beennes covering more than one fee
category of special nuclear matertaJ tescluding estesory IH) to be used at the name locauon, shan be me-
compan6ed by the preact1 bed apptkauon fee for the highest fee category. Where a lleense or approvaJ has
emptred, the full apptscauon fee for each category shau be due. eteept for Ikenses covering more than one
fee category of spectaJ nuclear enatertaJ tescluding category IHi for use at the same noemuon,in ehkh case
the appikauon fee for the highest category would apply,

Ibl Licesar/sppfotelfera New beennes and approvals tasued in fee ceAegories lA through 1H,1A, IB.
SC 4A. IIA through IIL and category it, shall pay the 11eense or approval fee for each category, ma deter-
mined by the CommLasion then the reviet of the applkauon or pro)eet is completed teee footnote 41,
except that a license covertna more than one fee category of spectal nuclear matertal in categories lA
through 10 shad pay a Deenae fee for the highest fee category saaigned to the beense.

del Jtestwelfera Appheations for renceaJ of matertals beenses and approvals shall be accompanied by
the prescribed fee for each category except that appbeauons for renewal covering mee than we fee este-
gory of speelal nuclear matertaJ tencluding estegory INI to be used at the same lor uon. thall be urompa-
nied by the presertbed renewal fee for the highest fee category. When the rettee of an application for re-
newaJ la complete for licenses in fee categor6es L A through lit 2A,28,3C, and (A, the Commlaston wiu en-
amine the renewal fee in accordance eith footnote 4, and v1D refund any overtharges of the renesa2 fee. if
appikable.

(di A mesdmenf /rea App!kauona for amer 4ments shah be accompanied by the prescribed amendment
feets). At the time an appIleMbon for amendment is fued for Ikenses and approvals in fee rategories l A
through 1H.1A,18. SC,4A. !! A.llB. IlC IID, and itL the Ikenace or appikant shan provide en inlual
determinauon of the amendment elaas and state the baals therefor as part of the amendment or approvaJ
request, and shad remit the fee corresponding to that determinauon. however, when review of the amend.
ment or approval is complete, the Commlaalon st!! esamine the amendment fee in urordance eith foot-
note 4,if appikable, and Wtll refund any overcharges to the Ikenace or app 1kant, or bill the incensee or a>
pliennt for the addauonaJ amendment fee Amendments which result from settten NRC requesta may be
esempted froen these fees at the discreuon of the Commiaanon when the amendment is tasued for the eon-
venience of the NRC,

An appikauon for amendment to a 1kenae or approval cleastfned in more than one fee category shall be
Neompanied by the prescribed amendment fee for the category affected by the amendment, un)+as the
amendment is applicable to two or more fee categories. In ehach came the amendment fee for the highest
fee category would apply An appuesuon for amendment to a r'sterials Ikenne or approval that could

O place the lunae or approval in a higher fee category or add a new category shall be accorapanied by the

N" preecribed appineauon fee for the new category eteept for appilcauons for amendments inervasing theocoes of a heensed program frora fee estegories IF to IL 10 to ID. 3C to 3D and TC to f 8,in ehkh caare
g the traendment fee for the higher fee estesory would apply. An appucatnen for amendment reducing the
is erope of a heensee's program shan pay the amendraent fee of the fae category assigned to the Ikenne at the
est time the appilcauon is filed Appikauona to terminate Ikenses sh&M not be subject to f ees.
9 *1Jeensees partna fees under categories l A through IH mit not subject to fees under categories il and

lJ for sesJed sources authortaed tn the same Ikenne Appliennts for new heenses or renemal of taisting H.
censes that cover both byproduct matertaJ and special nuclear material in sealed sources for une in gaustag
dettees win pay the appropriate application or renewal fee for fee estesory 11 only.

* A major amendment is defined as one requiring etajuatum of many aspects of beensed arth1t6es where
the proposed acuan could present a potentiaJ risa to the pubhe's health and safety. A minor amendment is
defined as one ahere safety, enetronmental. or safeguards cona4 der uons may be easily resolved An admin-
tatistive amendment is defined as an amendment that la prohf mafoutine in nature. or haa no safety, en-
stronmental. or saf eguards atsnifkance.

*When the revlee of an appheauen is complete, the espenditures for profensnonaJ mar @omer and at
propriate support services e ul be determined and the resultant fee anseemed, but in no event till the fee
exceed that shonTi in the schedule of fees for materials beenses and other reguistory services All admirus-
trative amendmenta are based on flued tharges

* Fees round be appikable only in those instances there a alte safety and environmental review has
been perfo-rned and documented by the Commtaston for the alte at ehleh the storage f aeluty is to be locat.
ed.

* Fee is appiksble to a ucense author * sing either producuori scale activity or research and development
scaJe neuvity.

' A type A quanuty is defined in |14 4tqt of 10 CFR Part 11,
* Charge e-ul be separately determtned by the Commtasnon taatng nnte account the professional man-

power required to conduct the revnet multiplied by the apphenble cost per man year, plus any appropriate
support services ecsts incurred.

9 170.32 Schedule of fees for health and safety, and safeguards inspections for enaterials
licenses.

Sexrnt.: op Maytalat.s Licurag Inarscrton Prza

Category of matertala beenses Type of fee' Fee * Hastanurn frequenry*

1 Speenal nuclear asaternal
A IJeenses for panaension and une of Health and safety 65 300 3per year

five 183 as or more of contained urs- Safegvards, 19.300 Do
naum 335 in urantura enriched to 30
pet ce more, or LWo (Il as or more
of urtalum 333. for fuel processing
and f abrtrauon.

B ucenses for panne wi and wa, of Heaith and afety__._ s 3co De
five isi as or more of contuned ura. safeguards 1u00 i per year

naura 335 in uramura enriched to

g_ f tn.L. .t .n. of _.
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.

' ScasspelJ or MayERIa1A IJCSpa8 Imaptcyton Fums-Continued

i

Catsoory of matertaas beenses Type of fee' Poe * 3dantsaum frequency'

less than to pet. for fuel procoesms
and f abricaten.

C. IJeennes for posseesen and use of Health and aslety_ 4.000. 4 per year
too (3) kg or more of pluton 3um for safeguards 11.T00 3 per year.
fuel procesame and f abricauce.

D. Leeenses for possesswa and use of Health and asfety 4 000 1 per year.
five ($1 ks or more of contamed urs Safeguards 1.000 3 per year.
nium 335 ta unsealed forat or two
a3: La or more of uranium 133 in un-
eraJed form for activttaes other than
fuel processins and f abrteauen.

L IJeenses for f-=*i and use of Health and safety 160 t per year.
quanuties of plutonium of too (3) Safeguards 8.400 3 per year.
Es or more in unsealed form for ae-
tavities other than fuel proceasms
and f abrxatan.

P. L4eenses for possesanon and use of Health and safety 180 l per year.

300 s but less than too ala as of peu Safeguards 2.300 Do.
tonium in unnealed form.

O IJeennes for posseasson and use of HeaJth and safety 790 i eeety 2 years.
350 g but less than five (S) kg of Safeguards 4.000 t per year.
contamed uratuum 338 in unsealed
form. or 300 g but less than two (3)
kg of uranium 133 in unsealed form.

H. l.Jeenses for receipt and storage of
spent fuel-

41) LJeense appirst6on for a storage
facthts of custom design requitms a
full desian revhem

tai storage fututy to be located Health and safety 180 Do
at a nem site Safeguards 1000 3 per year.

<b> Storage *aciuty to be located HeaJth and safety 100 t per year.

at the site ef an salstme nuclear Safeguards 3.900 3 per year.
f ach1Hty

att lxense appbesten for a storage
f acility thwh references an se
prosed standardized design.

Ial Storage f acthty to be located Health and safety 100 I per year.
at a nem site Safeguards 2.900 3 per year.

ibi storage f actuty to be located HeaJth and aafety 180 1 per year.
at the arte of an esisted nuclet Salesvares 1.900 2 per year.
fetut y

S (3) tacerme applwatton for a stora.'

| p\ et factuty of dupheate design design,
. (j '' s hwh is identral to a previously h-

[ eensed eetad design.

Q ial Storage f acility to be located Health and safety TSO l per year.
at a nem site Safeguards 3.900 3 per year.

(b) Storase factuty to be located HetMh and safety 100 1 per year.

at the site of an einsting nuclear Safessards 1,000 3 per year.
f actuty.

I, LJeenees for poseenanen and use of Heajth and safety alt I every 4 yeara-
apecial nuclear matenal in sesjed
sources contained in dettees used in
induwtaJ measuring systems

J All other special nuenear matenal .do 140 1 per year.
trenses. except hetnaes authortsms
special nuclear matenal in unsealed
form in totabinainen that c ould
constitute a erftka! quantity as de-

fined in $ 160 51 of part 160 shach
shall pay the same rate a.s category
to and speeJai nuclear material for

use in poser senersten which ahall

1 Soure,r the fee in estegory it.
pe

materta!
A. LJeenses for poes+asion s.nd use of .do. l.000 Do.
aource saaterial in mthms oper-
athons, enegt in tn astu 6eachms
and heap-lesching operations

B LJcenses for processing and recot- _de _. 1.000 Do.
ery of source matenal in in natu
leachtna operations oc heatleach-
tr.s operauona

C. Lacenses for refmtna uranium mill do 1.000 Do.
eencentrates to uratuum henafluor-
4de

D. All other source matertal twenses 40. 440 I every 3 yeara
$ Bypteduct matettaJ

A LJcenses for possesanon and une of Health & Safety *
byproduct maternal issued pursuant Large program - 3.0001 per year.
to parta 30 and 83 of thns chapter Small progranL- 100 Do.
for proceasms or manufactunne of
items contaltung byproduct matertal
for commercial dnatributert encept
byproduct snatenal for une in poter
senerauen ehkh shall pay the fee
in category to-

B LJrenses tasued pursuant to j 33 T3 Heshh & Safety 660 t every 3 years
of than chapter authernsms the pro-

( etaa4ns or manuf acture and dnstri-

See fcouwse a end of tabie
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PART 170 e FEES FOR FACILITIES AND MATERIALS LICENSES -

Scurput.s or MattalAIJ Lleties:1paraction Frza--Continued
.

Gc.-ory ., ma_. _ _ o, ,.e . ,e. . ,da _ _ ,,e _ ,.

__ ., ,.dm p h.,_ ._
tentaming byproddet matenal

C LJeennes for byprodwet statenal -.do 130 t per year.
lasued pursua.nt to part 34 of thna
chapter for industrial radaog7aphy
operstmns performed in a shaended
radiogranhy installataorval or per-
manently deatsnated arewas at the
addressiesl listed in the licenee*,

D. IJeenses for brprodwet material 4o 960 Do.
basued pursuant to part 34 of this
chapter foe Industnal radaography
operations performed in a shneided
radiograph tnatallatu s) and at
multiple temporary locauons at the

madressiest shooti in the lacense or
at temporary locastes of the trensee
in the twid-

E lacenses for possession and use of _do 390 t every 5 years
byproduct matenal in seated
sources for trrs&auon of matenals
ehere the source no not remosed
from its thwld E5ett ahwbded urutaL

F. Lacennes for pcenession and une e u eJLh and aatety . _ 3M i every 3 years.
byproduct matenal in seaJed
sources for trrs&auon of ma*ertaja
e here the sourte is esposed for tria.

distson purposes
'

O IJcenses tasued pursvut to sub _do. 390 Do
part 3 of part 33 of this chapter to

distribute stema contaming byprod-
uet matenal or quanuues of by-
predact matenaJ to persons generat
ly beensed under parts 31 et SS of
this chapter, encept spectf ac trenses
authortsms redastnbuuon of itema
ehwh have been manuf actured or
traported under a specific twenae
and IKenned by the Commission for
dastribution to persons gerierally 11-
eenned under parta 31 ee 35 of the

o chapter

N"
H IJeenses Laswed pursuant to Sub ,..do 390 Do
part A of part 31 of this chapter to

** destnbute itema contamma typrod
ble uet matenal of quantites of by.
M prodwet matenal to persons esempt' from thc licenams requiremenLa of

part 30 of this chapter, eacept til
H 33 in and 33 la of this chapter,
its specifw !seennes authoru.ma re.
distnbuuan of 6tems and evanuues
ohnch have been manufactured or
imported under a specific license
and twenned by the Commanaaon for
destnbutson Le persona esempt from
the beenams requtrementa of part
M of this chapter and ($1 spectfw
lacermes ahach authorise detnbu.
t.on of timepieces. handa and d ats.

1 IJeenses nanued pursua.nl to j33 18 40 $M Do
of this chapter to distnbute quanu-
ues of byproduct matenal to per-
aons enerept from the licenams re.
quuementa of part 30 of thm chap a

ter

J Leeenses nasued pursuant to 13314 do. 300 Do
of tria criapter to dastntrute tame-

poeces handa and dela contamma
hydresert 3 or promethaum 141 to
pertore esempt from the licenaans
requirements of part 30 of this
t hapter

K IJcenses for possession and une of do too Du
byprodwet matenaJ for research and
developmerit. etcept thcae trences
covered by catesones 3 A or 3B and
twennes covered by casecones ta or
TC suthorsama medscal research

L A.La ether specifw typrodact materi do. 380 t every 4 yeart-
al twenaea, encept thcae an catest
nes 4 A through itA

4 waste disposal
A LJcerees specificauy authonsma _do 940 8 per year.

the recetpt of t aste byprodwet sna-
tenal. nource matenal. or specal
noenear matenat. from other per.
aons for the purpc e of commeretal
depos4J by land or het burl 4J by the
twenace

B IJeenmes specifically authortsms Health 6 safety .._ obe 1 eiery 8 years
the receipt of easte brprodwet ma-

See footnotes at und of table.
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PART 170 e FEES FOR FACILITIES AND MATERIALS LICENSES ~_
/\
4h Scussets oy MaruntALS LICENS8 INSySCT105 Psat-Cofitiftued

category of materials beeness Twe of fee' reee Wastraum frequency'

tertat source materkt, or special
'

fnuclear matensk freen other pet.
sons for the purpose of pactastng
the matertal The tseensee sul das-
pose of the matertaJ by Lransfer to
another person authortaed to re-

C. tacenses speciflehe matertal
cetve er dispose of t

Hy authertaLng h 000 De.
the receipt of prepaesaged easte
byproduct matertal source matenst
er special nuetear matertat from
other persona The beensee stil dis-
pose of the maternal by transfer te
another person authettaed to re-
cetve er dispose of the maternat

S. Weu lessing and een surveys and
tracer studies
A IJernace for posseeston and use of _de Sto De.

special nuetear matertal and/or by.
product matenaJ for wou loggtng,
een surveya, and tracer stud.es.

9. Nuclear laundries-
A LJeenses for comeneretal conecuen _ : h M0 De.

and taundry of ftems contamtnated
with byproduct material sourte ma-
ter'at er spectaJ nuclear material

1. Human une of byproduct matenal
source matenal, or special nuclens

matertal
A IJevnses tasued pursuant to parta h 440 I every 3 years
M. 40, and 10 of thna chapter for
human use of byproduct matertak
source matertal er spectal nuclear

material in seeJed sources contained
in teletherapy devnces.

B. LJeennes lasved pursuant to parta h 440 i every 3 yeart
M. 40, and TO of this chapter to
medical Insutuuona. er two or more -

physsetans en a stasie license for
human use of byproduct mater %L

f souree matenal er spectal nuenearg o matena:. emot prennes tn cetesoryg
N C. IJeennes lasued pursuant to parta _do SM De
g M. 40. and to of this chapter to an
th IndJviduaJ physwaan for human une
M of byproduct matenal, aource mate.
' rial. er ssecta2 nuclear matenal

escept beenees la category 1 A
4. Ctvu deferse-

A IJeenses for possesanon and use of _do %0 I every le years.
byproduct matenst source matertal
or special nuclear anaternal for civil
defense acuviues

S. Device. product er sealed source safety
evaJusuon-
A Safety evaluauon of dernces er Not apphenbne Ne inspections

producta contatning byproduct ma- conducted.
tenal source matertak er special
nuclear matenal e seept reactor
fuel devnees and dettees er prmlucta

distributed to geners2 heenaces et
persons esempt freen the require-
ments for a heense pursuant to
parta 30,40, and to of this chapter.

B Safety eveJustaan of acaled sourees Not apptraD6e No mapections

containing byproduct matensk renowned
source esterial er special nuclear
amaternal except til reactor fuel (3)
seeJed sourTes dtstributed to geners2
heensees or persons esempt freen
the requirements for a heenae pur-
evant se parts Se,44. and ta of this
chapter, and (3) poser sources cow.

I me b, ate.ory it.

I ne reeer soum-
A tJeenses for the manufacture and Health and safety 190 8 per year.

.

distribuuen of encapeutated byprod-
I uct maternal er spectal nuclest ma-
! terlaJ therein the decay energy of

aaJd maternal is used as a sourte of
power, eseept reactor fuel

I1. Transportauan of radioacuve mate-
ria:
A. rvajustbon of spent fuel casa for Idet applicab6e Me inspections

greater than 30 kW decay heat conducted.
I a rva2usuon of spent tuei ca. for ._de D.

A een than 30 tw decay ha t. air

{J ahlpptna pack.agecom .n.lu, ton.) age.
for p ura

iu.,, ie,ei s.t -
contaaung radioacute matenai

ese sinenstes on and of taken)

170 13 August 1,1980
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Page 6-70
PART 170 o FEES FOR FACILITIES AND MATERIALS LICENSES -

SCMEDtTta or Marta Ata Lacunas Insrections Fras-Continued

Category of materials lkenses Type of feen F,,. hiaalmuan frequency *

greater than 3.000 umas the type A
quanuty.

C. Dajutuon of nasDe packages con .d0 Do.
talning greater than type A gunu.
ues of ramosctJve matertal. pact.
ages containing raeoacuve m&LettaJ
lees than 3 000 umos Lbe type A
quantity.

D. DaJuauen of fissue packages eon _do Do.
tatning less than type A quanuuss
of raecactJte matertal packages
contaaning ramoscuse matenaJ less
than 300 tunes the type A quanuty.

E DaJuallon of packages containing _.40 Do.
ra&oacthe matertal less than 30
times the type A quanuty.

13 Review of standardtsed spent fuel fa _.do Do.
e cility dealsn.

* Pgyee e/ fers-Separate charges as shown in thls schedule sG be namessed for each rouune Lnspecuan
fi shich le performed.
b ' Inspection fees are due upon receipt of notke froen the Conualssion. The inspection fee for heensee

Q eovering more than one fee category will be charged o,nly for the highest fee category assigned the beense.if use inspecuon of use enure ucense is done si the sa ne use where a neensee hoids more than one mate.
Fials beense at a single khestnorL a fee equal to 4.he hLgheot fee talegory covered by the incensee Will be 64-
seemed. If the inspecuons are conducted at the same use

* The frequency shown in the schedule is the mastraum number of each type of inspection for ehleh a
fee will be namessed.

' * Where a incense authortsee ahleided radiographic installations or manufacturing knatallauona at more
than one addrees, a separate fee till be assessed for inspection of each locauerL provided, however, that if
the mutuple trutallauens are inspected during a single etsJL a slagle inspecuon fee till be asseemed.

'For inspecuan purposes. large and small programs in Category S A are defined na fouers A. Wye Pm
resma-Those akensees handiing or processing lacee or unseeJed maLartal for the manuf acture of tagged
ecT. pounds or producta euch as sealed sources and distribution of same to others. sma# Protesma-Those
beensees she are proceesors of -ftrushed products, such as previous]F tagged ecsapounds and ses).d
sources for latroduction into products or repackagtng for sale to others

{ 170.41 Failure by applicant or l6censee to pay prescribed feet,
In any case there the Commission finds that an applicant or a licensee hs.:

failed to pay a prescribed fee required in this part, the Commission will not
process any application and may suspend or revoke any license or approval
involved or may issue an order with respect to lleensed activities as the Commis-
slon determines to be appropriate or necessary in order to carry out the provi-

._slons of this part, Parts 30, 40, 50, 70, and 71 of this chapter, and of the Act.

O
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GLOSSARY- ADDENDA
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GLOSSARY

A

Absorbed Dose:
When ionizing radiation passes through matter, some of its
energy is imparted to the matter. The amount absorbed per
unit mass of irradiated material is called the absorbed dese,
and is measured in roms and rads.

Absorber:
Any material that absorbs or diminishes the intensity of
ionizing radiation. Materials, like boron, hafnium, and
steel, absorb gamma rays and neutrons in reactor shields.
A thin sheet of paper or metal will absorb or attenuate
alpha particles, and all except the most energetic beta
particles.

Absorbtion:
The process by which radiation imparts some or all of its
energy to any material through which it passes.

Absorption :

r~s The process by which the number of particles or photons
(,) entering a body of matter is reduced by interaction of the

particles or radiation with the matter. Similarly, the
reduction of the energy of a particle while traversing a
body. This term is sometimes erroneously used for capture.

Absorption Coefficient:
Practional decrease in the intensity of a beam of X-ray or
gamma radiation per unit thickness (linear absorption co-
ef ficient) , per unit mass (mass absorption coef ficient) or
per atom (atomic absorption coefficient) of absorber, due
to deposition of energy in the absorber. The total absorp-
tion coefficient is the sum of individual energy absorption
processes (Compton e f fect , photoelectric ef fect, and pair
production).

Compton Absorption Coefficient:
That fractional decrease in the energy of a beam of X-ray
or gamma radiation due to the deposition of the energy to
electrons produced by Compton ef fect in an absorber.

Linear Absorption Coefficient:
A factor expressing the fraction of a beam of X-ray or gamma
radiation absorbed in unit thickness of material. In the
expression I = Ic epX, Io is the initial intensity, I the

-

intensity of the beam af ter passage through a thickness of

(s) the material x, and u is the linear absorption coefficient.
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Mass Absorption Coefficient:
The linear absorption coef ficient per cm divided by the
density of the absorber in grams per cubic cm. It is
f requencly expressed as p/p where p is the linear absorp-
tion coefficient and p is the absorber density.

Accele rato r :
A device for increasing the velocity and energy of charged
elementary particles, for example , electrons or protons,
through application of electrical and/or magnetic forces.
Accelerators have made particles move at velocities approach-
ing the speed of light.

Actinide Series:
The series of elements beginning with actinium, Element No. 89,
and continuing through lawrencium, Element No. 103, which to-
gether occupy one position in the Periodic Table. The series
includes uranium, Element No. 92, and all the man-made trans-
uranic elements. Also re ferred to as the "Actinides" .

Actinium Series (Sequence) :
The series of nuclides resulting from the radioactive decay
o f uranium-2 35. Many man-made nuclides decay into this
sequence. The end product of this sequence in nature is
lead-207.

O
Activation:

The process of making a material radioactive by bombardment
with neutrons, protons, or other nuclear particles. Also
called radioactivation.

Activity:
The number of nuclear transformations occurring in a given
quantity of material per unit time. (See Curie)

Aftercooling:
The cooling of a reactor after it has been shut down.

Afterheat:
The heat produced by the continuing decay of radioactive atoms
in a reactor after fission has stopped. Most of the afterheat
is due to the radioactive decay of fission products.

Air Sampling:
The collection and analysis of samples of air to z.w 'sure
its radioactivity or to detect the presence of radioactive
substances.

O
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. (''3x/ Alpha Particle:
A positively charged particle emitted by certain radioactive
materials. It is made up of two neutrons and two protons
bound together,- hence is identical with the nucleus ,of a helium
atom. It is the least penetrating of the . three common types of
radiation (alpha, beta, gamma) emitted by radioactive material,
being stopped by a sheet of paper. It is not dangerous to
plants, animals, or man unless the alpha emitting substance has
entered the body. (Symbol a)

Alpha Ray:
A stream of alpha particles. Loosely, a synonym for alpha
particle.

Amplification:
As related to radiation detection instruments, the process
(gas, electronic, or both) by which ionization effects are
magnified to a degree suitable for their measurement.

Angst rom:
o

One angstrom unit equals 10-a cm. (Symbol A)

. Annihilation (Electron) :
An interaction between a positive and a negative electron
in which they both disappear, their energy, including rest

(-) energy, being converted into electromagnetic radiation
(called annihilation radiation).

Anode:
Positive electrode to which negative ions are attracted.

Antimatter:
Matter in which the ordinary nuclear particles (neutrons,
protons, electrons, etc.) are conceived of as being replaced
by their corresponding antiparticles (antineutrons, antipro-
tons, etc.) Eormal matter and antimatter would mutually
annihilate each other upon contact, being converted totally
into energy.

Atom:
A particle of matter indivisible by chemical means. It is
the fundamental buildiny block of the chemical elements.
The elements, such as iron, lead, and sulfur, differ from
each other because they contain different kinds of atoms.
There are about six sextillion (6 followed by 21 zeros, or
6 x 1022) atoms in an ordinary drop of water. According to
present-day theory, an atom contains a dense inner core (the
nucleus) and a much less dense outer domain consisting of
electrons in motion around the nucleus. Atoms are electric-
ally neutral.

O
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OAtom Smasher:
An accelerator.

Atomic Battery :
A radioisotopic generator.

Atomic Clock:
A device that uses the extremely fast vibrations of molecules
or atomic nuclei to measure time. These vibrations remain
constant with time, consequently short intervals can be
measured with much higher precision than by mechanical or
electrical clocks.

Atomic Energy:
Nuclear energy.

Atomic Mass:
Represents the total number of protons and neutrons in the
nucleus. The mass of a neutral atom of a nuclide, usually
expressed in terms of "atomic mass units". (Symbol A)

Atomic Mass Unit:

One-twelf th the mass of one neutral atom of carbon-12.
Equivalent to 1.6604 x 10 24 gm. (Symbol amu)

Atomic Number:
The number of protons in the nucleus of a netrual atom of a
nuclide. The "effective atomic number" is calculated from the
composition and atomic numbers of a compound or mixture. An
element of this atomic number would interact with protons in
the same way as the compound of mixture. (Symbol Z)

Atomic Reactor:
A nuclear reactor.

Atomic Weight:
The mass of an atom relative to other atoms. The atomic weight
of any element is approximately equal to the total number of
protons and neutrons in its nucleus. (See Atomic Mass)

Attenuation:
The process Sy which a beam of radiation is reduced in in-
tensity when passing through some material. It is the com-
bination of absorption and scattering processes and leads to
a decrease in flux density of the beam when projected through
matter.

Attenuation Coefficient, Pair Production:
That fractional decrease in the intensity of a beam of
ionizing radiation due to pair production in a medium
through which it passes.

|
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'k Attenuation Factor:
A measure of the opacity of a layer of. material for radiation
traversing it. The ratio of the' incident' intensity to the
transmitted . intensity .. It is equal' to Io/I, where I o and I
are the' intensities of the incident and emergent radiation 1
respectively. In the' usual sense of exponential absorption
(I = Ice MX) , the attenuation factor is e-MX, where x.is the

-

thickness of the material and p the absorption coefficient.

Autoradiograph:
A photographic record of radiation from radioactive material in
an object, made by placing the object very close to a photo-
graphic film or emulsion. .The process is called autoradiography.
It is used, for instance, to locate radioactive atoms or tracers.
in metallic or biological samples.

Avalanche:
The multiplicative process in which a single charged particle
accelerated by a strong electric field produces additional
charged particles through collision with neutral gas molecules.
This cumulative increase of ions is also known as "Townsend
ionization" or "Townsend avalanche".

Average Life (Mean Life) :
The average of the individual lives of all the atoms of a() particular radioactive substance. It is 1.443 times the
radioactive half-life.

Avogadro's Number ( Avogadro Constant) :
Number of atoms in a gram; atomic weight of any element; also
the number of molecules in a gram molecular weight of any

23substance. It is numerically equal to 6.023 x 10 on the
unified mass scale. (Symbol Ng)

B

Background:
Background radiation.

Background Radiation:
The radiation in man's natural environment, including cosmic
rays and radiation from the naturally radioactive elements,
both outside and inside the bodies of men and animals. It is
also called natural radiation. The term may also mean radia-
tion that is unrelated to a specific experiment.

O
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Backscatter: I

When radiation of any kind strikes matter (gas, liquid, or
solid) some of it may be reflected or scattered back in the
general direction of the source. An understanding or exact
measurement of the amount of backscatter is important when
beta particles are being counted in an ionization chamber
of industrial thickness gauges.

Barricade Shield:
A type of movable shield for protection from radiation.

Barrier Shield:
A wall or enclosure shielding the operator from an area where
radioactive material is being used or processed. Barriers of
radiation-absorbing material, such as lead, concrete, and
plaster, osed to reduce radiation exposure.

Baryon:
One of a class of heavy elementary particles that includes
hyperons, neutrons, and protons

Beam:
A unidirectional or approximately unidirectional flow of
electromagnetic radiation or of particles.

Useful Beam ( Radiology) :
Radiation which passes through the aperture, cone, or other
collimating device of the sourca housing. Sometimes called
"primary beam".

Beam Hole:
An opening through a reactor shield and, generally, through
the reactor reflector which permits a beam of radioactive
particles or radiation to be used for experiments outside the
reactor.

Beta Particle:
An elementary particle emitted from a nucleus during radio-
active decay with a single electrical charge and a mass equal
to 1/1837 that of a proton. A negatively charged beta particle
is identical to an electron. A positively charged beta parti-
cle is called a positron. Beta radiation may cause skin burns,
and beta emitters are harmful if they enter the body. Beta
particles are easily stopped by a thin sheet of metal. (Symbol 8)

Bev:
Symbol for one billion (10') electron volts. Also written BeV.

O
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Binding Energy:
The binding energy of a nucleus is the minimum energy required
to dissociate it into its component neutrons and protons.
Neutron or_ proton binding energies are those required to' remove
a neutron or proton respectively from'a nucleus. Electron
binding energy is that required to remove an electron from an
atom or a molecule.

Biological Dose:
The radiation dose absorbed in biological material; measured
in rems.

Biological Half-Life:
The time required for a biological system, such as a man or
an animal, to eliminate, by natural processes, half the amount
of a substance (such as a radioactive material) that has entered
it.

Biological Shield:
A mass of absorbing material placed around a reactor or radio-
active source to reduce the radiation to a level that is safe
for human beings.

Body Burden:
The amount of radioactive material present in the body of a

() man or an animal.

Boiling Water Reactor:
A reactor in which water, used as both coolant and moderator,
is allowed to boil in the core. The resulting steam can be
used directly to drive a turbine.

Bone Seeker:
A radioisotope that tends to accumulate in the bones when it
is introduced into the body. An example is strontium-90,
which behaves chemically like calcium.

Breeder Reactor:
A reactor that produces fissionable fuel as well as consuming
it, especially one that creates more than it consumes. The
new fissionable material is created by capture in fertile
materials of neutrons from fission. The process by which this
occurs is known as breeding.

Bremsstrahlung:
Electromagnetic radiation emitted (as photons) when a fast-
moving particle (usually an electron) loses energy upon being
accelerated and deflected by the electric field surrounding a
positively charged atomic nucleus. X-rays produced in ordinary
X-ray machines are bremsstrahlung.

O
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6Bubble Chamber.
A device used for detection and study of elementary particles
and nuclear reactions. Charged particles from an accelerator
are introduced into a superheated liquid, each forming a trail
of bubbles along its path. The trails are photographed and by
studying the photograph scientists can identify the particles
and analyze the nuclear events in which they originate.

Burnup: 1

A measure of reactor fuel consumption. It can be expressed as:
1) the percentage of fuel atoms that have undergone fission, or
2) the amount of energy produced per unit weight of fuel in the
reactor.

By-Product Material:
Any radioactive material (except source material or fissionable
material) obtained during the production or use of source mate-
rial or fissionable material. It includes fission products and
many other radioisotopes produced in nuclear reactors.

C

Capture: g
A process in which an atomic or nuclear system acquires an
additional particle; for example , the capture of electrons
by positive ions, or the capture of electrons or neutrons by
nuclei.

|

Capture, Radiative:
The process by which a nucleus captures an incident particle
and loses its excitation energy immediately by the emission
of gamma radiation.,

I
i

Carrier:
A stable isotope, or a normal element, to which radioactive
atoms of the same element can be added to obtain a quantity
of radioactive mixture suf ficient for handling, or to pro-
duce a radioactive mixture that will undergo the same chemical
or biological reaction as the stable isotope. A substance in
a weighable amount which, when associated with a trace of
another substance, will carry the trace through a chemical,
physical, or biological process.

Cascade:
A connected arrangement of units of equipment for separation of
isotopes. A single device or process usually can produce only
a small amount of isotopic separation, but if a number of these
are connected, the effect can be multiplied and a significant
amount of separation achieved. An example is a cascade of bar-
riers for the gaseous diffusion process.
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i )? Cathode:s

Negative electrode to which positron ions are attracted.

Cathode Rays :
A stream of electrons emitted by the cathode, or negative
electrode, of a gas discharge tube or by a hot filament in
- a vacuum tube , such as a television tube.

Cell', Biological:
The fundamental unit of structure and function in organisms.

Cells, Somatic:
Body cells, usually with two sets of chromosomes, as opposed-
'to germ cells, which have only one set.

Chain Reaction:
A reaction that stimulates its own repetition. In a fission
chain reaction, a fissionable nucleus absorbs a neutron and
fissions releasing additional neutrons. These in turn can
be absorbed by other fissionable nuclei releasing still more
neutrons. A fission chain reaction is self-sustaining when
the number of neutrons released in a given time equals or
exceeds the number of neutrons lost by absorption in non-
fissioning material cuc by escape from the system.

() Chamber, Cloud :
. .

A device for observing the paths of ionizing particles. It
is based on the principle that supersaturated vapor condenses
more readily on ions than on neutral molecules.

Chamber, Ionization:
An instrument designed to measure a quantity of ionizing-
radiation in terms of the charge of electricity associated
with ions produced within a defined volume.

Air-Wall Ionization Chamber:
Ionization chamber in which the materials of the wall and
electrodes are so selected as to produce ionization essen-
tially equivalent to that in a free air ionization chamber.
This is possible only over limited ranges of photon energies.
Such a chamber is more appropriately termed an "air-equivalent

' ionization chamber".

Thimble Ionization Chamber:
A small cylindrical or pherical ionization chamber, usually

i with walls of organic material.
|

O
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0Tissue-Equivalent Ionization Chamber:
An ionization chamber in which the material of the walls,
electrodes, and gas are so selected as to produce ionization
essentially equivalent to that characteristic of the tissue
under consideration. In some cases, it is sufficient to have
only tissue equivalent walls, and the gas may be air, provided
the air volume is negligible. The essential point in this
case is that the contribution to the ionization in the air, ,

made by ionizing particles originating in the air, is negli-
gible compared to that produced by ionizing particles char-
acteristic of the wall material.

Chamber, Focket:

A small, pocket-sized ionization chamber used for monitoring
radiation exposure of personnel. Before use, it is given a
charge and the amount of discharge is a measure of the radia-
tion exposure.

Charged Particle:
An ion. An elementary particle that carrien a positive or
negative electric charge.

Chemical Dosimeter:
A detector for indirect measurement of radiation by indicating
the extent to which the radiation causes a de finite chemical
change to take place. ggg

Circuit, Integrating:

An electronic circuit which records the total number of ions
or events collected for a given time from which an average
value for the number of ions or events per unit time can be
found.

Cladding:
The outer jacket of nuclear fuel elements. It prevents cor-
rosion of the fuel and the release of fission products into
the coolant.

Cloud Chamber:
A device in which the tracks of charged atomic particles, such
as cosmic rays or accelerator beams, are displayed. It con-
sists of a glass-walled chamber filled with a supersaturated
vapor, such as wet air. When charged particles pass through
the chamber, they trigger a process of condensation and pro-
duce a track of tiny liquid droplets much like the vapor trail
of a jet plane. This track permits scientists to study the
particles' motions and interactions.

Coffin:
A heavily shielded shipping cask for spent (used) fuel ele-
ments. Some coffins weigh as much as 75 tons.
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Coincidence:
The occurrence of ' counts in two or more detectors simulta-
neously or within an assignable time interval,

Accidental, Chance, or Random Coincidence:r

One that is. due to the accidental occurrence of unrelated
counts in the separate detectors.

Ant'icoincidence :
The ' occurrence of a count in a specified detector unac-
companied simultaneously or within an assignable time
interval by a count in other specified detectors.

Delayed Coincidence :
The occurrence of a count in one detector at a short, but
measurable, time after a count in another detector. The
two counts are due to a genetically related occurrence
such as successive events in the same nucleus.

True Coincidence:
One that is due to the incidence of a single particle or
of several genetically related particles.

Coincidence Counting:
A method for detecting or identifying radioactive materials

() and for calibrating their disintegration rates by counting
two or more characteristic radiation events (such as gamma
ray emissions) which occur together or in a specific time
relationship to each other. This method is important in
activation analysis, medical scanning, cosmic ray studies,
and low-level measurements.

Collimator:
A device for confining the elements of a beam within an
assigned solid angle.

Collision:
A close approach of two or more particles, photons, atons,
or nuclei, during which such quantities as energy, momer.tum,
and charge may be exchanged.

Compton Ef fect :
Elastic scattering of photons (X-rays or gamma rays) by
electrono. In each such process, the electron gains energy
and recoils, and the photon loses energy. This is one of
three ways photons lose energy upon interacting with matter
and is the usual method with photons of intermediate energy
and materials of low atomic number.

O
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Condenser R-Meter:

An instrument consisting of an "air-wall" ionization chamber
together with auxiliary equipment for charging and measuring
its voltage. It is used in an integrating instrument for
measuring the exposure of X-ray or gamma radiation in roent-
gens. (See Chamber, Ionization.)

Containment:
The provision of a gas-tight shell or other enclosure around
a reactor to confine fission products that otherwise might be
released to the atmosphere in the event of an accident.

Containment Vessel:
The receptacle principally relied upon to retain radioactive
material during transport.

Contamination:
An impurity which pollutes or adulterates another substance.
In radiological safety, contamination refers to the radio-
active macerials which are the sources of ionizing radiation.

Controlled Area:
Any area to which access is controlled by the user for pur-
poses of radiation safety pursuant to the provisions of the

;
regulations. Airborne radioactivity areas, high-radiation gg) j
areas, and radiation areas shall be considered controlled j
areas. Controlled areas shall not include any areas used !

as residential quarters.

Controlled Thermonuclear Reaction:
Controlled fusion that is produced under research conditions,
or for production of useful power.

Coolant:
A substance circulated through a nuclear reactor to remove or
transfer heat. Common coolants are water, air, carbon dioxide,
liquid sodium, and sodium-potassium alloy (NaK). j

Co re :
The central portion of a nuclear reactor containing the fuel
elements and usually the moderator, but not the reflector.

Cosmic Rays:
Radiation of many sorts, but mostly atomic nuclei (protons)
with very high energies , originating outside the earth's
atmosphere. Cosmic radiation is part of the natural back-
ground radiation. Some cosmic rays are more energetic than
any man-made forms of radiation.

O
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Coulomb:.

Unit 'of electrical charge in the MKSA system of units. A
quantity of-charge,, equal to one ampere second.

Count- (Radiation Measurements) :
The external indication of a device designed to enumerate
ionizing events. It may refer to a single detected event
or to the total number registered in a given period of time.
The term often is erroneously used to designate a disinte-
gration, ionizing event, or voltage pulse.

Count, Spurious:
In a radiation counting device, a count caused by any agency
other than radiation.

Counter:
A general designation applied to radiation detection instru-
ments or survey meters that detect and measure radiation in
terms of individual ionizations, displaying them either as
the accumulated total' or their rate of occurrence.

Counter, Geiger-Mueller:
Highly sensitive, gas-filled radiation measuring device. It
operates at voltages sufficiently high to produce avalanche
ionization.

(")/w,

Counter, Proportional:
Gas-filled radiation detection device. The pulse produced is
proportional to the number of ions formed in the gas by the
primary ionizing particle.

Counter, Scintillation:
The combination of phosphor, photomultiplier tube, and asso-
ciated circuits for counting light emissions produced in the
phosphors.

Counting, Coincidence:
A technique in which particular types of events are distin-
guished from background events by coincidence circuits which
register coincidences caused by the type of events under
consideration.

| Counting Ratemeter:
'

An instrument whi~ch gives a continuous indication of the

| average rate of ionizing events.

Critical:
l Capable of sustaining a chain reaction.

|

()

|

|
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Critical Mass:
The smallest mass of fissionable material that will support
a self-sustaining chain reaction under stated conditions.

Criticality:
The state of a nuclear reactor when it is sustaining a chain
reaction.

Cross-Section:
A measure of the probability that a nuclear reaction will
occur. Usually measured in barns, it is the apparent (or
effective) area presented by a target nucleus (or particle)
to an oncoming particle or other nuclear radiation, such as
a photon of gamma radiation. (Symbol a sigma)

Curie:
The basic unit to describe the intensity of radioactivity in
a sample of material. The curie is equal to 37 billion dis-
integrations per recond, which is approximately the rate of
decay of one gram of radium. A curie is also a quantity of
any nuclide having one curie of radioactivity. (Abbreviated
Ci)

Microcurie:
One one-millionth of a curie (3.7 x 10" disintegrations aper second). (Abbreviated pCi) W

Millicurie:
7One one-thousandth of a curie (3.7 x 10 disintegrations

per second). (Abbreviah.ed mci)

Picocurie:
One one-millionth of a microcurie (3.7 x 10-2 disintegra-
tions per second or 2.22 disintegrations per minute) .
(Abbreviated pCi; replaces the term upc)

Cyclotron:
A particle accelerator in which charged particles receive
repeated synchronized accelerations by electrical fields
as the particles spiral outward from their source. The
particles are kept in the spiral by a powerful magnetic
field.

D

|Daughter.
t

A nuclide formed by the radioactive decay of another nuclide , '

which ir. this context is called the parent. |||
l
|

|

|

|
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Decay Chain:
A radioactive series.

Decay Constant:
The f raction of the number of atoms of a radioactive nuclide
which decays in unit time. (Symbol A) (See Disintegration

Constant.)

Decay Curve:
A curve showing the relative amount of radioactive substance
remaining after any time interval. (See Disintegration Con-
stant.)

Decay Heat:
The heat produced by the decay of radioactive nuclides.

Decay Product:
A nuclide resulting from the radioactive disintegration of a
radionuclide, formed either directly or as the result of suc-
cessive transformations in a radioactive series. A decay
product may be either radioactive or stable.

De cay , Radioactive:
The spontaneous trancformation of one nuclide into a different
nuclide or into a dif ferent energy state of the same nuclide.r-)

(_/ The process results in a decrease, with time, of the number of
the original radioactive atoms in a sample. It involves the
emission f rom the nucleus of alpha particles, beta particles
(or electrons) , or gamma rays; or the nuclear capture or
ejection of orbital electrons; or fission. Also called
radioactive disintegration.

Decontamination :The removal of radioactive contaminants from surfaces or equip-
ment, as by cleaning and washing with chemicals.

Delta Ray:
Instrument utilizing a photocell to determine the degree of
darkening of developed photographic film.

Densitome te r :|

Instrument utilizing a photocell to determine the degree of
darkening of developed photographic film.

Density, Photographic:
Used to denote the degree of darkening of photographic film.
Logarithm of opacity is the reciprocal of transmission. Trans-
mission is the ratio of transmitted-to-incident intensity.

1
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Depleted Uranium:
Uranium having a smaller percentage of uranium-235 than the
0.7% found in natural uranium. It is obtained from the spent
(used) fuel elements or as byproduct tails, or residues, or
uranium isotope separation.

Depletion :
Reduction of the concentration of one or more specified iso-
topes in a material or in one of its constituents.

De te cto r , Radiation:

Any device for converting radiant energy to a form more suit-
able for observation. An instrument used to determine the
presence, and sometimes the amount, of radiation.

Deuterium:
An isotope of hydrogen whose nucleus contains one neutron
and one proton and is therefore about twice as heavy as the
nucleus of normal hydrogen, which is only a single proton.
Deuterium is often referred to as heavy hydrogen; it occurs
in nature as one atom to 6500 atoms of normal hydrogen. It
is non-radioactive. (Symbol H or D)

Deuteron:
The nucleus of deuterium. It contains one proton and one g
neutron. w

Device , Nuclear:
A nuclear explosive used for peaceful purposes, tests, or
experiments. The term is used to distinguish these explo-
sives from nuclear weapons, which are packaged units ready
for transportation or use by military forces.

Discriminator:
An electronic circuit which selects signal pulses according
to their pulse height of voltage. It is used to delete ex-
traneous radiation counts or background radiation, or as the
basis for energy spectrum analysis.

Disintegration Constant:
The fraction of the number of atoms of a radioactive nuclide
which decays in unit time; A in the equation N = Noe-At,
whe re N o is the initial number of atoms present, and N is
the number of atoms present after some time , t.

Disintegration, Nuclear:
A spontaneous nuclear transformation (radioactivity) char-
acterized by the emission of energy and/or mass from the
nucleus. When numbers of nuclei are involved, the process
is characterized by a definite half-life.

O
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! Disintegration, Radioactive:
Equivalent to radioactive decay.

Distribution Factor:
A term used to express the modification of the effect of
radiation in a biological system attributable to the non-
uniform distribution of an internally deposited isotope,
such as radium's being concentrated in bones.

Dose:
A general form denoting the quantity of radiation or energy
absorbed. For special purposes, it must be appropriately
qualified. If unqualified, it refers to absorbed dose.

Absorbed Dose:
The energy imparted to matter by ionizing' radiation per
unit mass of irradiated material at the place of interest.
The unit of absorbed dose is the rad. One rad equals 100
ergs per gram. (See Rad. )

Cumulative Dose (Radiation) :
The total dose resulting from repeated exposures to radia-
tion.

r Depth Dose:
( The radiation dose delivered at a particular depth beneath

the surface of the body. It is usually expressed as a
percentage of surface dose.

Dose Equivalent (DE) :
A quantity used in radiation protection. It expresses all
radiations on a common scale for calculating the ef fective
absorbed dose. It is defined as the product of the absorbed
dose in rads and certain modifying factors. (The unit of
dose equivalent is the rem.)

Dose, Fractionation:
A method of administering radiation in which relatively
small doses are given daily or at longer intervals.

Dose, Protraction:
A method of administering radiation by delivering it con-
tinuously over a relatively long period at a low dose rate.

Dose Rate :
The radiation dose delivered per unit time and measured,
for instance, in rems per hour.

Exit Dose:
Dose of radiation at surface of body opposite that upon

() which the beam is incident.

--
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Maximum Permissible Dose Equivalent ( MPD) :
The greatest dose equivalent that a person or specified

,

part thereof shall be allowed to receive in a given period
o f time .

Median Lethal Dose (MLD) :
Dose of radiation required to kill, within a specified
period, fif ty percent of the individuals in a large group ;

of animals or organisms. Also called the LD
50'

Percentage Depth Dose:
Dose of radiation delivered at a specified depth in tissue,
expressed as a percentage of the skin dose.

Permissible Dose:
The dose of radiation which may be received by an individual
within a specified period with the expectation of no signif-
icantly harmful results.

Threshold Dose :
The minimum absorbed dose that will produce a detectable
degree of any given ef fect.

Tissue Dose :
Absorbed dose received by tissue in the region of interest;
expressed in rads. (See Dose; also Rad.)

Do s e Me te r , Integrating:
Ionization chamber and measuring system designed for deter-
mining total radiation administered during an exposure. In
medical radiology, the chamber is usually designed to be
placed on the patient's skin. A device may be included to
terminate the exposure when it has reached a desired value.

Dose Rateme te r :
Any instrument which measures radiation dose rate.

Dosimete r:
An instrument that detects and measures accumulated radiation
exposure. In common usage, a pencil-sized ionization chamber
with a self-reading electrometer used for personnal monitoring.

Dosimetry, Photographic:
Determination of cumulative radiation dose with photographic
film and density measurement.

O
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Electrode:
A conductor used to establish electrical contact with a non-
metallic part of a circuit.

Electromagnetic Radiation:
Radiation consisting of associated and interacti6g electric
and magnetic waves that travel at the speed of light. Ex-
amples: light, radio waves, gamma rays , X-rays. All'can
be transmitted through a vacuum.

Electrometer:
Electrostatic instrument for measuring the difference .in
potential between two points. Used to measure change of
electric potential of charged electrodes resulting from
ionization produced by radiation.

Electromotive Force:
Potential dif ference across electrodes tending to produce
an electric' current.

Electron:

A stable elementary, particle having an electric charge equal
to i 1.60210 x 10~ C. and a rest mass equal to 9.1091 x

.) 10-81 kg.s

Secondary Electron:
An electron ejected from an atom, molecule, or surface
as the result of an interaction with a charged particle
or photon. -

Valence Electron:
An electron which is gained, lost, or shared in a chemical
reaction.

Electron Capture :
A mode of radioactive decay of a nuclide in which an orbital
electron is captured by and merges with the nucleus, thus
forming a new nuclide with the mass number unchanged but the
atomic number decreased by one. (Abbreviated EC) (See
K-Capture.)

Electron Volt:
The amount of kinetic energy gained by an electron when it
is accelerated through an electric potential difference of
one volt. It is equivalent to 1.603 x 10 12 erg. It is a
unit of energy, or work, not of voltage. ( Abbreviated ev
or eV)

C) .

_



Page 7-20

Electroscope:
An instrument for detecting the presence of electric charges
by the deflection of charged bodies.

Electrostatic Field:
The region surrounding an electric charge in which another
electric charge experiences a force.

Electrostatic Unit of Charge:
See Statcoulomb.

Element:
One of the 103 known chemical substances that cannot be
divided into simpler substances by chemical means. A s ub-
stance whose atoms all have the same atomic number.

Elementary Particles:
The simplest particles of matter and radiation. Most are
short lived and do not exist under normal conditions (ex-
ceptions are electrons, neutrons, protons, and neutrinos).
Originally this term was applied to any particle that could
not be subdivided, or to constituents of atons. Now it is
applied to nucleons (protons and neutrons), electrons,
mesons, muons, baryons, strange particles, and the anti-
particles of each of these, and to photons, but not to alpha
particles or deuterons. Also called fundamental particles.

Energy:
Capacity for doing work. "Potential energy" is the energy
inherent in a mass because of its spatial relation to other

"Kinetic energy" is the energy p/secossessed by a massmasses.
2because of its motion; MKSA units: kg-m or joules.

Binding Energy :
The energy represented by the difference in mass between
the sum of the component parts and the actual mass of the
nucleus.

Excitation Energy:
The energy required to change a system from its ground
state to an excited state. Each dif ferent state has a
different excitation energy.

Ionization Energy:
The average energy lost by ionizing radiation in produc-
ing an ion pair in a gas. For air, it is about 33.73 eV.

Radiant Energy:
The energy of electromagnetic radiation, such as radio
waves, visible light, X-ray and gamma rays.

O
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(_) Reaction Energy, Nuclear:
In the disintegration of a nucleus, it is equal to the sum
.of~the kinetic or radiant energies of the reactants minus
the sum of the kinetic or radiant energies of the products.
If any product of a specified reaction is in an excited
nuclear state, the energy of subsequently emitted gamma
radiation is not included in the sum. The "ground state
nuclear reaction energy" is the reaction energy when all
reactant and product-nuclei are in their ground states.
(Symbol Qo)

Energy Flux Density (Energy Fluence Rate) :
The sum of the energies, exclusive of rest energies, of all
particles passing through a unit cross-sectional area per
unit time. (Energy fluence per unit of time.)

Enriched Material:
Material in which the percentage of a given isotope present
in a material has been artificially increased, so that it is
higher than the percentage of that isotope naturally found'in
the material. Enriched uranium contains more of the fission-

i able isotope uranium-235 than the naturally occurring percent-
age (0.7%). (See Isotopic Enrichment.)

Enrichment:

() Isotopic enrichment.

Epidermis:
.The outermost layer of cells of the skin.

Epilation (Depilation) :
The temporary or permanent removal or loss of hair.

Epithermal Neutron:
An intermediate neutron.

Erg:
A unit of work done by a force of one dyne acting through a
distance of one cm. Unit of energy which can exert a force,

| of one dyne through a distance of one cm; cgs units: dyne-
2 2

; cm or gm-cm /sec ,

Error, Statistical:
1 Errors in counting due to the random time distributions of
'

disintegrations.

Excess Reacti~ ity:v
More reactivity than that needed to achieve criticality.;

'

Excess reactivity is built into a reactor (by using extra
fuel) in order to compensate for fuel burnup and the accu-

(} mulation of fission product poisons during operation.

-
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Excited State:
The state of a molecule, atom, electron, or nucleus when it
possesses more than its normal energy. Excess nuclear energy
is often released as a gamma ray. Excess molecular energy
may appear as fluorescense or heat.

Excursion:
A sudden, very rapid rise in the power level of a reactor
caused by supercriticality. Excursions are usually quickly
suppressed by the negative temperature coefficient of the
reactor and/or by automatic control rods.

Exposure:
A measure of the ionization produced in air by X-ray or gamma
radiation. It is the sum of the electrical charges on all ions
of one sign produced in air when all electrons liberated by
photons in a volume element of air are completely stopped in
air, divided by the mass of the air in the volume element. The
special unit of exposure is the roentgen.
Acute Exposure:

Radiation exposure of short duration.

Chronic Exposure:
Radiation exposure of long duration by fractionation or g
protraction. (See Dose , Fractionation; also Dose , W
Protraction.)

F

Fallout:
Radioactive debris from a nuclear detonation, which is air-
borne or has been deposited on the earth. Special forms of
fallout are "dry f allout", "rainout", and "snowout".

Fast Breeder Reactor:
A reactor that operates with fast neutrons and produces more
fissionable material than it consumes.

Fast Neutron:
A neutron with energy greater than approximately 100,000
electron volts.

Fast Reactor:
A reactor in which the fission chain reaction is sustained
primarily by fast neutrons rather than by thermal or inter-
mediate neutrons. Fast reactors contain little or no
moderator to slow down the neutrons from the speeds at which ||hthey are ejected from fissioning nuclei.
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k-} Feed Materials:-

Refined uranium or thorium metal or their pure compounds in
a form suitable for use in nuclear reactor fuel elements or
as feed for uranium enrichment processes. ;

Fertile Material:
A material, not itself fissionable by thermal neutrons,
which can be converted into a fissile material by irradia-
tion in a reactor. There are two basic fertile materials:
uranium-238 and throium-232. When these fertile materials
capture neutrons, they are partially converted into fissile
plutonium-239 and uranium-233, respectively.

Film Badge:
A light-tight package of photographic film worn like a badge
by workers in nuclear industry or research, used to measure
possible exposure to ionizing radiation. The absorbed dose
can be calculated by the degree of film darkening caused by
the irradiation.

Film Ring:
A film badge in the form of a finger ring.

Filter (Radiology) :
Primary: A sheet of material, usually metal, placed in as
beam of radiation to absorb preferentially the less pene-t
trating components. Secondary: A sheet of material of low
atomic number (relative to the primary filter) placed in the
filtered beam of radiation to remove characteristic radiation
produced by the primary filter.

Fireball:
The luminous ball of hot gases that forms a few millionths
of a second after a nuclear explosion.

Fissile Material:
While sometimes used as a synonym for fissionable material,
this term has also acquired a more restricted meaning, namely,
any material fissionable by neutrons of all energies, includ-
ing, and especially, thermal (slow) neutrons as well as fast
neutrons; for example , uranium-235 and plutonium-239.

Fission:
The splitting of a heavy nucleus into two or more parts
(which are nuclei of lighter elements) , accompanied by the
release of a relatively large amount of energy and generally
one or more neutrons. Fission can occur spontaneously, but
usually is caused by nuclear absorption of gamma rays,
neutrons , or particles.

'

i
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OFission Fragments:
The two nuclei which are formed by the fission of a nucleus. <

Also referred to as primary fission products. They are of
medium atomic weight and are radioactive.

Fission Products:
The nuclei (fission fragments) formed by the fission of
heavy elements, plus the nuclides formed by the fission

'

fragments' radioactive decay.

Fission Yield:
The amount of energy released by fission in a thermonuclear
(fusion) explosion as distinct from that released by fusion.
Also, the amount (percentage) of a given nuclide produced by
fission.

Fissionable Material:
Commonly used as a synonym for fissile material. The meaning
of this term also has been extended to include material that
can be fissioned by fast neutrons only, such as uranium-238.
Used in reactor operations to mean fuel.

Fluence:
The number of particles passing through a unit cross-sectional
area.

Fluorescence:
Many substances can absorb energy (as from X-rays, ultraviolet
light, or radioactive particles) and immediately emit this
energy as an electromagnetic photon, ofter. of visible light.
This emission is fluorescence. The emitting substances are
said to be fluorescent.

Fluorescent Screen:
A sheet of material coated with a substance (such as calcium
tungstate or zinc sulfide) which will emit visible light when
irradiated with ionizing radiation.

Fluorography (Photo fluorography) :
Photography of an image produced on a fluorescent screen by
X-ray or gamma radiation.

Fluoroscope:
A fluorescent screen, suitably mounted with respect to an j

X-ray tube for ease of observation and protection, used for 1

indirect visualization (by X-rays) of internal organs in the
body or internal structures in apparatus or in masses of
material.

O

!
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v' Flux Density (Fluence Rate):

The number of particles passing through a unit cross-sectional
area per unit of time. (Fluence per unit of time.)

Flux,_ Neutron:
A term used to express the intensity of neutron radiation.
The number of neutrons passing through a unit area in unit
time. For neutrons of a given energy, the product of neutron
density with speed.

Focal Spot (X-rays) ;
The part of the target of the X-ray tube struck by the main
electron stream.

.

Food Chain:
The pathways by which any material (such as radioactive
material from fallout) passes from the first absorbing
organism through plants and animals to man.

Frequency:
Number of cycles , revolutions, or vibrations completed in
a unit of time. (See Hertz. )

Fuel:

g-) Fissionable material used or usable to produce energy in a
( ,/ reactor. Also applied to a mixture, such as natural uranium,

in which only part of the atoms are readily fissionable, if
the mixture can be made to sustain a chain reaction.

Fuel Cycle:
The series of steps involved in supplying fuel for nuclear
power reactors. It includes mining, refining, the original
f abrication of fuel elements , their use in a reactor, chemi-
cal processing to recover the fissionable material remaining
in the spent fuel, re-enrichment of the fuel material, and
refabrication into new fuel elements.

Fuel Elements:
A rod, tube, plate, or other mechanical shape or form into
which nuclear fuel is fabricated for use in a reactor.

Fuel Reprocessing:
The processing of reactor fuel to recover the unused fission-
able material.

Fusion:
The formation of a heavier nucleus from two or more lighter
ones (such as hydrogen isotopes) with the resultant release
of energy.

O



1
1

Page 7-26

O
G

Gamma Radiation:
Electromagnetic quanta of wavelengths less than ultraviolet,
traveling with the speed of light, and conveying energy pro-
portional to its frequency (range of energy from 10 kev to
9 MeV) .

Gamma Rays:
High energy, short wavelength electromagnetic radiation.
Gamma radiation frequently accompanies alpha and beta emis-
sions and always accompanies fission. Gamma rays are very
penetrating and are best stopped or shielded against by
dense materials such as lead or depleted uranium. Gamma
rays are essentially similar to X-rays, but are usually
more energetic and are nuclear in origin. (Symbol y)

Gas Amplification:
As applied to gas ionization radiation detecting instruments,
the ratio of the charge collected to the charge produced by
the initial ionizing event.

Gas Cooled Reactor:
A nuclear reactor in which a gas is the coolant.

Gaseous Diffusion:
A method of isotopic separation based on the fact that gas
atoms or molecules with different masses will diffuse through
a porous barrier (or membrane) at dif ferent rates. The method
is used by the NRC to separate uranium-235 from uranium-238.
It requires large gaseous diffusion plants and enornous amounts
of electric power.

Gauging:
The measurement of the thickness, density, or quantity of
material by the amount of radiation it absorbs. This is
the most common use of radioactive isotopes in industry.

Geiger-Mueller Counter (Geiger-Muller Tube) :
| A radiation detection and measuring instrument. It consists

of a gas-filled (Geiger-Muller) tube containing electrodes,
between which there is an electrical voltage but no current
flowing. When ionizing radiation passes through the tube,
a short, intense pulse of current passes from the negative
electrode to the positive electrode and is measured or counted.
The number of pulses per second measures the intensity of
radiation. It is also often known as a Geiger counter.

O
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Geiger Region:
In an ionization radiation- detector, the operating voltage
interval in which the charge collected per ionizing event
is essentially independent of the number of primary ions
produced in the initial ionizing event.

Geiger Threshold:
The lowest voltage applied to a counter tube for which the
number of pulses produced in the counter tube is essentially
'the same, regardless of a limited voltage increase.

Gene:
The fundamental unit of inheritance which determines and
controls hereditarily transmissible characteristics. Genes
are arranged linearly at definite' loci on chromosomes.

Generation Time:
The mean time for the neutrons produced by one fission to
produce fissions again in a chair. reaction.

Genetic Effect of Radiation:
Inheritable change, chiefly mutations produced by the
absorpticn of ionizing radiation. On the basis of present
knowledge, these effects are purely additive; there is no

(} recovery.

Genetics:
The branch of biology dealing with the phenomena of heredity
and variation.

Geometry:
The spatial configuration, pattern, or relationship of com-
ponents in an experiment or apparatus. In reactor technology,
the term refers to the shape and size of fuel elements , moder-
ator and reflector and their location with respect to each
other. In nuclear physics, it refers to the arrangement of
source and detecting equipment. In counting and scanning,
the term commonly indicates the percentage of the radiation
leaving a sample which reaches the sensitive volume of a
counter.

Geometry Factor:
The fraction of the total solid angle about the source of
radiation that is subtended by the face of the sensitive
volume of a detector.

Germ Cells:
The cells of an organism whose function is reproduction.

g-) Glory Hole:
(_j A beam hole.

- - - _ . - . _ _ . _
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9Glove Box:
A sealed box in which workers, using gloves attached to and
passing through openings in 'he box, can handle radioactive
materials safely from the outside.

Gonad:
A gamete-producing organ in animals; testis or ovary.

Gram-Rad:
The unit of integral dose equal to 100 ergs.

Graphite:
A form of carbon in which the atoms are hexagonally arranged
in planes. Commonly used for moderators because it can be
made in compact, fairly strong blocks, easily machined to
close tolerances, and because the prolonged baking at high
temperatures used in its manuf acture helps eliminate impur- |
ities that might absorb neutrons.

Green Salt: |

Uranium tetrafluoride.

Grenz Rays:
X-rays produced at voltages of 5 to 20 kVp, intended pri-
marily for surface therapy.

rround State:
The state of a nucleus, atom, or molecule at its lowest
energy. All other states are "excited".

I

H

Half-Life, Biological:
The time required for the body to eliminate one-half of an
administered dosage of any substance by regular processes
of elimination. Approximately the same for both stable and
radioactive isotopes of a particular element.

Hal f-Li fe , Effective:
The time required for a radionuclide contained in a biological
system, such as a man or an animal, to reduce its activity by
half as a combined result of radioactive decay and biological
elimination.

Half-Life, Radioa ctive :
The time required for a radioactive substance to lose fifty
percent of its activity by decay. Each radionuclide has a
unique half-life. (g)
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\/ Half Thickness:
The thickness of any given absorber that will reduce the
intensity of a beam of radiation to one-half its initial
val:te .

Half Time:
See Residence Time.

Half Value Layer (Half Thickness) :
The thickness of a specified substance which, when introduced
into the path of a given beam of radiation, reduces the ex-
posure rate by one-half. ( Abbreviated HVL)

Hand and Foot Counter:
A monitoring device arranged to give a rapid radiation survey
of hands and feet of persons working with radioactive material
to detect radioactive contamination.

Hardness, X-ray:
A. relative specification of the quality of penetrating power
of X-rays. In general, the shorter the wavelength, the harder
the radiation.

Health Physics:
The science concerned with recognition, evaluation, and

{~-} control of health hazards from ionizing radiation.s

Health, Radiological:
The art and science of protecting human beings from injury
by radiation and promoting better health through beneficial
applications of radiation.

Heat Exchanger:
Any device that transfers heat from one fluid (liquid or gas)
to another or to the enrivonment.

Heat Sink:
Anything that absorbs heat; usually part of the environment
such as the air, rivers, or outer space.

Heavy Hydrogen:
Deute rium.

Heavy Water:
Water containing significantly more than the natural propor-
tion (one in 6500) of heavy hydrogen (deuterium) atoms to
ordinary hydrogen atoms. Heavy water is used as a moderator
in sono reactors because it slows down neutrons effectively
and also has a low cross-section for absorption of neutrons.

D) Heavy Water Moderated Reactor:( A reactor that uses heavy water as its moderator. Heavy
water is an excellent moderator and thus permits the use
of inexpensive natural (unenriched) uranium as a fuel.

__
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Heredity:
Transmission of characteristics and traits from parent to
offspring.

Hertz:
The unit of frequency equal to one cycle per second.

High Radiation Area:
Any area, accessible to personnel, in which there exists
radiation at such levels that a major portion of the body
could receive, in any one hour, a dose in excess of 100
millirem (one-tenth of a Rem) .

Hyperon:
One of a class of short-lived elementary particles with a
mass greater than that of a proton and less than that of a
deuteron. All hyperons are unstable and yield a nucleon
as a decay product.

I

Immunity: g
The power which a living organism possesses to resist and
overcone infection.

Implant, Radiology:
Encapsulated radioactive material embedded in a tissue for
therapy. It may be permanent (seed) or temporary (needle).

Induced Radioactivity:
Radioactivity that is created when substances are bombarded
with neutrons, as from a nuclear explosion, or in a reactor,
or with charged particles produced by accelerators.

Inelastic Scattering:
See Scattering.

Initial Nuclear Radiation:
Radiation emitted from the fireball of a nuclear explosion
during the first minute (an arbitrary time interval) after
detonation.

In-Pile:
A term used to designate experiments or equipment inside a
reactor.

Integrated Neutron Flux:
Flux multiplied by time, usually expressed as nyt, when n = h(
the number of neutrons per cubic centimeter, v = their velo-
city in centimeters per second, and t = time in seconds.

3
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Intensity:
The energy or -the number of photons or particles of any radia--
tion incident upon a unit area or flowing through a unit of
solid material- per unit of tim 6.- In connection with radio-
activity, the number of atoms disintegratin.g per unit of time.

Interlock:
A device, usually electrical and/or mechanical, to prevent
activation of a control until a preliminary condition has
been met, or to prevent hazardous operations. Its purpose

*
usually is safety.

Intermediate (Epithermal) Neutron:
A neutron having energy greater than that of a thermal neutron
but less than that of a fast neutron. The range is generally
considered to be between about 0.5 and 100,000 electron volts.

Intermediate (Epithermal) Reactor:
A reactor in which the chain reaction is sustained mainly by
intermediate neutrons.

Interstitial Implants:
Solid or encapsulated radiation sources, made in the form of
seeds, wires, or other shapes to be inserted directly into

/_)T tissue that is to be irradiated.
(

Ion:
An atom or molecule that has lost or gained one or more
electrons and therefore has an electrical charge, either
negative or positive.

Ion Engines
An engine which provides thrust by expelling accelerated or
high velocity ions. Ion engines using energy provided by
nuclear reactors are proposed for space vehicles.

Ion Exchange:
A chemical process involving the reversible interchange of
various ions between a solution and a solid material, usually
a plaatic or a resin. It is used to separate and purify chemi-
cals, such as fission products, rare earths, etc. in solutionc.

Ion Pair:
A closely associated positive ion and negative ion (usually
an electron) having charges of the same magnitude and formed
from a neutral atom or molecule by radiation.

Ionization:
The process of adding one or more electrons to, or removing

r- one or more electr,'ns f rom, atoms or molecules , thereby creat-; (_g ing ions. High temperatures, electrical discharges, chemical)'

i reactions, or nuclear radiations can cause ionization.
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Primary Ionization:

1) In collision theory, the ionization produced by the
primary particles as contrasted to the "total ionization"
which includes the "secondary ionization" produced by
delta rays. 2) In counter tubes, total ionization pro-
duced by incident radiation without gas amplification.

Secondary Ionization:
Ionization produced by delta rays.

Specific Ionization:
Number of ion pairs per unit length of path of ionizing
radiation in a medium, e.g. , per cm of air or per micron
of tissue.

Total Ionization:
The total electric charge of one sign on the icns produced
by radiation in the process of losing its kinetic energy.
For a given gas, the total ionization is closely propor-
tional to the initial ionization and is nearly independent
of the nature of the ionizing radiation. It is frequently
used as a measure of radiation energy.

Ionization Chamber:
An instrument that detects and measures ionizing radiation by g
measuring the electrical current that flows when radiation W
ionizes gas in a chamber making the gas a conductor of the
electricity.

Ionization Density:
Number of ion pairs per unit volume.

Ionization Path (Track) :
The trail of ion pairs produced by an ionizing radiation in
its passage through matter.

Ionizing Event:
Any occurrence of a process in which an ion or group of ions
is produced.

Ionizing Radiation:
Any radiation displacing electrons f rom atons or molecules ,
thereby producing ions.

Irradiation:
Exposure to radiation, as in a nuclear reactor.

Isobar:
One of two or more nuclides having about the same atomic mass
but dif ferent atomic numbers, hence dif ferent chemical pro-
perties. ||h
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. Isodose Chart:.
Chart showing the distribution of radiation in a medium by
means of lines or' surfaces drawn through points receiving
equal doses. Isodose charts have been determined for beans
.of X-rays traversing the body and for working areas where
X-rays or radioactive nuclides are employed.

Isodose Curves:
Curves or lines drawn to connect points where identical
amounts of radiant energy reach a specific depth.

Isointensity Contours:
Imaginary lines on the surface of the ground or water, or
lines drawn on a map joining points in a radiation field
which have the same radiation intensity at a given time.

Isomer:
One of two or more nuclides with the same number of neutrons
and protons in their nuclei, but with different energies. A
nuclide in the excited state and a similar nuclide in the
ground state are isomers.

Isotone:
One of several nuclides having the same number of neutrons
but a different number of protons in their nuclei. Example:

O potassium-39 (lIKro) and calcium-40 (2 S Cazo) are isotones.

Isotope:
One of two or more atoms wf.th the same atomic number (the
same chemical element) but with different atomic weights.
An equivalent statement is that the nuclei of isotopes have

the same number of protons but different numbers of neutrons.
Thus 6 C, 6 C, and s"C are isotopes of the element carbon,2 33

the subscripts denoting their common atomic numbers, the
superscripts denoting the differing mass numbers, or approxi-
mate atomic weights. Isotopes usually have very nearly the
same chemical properties, but somewhat different physical
properties.

Isotope Separation:
The process of separating isotopes from one another, or
changing their relative abundances, as by gaseous diffusion
or electromagnetic separation. All systems are based on the
mass differences of the isotopes. Isotope separation is a
step in the isotopic enrichment process.'

Isotopic Enrichment:
A process by which the relative abundances of the isotopes
of a given element are altered, thus producing a form of
the element which has been enriched in one particular iso-

/~) tope. Example: enriching natural uranium in the uranium-
; \~
| 235 isotope,
t

|

- - - _ - _ . _ - - _ .
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Joule:
The unit for work and energy, equal to one newton expended
along a distance of one meter (lJ = IN x 1m).

K

K-Capture:
The capture by an atomic nucleus of an orbital electron from
the first (inne rmost) orbit or shell, or K-shell surrounding
the nucleus.

K-Meson:
See Kaon.

Kaon:
An elementary particle (contraction of K-meson). A heavy
meson with a mass about 970 times that of an electron.

Kilo:
A prefix that multiplies a basic unit by 1000. |||

Kilo Electron Volt:
8One thousand electron volts; 10 eV. ( Abbreviated kev)

Kiloton Energy:
The energy' of a nuclear explosion which is equivalent to
that of an explosion of 1000 tons of TNT.

Kilovolt:
A unit of electrical potential difference, equal to 1000
volts. ( Abbreviated kV)

Kinetic Energy :
Energy due to motion.

L

LD (Live / Die 50%) :50
Possible terminal radiation dose. (See Dose , Median Lethal
Dos e - ML D. )

Label:
3See Tracer, Isotopic. W
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ON- Lag _ Time:
The time between the occurrence of the primary ionizing event.
and the occurrence of the count.

Lanthanide Series:
The series of elements beginning with lanthanum, Element
No. 57, and continuing through lutetium, Element No.- 71,
which together occupy one position in the Periodic Table
of the Elements. These are the "rare earths", which all
have chemical properties similar to lanthanum. They are
also called'the "lanthanides".

Latent Period:
The period or state of seeming inactivity between the time
of exposure of tissue to an injurious agent and response.

Lattice:
An orderly array or pattern of nuclear fuel elements and
moderator in a reactor or critical assembly. Also, the
arrangement of atoms in a crystal.

Lead Equivalent:
The thickness of lead affording the same attenuation, under
conditions, as the material in question.

<g(_j Leakage:
In nuclear engineering, the escape of neutrons from a
reactor core. Leakage lowers a reactor's reactivity.

Lepton:
One of a class of light elementary particles (having small
mass). Specifically, an electron, a positron, a neutrino,
an antineutrino, a muon, or an antimuon.

Lesion:
A hurt, wound, or local degeneration.

Lethal Dose :
A dose of ionizing radiation sufficient to cause death.
Median lethal dose (MLD or LD50) is the dose required to
kill within a specified period of time (usually thirty
days) half of the individuals in a large group of organisms
similarly exposed. The LD50/30 for man is about 400 to 450
roentgens.

Leukemia:
A disease in which there is great overproduction of white
blood cells, or a relative overproduction of immature white
cells, and great enlargement of the spleen. The disease is
variable, at times running a more chronic course in adults

() than in children.
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License:
A license issued under state or federal regulations. A licensee
is the holder of such a license,

i

Licensed Material:
Source material, special nuclear material, or by-product material
received, possessed, used, or transferred under a general or
spccific license issued by the state or the Nuclear Regulatory
Commission pursuant to applicable regulations.

*

Light Hydrogen:
Ordinary hydrogen.

Light Water:
Ordinary water (H O) as distinguished from heavy water (D 0).

2 2

Linac:
Short for linear accelerator.

Linear Accelerator:
A long straight tube (or series of tubes) in which charged
particles (ordinarily electrons or protons) gain in energy
by the action of oscillating electromagnetic fields.

Linear Energy Transfer:
A measure of the ability of biological material to absorb |||
ionizing radiation; the radiation energy lost per unit length
of path through a biological material. In general, the higher
the LET value, the greater the relative biological effective-
ness of the radiation in that material. (Acronym LET)

Load Factor:
The ratio of average load carried by an electric power plant
or system during a specific period to its peak load during
that period.

Loop:
A closed circuit of pipe in which materials and components may
be placed to test them under different conditions of tempera-
ture, irradiation, etc. If part of the loop and contents are
placed in a reactor, it is called an in-pile loop.

|
! Low Level Analysis (Low Level Counting):

A procedure to measure the radioactive content of materials
with very low levels of activity, using sensitive detecting
instruments and with good shielding to eliminate the ef fects
of background radiation and cosmic rays.

Luminescence:
Emission of light produced by the action of biological or
chemical processes or by radiation, or by any other cause g
except high temperature (which produces incandescence).

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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Magnetic Bottle:
A magnetic field used to confine or contain a plasma in
controlled fusion (thermonuclear) experiments.

Magnetic Mirror:
A magnetic field used in controlled fusion experiments to
reflect charged particles back into the central region of
a magnetic bottle.

Manipulators:
Mechanical devices used for safe handling of ' radioactive
materials. Frequently they are remotely operated from
behind a protective shield.

Mass:
The material equivalent of energy, dif ferent from weight in
that it neither increases nor decreases with gravitational
force.

Relativistic Mass:
The increased mass associated with a particle when its
velocity is increased. The increase in mass becomes
appreciable only at velocities approaching the velocity

1
.

of light, 3 x 10 ' cm/sec.

Mass Defect:
The difference between the atomic mass and the mass number
of a nuclide.

Mass Energy Equation (Mass Energy Equivalence) :
The statement developed by Albert Einstein, German-born
American physicist, that "the mass of a body is a measure
of its energy content" as an extension of his 1905 Special
Theory of Relativity. The statement was subsequently
verified experimentally by measurements of mass and energy
in nuclear reactions. The equation, usually given as
E = mc2, shows that when the energy of a body changes by
an amo'unt, E, (no matter what form the energy takes), the

2mass, m, of the body will change by an amount equal to E/c
(The factor c2, the square of the speed of light in a vacuum,
may be regarded as the conversion f actor relating units of
mass and energy.) This equation predicted the possibility
of releasing enormous amounts of energy by the conversion of
mass to energy. It is also called the Einstein equation.

Mass Number:
The sum of the neutrons and protons in a nucleus. It is the

| nearest whole number to an atom's weight. For instance, the

(~/
T mass number of uranium-235 is 235. (Symbol A)

N.|

|

i

- , , - -
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Mass Spectrograph and Mass Spectrometer:

Two related devices for detecting and analyzing isotopes.
They separate nuclei that have dif ferent charge-to-mass
ratios by passing the nuclei through electrical and mag-
netic fields.

Matter:
The substance of which a physical object is composed. All
materials in the universe have the same inner nature, that
is, they are composed of atoms , arranged in different (and
of ten complex) ways; the specific atoms and the specific
arrangements identify the various materials.

Maximum Credible Accident:
The most serious accident that can reasonably be imagined
from any adverse combination of equipment malfunction,
operating errors, and other foreseeable causes. The term
is used to analyze the safety characteristics of a reactor.
Reactors are designed to be safe even if a maximum credible
accident should occur.

Maximum Permissible Concentration (MPC) :
The amount of radioactive material in air, water, or food
which might be expected to result in a maximum permissible
dose to persons consuming them at a standard rate of intake. g
An obsolescent term.

Maximum Permissible Dose (Maximum Permissible Exposure):
That dose of ionizing radiation established by competent
authorities as an amount below which there is no reasonable
expectation of risk to human health, and which at the same
time is somewhat below the lowest level at which a definite
hazard is believed to exist. An obsolescent term.

Maximum Permissible Level (MPL) :
The greatest quantity of surface contamination or external
radiation permitted in a given circumstance.

Mean Free Path:
The average distance traveled by a particle, atom, or molecule
between collisions or interactions.

Mean Life:
The average time during which an atom, an excited nucleus, a
radionuclide, or a particle exists in a particular form.

Mega:
A prefix that multiplies a basic unit by one million.

Mega Electron Volt:
One million electron volts, 10 eV. ( Abbreviated MeV) h6
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. Momentum:
'

The product of the mass of a body and its velocity; MKSA . units,
kg-m/sec.

Monitor:
An instrument that measures the level of ionizing radiation in -
an area.

<

Monitoring:
Periodic or continuous determination of the amount of ionizing
radiation or radioactive contamination present in an occupied
region.

Area Monitoring:
Routine monitoring of the radiation level or contamination
of a particular area, building, room, or equipment. Some
laboratories or operations distinguish between routine moni-
toring and survey activities.

Personnel Monitoring:
Monitoring any part of an individual, his breath, or excre-
tions, or any part of his clothing.

Multiplication Factor (Constant) :
The ratio of the number of neutrons present in a reactor in

(]) any one neutron generation to that in the immediately preced-
ing generation. Criticality is achieved when this ratio is
equal to one. The "infinite" multiplication factor is the
ratio in a theoretical system from which there is no leakage, <

that is, a reactor of infinite size. For an actual reactor
(f rom which leakage does occur) , the term "effective multi-
plication factor" which is the ratio based on neutrons avail-

.

able after leakage, is commonly used.
'

Muon:
An elementary particle, classed as a lepton (not as a meson)
with 207 times the mass of an electron. It may have a single
positive or negative charge. (Contraction of mu-meson)

Mutation:
Alteration of the usual hereditary pattern, usually sudden.

N

i NRC:
Nuclear Regulatory Commission, formerly AEC, Atomic Energy
Commission.

O

_- . _ . - _ _



Page 7-39

O
Megaton Energy :

The energy of a nuclear explosion which is equivalent to that
of an explosion of one million tons (or 1000 kilotons) o f TNT .

Megawatt Day Per Ton:
A unit used for expressing the burnup of fuel in a reactor.
Specifically, the number of megawatt days of heat output per
metric ton of fuel in the reactor.

Meson:
One of a class of medium mass, short lived elementary particles
with a mass between that of the electron and that of the proton.

Metabolism:
The sum of all physical and chemical processes by which living
organized substance is produced and maintained and by which
energy is made available for the uses of the organism.

Metastable State:
An excited nuclear state having a half-life long enough to be
observed.

Micro:
Prefix that divides a basic unit by one million. (Symbol p)

Micron:
A unit of length equal to 10-6 meters.

Mil:
A unit of length equal to one one-thousandth of an inch.

Milli:
Prefix that divides a basic unit by one thousand. (Symbol m)

Milliroentgen:
A submultiple of the roentgen, equal to one one-thousandth of
a roentgen. ( Abbreviated mR)

Moderator:
A material, such as ordinary water, heavy water, or graphite,
used in a reactor to slow down high-velocity neutrons, thus
increasing the liklihood of further fission.

Molecular Weight:
The sum of the atomic weights of all the atoms in a molecule.

Molecule:
A group of atoms held together by chemical forces. The atoms
in the molecule may be identical, as in H ' 8 , and S , or dif-

2 2 g
forent, as in H O and CO A molecule is the smallest unit of2 2

||hmatter which can exist by itself and retain all of its chemical
properties.

}
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N-Unit:
That quantity of neutron radiation -measured in a condenser
R-meter that will' produce the same amount of ionization as.-

one roentgen of X-ray.

Nano:-
,

10-'. (Symbol n)Prefix that divides a basic unit by one billion,
.

Natural Circulation Reactor:
A' reactor in which the coolant (usually water) is made to
circulate without pumping, that is, by natural convection-

resulting from the different densities of its cold and
reactor heated portions. '

Natural Radiation (Natural Radioactivity) :
Background radiation.

Natural Uranium: *

Uranium as found in nature containing 0.7% of 2ssU, 99.3%
of 2:sU, and a trace of 23"U. It is also called normal
uranium.

Neoplasm: ,

A new growth of cells which is more or less unrestrained
,

O and not governed by the usual limitations of normal repro-
duction. Benign: some degree of growth restraint and no
spread to distant parts. Malignant: growth invades tissues
or spreads to distant parts, or both.

Neptunium Series (Sequence) :
,

The series of nuclides resulting from the radioactive decay
of the man-made nuclide, neptunium-237.- Many other man-made
nuclides decay into this sequence. The end product of the
series is stable bismuth-209, which is the only nuclide in
the series that occurs in nature.

Neutrino:
An electrically neutral elementary particle with a negligible
mass. It interacts very weakly with matter and hence is
difficult to detect. It is produced in many nuclear reactions,
for example, in beta decay, and has high penetrating power.
Neutrinos from the sun usually pass right through the earth.
(Symbol nu) ;

Neutron:
An uncharged elementary particle with a mass slightly greater
than that of the proton, and found in the nucleus of every

I atom heavier than hydrogen. A free neutron is unstable and
! decays with a half-life of about 13 minutes into an electron,

proton, and neutrino. Neutrons sustain the fission chain

O reaction in a nuclear reactor,
,

. - ___ ._ -_ - . .-
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|||Neutron Capture:
The process in which an atomic nucleus absorbs or captures a
neutron. The probability that a given material will capture
neutrons is measured by its neutron capture cross-section,
which depends on the energy of the neutrons and on the nature
of the material.

Neutron Density:
The number of neutrons per cubic centimeter in the core of a
reactor.

Neutron Economy:
The degree to which neutrons in a reactor are used for desired
ends instead of being lost by leakage or non-productive absorp-
tion. The ends may include propagation of the chain reaction,
converting fertile to fissionable material, producing isotopes,
or research.

Neutron Radiation:
A neutron is a chargless particle of mass similar to that of
the hydrogen ion. Fast neutrons convey energy from their
source by virtue of the velocity at which their mass travels.
Slow neutrons may be termed thermal neutrons when their kinetic
energy is equivalent to that of the thermal motion of the atoms
among which they diffuse. Thermal neutrons do not convey g
significant energy from their origin, but are capable of re-
leasing energy as a consequence of the transmutation which
occurs when they are captured by absorber nuclei.

Newton:
The unit of force, which, when applied to a one kilogram mass
will give it an acceleration of one meter per second per
second, IN = lkg x 1m/ls2,

Nuclear Energy:
The energy liberated by a nuclear reaction (fission or fusion)
or by radioactive decay.

Nuclear Power Plant:
Any device, machine, or assembly that converts nuclear energy
into some form of useful power, such as mechanical or electri-
cal power. In a nuclear electric power plant, heat produced
by a reactor is generally used to make steam to drive a turbine
that in turn drives an electric generator.

Nuclear Reaction:
A reaction involving a change in an atomic nucleus, such as
fission, fusion, neutron capture, or radioactive decay, as
distinct from a chemical reaction, which is limited to change
in the electron structure surrounding the nucleus.



. . .

Page 7-43

. :0
\/ Nuclear Reactor:

A device in which a fission chain reaction can be initiated,
maintained, and controlled. Its essential component is a
core with fissionable fuel. It usually has a moderator, a
reflector, shielding, coolant, and control mechanism. Some-
times called an atomic "furnace", it is the basic machine of
nuclear energy.

Nuclear Rocket:
A rocket powered by an engine that obtains energy for heating
a propellant fluid (such as hydrogen) from a nuclear reactor
rather than-from chemical combustion.

Nuclear Superheating:
Superheating the steam produced in a reactor by using additional
heat from a reactor. Two methods are commonly employed: re-
circulating the steam through the same core in which it is first
produced (integral superheating) or passing the steam through a
second and separate reactor.

Nucleon:
A constituent of an atomic nucleus, that is, a proton or a
neutron.

Nucleonics:

O- The science and technology of nuclear energy and its applications.

Nucleus:
The small, positively charged core of an atom. It is only about
1/10,000 the diameter of the atom, but contains nearly all the
atom's mass. All nuclei contain both protons and neutrons, ex-
cept the nucleus of ordinary hydrogen, which consists of a
single proton.

Nuclide:
A general term applicable to all atomic forms of the elements.
The term is of ten erroneously used as a synonym for "isotope"
which properly has a more limited definition. Whereas isotopes
are the various forms of a single element (hence are a family
of nuclides) and all have the same atomic number and number of
protons, nuclides comprise all the isotopic forms of all the
elements. The nuclear constitution is specified by the number
of protons (Z) , number of neutrons (N), and energy content; or
alternatively, by the atomic number (Z), mass number (A = N + Z)
and atomic mass. To be regarded as a distinct nuclide, the atom
must be capable of existing for a measurable time. Thus, nuclear
isomers are separate nuclides, whereas promptly decaying excited

| nuclear states and unstable intermediates in nuclear reactions
l are not so considered.
|

()
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Occupational Dose:
The dose received by an individual: 1) In a controlled area,
or 2) In the course of employment, education, training, or
other activities which involve exposure to radiation, except
for that received for medical and dental diagnoses or medical
therapy.

Open Cycle Reactor System:
A reactor system in which the coolant passes through the
reactor core only once and is then discarded.

Orange Oxide:
Uranium trioxide.

Orbit:
The region occupied by an electron as it moves about the
nucleus of an atom. Commonly called the electron cloud.

Organ:
A group of tissues which together perform one or more definite
functions in a living body.

Organic Cooled Reactor: g
A reactor that uses organic chemicals, such as mixtures of
polyphenyls (diphenyls and terphenyls) as coolant.

Overpressure:
The transient pressure over and above atmospheric pressure
caused by a shock wave from a nuclear explosion.

P

Package Power Reactor:
A small nuclear power plant designed to be created in packages
small enough to be conveniently transported to remote locations.

Packing Fraction:
The difference between the actual mass of a nuclide and the
nearest whole number divided by the mass number, A or (M- A) / A.
An equivalent statement is that it is the mass defect divided
by the mass number. It is positive for most nuclides with
mass number less than 12 and more than 180 which, therefore,
tend to be less stable, and negative for most other nuclides,
which tend to be more stable.

O

-
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Pair Production:"

An absorption process for X-ray and gamma radiation in which
the incident photon is annihilated in the vicinity of the

-

nucleus of the absorbing atom, with subsequent production of
an electron and positron pair. This reaction only occurs for
incident photon energies exceeding 1.02 MeV (in simple terms,
mass created f rom energy) .

Parasitic Capture:
Any absorption (as in a reactor) of neutrons in reactions which
do not cause further fission or the production of new fission--

able material. In a reactor, the process- is undesirable.

Parent:
A radionuclide that, upon radioactive decay or disintegration,
yields a specific nuclide (the daughter) either directly or as
a later member of a radioactive series.

Particle:
A minute constituent of matter, generally one with a measurable
mass. The primary particles involved in radioactivity are
alpha particles, beta particles, neutrons, and protons.

Particle Accelerator:
An accelerator.

Penetrometer:
A simple device for measuring the penetrating power of a beam
of X-rays or other penetrating radiation by comparing trans-
mission through various absorbers, 1

Period:
The time required for one cycle of a regularly repeated series
of events. In a nuclear reactor, it is the time required for
the power level to change by the factor 2 718, which is known
as e (the base of natural logarithms) .

Periodic Table:
The table based on the chemical law that the physical or chemical
properties of the elements are periodic (regularly repeated)
functions of their atomic weights, first proposed by the Russian
chemist, Dmitri I. Mendeleev, in 1869. An arrangement of chemi-
cal elements in order of increasing atomic number. Elements of
similar properties are placed one under the other, yielding
groups and families of elements. Within each group there is a
gradation of chemical and physical propertiec but in general a
similarity of chemical behavior. From group to group, however,
there is a progressive shif t of chemical behavior from one end ,

of the table to the other.

O
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OPersonnel Monitoring Equipment:
Devices designed to be worn or carried by an individual for
the purpose of measuring the dose received, e.g., film badge,
pocket chamber, pocket dosimeter, film ring, etc.

Phantom:
A volume of material approximating as closely as possible
the density and ef fective atomic number of tissue. Ideally
a phantom should behave in respect to absorption of radia-
tion in the same manner as tissue. Radiation dose measure-
ments made within or on a phantom provide a means of deter-
mining the radiation dose within or on a body under similar
exposure conditions. Sone materials commonly used in
phantoms are water, masonite, pressed wood, and beeswax.

Phosphor:
A luminescent substance. A material capable of emitting
light when stimulated by radiation.

Phosphorescence:
.

IEmission of radiation by a substance as a result of previous
absorptions of radiation of shorter wavelength. In contrast
to fluorescence, the emission may continue for a considerable
time after cessation of the exciting irradiation.

Photoelectric Ef fect:
Process by which a photon ejects an electron from an atom.
All the energy of the photon is absorbed in ejecting the
electron and in imparting kinetic energy to it.

Photon:
The carrier of quantum of electromagnetic energy. Photons
have an ef fective momentum but no mass or electrical charge.

Pico:
A prefix that divides a basic unit by one trillion, 10-22,
The same as micromicro.

Pig:
A heavily shielded container (usually lead) used to ship or
store radioactive uranium.

Pile:
An old term for nuclear reactor. This name was used because
the first reactor was built by piling up graphite blocks and
natural uranium.

Pi-Meson:
See Pion.

O
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Pinch Effect:

In controlled fusion- experiments, the ef fect obtained with -
an electric current, flowing through a column of plasma,-

produces a magnetic field that confines and compresses the l
plasma.

,

!
Pion:

An elementary particle. The mass of a charged (positive or
negative) pion is about 273 times that of an electron;.that
of an electrically neutral pion is 264 times that of an
electron. (Contraction of pi-meson)

Planck Constant:
A natural constant of proportionality (h) relating the
frequency of a quantum of energy to the total energy of
the quantum: *

h=h=6.6256a10~3" J sec.

Plant Factor:
The ratio of the average power load of an electric power
plant to its rated capacity. Sometines called capacity
factor.

Plasma
Os An electrically neutral gaseous mixture of positive and-

negative ions. Sometimes called the "fourth state of
matter" since it behaves differently from solids, liquids,'

and gases. High-temperature plasmas are used in controlled
fusion exper2ments.

,

Plateau':
As applied to radiation detector chambers, the level portion
of the counting rate-voltage curve where changes in operating
voltage introduce minimum changes in the counting rate.-

Plutonium: t

A heavy radioactive man-me.de metallic element with atomic
number 94. Its most impo.': tant isotope is fissionable plu-
tonium-239, produced by neutron irradiation or uranium-238.
It is used for reactor fuel and in weapons.

i Poison:
| Any material of high absorption cross-section that absorbs

'

neutrons unproductively and hence removes them from the
fission chain reaction in a reactor decreasing its reactivity.

Port:
; An opening in a research reactor through which objects are

inserted for irradiation or from which beams of radiation

() emerge for experimental use,
,

[

_ _ _ _ - _ . .
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Positron:
An elementary particle with the mass of an electron but
charged positively. It is the "antielectron" emitted in
some radioactive disintegrations and is formed in pair
production by the interaction of high-energy gamma rays
with matter.

Potential Difference:
Work required to carry a unit positive charge from one I

point to another. |

Potential Ionization:
The potential necessary to separate one electron from an
atom, resulting in the formation of an ion pair.

Ppwer Density:
The rate of heat generated per unit volume of a reactor core.

Power Reactor:
A reactor designed to produce useful nuclear power as dis-
tinguished from reactors used primarily for research or for
producing radiation or fissionable materials.

Pressurized Water Reactor:
A power reactor in which heat is transferred from the core to
a heat exchanger by water kept under high pressure to achieve |||high temperature without boiling in the primary system. Steam
is generated in a secondary circuit. Many reactors producing
electric power are pressurized water reactors.

Primary Fission Products:
Fission fragments.

Process, Regenerative:
The process by which damaged or destroyed cells are replaced
by new ones of the same type.

Prompt Criticality :
The state of a reactor when the fission chain reaction is
sustained solely by prompt neutrons, that is, without the
help of delayed neutrons.

Prompt Neutrons:
Neutrons are emitted immediately following nuclear fission,
as distinct from delayed neutrons, which are emitted for some
time af ter fission has occurred. Prompt neutrons comprise
mo re t han 9 9 % o f fission neutrons. I

Prompt Radiation:
Radiation produced by the primary fission or fusion process,
as distinguished from the radiation from fission products, g
their decay chains and other later reactions. W

l
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Proportional Region:
Voltage' range in which the gas amplification is greater than
one and in which the charge collected is proportional to the
charge produced by the initial ionizing event.

Protected Areat
An area encompassed by physical barriers and to which access
is controlled.

Protection:
Provisions to reduce exposure of persons to radiation. For
example, protective barriers to reduce external radiation or
measures to prevent inhalation of radioactive materials.

Protective Clothing:
Special clothing worn by a radiation worker to prevent con-
tamination of his body or his personal' clothing.

,

Protective Survey:
An evaluation of the radiation hazards incidental to the
production, use, or existence of radioactive materials or
other sources of radiation under a specific set of conditions.,

!

! Protium:

'f' A'name sometines applied to the hydrogen isotope of mass 1
to distinguish it from deuterium and tritium.'

Proton:
An elementary particle with a single positive electrical
charge and a mass approximately 1837 times that of the

i olectron. The nucleus of an ordinary or light hydrogen
atom. Protons are constituents of all nuclei. The atomic !

number (Z) of an atom is equal to the number of protons in
its nucleus. i

; Proton Synchrotron:
A type of particle accelerator for producing beams of very

j high energy protons (in the BeV range) .

Pulse:
iAn electrical signal arising from a single event of ionizing
tradiation.

Pulse Amplifier:
An amplifier designed specifically to amplify the inter- |

mittent signals of a radiation detection instrument, incor-'

porating appropriate pulse-shaping characteristics.

Pulse Height:
'

The measure of the f.;rength or signal amplitude of a pulse2

delivered by a detector; measured in volts.'

s

i
,
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Pulse Height Analyzer:
An electronic circuit which sorts and records pulses according
to height or voltage.

Pulse Height Discriminator:
See Discriminator.

Pulse Height Selector:
A circuit designed to select and pass voltage pulses in a
certain range of amplitudes.

0

Q:
A unit used to express very large energy figures. One "Q"
equals 10 " (a billion billion) British Thermal Units.2

Quality Factor:
The linear energy transfer dependent factor by which absorbed
doses are multiplied to obtain (for radiation protection pur-
poses) and quantity that expresses (one common scale for all
ionizing radiations) the effectiveness of the absorbed dose.
( Abbreviated QF) h

Quantum:
An observable quantity is said to be "quantized" when its
magnitude is, in some or all of its range, restricted to a
discrete set of values. It is equal to the product of the
frequency of radiation of the energy and 6.6256 x 10-27 erg /
sec. If the magnitude of the quantity is always a multiple
of a definite unit, then that unit is called the quantum (of
the quantity). For example, the quantum or unit of orbital
angular momentum is h, and the quantum of energy of electro-
magnetic radiation of frequency v is hv. In field theories,
a field (or the field equations) is quantized by application
of a proper quantum-mechanical procedure. This results in
the existence of a fundamental field particle, which may be
called the field quantum. Thus, the photon is a quantum of
the electromagnetic field and in nuclear field theories the
meson is considered the quantum of the nuclear field.

Quantum Theory:
The statement, according to Max Plank, German physicist, that
energy is not emitted or absorbed continuously, but in units
or quanta. A corollary of this theory is that the energy of
radiation is directly proportional to its frequency.

O

i
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Quench:
To limit or stop the electrical discharge in an ionization
detector.

Quenching Vapor:
Polyatomic gas used in Geiger-Mueller counters to quench or
extinguish avalanche ionization.

R

Rad (Roentgen Absorbed Dose) :
A measure of the dose of any ionizing radiation to any medium
in terms of the energy absorbed per unit mass of medium. One
rad is the dose corresponding to the absorption of 100 ergs
per gram of any medium, 0.01 J/Kg.

Radiation:
1) The emission and propagation of energy through space or
through a material medium in the form of waves, for instance,
the emission and propagation of electromagnetic waves, or of
sound and elastic waves. 2) The energy propagated through

('T space or through a material medium as waves, for example ,
''' energy in the form of electromagnetic waves or of elastic

waves. The term radiation or radiant energy, when unqualified,
usually refers to electromagnetic radiation. Such radiation
commonly is classified, according to frequency, as Hertzian,
infrared, visible (light), ultra-violet, X-ray, gamma ray (see
Photon). 3) By extension, corpuscular emissions, such as
alpha and beta radiation, or rays of mixed or unknown type,
as cosmic radiation.

Annihilation Radiation:
Photons produced when an electron and a positron unite
and cease to exist. The annihilation creates two photons,
each of 0.51 MeV energy.

Background Radiation:,

! Radiation arising from radioactive material other than
i the one directly under consideration. Background radia-
| tion due to cosmic or galactic rays and natural (terres-

trial) radioactivity that is always present. There may
also be background radiation due to the presence of
radioactive substances in other parts of the building,

|
in the building material itself, etc.

I

,
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Characteristic (Discrete) Radiation:

Radiation originating from an atom after removal of an
electron or excitation of the nucleus. The wavelength
of the emitted radiation is specific depending only upon
the nuclide and particular energy levels involved.

External Radiation:
Radiation from a source outside the body. The radiation
must penetrate the skin.

Internal Radiation:
Radiation from a source within the body (as a result of
deposition of radionuclides in body tissues) e.g., barium
for gastrointestinal and circulatory diagnostic tracing.

Ionizing Radiation:
Any electromagnetic or particulate radiation capable of
producing ions, directly or indirectly, in its passage
th rough matter.

Leakage Radiation:
All radiation coming from the source housing except the
useful beam.

Monochromatic Radiation: &
Electromagnetic Radiation of a single wavelength, or W
radiation in which all the photons have the same energy,
e.g., cesium-137.

bbnoenergetic Radiation:
Radiation of a given type (alpha, beta, neutron, gamma,
etc.) in which all particles of photons originate with
and have the same energy.

Primary Radiation:
The useful beam of an X-ray tube.

Radiation Area:
Any accessible area in which the level of radiation is
such that a major portion of an individual's body could

i receive in any one hour a dose in excess of 5 millirera,
or in any five consecutive days a dose in excess of 100
millirem.

Radiation Burn :
Radiatior. damage to the skin. Beta burns result from
prolonged skin contact with or exposure to emitters of
beta particles. Flash burns result from sudden thermal
radiation.

O
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Radiation Chemistry:
The branch of chrmistry that is concerned with the chemical
effects, including decomposition, of energetic radiation or
particles on matter.

Radiation Damage:
A-general term for the harmful effects of radiation on
matter.-

Radiation Detection Instruments:
Devices that detect and record the characteristics of
ionizing radiation.

Radiation Illness:
An acute organic disorder that follows exposure to relatively
severe doses of ionizing radiation. It is characterized by
nausea, vomiting, diarrhea, blood cell changes, and in later
stages, by hemorrhage, loss of hair, and brittle teeth.

.

Radiation Protection:
Legislation and regulations to protect the public and i

laboratory or industrial workers against radiation. Also,
measures to reduce exposure to radiation.

O- Radiation Protection Guide:
The officially determined radiation doses which should not
be exceeded without careful consideration of the reasons
for doing so. These standards, established by the Federal
Radiation Council, are equivalent to what was formerly
called the maximum permissible dose, or maximum permissible
exposure.

Radiation Shielding:
Reduction of radiation by interposing a shield of absorbing
material between any radioactive source and a person, labor-
atory area, or radiation-sensitive device.

Radiation Standards:
Exposure standards, permissible concentrations, rules for
safe handling, regulations for transportation, regulations
for industrial control of radiation, and control of radia-
tion exposure by legislative means.

Radiation Therapy:
Treatment of disease with any type of radiation.

Scattered Radiation:
Radiation which, during its passage through a substance, has
been deviated in direction. It may also have been modified
by a decrease in energy.
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Secondary Radiation:

Radiation resulting from absorption of other radiation in
matter. It may be either electromagnetic or particulate.

Radiation Machine:
Any device capable of producing radiation when the associated
controls are operated, but excluding devices that produce
radiation only by the use of radioactive material.

Radioactive Contamination:
Deposition of radioactive material in any place where it may
harm persons , spoil experiments, or make products or equipment
unsuitable or unsafe for some specific use. The presence of
unwanted radioactive matter. Also, radioactive material found
on the walls of vessels in used fuel processing plants, or
radioactive material that has leaked into a reactor coolant.
Often referred to only as contamination.

Radioactive Dating:
A technique for measuring the age of an object or sample of
material by determining the ratios of various radioisotopes
or products of radioactive decay it contains. For example ,
the ratio of carbon-14 or carbon-12 reveals the approximate
age of bones, pieces of wood, or other archeological speci-

gggmens that contain carbon extracted from the air at the time
of their origin.

Radioactive Series:
A succession of nuclides, each of which transforms by radio-
active disintegration into the next until a stable nuclide
results. The first member is called the parent, the inter-
mediate members are called daughters, and the final stable
member is called the end product.

Radioactive Tracer:
A small quantity of radioactive isotope (either with carrier
or carrier-free) used to follow biological, chemical, or
other processes, by detection, determination, or localiza-
tion of the radioactivity.

Radioactivity:
The property of substance which causes it to emit ionizing
radiation. This property is the spontaneous transmutation
of the atoms of the substance. It is measured in terms of
disintegrations per unit time or in curies.

Artificial Radioactivity:
Man-made radioactivity produced by particle bombardment
or electromagnetic irradiation, as opposed to natural
radioactivity. O
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() Induced Radioactivity:
- Radioactivity produced in a substance af ter bombardment

with neutrons or other particles. The resulting activity
is "natural radioactivity" if formed by nuclear reactions
occurring in nature, and "artificial radioactivity" if the
reactions are caused by man. ,

Natural-Radioactivity: ;
,

The property of radioactivity exhibited by more than fifty"

naturally occurring radionuclides.

Radiobiology:
The body of knowledge and the study of the principles,
mechanisms, and ef fects of ionizing radiation on living
matter.

Radiochemistry :
The body of knowledge and the study of the chemical properties
and reactions of radioactive materials.

Radioecology: !

The body of knowledge and the study of the effects of radia-,

tion on species of plants and animals in natural communities.
.

Radioelement:
! An element containing one or more radioactive isotopes. A

.
radioactive element.

* Radiogenic:
Of radioactive origin. Produced by radioactive transformation.

,

Radiography:
'

The use of ionizing radiation for the production of shadow
images on a photographic emulsion. Some of the rays (X-rays
or gamma rays) pass through the subject, while others are
partially or completely absorbed by the more opaque parts of
the subject and thus cast a shadow on the photographic film. ;

:

Radioisotope:
- A radioactive isotope. An unstable isotope of an element

| that decays or disintegrates spontaneously emitting radia- ,

a tion. More than 1300 natural and artificial radioisotopes
: have been identified.

Radioisotopic Generator:
A small power generator that converts the heat released
during radioactive decay directly into electricity. These
generators generally produce only a few watts of electricity ''

and use thermoelectric or thermionic converters.

. [

;

i
1

i
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Radiology:
That branch of medicine which deals with the diagnostic and
therapeutic applications of radiant energy including X-rays
and radionuclides.

Radioluminescence:
Visible light cau3ed by radiations from radioactive substances.
An example is the glow from luminous paint containing radium
and crystals of zinc sulfide, which give off light when struck
by alpha particles from the radium.

Radiolysis:
The dissociation (or decomposition) of molecules by radiation.
Example: A small proportion of water in a reactor core dis-
sociates into hydrogen and oxygen during operation of the
reactor.

Radiomimetic Substances:
Chemical substances which cause biological effects similar to
those caused by ionizing radiation.

4

Radiomutation:
A permanent, transmissible change in form, quality, or other
characteristic of a cell or offspring from the characteristics
of its parent, due to radiation exposure, gg

Radioresistence:
Relative resistance of cells, tissues, organs, or organisms to
the injurious action of radiation. The term may also be
applied to chemical compounds or to any substances. (See
Radiosensitivity.)

Radiosensitivity:
Relative susceptibility of cells, tissues, organs, organisms,
or any living substance to the injurious action of radiation.
Radioresistance and radiosensitivity are currently used in a
comparative sense, rather than in an absolute one.

Radium:
A radioactive metallic element with atomic number 88. As found
in nature, the most common isotope has an atomic weight of 226.
It occurs in minute quantities associated with uranium in pitch-
blende, c a rr.o t i t e , and other minerals. The uranium decays to
radium in a series of alpha and beta emissions. By virtue of
being an alpha and gamma emitter, radium is used as a source
of luminescence and as a radiation source in medicine and radio-
graphy. (Symbol Ra)

Radon:
A radioactive element, one of the heaviest gases known. Its

|||atomic number is 86 and its atomic weight is .222. It is a
daughter of radium in the uranium radioactive series. (Symbol
Rn)
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'''' Radon Breath Analysis:
Examination of exhaled air for the presence of radon to de-
termine the presence and quantity of radium in the human
body.

Rare Earths:
A group of 15 chemically similar metallic elements, includ-
ing Elements 57 through 71 on the Periodic Table of the
Elements, also known as the Lanthanide Series.

Recombination:
The return of an ionized atom or molecule to the neutral
state.

Recovery (Radiobiology) :
The return toward normal of a particular cell, tissue, or
organism after radiation injury.

Re fle ctor :
A layer of material immediately surrounding a reactor core
which scatters back or reflects into the core many neutrons
that would otherwise escape. The returned neutrons can then
cause more fissions and improve the neutron economy of the
reactor. Common reflector materials are graphite, beryllium,
and natural uranium.

Regulating Rod:
,

A reactor control rod used for making frequent fine adjust-'

! monts in reactivity.
!

Relative Biological Effectiveness ( RBE) :
The RBE is a factor used to compare the biological ef fective-

! ness of absorbed radiation doses (i.e. rads) due to different
| types of ionizing radiation. ' More specifically, it is the
I experimentally determined ratio of an absorbed dose of a
I radiation in question to the absorbed dose of a reference

radiation required to produce an identical biological ef fect,

in a particular experimental organism or tissue. NOTE: this
term should not be used in radiation protection. (See
Quality Factor. )

Rem (Roentgen Equivalent Man) :
The unit of dose of any ionizing radiation which produces the
same biological ef fect as a unit of absorbed dose of ordinary!

l X-rays. The dose (in rems) = QF x absorbed dose (in rads).
Relationship of rem to R and rad: rem = R x QF = rad x QF;
for X-ray and gamma: rem = R= rad x QF = 1.0.

l

(1)
l

!

- -
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Rep (Roentgen Equivalent Physical) :
An obsolete unit of absorbed dose of any ionizing radiation,
with a magnitude of 93 ergs per gram. It has been superseded
by the rad.

Research Reactor:
A reactor primarily designed to supply neutrons or other
ionizing radiation for experimental purposes. It may also
be used for training, materials testing, and production of
radioisotopes.

Resolving Time, Counter:
The minimum time interval between two distinct events which
will permit both to be counted. It may refer to an electronic
circuit, to a mechanical indicating device, or to a counter
tube.

Resonance:
The phenomenon whereby particles such as neutrons exhibit a
very high interaction probability with nuclei at specific
kinetic energies of the particles. Cross-sections for
neutron capture and scattering, for example , exhibit peaks
at these so-called resonance energies and have relatively
low valuca between the peaks. (This term is also applied
to several other phenomena in physics.) ||)

Restricted Area:
Any area to which access is controlled by the license for
protection of individuals from exposure to radiation and
radioactive materials. A restricted area shall not include
any areas used as residential quarters, although a separate
room or rooms in a residential building may be set apart as
a restricted area.

Rod:
A relatively long, slender body of material used in or in
conjunction with a nuclear reactor. It may contain fuel,
absorber, or material in which activation or transmutation
is desired.

Roen tgen :
A special unit of exposure. A term used to denote X-ray and
gamma ray doses only. One roentgen is that amount of radia-
tion that produces one electrostatic unit of charge of either
sign per cubic centimeter of dry air at STP. This is equiva-
lent to the production of 83 ergs per gram of dry air.
R= 2.58 x 10" coulomb per kilogram of air. (Abbreviated R)

Roentgenog raphy :
Radiog raphy by means o f X-rays.
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Roentigenology :'

That part of radiology.which pertains to.X-rays.
.

Ruther ford :
An ob'solete unit ofLradioactivity equivalent to 10''disin-
tegrations per second.

.S

STP:
Standard Temperature and Pressure:

Scaler:
An electronic device which registers current pulses received
over a given time interval.

! Binary Scaler:
A scaler whose scaling factor is two per stage.

Decade Scaler:
A scaler whose scaling factor is a power of ten.

/~TV Scanner, Recilinear :
A device which employs a moving collimated detector and a
moving recorder to produce an image of the radionuclide dis-
tribution within an organ or gland.

Scanning, Radioisotope:
A method of determining the location and amount of radio-
active isotopes within the body by measurements taken with
instruments outside the body. Usually the instrument, called
a scanner, moves in a regular. pattern _ over the area to be
studied, or over the whole body, and makes a visual record.i-

Scattering:
Change of direction of subatomic particles or photons as a
result of a collision or interaction.

Compton Scattering:i

' The scattering of a photon by an electron. Part of the
energy and momentum of the incident photon is trans-
ferred to the electron and the remaining part is carried
away by the scattered photon.

L Elastic Scattering:

| Scattering caused by elastic collisions, and therefore
I conserving kinetic energy of the system. Rayleigh

(]) scattering is a form of elastic scattering.

|
|

|

!
,
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Inelastic Scattering:
The type of scattering which results in the nucleus being
left in an excited state and the total kinetic energy
being decreased.

Multiple Scattering:
Scattering of a particle or a photon in which the final
displacement is the vector sum of many, usually small,
displacements.

Plural Scattering:
Scattering of a particle or a photon in which the final
deflection is the vector sum of a small number of dis-
placements.

Rayleigh Scattering:
The elastic scattering of a photon without loss of photonic
energy. Sometimes referred to as coherent scattering.

Single Scattering:
The de flection of a particle from its original path owing it
to encounter with a single scattering center in the material
traversed.

Scattering Coefficient, Compton: g
That fractional decrease in the energy of a beam of X-ray or
gamma radiation in an absorber due to the energy carried off
by scattered photons in the Compton effect.

Scavenging:
In chemistry, the use of a non-specific precipitate to remove
one or more undesirable radionuclides from solution by absorp-
tion or coprecipitation. In atmospheric physics, the removal
of radionuclides from the atmosphere by the action of rain,
snow, or dew.

Scintillation:
A flash of light produced in a phosphor by an ionizing event.

Scintillation Camera:
A device for visualizing the spatial distribution of a radio-
nuclide within an organ or gland in the body. The gamma camera
uses a stationary sodium iodine (NaI) crystal as the detection
element. Positioning signals are generated from a bank of
photomultiplier tubes and applied to a cathode ray tube. Counts
are integrated on film to obtain an image of the radionuclide
distribution.

Scintillation Counter:
An instrument that detects and measures ionizing radiation by
counting the light flashes (scintillations) caused by radia- |||
tion imprinting on certain materials (phosphors).
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s,/ . Scram:

The-sudden shutdown'of a nuclear reactor, usually by rapid
insertion of the safety rods. Emergencies or deviations from
normal reactor ' operation cause the reactor operator or auto-
matic control equipment to scram the' reactor.

Sealed Source:
A radioactive -source sealed in an impervious container which
has sufficient mechanical strength to prevent contact.with

-

-

and dispersion of the radioactive material under the condi -
tions of- use and wear for which it was designed.

Series, Radioactive:
A succession of nuclides, each of which transforms by radio-
active disintegration into the next until a stable nuclide
results. The first member is called the "parent", the
intermediate members are called "daughters", and the final
stable member is called the "end product".

Shell:
One of a series of concentric spheres, or orbits, at various
distances from the nucleus, in which, according to atomic
theory, electrons move around the nucleus of an atom. The
shells are designated, in .the order of. increasing distance
from the nucleus, as the k, 1, m , n,o,p, and q shells.

() The number of electrons which each shell can contain is.

limited. Electrons in each shell have the same energy level
and are further grouped into subshells.

S'hield:
A body of material used to prevent or reduce the passage of
particles or radiation. A shield may be designated accord-
ing to what it is intended to absorb (as a gamma ray shield
or neutron shield) .or according to the kind of protection
it is intended to give (as a' background, biological, or
thermal shield). The shield of a. nuclear reactor is a body
of material surrounding the reactor to prevent the escape

.

of neutrons and radiation into a protected area, which fre-
quently is the entire space external to the reactor. It may
be required for the safety of personnel or to reduce radia-
tion enough to allow use of counting instruments for research

|
or for locating contamination or airborne radioactivity.

Slow Neutron:
A thermal neutron.

Softness:
A relative specification of the quality or penetrating power
of X-rays. In general, the longer the wavelength, the softer

l the radiation.

O
,
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Somatic Effects of Radiation:

Ef fects of radiation limited to the exposed individual, as
distinguished f rom genetic e f fects (which also affect sub-
sequent, unexposed generations). Large radiation doses can
be fatal. Smaller doses may make the individual noticeably
ill, may merely produce temporary changes in blood cell
levels detectable only in the laboratory, or may produce no
detectable ef fects whatever. Also called physiological
ef fects of radiation.

Source:
Usually a man-made sealed source of radioactivity used in
teletherapy, radiography, as a power source for batteries,
or in various types of industrial gauges. Machines such
as accelerators and radioisotopic generators, and natural
radionuclides may also be considered as sources.

Source Material:
Natural or depleted uranium or natural thorium, or any com-
bination thereof, in any physical or chemical form, or ores
which contain 0.05% by weight or more of uranium, thorium, or
any combination thereof. Source material does not include
special nuclear material.

Spa]lation: ggg
A term used to denote a nuclear reaction induced by high
energy bombardment and involving the ejection of more than
two or three particles (neutrons, protons, deuterons, alpha
particles, etc.)

Spark Chamber:
An instrument for detecting and measuring the paths of ele-
mentary particles. It is analogous to the cloud chamber and
bubble chamber. It consists o f numerous electrically charged
metal plates mounted in a parallel array, the spaces between
the plates being filled with an inert gas. Any ionizing event
causes sparks to jump between the plates along the radiatica
path through the chamber.

Special Nuclear Material:
In atomic energy law, this term refers to plutonium-239,
uranium-233, uranium containing more than the natural
abundance o f uranium-2 35, or any material artificially
enriched in any of these substances.

Special (or Restricted) Theory of Relativity :
A theory developed by Albert Einstein in 1905 that is of
great importance in atomic and nuclear physics. It is
especially useful in studies of objects moving with speeds
approaching the speed of light. Two of the results of the
theory with specific application in nuclear physics are the ||h
statements: 1) that the mass of an object increases with
its velocity; and 2) that mass and energy are equivalent.
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A'particular kind of atomic nucleus,-atom, molecule , or ion.
A nuclide.

Specific Activity:
Total activity .of a given nuclide per gram of a compound,
element,.or radioactive nuclide.

Specific Gamma' Ray Constant:
For a nuclide emitting gamma radiation, the product of ex-
sposure rate at a given distance from a point source.of that
'nuclide and the square of that distance divided-by the
activity of the source, neglecting attenuation.

Specific. Ionization :
The number of ion pairs formed per unit of distance along
.the track of an ion passing through matter ~.-

Spectrum:
A ' visual display, a . photographic record, or a plot of the
distribution of the intensity of a given type of' radiation
as a function of its wavelength, energy, f requency, momentum,
mass, or any related quantity.

Spent . (Depleted) Fuel:

Nuclear reactor fuel that has been irradiated (used) to the
extent that it can no longer. effectively sustain a chain
reaction.

S' pill:
The accidental release of radioactive. material.

Spontaneous Fission:
Fission that occurs without an external stimulus. Several
heavy isotopes decay mainly in this manner, e.g.. californium-
252 and californium-254. The process occurs occasionally in
al] fissionable materials, including uranium-235.

Stable:

Incapable of spontaneous change. Not radioactive or with a
0half-life greater than 1 x 10 years.

Stable Isotope:
An isotope that does not undergo radioactive decay.

Standard, Radioactive:
A sample of radioactive material, usually with a long half-
life, in which the number and type of radioactive atoms at
a definite reference time is known. It may be used as a

7- radiation source for calibrating radiation measurement
(,j) equipment.

-. .- -- -.
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Statcoulomb (Electrostatic Unit of Charge) :
That quantity of electric charge which, when placed in a
vacuum one cm distant from an equal and like charge, will
repel it with a force of one dyne. (Abbreviated esu)
Preferred name for this unit is franklin. ( Abbreviated Fr)

Sterility, Biological:
Temporary or permanent incapability to reproduce.

Sterilization:
Use of radiation to cause a plant or animal to become sterile,
that is, incapable of reproduction. Also the use of radiation
to kill all forms of life (especially bacteria) in food, sur-
gical sutures , animal pelts, etc.

Stopping Power:
A measure of the effect of a substance upon the kinetic
energy of a charged particle passing through it.

Strange Particles:
A class of very short lived elementary particles that decay
more slowly than they are formed, indicating that the pro-
duction process and decay process result from different
fundamental reactions. They include K-mesons and hyperons.

OStray Radiation:
The sum of leakage and scattered radiation.

Stress Corrosion:
Chemical corrosion, such as of reactor pressure vessels,
that is accelerated by stress concentrations either built
into or resulting from a load.

Subatomic Particle:
Any of the constituent particles of an atom: an electron,
neutron, proton, etc. Present theory proposes there may
be as many as 250 subatomic constituents.

Subcritical Assembly:
A reactor consisting of a mass of fissionable material and
moderator whose effective multiplication factor is less than
one and that hence cannot sustain a chain reaction. Used
primarily for educational purposes.

Subcritical Mass:
An amount of fissionable material insufficient in quantity
or of improper geometry to sustain a fission chain reaction.

Subcritical Reactor:
A subcritical assembly.
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Supercritical Mass:
1 A mass of ' fuel whose .ef fective multiplication factor .is

greater than one.

Surfa'ce Contamination:-

The deposition and attachment of radioactive materials to
a surface.-

Survey Meter:
Any portable radiation detection instrument especially
adapted for surveying or inspecting an area to establish
the existence and amount of radioactive' material present.

Survey, Radiological:
Evaluation of the radiation hazards incident to the pro-
duction, use, or existence of radioactive materials or
other sources of radiation under specific conditions.
Suvi. evaluation customarily includes a physical survey of
the disposition of materials and equipment, measurements
or estimates of the levels of radiation that may be in-
volved, and sufficient knowledge of processes using or
affecting these materials to predict hazards resulting
from expected or possible changes in materials or equip-
ment.,,

i'jd
Survival Curve:

A curve obtained by plotting the number or percentage of
organisms surviving at a given time against the dose of
radiation, or the number survivi'ng at different intervals
after a particular dose of radiation.

Synchrocyclotron:
A cyclotron in which the frequency of the accelerating
voltage is decreased with time so as to match exactly the
slowing revolutions of the accelerated particles. The
decrease in rate of acceleration of the particles results
from the increase of mass with energy as predicted by the
Special Theory of Relativity.

Synchrotron:
An accelerator in which particles are accelerated around
a circular path by radio-frequency electric fields. The
magnetic guiding and focusing fielos are increased syn-
chronously to match the energy gained by the particles
so that the orbit radius remains constant.

Syndrome:
The complex of symptoms associated with any disease.

;
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Systens for Nuclear Auxiliary Power:

An NRC program to develop small auxiliary nuclear power
sources for specialized space, land, and sea uses. Two
approaches are employed: the first uses heat from radio-
isotope decay to produce electricity directly by thermo-
electric or thermio.:c methods; the second uses heat
from small reactors to produce electricity by thermo-
electric or thermionic methods or by turning a small
turbine and electric generator. (Acronym SNAP)

T

T.I. :

Transportation Index is measured radiation level in mr/hr at
one meter (39") from surface of source head.
Tag:

See Tracer, Isotopic.

Tails:
See Depleted Uranium.

Target:
Material subjected to particle bombardment (as in an
accelerator) or irradiation (as in a research reactor) in

|||order to induce a nuclear reaction. Also, a nuclide that
has been bombarded or irradiated.

Teletherapy: ,

Radiation treatment administered by using a source that is !
'at a distance from the body, usually employing gamma ray

beams from radioisotope sources.

Test Reactor:
A reactor specially designed to test the behavior of materials
and components under the neutron and gamma fluxes and tempera-
ture conditions of an operating reactor.

Therapy:
Medical treatment of a disease.

Brachytherapy (Therapy at Short Distances) :
The treatment of disease with sealed radioactive sources
placed near, or inserted directly into, the diseased area.

Contact Radiation Therapy:
X-ray therapy with specially constructed tubes in which
the target skin distance is very short (less than 2 cm).
The voltage is usually 40 to 60 kV.

Radiation Therapy: g
Treatment of disease with any type of radiation. W
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Rotation Therapy:
Radiation therapy during which either the patient is
rotated before the- source of radiation or the source
is revolved'around the patient. In this way, a-larger
dose is built up at the center of rotation within the
patient's body than on any area of the skin.

,

Teletherapy.(Therapy at Long Distance):
The treatment of disease with gamma radiation from a
source located at a distance from the patient.

Thermal Column:
A channel built into some research reactors to supply thermal

|. neutrons for experimental purposes. It consists of a large
body of moderator located adjacent to the core or reflector.
Neutrons escaping from the reactor enter the thermal column
where they are slowed down to thermal energies with velocities
of about 2200 meters per second.

Thermal Neutron:
A neutron in thermal equilibrium with its surrounding medium.
Thermal neutrons are those that have been slowed down by a
moderator to an average speed of about 2200 meters per second,
at room temperature, from the much higher initial speeds they

r- had when expelled by fission. This velocity is similar to
, ( that of gas molecules at ordinary temperatures.I

l

i Thermal Radiation:

| Electromagnetic radiation emitted from the fireball produced

|
by a nuclear explosion. Thirty-five percent of the total

| energy of a nuclear explosion is emitted in the form of
! thermal radiation, as light, and as ultraviolet and infrared

radiation.

Thermal Reactor:
A reactor in which the fission chain reaction is sustained
primarily by thermal neutrons. Most reactors are thermal

,

i reactors.
|

| Thorium:
; A naturally radioactive element with atomic number 90 and,

as found in nature, an atomic weight of approximately 232.
The fertile thorium-232 isotope is abundant and can be trans-
muted to fissionable uranium-233 by neutron irradiation.

Thorium Series (Sequence) :
The series of nuclides resulting from the radioactive decay
o f thorium-2 32. Many manemade nuclides decay into this
sequence. The end product of this sequence in nature is
lead-208.
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Threshold Dose:
The minimum dose of radiation that will produce a detectable
biological effect.

Threshold, Photoe lect ric :
The quantum of energy hvo that is just enough to release an
electron from a given system in the photoelectric ef fect.

v, and wavelength, Ao, are theThe corresponding frequency, o

threshold frequency and wavelength respect .vely. For example ,
in the surface photoelectric effect, the threshold hv for ao

particular surface is the energy of a photon, which, when
incident on the surface, causes the electron to emerge with
zero kinetic energy.

Time-Of-Flight Spectrometer:
A device for separating and sorting neutrons (or other parti-
cles) into categories of similar energy, measured by the time
it takes the particles to travel a known distance.

Tissue Equivalent Material:
Material made up of the same elements in the same proportions
as they occur in a particular biological tissue. In some
cases, the equivalence may be approximated with sufficient
accuracy on the basis of effective atomic number.

Tracer, Isotopic: h
An isotope of an element, a small amount of which may be in-
corporated into a sample of material (the carrier) in order
to follow (trace) the course of that element through a chemi-
cal, biological, or physical process, aid thus also follow
the larger sample. The tracer may be radioactive, in which
case observations are made by measuring the radioactivity.
If the tracer is stable, mass' spectrometers, density measure-
ment, or neutron activation analysis may be employed to
determine isotopic composition. Tracers are also called
labels or tags, and materials are said to be labeled or
tagged when radioactive tracers are incorporated in them.

Track:
Visual manifestation of the path of an ionizing particle in
a chamber or photographic emulsion.

Transformation, Nuclear:
Transmutation.

Transmutation:
Any process in which a nuclide is transformed into a dif ferent
nuclide, or more specifically, when transformed into a dif-
ferent element by a nuclear reaction.

O
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Transplutonium Element:
An. element above plutonium in the Periodic Table,'that"is,
one with an atomic number. greater than 94.

Transuranic Element (Isotope) :
An element above uranium in the Periodic Table, that is, with-
an atomic number greater than 92. All eleven transuranic
elements are produced artificially and are radioactive. They'
are: neptunium, plutonium, americium, curcium, berkelium, -
. californium, einsteinium, fermium, mendelevium, nobelium, and
lawrencium.

Tritium:
The hydrogen isotope with one proton and two neutrons in the
nucleus. It is man-made and is heavier than deutrium (heavy
hydrogen). Tritium is used in industrial thickness ' gauges
and as a label in experiments in chemistry and biology. Its
nucleus is a triton.

Triton:
The nucleus of tritium, the hydrogen isotope-of mass number 3,
used as a nuclear projectile or as a product of a nuclear
reaction.

() T ube , Boron Counter:
A counter tube filled-with the boron trifluoride (BF ) and/or3

having electrodes coated with boron or boron compounds used
for detecting slow neutrons by the n,a reaction of boron-10
(30B).

Tube, Electron Multiplier:
A tube in which small electron currents are amplified by a
cascade process employing secondary emission.

|

| Tube, Photomultiplier:
An electron multiplier tube in which the electrons initiating
the cascade originate by photoelectric emission.

Tumor :
In its general sense, a swelling. The term is often synonymous
with neoplasm. A malignant tumor is capable of metastasizing.

U

Unstable Isotope:
A radioisotope.

O

. ..
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Uranium:
A radioactive element with the atomic number 92 and, as found
in natural ores, an average atomic weight of approximately 238.
The two principal nat. ural isotopes are uranium-235 (0.7% of
natural uranium) , which is fissionable, and uranium-238 (99.3%
of natural uranium), which is fertile. Natural uranium also
includes a minute amount of uranium-234. Uranium is the basic
raw material of nuclear energy. (Symbol U)

Uranium Hexafluoride:
A volatile compound of uranium and fluorine. UF gas is thes
process fluid in the gaseous diffusion process. (Symbol UF,)

Uranium Series:
The series of nuclides resulting from the radioactive decay
o f uranium-2 3 8, also known as the uranium-radium series. The
end product of the series is lead-206. Many man-made nuclides
decay into this sequence.

Uranium Tetrafluoride:
A solid green compound called green salt. An intermediate
product is the production of uranium hexafluoride. (Symbol
UFS)

Uranium Trioxide: 3
An intermediate product in the refining of uranium, also W
called orange oxide.

.

V

Valence:
Number representing the combining or displacing power of an
atom. Number of electrons lost, gained, or shared by an atom
in a compound. Number of hydrogen atoms with which an atom
will combine, or which it will displace.

Van de Graaff Generator ( Accelerator) :
An electrostatic machine in which electrically charged par-
ticles are sprayed on a moving belt and carried by it to build
up a high potential on an insulated terminal. Charged particles
are then accelerated along a discharge path through a vacuum
tube by the potential difference between the insulated terminal
and the opposite end of the machine. A Van de Graaff acceler-
ator is often used to inject particles into larger accelerators.
Named a f te r R. S. Van de Graaf f, who invented the device in 1931.

Volt:
The unit of electromotive force (lV = lW/1A) . |||
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Voltage, Operating:
As applied to radiation detection instruments, the voltage
across the electrodes in the detecting chamber required for
proper detection of an ionizing event.

Voltage, Starting:
For a counter tube, the minimum voltage that must be applied
to obtain counts with the particular circuit with which it is
associated.

Volume, Sensitive:
That portion of a counter tube or ionization chamber which
responds to a specific radiation.

W

Warning Symbol:
An officially prescribed symbol (a magenta trefoil on a
yellow background) which should always be displayed when
a radiation hazard exists.

Waste, Radioactive:'

Equipment and materials (from nuclear operations) which are
radioactive and for which there is no further use. Wastes
are generally classified as high-level (having radioactivity
concentrations of hundreds to thousands of curies per gallon
or cubic foot), low-level (in the range of one microcurie
per gallon or cubic foot) , or intermediate (between these
extremes).

Watt:
The unit of power equal to one joule per second (lW = lJ/ls).

Wavelength:
Distance between any two similar points of two consecutive
waves (A) for electromagnetic radiation. The wavelength is
equal to the velocity of light (c) divided by the frequency
of the wave (v) , A = c/v. The "effective wavelength" is the
wavelength of monochromatic X-rays which would undergo the
same percentage attenuation in a specified filter as the
heterogeneous beam under consideration.

Whole Body Counter:
A device used to identify and measure the radiation in the
body (body burden) of humans and animals. It uses heavy
shielding to keep out background radiation and ultrasensi-
tive scintillation detectors and electronic equipment.qgg
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X- ray :

A penetrating form of electromagnetic radiation emitted either
when the inner orbital electrons of an excited atom return to
their normal state (these are characteristic X-rays) , or when
a metal target is bombarded with high speed electrons (these
are bremcstrahlung) . X-rays are always non-nuclear in origin.

Y

Yield:
The total energy related in a nuclear explosion. It is
usually expressed in equivalent tons of TNT (the quantity
of TNT required to produce a corresponding amount of energy) .
Low yield is generally considered to be less than twenty
kilotons; low intermediate yield from twenty to 200 kilo-
tons; intermediate yield from 200 kilotons to one megaton.
There is no standardized term to cover yields from one
megaton upward.

O

Z

Zero-Powe r Reactor:
An experimental reactor operated at such low power levels
that a coolant is not needed and little radioactivity is
produced.


