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1. OVERALL OBJECTIVE %A59. $$v - 5Mi&Mkh
The overall objective of this g
training manual is to provide
the student adequate

information to allow him to

CONTAMsINsAyTEE.perform work in an area with
,adiation . .d radieami-
materialin a safe manner. O i$ .P Igy 2
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II. LEARNING MATERIALS

The material in this manual is meant to be an overview of the topics covered here, with
additional detail provided during classroom instruction. This manual, couple with the
classroom training is to be concidered as a tool for the worker to ensure that the overall
objective of the training is met.
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MODULE 2: ATOMIC STRUCTURE AND RADIOACflVITY,
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1. ATOMIC STRUCTURE
.

A. Atoms are defined as the smallest
I

.

part of an element that still retains the
. "i

'

i chemical properties of that element.

$ (j
'

'.

C>TC.. ... s
' . .

Atoms themselves are composed /
i primarily of three subatomic it

. ;- -)>I,particles: protons, neutrons, and /
,

,

electrons. ;.. ... ''(' 7, - #,

* !
1 ,

*...
.

4

J

$.
B. Protons and neutrons are relatively heavy particles (on the atomic scale) and have

i
approximately the same mass (about 1.67 x 10-24 gram). The electron is a much lighter

'

particle with a mass about 1/1800 that of a proton or neutron, and carries an electric
, charge of-1. Protons carry an electric charge of + 1. The number of protons (called the
; atomic number, symbol Z) containcd in an atom determines the element, and hence the
",

chemical characteristics ofthat atom. Neutrons have no electric. The interaction between.

4
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protons and . neutrons supplies the force that keeps the nucleus together. Due to the
repelling r.sture or the positively charged protons, the nucleus would tend to fly apart

-

without this strong nuclear force. ,

C. All atoms have the same general
structure. At the center is a nucleus
in which almost all the mass of the {~"

' ~ fDidy6h '^"^ ' ''*f
atom is concentrated. Circling the
nucleus in set orbits are the -- i'

electrons. The electrons are arranged i #EM5D"****
'"

in shells which increase in energy as 7 $
they move farther away from the %!ffg$$@$k NN#3$hh
nucleus. Tightly bound neutrons and -

protons (collectively called nucleons)
make up the nucleus, which has a .

diameter of about 1/10,000 that of
the atom itself. The actual diameter o
of a typical atom is about
0.00000001 centimeter. The atomic
mass number (symbol A) represents
the total nmnber of neutrons and,

protons within the nucleus. The
symbol N represents the number of
neutrons present and is found by
subtracting Z from A.

D. Most of the objects encountered in everyday' life are electrically neutral Therefore the
atoms that make up these objects must themselves be neutral Since electrons and
protons both contain electrical charges, differing only in sign, atoms must have the same
number. of protons and electrons; that is, they are electrically balanced (neutral). The

~

number ofneutrons an atom possesses has no effect on its charge.

,
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II. ISOTOPES
,

A. Any element may occur with different numbers of neutrons in its atoms. For example, the
element potassium has an atomic number of 19 (each atom has 19 protons), but it occurs

<

with differing numbers of neutrons. Rese different forms are called isotopes of |
,

!' potassium. - In fact there are actually 19 different isotopes of potassium,16 of which are )'
radioactive. '

|e

B. Most elements occur naturally as a mixture ofisotopes, each isotope having a certain !
3

: percent abundance. For example, the radioactive potassium isotope, K-40, occurs in 1

nature with a 0.0117 percent abundance. He most common isotope ofpotassium, K-39, !
-

has an abundance of 93.2581 percent. His means that if you extracted one kilogram; '

;

(1,000 grams) of natural potassium from an average area of soil and rock, that sample
} would contain about 0.117 grams ofradioactive K-40. Isotopes may also be produced by
j, bombarding a naturally occurring isotope with nuclear particles in an. accelerator or a

nuclear reactor.,

i

IIL CHART OF THE NUCLIDES
,

A. He characteristics of all known isotopes have been mmmarized in a widely published
table know as the Chart of the Nuclides. Radiation workers can use this chart to gather;

specific information'about isotopes present in the workplace. He tern s isotope and
nuclide are essentially interchangeable.

i
B. Each isot' pe (nuclide) on the chart occupies a square with at least the following relevanto

; data available: element name, atomic number and mass, percent natural abundance. If the
nuclide is radioactive, the half-life, decay modes, and decay energies are listed.

.

; IV. RADIOACTIVITY
.

.

4 A. Radioactivity may be defined as spontaneous nuclear transformations that result in the
: formation of new elements. Dese transformations are accomplished by one of several
j different M =i==e including ' alpha particle emission, beta particle and positron
; emission, and orbital electron capture. Dese reactions may also be accompanied by

.
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gamma radiation. In the field of radiation protection, we are concerned with processes
Ithat result in the emission of any of four types ofionizing radiation.
J
>

B. Whether or not a nuclide is radioactive depends primarily upon the neutron-to-proton
ratio within the nucleus. Stable atoms have a neutron-to-proton ratio close to 1.0 for low

!

mass nuclei, and about 1.5 for the heaviest elements. If a graph is made of the number of
protons versus the number ofneutrons for stable nuclei, a curve can be established. This is ;

known as the "line of stability" and can be seen on the Chan of the Nuclides. !
i

C. Stable isotopes lie within a narrow range of this line, indicating that the neutron-proton i

ratio must lie within certain limits for a nucleus to be stable. The majority of radioactive |

isotopes lie outside this range of stability; most radioactive nuclei have either too many or
too few neutrons compared to the number ofprotons they contain. |

i

D. Radioactive nuclei want to become stable, seeking the ideal neutron-proton ratio.
One example of this is when tritium changes to helium-3 (beta decay, neutron changes to
a proton).

i

E. Each isotope undergoes radioactive transformation, or radioactive decay, at a unique rate. ;

He time it takes for one-half of the atoms of a censin isotope to undergo radioactive
decay is known as the half-life. A decay constant, unique to each isotope, can be used to
estimate the amount of radioactive material present at any given time.

&O&kh&WW ? |

$a%s"4bh.. ki$$,NkssMkMDHw . u . g m-e t ;
s m9 - p. ngna .t1- was exm e

Ni s the number of atoms of the isotope at a given time t, No is a known number of atoms ;i
of the isotope at a time set as zero, and A is the radioactive decay constant for the

'

isotope. The decay constant is equal to the ratio of the naturallogarithm of 2 tb the half-
life for the isotope.

-

.

- *,
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F. The two general categories of ionizing radiation are paniculate (alpha, neutron, beta),
where subatomic panicles with mass are ejected from the nucleus, and electromastnetic
(X-rays and gamma), which consists of small packets of energy called photons.

G. In addition to ionizing radiation, there is non ionidng radiation. Nonionizing radiation is
similar to x- and gamma radiation, i.e., it is electromagnetic radiation. However,
nonionizing radiation interacts differently with matter as compared to ionidng radiation.
The interaction of radiation with matter is discussed in a subsequent module. Examples
of nonionizing radiation include radio waves, microwaves, lasers, and electromagnetic
fields around power lines and appliances.
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MODULE 3: TYPES, CIIARACTERISTICS, AND SOURCES OF
IONIZING RADIATION ,

,
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L TYPES OFIONIZING RADIATION
i

The four basic types ofionizing radiation of concem in the nuclear industry are ;

alpha panicles, beta particles, gamma rays (and x-rays) and neutrons.

'

A. Alpha Particles consists of 2 protons and 2 neutrons. The alpha panicle is the.

most massive of the paniculate radiation. An alpha particle carries a charge of+2,
travels a few inches in air, and will not penetrate the dead layer of skin.

Physical Characteristics He alpha particle has a large mass and consists of two i

'

protons, two neutrons and no electrons. (Positive charge of plus two.) It is a
highly charged panicle that is emitted from the nucleus of an atom. He positive
charge causes the alpha particle (+) to strip electrons (-) from neartiy atoms as it

,

passes through the material, thus ioni7ing these atoms.

Range. He alpha particle deposits a large amount of energy in a shon distance of
,

travet his large energy deposit limhs the penetrating ability of the alpha particle
'

to a very short distance. His range in air is about one to two inches.
!
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\.
. Shielding. Most alpha particles are stopped by a few centimeters of air, a sheet of . I

paper, or the dead layer (outer layer) of skin.
L

Biolonical Hazard. Alpha particles are not considered an external radiation hazard.
{

;

nis is because they are easily stopped by the dead layer of skin. Should an alpha
i

emitter be inhaled or ingested, it becomes a source ofinternal exposure. Internally, !; the source of the alpha radiation is in close contact with body tissue and can
j

deposit large amounts of energy in a small volume ofbody tissue.
;

: |
: ;

B. Beta Particles
'
.

| Physical Characteristics. He beta particle has a small mass and is negatively or |

|positively charged. It is emitted from the nucleus of an atom and has an electrical
j

charge of plus or minus one. Beta radiation causes ionization by displacing
<

j ;

electrons from their orbits. He beta particle is physically identical to an electron.
-

Ionization occurs due to the repulsive force between the beta particle (-) and the );i

electron (-), which both have a charge of minus one, or the combination of.an
i

,

j electron with a positron, ionizing an atom and creating two annihilatian gamma :
i photons of 0.51 MeV.
!

i Ranne. Because ofits single negative or positive charge, the beta particle has a
<
'

limited penetrating ability. Range in air is about ten fbet.;
:

,

;

Shielding. Most beta particles are shielded by plastic, glass, metal foil, or safety
; glasses.

.,

Biglonical Harard. Ifingested or Wlad, a beta emitter can be an internal hazard I

,

due to its short range. Externally, beta particles are potentially hazardous to the
skin and eyes.

*

.

C. Gamma Rays and X-Rays

Physical Characteristics. Gamma /X-ray radiation is an electromagnetic wave or
photon and has no electrical charge. Gamma rays are very similar to X-rays. He
only difference is in the place of origin. Gammm/X-ray radiation can ionize as a
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result of direct interactions with orbital electrons. The energy of the gamma /X-ray
radiation is transmitted directly to its target.

Range. Because gamma /X-ray radiation have no charge and no mass, they have a
very high penetrating power. Range in air is very far. It will easily go several
hundred feet.

Shielding Gamma /X-ray radiation are best shielded by very dense materials such
as concrete, lead, or steel

Biolonical Hazard. Gammm/X-ray radiation can result in radiation exposure to the
whole body. i,

!
,

Gamma rays are emitted from a radioactive atom when the nucleus has too much :

internal energy. Consider the nucleus as being like a light bulb. When there is no :

electricity, the light bulb is in a " stable" state. When the light switch is turned on, i-

the light comes on, and the excess energy is radiated in all directions as visible '

light. 'Ihe process is very similar with gamma emission. An excited nucleus needs <

to release this excess energy by radioactive decay. Often the result is a gamma ray. ;

Alpha and beta emission alone do not always release enough energy for the ;

nucleus to become stable. Because of this, most of the nuclides in the uramum I

decay chains also emit gn=== radiation. !

. . .
l

D. Neutron Particles |
||

Physical Characteristics. L Neutron radiation consists of neutrons that are ejected
from the nucleus. A neutron has no electrical charge. Due to their neutral charge, {

'

neutrons interact with matter either directly or indirectly. A direct interaction -
occurs as the resuk of a collision between a neutron and a nucleus. A charged
particle or other ionizing radiation may be emitted during these interactions which

!can cause ionization in human cells.
,

*

Range. Because of the lack of a charge, neutrons have a relatively high
penetrating ability and are difficuh to stop. Range in air is very far. Like gamma
rays, they can easily travel several hundred feet in air.

Shieldina. Neutron radiation is best shielded by materials with a high hydrogen
content, such as water or plastic.
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Iliolonical Hazard. Neutrons are a whole body hazard due to their high-

; penetrating ability.
,

!
cosnuu.ointion

| IL SOURCES OF RADIATION ,

e \
t

i A. Man has always been exposed to .)
| naturally occurring ionizing radiation. L |

| The radiation that occurs naturally in I
*

man's environment is referred to as e=ria'= =<=**aa r- o * '

Oabsorbs most
natural background radiation. The cosmie r.oietion c |

Ndaa nm
.. decay of natural '

natural background of . .somzmg C r.oso.cuty erom,

! radiation received by man is ""a'" ta' b**Y
" '

| comprised of cosmic rays and
; radiation from naturally occurring
| radionuclides in' the environment
I (which may be absorbed via food
; commodides and are found to a

varying degree within the body).
Radiation from decay'

; There are some 40 naturally 0, n tur,i r o.cuey
'

occurring radioelements and about in the Earth's crust
.

; twice this number of naturally [

} occurring radioisotopes. I

|
Cosmic radiation is a signi6 cant contributor to natural radiation absorbed dose.;

j Cosmic radiation comes from the sun and outer space and consists of high-energy
j charged panicles. At the outer limits of the earth's atmosphere, the composidon of
j cosmic rays is 87 percent protons and 11 percent alpha panicles, while the
: remaining two percent consists of other light nuclei.

,

[

-

3

i

j Most of the exposure that we receive from cosmic rays is from the cascade of
other ions produced by radiation interacting within the atmosphere. The canh's;

j atmosphere acts as a shield to prevent most of the cosmic radiation that reaches
| the canh from affecting us. The intensity of cosmic radiation varies with altitude
! and latitude due to these shielding effects. People living at higher latitudes receive

a higher dose from cosmic radiation due to the deflection of many of the charged
j panicles nonhward and southward by the canh's magnetic field. Likewise, the i

|;
'
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l}iological Hazard. Neutrons are a whole body hazard due to their high
penetrating abili y. !t

:
!

11. SOURCES OF RADIATION cosnu amanon

\
A. Man has always been exposed to \

naturally occurring ionizing radiation. I
.

The radiation that occurs naturally in
I

man's environment is referred to as Earth stmosphem N
,, , m,,,natural background radiation. The cosmic reaisson c c % ',uon vm m ;natural background of ionizing C C racioactivity srom

,, ,, w, ,

radiation received by man is **"'"*"**Y i

'

comprised of cosmic rays and ,,

radiation from naturally occurring I

radionuclides in the ' environment 'I

(which 'may be absorbed via food
commodities and are found te a j

varying degree within the body). )
Radiation from decay iThere are some -40 naturally o, n.wr.i r.aio.cievety i

occurring radioelements and about in the Earth's crust

twice this number of naturally
occurring radioisotopes. [

Cosmic radiation is a significant cc,ntributor to natural radiation absorbed dose.
Cosmic radiation comes from the sun and outer space and consists of high-energy
charged particles. At the outer limits of the earth's atmosphere, the composition of
cosmic rays is 87 percent protons and 11 percent alpha particles, while the

j
'

remaining two percent consists ofother light nuclei. -

.

6

Most of the exposure that we receive from cosmic rays is from the cascade of
other ions produced by radiation interacting within the atmosphere. The carth's
atmosphere acts as a shield to prevent most of the cosmic radiation that reaches
the earth from affecting us. The intensity of cosmic radiation varies with ahitude
and latitude due to these shielding effects. People living at higher latitudes receive
a higher dose from cosmic radiation due to the deflection of many of the charged
particles northward and southward by the earth's magnetic field. Likewise, the ~~ '

._ .
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radiation dose due to cosmic rays increases by a factor of two going from sea level
to 10,000 feet altitude and by about ten percent in going from zero to 50 degrees
latitude.

Areas in the western part of the United States have a higher natural backgrdund
dose rate than the eastern part because of the higher altitudes and greater
quantities of exposed rock in those treas. Rocks contain a higher concentration of
U-238, Th-232, and K-40 than do ordhary soil.

.-
. . . . . .- -- . ,
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B. Terrestrial radiation is emitted by radionuclides found in the earth's crust. Some of,

these materials emit photons which penetrate the overlying rocks and cause a,

gamma ray field at the earth's surface.
|
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I
nere are a large number of naturally occurdng radionuclides found in trace '

amounts in rocks, but the largest constituents are Ra-226, U-238, Th-232, and K- !'

40. In the United States, on average, a square mile ofsurface dug out to a depth of
one foot would contain one ton of K-40, three tons of U-238 and six tons of Th. i
232.

I

ne dose rate from terrestrial sources varies greatly from one geographical .

location to another. |
,

Population exposures from radon-222 arise from the natural occurrence of this -|
nuclide in the soil, from which it is encountered in water, building materials, and |
the air we breathe. Depending on. the type of house and its location, wide :

.

variations in air concentrations have been measured. His is because of the high

.|content of radon-222 in some natural materials from which the gas slowly escapes.
With the increased efficiency of home insulation, this source of radiation exposure

'

could increase signi6cantly due to tighter sealmg of the house, whicli'woIald retain
1

the radon-222 instead of pernutting it to leak out of doors. (See the end of the !
module for natural radioactive decay chains) !

.

l,

In addition to natural radionuclides found in rocks,' others sometimes and up in j
food or water used for human consumption, or become airborne as radioactive |
gases or particulates. Some fraction of these, in turn, become deposited internally !
in the body. His " body burden" produces a dose as the radionuclide decays inside !
the body. Most of the dose (about'80 percent) is due to K-40, of which the body i

contains about 120 nanocuries (a nanocurie is 0.000000001 curies). Any food ;

substance which contains natural potassium will contain a fraction of that natural '.

potassium as radioactive K-40. He body cannot di pish chemically between |
stable and unstable isotopes of an element and will use them 4.My. For this !

reason, certain organs may be primary targets for the radiation from intemlly
deposited radionuclides, such as I-131 which collects in thyroid glands, and :a0 |

which is deposited extensively in the central nervous system.
|

-
.

|
C. Man-made Radiation Sources

)
Man has learned to use the phenomenon of radiological decay and the energy {
produced in a number of ways. Examples include medical applications (x-ray 4

diagnostics and radiation treatments for cancer), nuclear power generadon, and
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numerous consumer products (smoke alanns, television, instmmentation). llenefits
nearly always exceed the risks of exposure.

Atmospheric testing of nuclear devices has released large quantities of radioactive
material (fallout) into the biosphere. Devices detonated near the earth's surface will
take up large amounts of soil which become radioactive tnrough neutron exposure.-

Detonation of a one megaton device can activate up to 50,000 tons of debds. In
1987, the estimated annual dose to the general population from fallout was
estimated to be less than one mdhrem per person.

Radioactivity is found in
hundreds of consumer products. j

Man-made products, including X- ,

ray machines, smoke detectors,
color televisions, exit lights, and

._

luminous dial instruments may
contain radionuclides or produce
radiation as a part of their normal amme

functioning. The beneficial "" j
(b [,,,aspects of these products are

considered to outweigh the
potential harmful effects of the aus

additional exposure. Other uma

products contain natural radiadon
as a result of their :;onstruction or
wmposition, web as cigarenes,
which contain significant levels of

,

'alpha emitters Po-210 and Pb-
210, and building masonry, which
contains about one part per
million of uranium and thonum.
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I adioactive materials are used routinely in two different general medical
applications -diagnostic and therapeutic (for treatment). Small amounts of photon-
emitting radioisotopes are attached (" tagged") to a drug or other pharmaceutical

'

which is administered by mouth or injection. The drug carries the radioisotope to
the organ of over the patient,'and the pattem of radiation emitted is used to form.

an image of the organ or study the physiology of the area. Typical examples would
be a thyroid scan or lung function test. Treatment of tumors and malignancies are
frequently done by either exposing the afflicted area to intense sources during a
one-time surgical procedure, by actually implanting the source in or nearby the
tissue, or by injection of an organ-specific liquid radioisotope. Accelerators are
also becoming more and more popular for such treatment.

,

. :

D. Average Annual US Dose ., ,,

,

The total average dose per year to U.S. citizens from all background sources
(natural and man-made) is about 367 millirem / year. Eighty-two percent of that
comes from natural' sources,15 percent comes from medical and dental uses of;

radiation, and'the other three percent comes from other man-made sources (see
chart).

'
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| 1.9 (561) 0.795 (1001) j
2.3 (191) 1.31 (211)

'j!Pb Radium 0 21y 3.72 (.0000021) 0.016 (45%) 0.047 (41)
0.061 (151)

|
.

1 \ <

|| 'jj81 Radium E 5.01d 6.63 (.000071) 1.161 (-1001) .~

toot | .ogog3g 4.69 (.00005%) !
'
,

b
* 0.803(0.0011%)e Fo Radium F 138.44 5.305 (t oot) ...

|

"$*ti Radium E" 4,19e 1.571 (100t? --...

' t j
;

i

'!!Pb Radium C Stable '" *".~ i,

|<

***
enf o empreseteo desertbee the mese ber et any member to ctse earnes. were e se se seceser. ;

ta m tes *U pb pe + r) ..... 6(51) e 2 = 206
*letemetstes refer se percesssee et distenegreesees et the avessee aceets, see se erssteel perest er eerses.
sceupaes emersy peek each womad be secomenecely eeeetoed by saecrv.eas e og .ederetely low resolving power wh es sc 6stitietore. j

i
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AVERAGE PERSONAL RADIATION DOSE

We live in a radioactive warld - alvways have. Radiation is all about us as part of our natural environment. It is
measured in terms of millirem (mrem). Compare your annual dose to the U.S. annual average of 360 mrem.

Location: Cosmic radiation at sea level . . . . . . . . . . . . . . . . . . . . . . . . 76

For your elevation (in feet) - add this number in mrem . . . . . . .
.

Elevation - mrem

1000 - 2 4000 -15 7000 - 40-

WHERE 20 @ - 5 5m0 - 21 8m0 - 53
3 -9 e - 29 9000 - 70

YOU
LIVE Elevation of some U.S. cities (in feet): Atlanta 1050:

' Chicago 595: Dallas 43,5: Denver 5280: Las Vegas 2000:
Minneapolis 815:. Pittsburgh 1200; St. Louis 455: Salt
Lake City 4400: Cincinnati 760. -

(Coastal cities are assumed to be zero, or sea level)

200R a d e n : U.S. a v e ra g e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

28G roun d: U.S. a vera g e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.

'

House Construction: For stone. concrete or masonry building, add 7 . . . .

40 |WHAT YOU Food
j" ^ " '

EAT, DRINK, A
!AND !

3 ;BREATHE we a pons test fariout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
i

X-ray and radiopharmaceutical diagnosis
Number of chest x-rays x 1 0 . . . . . . . . . . . , . . .' . . . . .

HOW Number of lower gastrointestinal (GI) tract x rays x 500 .
Number of radiopharmaceutical examinations x 300 . . . .*

YOU (Average dose to totai u.s. popuistion: s2 mrem

LIVE Jet plane travel: For each 2500 miles add 1 mrem . . . . . . . . . . . . . . . .

TV viewing: For each hour per day x 0.1 5 . . . . . . . . . . . . . . . .

HOW CLOSE At site boundary: average number of hours per day x0.2 .....

ne mire away: average number f h urs per day x .2 .....
i U UW M Five miles away: average number of hours per day x0.002 ...

A. NUCLEAR over 5 miles away: .............................:...None
" " M**imum at wable d se determined by ALARA criteria established

PLANT by the NRC (Nuclear Regulatory Commission). Experience shows that j

your actual dose is substantially less than these limits.

My total annual dose (mremi:

. . . -

i
.
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MODULE 4: RADIATION INTERACTION WITH MATTER
,

LEARNING'OBJBenVES!?InoW;will be:able:co select +the cortect: response+

g ,g,. 4 gy = n . . .. .
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I. INTRODUCTION
t .. .

i

How radiation interacts with matter is the single most important concept in,
,'

radiation protection. 'Ihe interaction of radiation with matter dictates the type and '

{ magnitude of the' damage caused by the radiation. The interaction of radiation
i

with matter also dictates the types of shielding that is required to protect '

'

individuals from radiation sources.
4
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11 IONIZING RADIATION
,

As the name implies, ionizing radiation interacts with matter by ionizing atoms that
comprise the matter. The radiation impans some of its energy to an orbital

;

electron. Some of the energy goes to overcoming the electrical attraction between
the orbital electron and the nucleus of the atom. The remainder of the energy

.

either goes to the kinetic energy of the orbital electron, remains with the incident :

radiation, or both.
,

'Ilie four types ofionizing radiation, gamma or x-radiation, beta radiation, alpha ;

radiation, and neutrons, imparts its energy differently. "Iltis difference translates
into different biological effects and different approaches to shielding.

A. Alpha radiation imparts it energy over a very short range of matter. Because the
.

,

particle is relatively massive and has a +2 charge, it transfers its energy rapidly,
with many ionizations in a small area. Since alpha particles transfer their energy
over short distances, they cause significant damage to the matter along the path ,

traveled. However, this characteristic makes alpha particle's easy to shield. A
piece ofpaper or the dead layer ofskin can stop alpha particles. j
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B. lleta Particlesj

Beta particles have much less mass and half the charge of an alpha. panicle.
Consequently, the particle impans its energy over a great distance than the alpha
particle. Since the beta panicle has the same mass as an orbital electron, the path
of the panicle is easily deflected, making the path ofionization tortuous. As a
result, the amount of damage done to matter is less for a beta particle compared to
an alpha panicle. However, the longer range of beta panicles mean that beta

. panicles are not as easy to shield as alphs particles. It takes a thin piece of
aluminum or Plexiglas to stop beta panicles.

C. Gamma and X- Radiation

Gamma radiation has the greatest range in matter. Incident gamma radiation
causes ionizations over a very long path, but the density of these ionizations are )

much less than for alpha particles. Gamma radiation interacts with matter in three |
'

ways: photoelectric effect, Compton effect, and pair production.

Photoelectric effect. In the photoelectric effect, the gamma radiation has enough
energy to ionize the atom, but the incident gamma ray is dissipated.

Comoton effeel. In the Compton effect, the incident gamma radiation continues
on after an ionization event, but at a reduced energy. Ionizations can continue to
occur by both the freed orbital electron and the scattered gamma ray.

.

Pair oroduction. In pair production, a gamed ray, influenced by the attraction of a
nucleus, turns into a electron / positron pair. Pair production occurs when the
gamma ray energy is greater than the rest mass of the electron / positron pair (1.02

MeV).
*

.
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D. Neutrons.

:-
Neutrons interact with matter differently than the other three types. Neutrons;

i ionize matter indirectly. He neutron collides with nucleUn the atoms making up
the matter, transferring its energy to the nuclei. This transfer of energy is similar

| to a billiard ball hitting one another. He closer the nucleus is in size to the j
'

neutron, the less bounces are needed to deplete the neutrons energy. A hydrogen$

| atom, which is a single proton, reduces the absorbs almost all of the neutron's
energyin a single collision.,

4

Once the energy is transferred to the matter, the nuclei either recoils, causing .

ionization, or absorb the energy. After they absorb the energy, the nuclei will j
release it in the form of a gamma ray. His gamma ray causes ionizations. ' itis
mechaniam is how neutrons indirectly ionize matter.

|

; Matter with low atomic weight (water, carbon, plastic) make good shields. He j
; low atomic weight means that the nuclei in the matter are close to the mass of the i

neutron, allow for a complete transfer ofenergy in a small number ofcollisions.,

,
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j III. Nonionizing Radiation

i !

j Nonionizing radiation interacts with matter principally in two ways: thermal or i

; photochemical. With thermal interactions, the electromagnetic waves impans
energy by causing the matter to vibrate. He vibration causes the matter to l

i

i increase in temperature. This is a common effect with water molecules. He polar
nature of water causes it to vibrate when exposed to cenain wavelengths of |

| radiation. This is the operating principle of a microwave oven. With
i photochemical reactions, matter that is sensitive to a cenain wavelength of

*

radir. tion will undergo a chemical reaction. One example is a sun tan. Skin
pigmentation reacts when exposed to ultraviolet light, causing the skin to tan.,

| Increased doses ofultraviolet light can cause more serious damage.

.. s

1

i

i
- Penetrating Power of Radiation

: Some types of radiation can easily
i be shielded against. For example, Alpha
i a sheet of paperis suffic!ent to stop'

,

an alpha particle.Garr,ma rays can:
Esta| pass through paper but can be

! stoppedbythe appropriate amount
3

of lead.
Gamma,

i Radiation's ability to penetrate is an X-Rays -

;

important consideration in protect-
fing human health. Adequate
.

shielding decreases the power of j.

the radiation by absorbing part or -

all of it.
,

Paper Aluminum t.ead
M93A021.02

i

i
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IV. RADIATION DETECTION

'

Unlike other harmful agents at industrial facilities and hazardous waste sites,
radiation can be readily measured. 'Ihe principles of radiation detection are based4

on the ways radiation interact with matter. Specifically, most detector systems |
measure the ionization produced in a material and trandate the quantity of j

ionizations to an exposure or dose rate. Other detectors are comprised ofmaterial )
the scintillate, give oflight, when hit by radiation. I

-

Some detectors can not discriminate what type of radiation or energy caused the
'

ionintion. Others are specific to only one type of radiation and can discriminate
the energy of the radistion. 'Ihis discrimination allows detector systems to identify

-

and quantify the specific radionuclides in a sample. -- .

.
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MODULE 5: RADIOACTIVITY, CONTAMINATION, AND
RADIOLOGICAL DOSE

LEARNING OBJECTIVES: %b partidpant will be able to< select the correct' response
fro 6i a group oftesponses'dist verifi6shisability toy 9;??2;s,6cf '"1"['(~~,,,'

. _

'

: ; y ; y g y e u f; e f % p ,;g<j; ,,,, :- v v x'y :,.,y n y:;> m 1:,:

h ' p''h Ih}:;;_' '' ['Mf hhgigg) iwna~ N' '

m y ..g ; p ,; g g , g .,4:e ym.:4 4~,,mp;;,;;,y:y , -w ,n

hd' 'COFTYditT[ibl5NSEkbem'd$ siiIn$.hMh5hbN''lhh 'N[U' b
,

1m

3.N STAT.Ei, lie,'differe.nce,betkesn%idiat9inand,nnMen'anan 4'd'*S'Asd.> :h' Ul,
. . , , - .a,,> ~ -

4&':|' STATE thefdifference 6etween ddse and Oose r.c ,ste.',: -: : ' ^; ' 7 ' N / % '''' M'A ' ~ ''

.

I. RADIOACTIVITY AND CONTAMINATION .,

A. Radioactivity
.

Radioactivity is the property
possessed by certain material of ;nRoMg ose s Curie; Weight,M'

' YM*f if:'s'?jdy'{?.f:'<q'.ispontaneously emitting radiation . ,%.,:f. g
, :. w - - ,

(x- or gamma rays, alpha or beta i.,. 2,4m A,i'grasse % G W,000; silogramsN<
,c,, 8p ,n- r.... -

particles, or neutrons). H.is jt n'' =f
, Wio sMeiei'
' S' O.2 pMunsD's{c 'c

action is radioactive decay. He ti
measure of the amount of this ^js'$MW';:#
material present is activity. The
unit of activity is the curie (Ci). -

One curie is equal to 37 billion
decays per second.

.

.

Trainee's Notes:
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B. Contamination, as it relates to radiation safety, is radioactive material in a place
where it should not be. Contamination and radiation are not synonymous (see

; below).

The radiation given offby the contamination can be measured, ne count rate is a;

measure of the number of radioactive decays which are detected by a particular !

; radiation detection instrument on a surface or object per unit of time. Count rate is
i most commonly expressed in terms of counts per minute (cpm). CPM is generally ,

: used to express surface contamination, either based on in situ measurements or !

| measurements ofsmears of a contaminated surface. i
.

f Count rate is related to the activity by the efficiency of the detector system. ;

, .s .
1

| activity (disintegrations per minute - dpm) = count rate (cpm) . ef5ciency )
: i

I De efficiency of a detector system is a function of the type and energy of the
radiation being measured and the detector used. " Disintegration"is synonymous,

with " decay". To convert the activity in dpm to the activity in curies, divide the4

| dpm number by 2,220,000,000,000.

Activity (Ci) = Activity (dpm) / [37,000,000,000 dps per Ci e 60 seconds / minute]

C. Radiation vs. Contamination

Radiation is the electromagnetic energy orparticles given off by unemble auchdes.
Contamination is radioactive material in a place where it is not supposed to be. An
example to illustrate the distinction is a pipe carrying radioactive liquid (e.g., core
coolant at a nuclear reactor). Gamma radiation passes through the pipe, wall and
can be measured at the outside of the pipe. He radiation is from th'e radioactive
material passing in, the pipe. As long as the material remains in the pipe, the
materialis not contamination. If a leak occurs and some radioactive liquid spills to
the floor, then this spill is contamination - radioactive material where it is not
suppose to be.
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II. RADIATION QUANTITIES,

i .

A. Exposure

Exposure is the measure of the amount g/ f; , ,, L': Unit Basics '+, 3.a,
/

'{6'h'5di/j/h;,;!c;of ionization that occurs in air from a a'
~

canti(Mf'ig4004,7, /gg a z'
-

source of x- or gamma rays. The fpMQ ','g,ff, ;ts
roentgen (R) is a unit for measuring @$;LA00a4;Mtq'''^;:g'fg
exposure. Since the quantity is so micio$)pfd/1400A00t,); k,o /'c 3
narrowly defined, exposure has limited in nanilig' 's41/1A00A00A00 ''';h I,~ 7' ' ' ^ " - - - ^

,

determining the effects of radiation on 2". #n.~ m ,-rp(ggjq0J, lp05. W: i

people. Exposure - is a convenient .jpfy' G[;!;-|: ' 8 ; .'7,;t' :.|,;; f, ,,
., v

quantity to measure. kiloNFJN'04,000',W;;t~gJ',$JJ |Q j

,

f
i6ega'(M)k!l.000,000 |FW / :O !

B. Absorbed Dose .

;

Absorbed dose is the measure of the amount of energy from ionizing r'adiation absorbed in i

a gram of matter. The rad is a unit for measuring absorbed dose in any material It is
defmed for any material It applies to all types of radiation. I

1 rad = 100 ergs per gram of matter 3

i
,

One rad of absorbed dose in the human body is equal to 100 ergs of energy deposited in 1
gram of tissue, whether the type of radiation is alpha particles, beta particles, x- or gamma ,

I

rays, or neutrons.

Absorbed dose does not take into account the potential effect that different types of
radiation have on the body.
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C. Dose Equivalent |.

|

Dose equivalent is the measure of the effect that radiation has on human tissue. The urdt {
for dose equivalent is the rem.

j

The dose equivalent, in rem = the absorbed dose , in rad quality factor

|
;

The same quantity of absorbed dose from different types of radiation inflicts different
|

levels of damage to human tissue 'Ihe quality factor represents the relative damage that a j
type ofradiation can inflict.

1

T pe of Itadiation Quality hictor . {3

We4Alphap qu s er @ @ $20$hy ;
uss?dBedhdEjjuggdgjLj!@!bi~ '

Gamma and x-rays 1 |- =

Neutrons 2-10 )

|

HL EXPOSURE AND DOSE RATE

Exposure is how much ionintion in air occurs from x- or gamma radiation. Dose is how
much radiation dose (either absorbed dose or dose. equivalent) is received. Rate is the-

how fast the exposure is received. Exposure or dose rate, then, is how nutch exposure,
absorbed dose, or dose equivalent, is received over a certain amount oftime.

,

Examples:

milbroentgen (mR)/ hour rem / year microrad (prad)/ hour
.

% F 4
. } h '', '#

ji (' # . ,
*

$
.

>us. ' ; + , , , . ", , ' :,.4 ;;~ ;;;. .:v : . ';s': ~' 4 ' ; > v,: ':+ '~ J ' . : :, '':;; *'

' : ','x::2< * :; , y;Q, g ;<;,f,. ;*:>% ljf?p |,':),^Q,j|tns' v. ' ' i ''; *ki ' >,':Q,,Q,f.,.
: ,n c :' :,

s.D 'O. ', ,g' | ^} ~, ,- [,' % 1 [, , , 4, ,:<,',,, ( ','n'; L ' * ''"', d ~y
, M

'

n + m w .> , w, + , . a - ,
.- -

5
-- @ t<000|ftw, 01$ * gaffMftA M %WM r - - - - - - -

I MOSb:,M'YCq0$1N;M 3 [ [2EC
jhites ''intercha'ageablyi4Einsahdiiiji'asefif'eViMWDMO@W'''w'
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Dose Terminology

absorbed dose the quantity of radiation energy absorbed by an organ
civided by an organ's mass

dose equivalent the absorbed dose to an organ multiplied by a quality factor ,

1
i

effective dose equivalent' the single weighted sum of combined dose equivalents i

received by all organs

committed dose equivalent the effective dose equivalent to an organ,over a 50-year
period followmg intake j

committed effective dose equivalent the total effective dose equivalent to all organs in the
,

human body over a 50 year penod followng intake

. 1

collective effective dose equivalent the sum of effective doJe equivalents of all members of a i

given population |

quality factor a modifying factor that adjusts for the effect of the type of~

radiation, e.g., alpha particles or gamma rays, on tissue
1
'

weighting factor a tissue-specific modifying factor representing the fraction
of the total health risk from uniform, wic My exposure

.

6
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MOD'ULE 6: DOSE LIMITS, DOSIMETRY, RADIATION |
EXPOSURE, AND PERSONNEL PROTECTION i
.

LEARNING OBJECTIVES::Upon completing this unit,'the participant will be<able to
identifyfrestrictions ,regarding;dosevilmits Eand: adininistratlye control,MfThe

: M L A|rDIs m * W @j t *f f ;a% ,r % aYkW $hh$h-]f'f*'3WWIIW80;giMwknns;Q2D|?:|[gif%jy;y ,;;'k;aN' ~:;.%;hf
'

1
h -

%:Qhc,'Q:'hf
''

-
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j"jde;Qw ts MG ;!' 'f

ia mtaw y''* %%@g;.4,
1

in @f" i^ ci, Morn
'

C'A f /t, 9 "' ' ' 9';fk 9 a W e'?--

i h'b N-)[jfd '

! MATS $
-

phh
,, k:p .a v,; a ;,3 g>g',;x:exposure' g;;:; ;^j,3:d,g,;;c6nstraintretoil,icer;y:N3,y c:L'SPAinyw gj i a +

o; v,7;un ~w. ,.,,,,..,y-
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I. DOSE EQUIVALENT REGULATORY LIMITS
-

.

Federal and State agencies establish limits on the annual dose equivalent that n
worker can receive. These radiation dose limits are established for based on j

.

guidance from: ;

* The U.S. Environmental Protection Agency (EPA)

* The National Council on Radiation Protection and Measurements (NCRP)
,

* The International Commission on Radiological Protection (ICRP).
.

A. 10 CFR Part 20 I

Occupational Limits. The U.S Nuclear Regulatory Commission (NRC) limits
the dose equivalent delivered to workers of licensees over a year. The NRC
limits the total effective dose equivalent to 5 rem. The deep-dose limit and
committed dose equivalent to an organ (other than the lense of eye) to 50 rem.
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The lim!: to the lense of the eye is 15 rem and the limit for shallow dose -|

equivalent to the skin or any extremity of 50 rem. ;

i

The dose limits are for the sum of external and hiernal radiation dose
Iequivalent.

The NRC also establishes annual limits on intake (Alls) for the intake of !
material through inhalation or ingestion. ALis are determined by estimating the

, dose equivalent,delived by a unit quanity of a specific radionuclide in the body,
applying the' appropriate dose limit to determine. the maximum amount of

'

material that can be in the body, then trarislating the maximum quantity in the
'

body to an allowable intake quantity. The ALIs depend on the radionuclide and
route of entry.

-

:

Prennant Worker. For a declared pregnant worker who chooses-to continue
!working as a radiological worker, the following radiation dose limit ivill. apply.

The dose limit for the embryo / fetus (during entire gestation period) is 500
mrem. Efforts should be made to avoid exceeding 50 mrem / month to the !

pregnant worker. If the dose to the embryo / fetus is determined to have already |

exceeded 500 mrem when a worker notifies her employer of her pregnancy, the |
worker shall not be assigned to tasks where additional occupational radiation !

exposure is likely during the remainder of'the pregnancy. j
L

An employer can not limit the radiation dose to_ a fetus from an undeclared
pregnancy. ;

i

II. PERSONAL EXPOSURE DOSIMETRY |
!

A. Dosimeters !,

.

Radiation and contamination environments have the potential for at least
r

j
minimally exposing workers. To quantify the level of exposure received by a j

worker, a dosimeter or dosimeters are worn. The most common dosimeter is a i

thermoluminescent dosimeter (TLD). He TLD is a crystal worn in a protective !
badge (e.g., a plastic case). His crystal absorbs energy from radiation. The |
TLD is routinely collected and the amount of absorbed energy is measured. |
The amount of energy absorbed is then translated into the amount of external ;
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radiation received by the individual. TLD materials vary and are sensitive to
different types of radiation.-

!
. "
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Another popular' medium for a dosimeter is film. The film is contained in a (
plastic case. The radiation exposes the film, much like light exposes a film in a !

camera. The film is collected and the intensity of the exposure is evaluated. I
The intensity of the exposure of the film is directly proportional to the radiation !

dose. The film can be retained as a permanent record of the exposure (unlike '

TLDs). However, industry-wide; the TLD has all but replaced the filnibadge.
~

B. External Monitoring for Different Types of Radiation.
$
1

Aloha Radiation. Alpha radiation is not monitored with external dosimeters i
because it travels only several inches in air and will not penetrate the outer dead
layer of skin. Because of this low penetrating ability, alpha is not an external
radiation hazard. However, if an alpha emitter is taken into the body, all of the
energy of its radiation will be deposited in a very short range of living tissue.
Hence, aloha radiation is an internal hazard (see discussion below).

Beta Radiation. Beta radiation is a concern for external dosimetry purposes
because it will penetrate a few millimeters of tissue (depending on its energy. I
Because it is not highly penetrating, beta radiation is not a hazard to the "whole
body"; it generally cannot reach any internal organs except the lens of the eye.
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Many TLD badges _ include crystals to quantify the amount of beta radiation
received by the individu::1.

X- and Gamma Radiation. Gamma and x- radiation are the primary concerns
for externalmonitoring purposes. Gamma and x-rays have a very long range. in
air and will penetrate deeply into the potentially causing damage. For this

,

reason,' gamma and radiation are termed " penetrating whole-body. radiation"
and are the main hazards associated with external exposures.

III. INTERNAL DOSIMETRY

The primary sources of internal exposure are alpha and beta emitters which
have entered the body. Alpha and beta deposit all of their energy in a very short
range of tissue and thus can cause a great deal of damage to the living. tissue or ..

organ into which they are deposited. They are not energetic enough to reach |
I

these internal organs from outside the body.

A. Quantifying Internal Radioactive Material

Another important facet of the dosimetry program is quantifying the dose
equivalent received from a radionuclide that has been taken into the body.
Recalling the earlier discussion .on background radiation, the body contains
radioactive material and receives a dose equivalent of approximately 25
millirem per year. Accidental or inadvertent internal uptake of radioactive
material will result in an additional dose to the whole body or to individual
organs. Quantifying and identifying the material taken into the body and
estimating the dose equivalent associated with the upttke are all part of the
internal dosimetry program.

Whole (in vivo ) body scanners can be used to measure the total' activity
contained in
the body. A dose assessment can be made based on that measured activity.
These data
are incorporated into an individuals radiation exposure method. Whole body
counters are usually a chair or a bed that contains a number of radiation
detectors. 'The detectors measure the amount and energy of the gamma or x- ,
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radiation emitted from the individual's body and determines the uptake of
radioactive material.

Estimating the activity of an internally deposited radionuclide also can involve ;

analyzing activity in a body elimination product, usually urine. Relationships >

have been developed to determine the quantity of material taken into the body
base on the elimination rate of the body.

B. Methods of Entry of Radionuclides into the Body

By far, the most common routes ya s~ METHODS OPUPTAKEe;; A'; -

of entryfor radionuclides intothe ;f!' Jet''OF RADIONUCLIDES $;f n^ '

body are inhalation and -7 O';^w;''''9fi'^7 3 d'k;;;cWd

.,i;@i'<Inhalsion > ';Y'''5[g''MOj'$
<'ingestion. In many cases, the .,

route of entry into the body '

gQ4; gjp ,
must be determined before a g 'g g ggg ggh g ' g
complete assessment of the dose- t 20 p A. ..f. ..,. 7;6 w;n p
can be per formed. < 6'4;d'? " '''~ ApokeneiM

*
,
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C. Prevention of Uptake

Source Containment. Source Containment of radioactive material is the most
important means of preventing uptake of radionuclides. For nuclear facilities in
general, proper use of glove boxes, containments, storage bags, material
transfer tags, ventilation controls, and area controls will minimize personnel
contact with contamination. If possible and practical, contaminated areas,'should
be decontaminated to allow free access to the areas. This will minimize
exposure and the chance of uptake, as well as increasing work efficiency at the
work sites. The remediation of a radiologically contaminated site represents a
form of source containment. Additionally, source containment practices could
be placed during remediation to protect the workers.

,

!

Protective Clothine. Protective clothing, such as lab coats or tyvek coveralls |
prevent the individual from getting contaminated and subsequently uptaking the i
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contamination into his body. Protective clothing is only effective if the right
clothing is selected for the job and worn properly. Radia' tion work permits or
health and safety plans should delineate the types of clothing to be worn and
what to do under changing conditions. A later module discussess personal
protective equipment.

.,

Respiratory Protection. Respiratory equipment, such as filter masks and
supplied air devices, will prevent the inhalation of loose and airborne
contamination either by filtration or by providing contamination-free air from
an external source. Filter masks include half-face and full face. A later module ,

discussess personal protective equipment.

. _ . .

r ,

cavil 0N .
*

. RESPIRATOR -
REQUIRED

IN THIS AREA< ;

|-

.
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MODULE 7: CONTAMINATION CONTROL |
1

LEARNING OBJECTIVESnThe participant will-be;able'.to select the correct |
response from agrogp of reqppy w y, verifies,his. ability to:/ ~e,%',-c|, '/,ies that
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1. TYPES OF CONTAMINATION
" '

1

. A. . Contamination is radioactive ma:erial in any place where it is not supposed to i
be, especially where its presence may be harmful due to the possibility of ;

internal or external exposure, or where it may be picked up and spread if I

disturbed. Contamination itself is not radiation; contamination consists of solids, I
gases, liquids, or vapors which emit radiation.-If a radioactive material is
properly contained and controlled, it will emit radiation and may be an external

"

exposure hazard, but it will not be a contamination or internal exposure hazard.
Contamination becomes a hazard when it escapes from its container or control
area, or is improperly handled.

Loose contamination. Loose (transferable or removable) contamination is a
form of surface contamination that is easily spread to adjacent areas and can be
ingested or inhaled. It can be detected by the use of smears or large area wipes,
and is easily removed by normal decontamination techniques. When very high
levels of loose surface contamination are present, control of external exposure ;

or airborne radioactivity may also be tweetary. The possibility of loose )
contamination becoming airborne or being transferred can be eliminated by
" fixing" the contamination on the surface or decontaminating the surface. For

;

remediations of radioactively contaminated sites, remediation equipment is |
likely to have loose contamination.
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Fixed Contamination. Fixed contamination is radioactive material on surfaces
which. cannot be removed easily by. normal decontamination techniques and -

cannot be detected by smears. It is detected by directly monitoring the surface ;
'

with a detection instrument. Fixed contamination can be released by grinding,
welding.. or ~ sanding, and such operations require imposition of the same |
precautions as loose contamination. Fixercontamination is common at many |
nuclear facilities. _ Remediations that include radioactively contaminated site :

buildings will usually encounter fixed contamination. f
-

A'irborne Contamination._ . Airborne radioactivity may exist as particulate or 'i
gaseous forms. Airborne radionuclides, when inhaled, can deposit in the lungs |
or other organs. Respiratory protection may be required while in an airborne
contamination area to prevent the particles from entering the body. Particulate
emissions could be generated by remedial activities at a . radioactively !

contaminated site. |

II. SOURCES OF RADIOACTIVE CONTAMINATION !

Contamination is a fundamental component of nuclear facilities or remediations 1

at radioactively cont'aminated sites. Handling radioactive material results in
contamination. However, actions during site remediations can spread the !

. , , . .

contamination. Properly delineating work areas, -limiting actions in
contamination zones to only those needed to remediate the site, and complying
with housekeeping rules can prevent the spread of contamination.

III. TECIINIQUES FOR MONITORING OF CONTAMINATION

!A. Smciars (sometimes called swipes) are used to detect the presence of loose
contamination. They are about 1/2 inches in diameter and are usually made of
paper or cloth. The smear is rubbed over the contaminated surface in an "S"
pattern about 16 inches in length: this will smear an area of about 16 square
inches (about 100 square centimeters). 'Ihe smear may be counted "in the field"
to determine gross contamination with a portable instrument but eventually will
be placed in a specially designed smear counting instrument for a more accurate
' measurement. The net count rate (smear count rate minus background) is

_

,
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|

multiplied by a _ correction. factor unique to each instrument, and the |,

L contamination level is reported in units of decays per minute per 100 square i.

2centimeters, or dpm/100 cm . t
,

B. Imse contamination can also be detected by direct " frisk." Frisking consists of ;
,

placing the probe of a radiation detection instrument close to the surface to be |
; monitored, then observing both the instrument reading and audible response for ;

any rise above the background count rate. Correction factors for probe type, -I
radiation energy, or surface configuration may be used by the Health Physicist |
to convert the instrument reading in counts per minute to dpm/100 cm'. - For :
fixed contaminadon, direct measurement is the only method that can be used. I

! For surfaces with both fixed and loose contamination, a combination of both
'

i

|- methods needs to be used. j
!

C. Constant Air Monitors (CAMS) are instruments that constantly moniter the air
.

i for contamination. The sampled air passes through a filter where any
radioactive particles are deposited. Radioactivity collected on the filter is

'

detected and triggers an if the level exceeds the setpoint. The instruments are
' designed for monitoring either alpha or beta / gamma emitters in the air. So-
called " grab samples" can be taken with portable air rhonitoring equipment
when 'immediate airborne concentration levels are needed or a permanent
constant air monitor is not available. -

.g
IV. GENERAL PRECAUTIONS FOR WORKING IN A CONTAMINATED
AREA

A'. Protective Clothing

'The appropriate protective clothing and respiratory equipment, when require,
must be worn to ensure that contamination is not spread, ultimately lepling to

3

accidental intake of radioactive material. This may involve as little as gloves,
mveralls or lab coat, and shoe coverings or as much as a complete anti-C (anti-
contamination) clothing dressout with respirator. The proper protective clothing
required can be determined by referring either to the posted signs at the
Contamination Area, the Radiation Work Permit (if one is issued for the job),
or a health and safety plan. Protective equipment may also be specified in

. operating procedures.
Trainee's Notes:
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i

Ensure that protective clotning retain their protective factors during work. If (
!protective clothing is ripped, stop work when it is safe to do so or otherwise

' follow approved procedures an replace the clothing. ;
.t

B. Eating, Drinking, and Smoking ,

iEating, drinking, smoking, and chewing are generally strictly. forbidden in
'

contaminated areas to prevent the ingestion of radionuclides. Exceptions are
made for certain actions. For example, it may be permitted to drink water at i
sites where there is a heat stress possibility. However, in these cases, the action i

is highly controlled - essentially operating a " contamination-free" zone inside
_,jthe contamination area.

|

C. Operating Practices :
.

:

Instructions. Obey all posted signs and instructions, which may include: posted '

regulations at the area, company procedures, NRC regulations, site health and !.

safety plans, and any oral or written instructions provided by health and safety ,

officials - j.

Practices. Minimize what is brought into a contaminated area. The less
equipment in the area, the less chance for conamination and the ultimate spread j

,.
of contamination. His practice includes personal items (watches, notebooks, et !

cetera). Only essential ~ material should be taken into a contamination area. I

!,

Exitinn Contamination Area. In most cases, exit from a contaminated area will |
be directly through a self-monitoring survey station or decontamination line. |
Anything and anyone leavmg a contaminated area must be monitored 'for j
contamination before exiting. Either portable or fixed monitoring instr 6ments ;

will normally be located at the exit points of such areas and health and safety
'

assistance should be available to assist in the use of these. instruments.
Contamination areas should only be exited through these designated points. !

i

!
|

!

)
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V. PERSONAL PROTECTIVE EQUIPMENT (PEP)

The primary purpose of' protective clo' thing, from a radiological standpoint, is
to prevent contamination from coming in contact with the skin and clothing.
Ultimately, the equipment, prevent the inadvertent spread of contamination and
the ultimate intake of the radioactive material.

.

1

Protective clothing does not protect the wearer frorn penetrating radiation.
Depending on the type of clothing and the energy of the radiation, protective
clothing may offer some degree of protection from beta particles.

A. ' Examples of Protective Clothing
.

Tvvec coveralls. Tyvec coveralls
are common to hazardous waste

959 RE:KAMPLESD. EPTFi !,

site characterization and
, .

ggg|.pg' ggg;{ rAPPAREL Tg;w#g
- , . -. n i

!, ,

remediation. The coveralls ,

. fprovide a convenient disposable ;^ ' QF#2'5SF Mglayer of protection from i *""~

g*~" *'~ g' j.ov3jifg*contamination to the wearer. . At
some nuclear facilities or waste '

sios, cotton coveralls or lab coats ^'
'

imay be sufficient. They are Wa -

sufficient when there is only a Q$g$'n/A6
~

J

small change for transferring . ~~ I

contamination.
Gloves and Shoe Covers. The hands are one of the most likely places to
become contaminated. Protection for the hands is usually provided by rubber

;

gloves. Shoes are another location likely to become contaminated. Shoe covers i

made of rubber, plastic, or cloth should be worn.
.

Respirators. Respirators must be worn whenever there is a chance of ingesting
or inhaling a significant amount of contamination .(and other control methods
are not feasible). Respirators come in a variety of styles and sizes to provide
protection under many contamination conditions, whether the contamination is
loose surface or airborne. Filter masks remove the particulate contamination
from the air before it enters the lungs, but usually cannot remove gaseous
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radionuclides. Supplied-air breathing systems, such as airline suits and self-
icontained breathing apparatus (e.g., Scott Air-Packs) are used in IDLH

atmospheres or areas of tiigh airborne contamination.

' SCREENING & TRAINING OF 0
! PER'SONNEtri''W'M '; 2:2'

. ,
, ; . y,;; :. c :O,2L-

., ,

>, .'
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:;,'.*

Sc'reening of Personnel? ~>:'n ''q? . ' -P'*''
, Psych'ological ''t 'OUh':: y 5f't-i !'- |:';:

,,
"
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Y,.: SON 1ETraird,DS'h'f PersoimSst:

'

O''v:
,m.- -

- .:'Radistfori Protection?!''' i'P~'!' '<

s'Nxiustrial Hygiene #2'9'['9!'ci
.a .

B. Factors Affecting the Selection of Protective Clothing

Amount of Contamination. The toxic or hazardous in some other i
~

more contamination present, the way? Is the radionuclide itself
greater the degree of protection highly toxic?
required. This is especially true for
airborne radioactivity or loose +1EA.CTOR,,S.IN, Mf'P N...G J

,. . - ~ ., > ~
surface contammation that may ' 7, r s vuu,i,h~anut.g Ic

&,+W^2 **'mW ,u ,, F".F 5 ^become airborne. v,,a e rcw
, yYt u.o f , p 'n , s s <

e, s.: 2 .?'#. ? T'5.'' 1"A|Mv n;>
? w$r

Chemical and Physical Form. The ".
$ gl,rg'e@Gi)$;ichemical and physical form of the

contaminant must be considered. Is c4JaAt.adtv&^'#?*R:f' ''i~'!

d'!$* 3 ;,;.,

'*ME*:'34 " "thecontamination wet or dry? Is the
[Qfjcontamination loose, fixed, or ;yg j:jf'

,f,;;im0ities,,!airborne? is the airborne eggf g ; J
contaminat,on in part,iculate or

,

. * ~ ' iological)!",i

'M:'. -, . Anitrd ''~'' ~ w. " i''"'2 '0' 'I'''gaseous form? Does the chemical ~''

.,

form of the contaminant make it
i

i
l
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Nature of the' Work Action. Consideration must be given to the nature of the.

: work to be performed, especially if it involves close contact with contaminated !

! surfaces or materials. The more intrusive the work is', generally the more
;

- stringent the PPE requirements. ~

-

Tvoc of Sunoort Facilities Present. Access to change or decontamination !

; facilities is an important consideration. 'An extra layer of protective clothing
'

may be necessary. Decontamination of personnel must take place at a designated -

sink, shower, or like facility. Transporting contaminated personnel from one i

facility to another is not desirable.
,

I

Non-radiological Considerations. .Besides the radiological ones, there may be
j

other hazards to contend with in the contaminated work environment. These
,

may include mechanical, electrical, height,. slipping, suffocation, and lead and i

asbestos hazards. Other safety equipment may be needed in addition to the
radiological protection.

C. Donn.ing and Removing Protective Clothing
*

.

!

The two most important points to remember when donning protective clothing '

is to achieve proper layering and, if specified, to tape all seams in order to |
effectively prevent contamination from contacting the skin underneath. It is also |

important for the clothing to fit reason ably well for mobility and to prevent I
being caught by rotating equipment or snagged on protruding objects. -l

1

Strict adherence to clothing removal procedures is vital to prevent cross- i

contamination of the layer of clothing or skin underneath. In general, the,

removing procedure starts with the pieces of clothing with the greatest potential
of contamination (or causing cross contamination) to pieces with less
contamination.

.

.

D Self-Monitoring For Contamination

Due to the very nature of remediation of a radiological contaminated site, work
inside contaminated areas is necessary. These areas may or may not have well
defined boundaries. Personnel and equipment must be monitored for
contamination prior to leaving contaminated areas to minimize the potential for
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spread of contamination outside of these areas. If the contamination is spread to
an uncontrolled area, not only does it pose a health hazard, but the area must be

i|decontaminated or the boundaries of the current contamination area must be
"

' expanded. The impact on operations can be significant. .

I*

Exit monitoring stations exist at designated points and serve as control pomts'

for the spread of contamination. The general procedure for self-monitoring is: ;

!

Check hand for contamination first, if possible (to avoid probe !*
,

contamination), then pick up probe. :
'

r

j Check the probe. instrument, and cord for any signs of damage. Do not use the*
.

instrument if it appears damaged. Notify the health and safety representative.
,

Check the background count rate. While you are frisking, you wilLbalooking- *
^

for a rise in the meter count rate above the background rate. It is necessary to
know the background rate to compare the two readings; 2) if the background
rate is too high, you may not be able to detect small amounts of contamination..

!- Any rise in the count rate may be' masked by the natural variation in the. i

background. In this case, consideration will be given to shielding the probe or
*

moving to a new location with a lower background rate. '

.

Slowly scan the your body, moving the beta / gamma probe two inches per*

second not more than 1/2 inch from the skin or clothing. Linger over areas-;
'

with the highest potential for contamination, for example, places that were at
the edge of the PPE.*

;

If using an alpha probe, place the probe face within 1/4 inch of the skin or*

clothing and hold for several seconds before moving to another spot, or move
the probe about one inch per second. It is important to allow time for any-"

detection instrument to respond to contamination before moving to another
location.

'
i

Listen carefully to the audible signal and observe the meter reading. If the )*<

instrument reading rises above background (and stays there when you hold the |

probe over the spot) you should notify the health and safety representative and _|
1t not leave the area-

!
Trainee 's Notes: |
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Once finished, return the probe to resting place, with the probe face out (so thatL
*

| the next person can monitor their hand before picking up the probe.
'

.

- i

| E. Donning and Doffing Respirators i

Half-Face Air Purifying Respirators j
i

Inspection Steps

l. Half-mask Air Purifying Respirators (APRs) must be inspected prior to each use.
'

2. Visually inspect the half-mask APR. Check for din, tears, and misshapen areas,
especially on the sealing surface. ;

3. Check the straps to verify they are not diny or stretched out. l

4. Check that the cartridges are not dented or damaged. Visually check.that the |

cantidges are not cross threaded. Do not remove the cartridges.
5. On belt-mounted half-mask APRs, check that the flexible tube is securely attached

Inspection Failare

1. If the half-mask APR fails any of the inspection points do not use the respirator.
2. Give the half-mask APR to your supervisor and explain why the respirator did not

pass inspection.,,,

!

Donning '

l. Verify the straps are loosened.
2. Connect the neck straps behind your head.
3. Place your chin inside the chin area and pull the head strap across the top of your

head. .

4. Verify the half-mask APR fits comfortably on your face and tighten the straps.
5. Verify the half-mask APR is tight enough to provide a good seal, but not so tight

as to be painful
6. Belt-mounted half-mask APRs
7. Check that the breathing tube is not cracked
8. Clip the cantidge holder on your belt.

Positive and Negative Pressure Fit Checks

Trainee's Notes:
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I
t

l. Prior to each use perfonn a positive or negative pressure fit check to verify the i'

half-face APR is functioning properly. f
!

!

Positive Prc.ssure Fit Check
I

1. Place your hand over the exhalation valve and gently breath out. ;
.

'

2. If the half-mask APR is fitted correctly, you should feel the facepiece slightly move
away from your face.

p

Negative Premre Fit Ched }.

r

1
f

I
1. Place your palms over the inhalation area on the cartridges and inhale.

2. Hold your breath for 5-10 seconds.

3. The facepiece should collapse toward your face. ;

Fit Check Failure )
!~

1. If the half-mask APR fails either test, remove it, inspect it, don it, and try the test k.

again . !

2. If the half-mask APR fails the second time, do not use the respirator. ;

3. Contact your supervisor regarding the problem. ;

4. Try a second half-mask APR. ;

5. If the second respirator fails either test, schedule a fit test prior to further half- j'

mask APR, full-facepiece APR, or SCBA use. !
:
I

Removal (Doffing) j
,

3

1. Disconnect half-mask APR straps.
2. Remove half-mask APR and unclip the cartridges if using a belt-mounted half-

,

mask APR. ,

!
3. Place the half-mask APR in a designated location within the facility, after the final

use.

!

. Trainee 's Notes: ,
,
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Full-Face Air Purifying Respirators

inspection Steps

1. Full-facepiece APRs must be inspected prior to each use.
2. Visually inspect the full-fhcepiece APR. Check for dirt, tears, and misshapen areas,

especially on the sealing surface.
3. Check the visor to verify it is clean, not cracked, and not so badly scratched it will

impair vision
4. Check the straps to verify they are not dirty or stretched out.
5. Check that the cartridges are not dented or damaged. Visually check that the

cartridges are not cross threaded. Do not remove the cartridges.
.

Inspection Failure

1. If the full-facepiece APR fails any of the inspection points do not use the
respirator.

2. Give the full-facepiece APR to your Supervisor or heahh and safety representative
and explain why the respirator did not pass inspection.

Donning

1, When using the welding lens adapter, snap the adapter onto the visor.
2. Verify the straps are loosened.
3. Place your chin inside the chin area and pull the head harness over your head.
4. Verify the full-facepiece APR fits comfortthly on your face and tighten the straps

by pulling straps on either side of the respirator at the same time and with equal
force.

5. Tighten the bottom straps, temple straps, and finally the top strap.
6. Verify the respirator is tight enough to provide a good seat but not so tight as to

~

be painful -

Positive and Negative Pressure Fit Checks

1. Prior to each use, perform a positive and/or negative pressure fit check to verify
the full-face APR is functioning properly.

Trainee's Notes:
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kPositive Pressure Fit Test
}

l

1. Place your hand over the exhalation valve and gently breath out.. j

2. If the full-facepiece APR is fitted correctly, you should see the visor slightly move i

away from your face. ]
,-

i
,

Negative Pressure Fit Check j
I

1.' Place your palms over the inhalation area on the cartridges and inhale.
2. Hold your breath for 5-10 seconds.
3. The facepiece should collapse toward your face.

Fit Check Failure
t

!

1. If the full-facepiece APR fails either test, remove it, inspect it, don,il, gnd try the j
test again.

2. If the full-facepiece APR fails the second time, do not use the respirator. i
,

3. Contact your Supervisor. |
- 4. Try a second full-facepiece APR |
5. If the second respirator fails either test, schedule a fit test prior to further half-

mask APR, full-facepiece APR, powered air purifying respirator, SCBA use.

!

Removal (Doffmg) !
:
I
'

1. Place hands on either side of the cAalatian valve so that the thumb is under the
chin and the first finger extends toward the nose. |

2. Bend forward and pull the respirator away from your face and forward. ,

i
i

VI. EMERGENCY PROCEDURES
|

-
.

A. Radiological Emergency Situations

Working in a radiological environ =nat requires more precautionary mamanres than
performing the same job in a nonradiological setting. " Ibis premise holds true if an ,

emergency arises during radiological work. |
t

i

Trainee 's Notes: ,
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Personnel Iniuries In Radiolonically Controlled Areas. For minor injuries in a |
radiologically controlled area, you should: j

l. Leave the immediate work area following normal Health Protection procedures, if
*

possible, and notify Heahh Protection personnel
2. Health and safety personnel (either on . or off-site) will smvey the injury and will

determine the need for further treatment.;

For serious injuries in a radiologically controlled area, you should give to the
immediate health of the individual rather than routine health and safety procedures,
such as monitoring or removing protective clothing. If you discover a person

;

( needing immediate attention, you should follow the emergency procedures for the

L given facility or site.

B. Radioactive Spill Control .. .

|

| ~Ihe acronym SWIMS can be used to deall with radioactive spills.

STOP 1) Stop and evaluate the situation:
Stop work that is in progress.*

Evaluate for supplemental actions to take.e
|_

|- WARN 1) Warn others of the hazard and evacuate the area.
2) Inform operations and other personnel in the area of the problem.
3) Send others for help if- you can't' leave. ' Ibis prevents accidental
contamination of other personnel and prevents the spread of contamination

!to other areas.
4) Information to be passed to others includes the following: |

type of spill
'

.*

quantity of the spill*

location of the spilla

any contaminated personnele
!additionalinfonnation pertinent to the situatione

:

!

Trainee's Notes:
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)

ISOLATE 1) Isolate the area.
2) Isolating the area will mini:nize the spread of contamination
3) It will also assist the clean-up personnel in knowing the extent of the j

illSP -
4) Personnel, rope, or tape placed at the entry points is used to limit access ,

into the area. ,

!

!MINIMIZE 1) Mmimize exposure to both contamination and radiation.
2) To minimize your exposure to contamination, take the following j

precautions:
i

stand upwind and move toward the edge of the spille

use protective clothing if available. |*

|do not touch areas suspected ofbeing contaminated.i
e

prevent tracking contamination to other areas. 1*
1.- .

!
SURVEY 1) A survey will be perfonned by Health Protection Dersonnel. 2 ) Health

and safety surveys will detennine the following:
areas affected by the spill.*

areas requiring cleanup.*

radiological conditions in the area. ,*
1

,,

-
.

!

Trainee 's Notes: |
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MODULE 8: ALARA |
'

!

LEARNING OBJECTIVES: Upon completion of this' unit,' the participant will be able
to explain the' methods used to implement an ALARALProgram. The participant will be
able'to select'the corre$t respinie"froini' group of J'jf6'** that Verifies his' ability'to: ,

;pgj* g Ofh7:fgefh;kjh:^M;q;y:ppbgwrjgs(,'

~J C2O IDENTIFY $the!$sGMro'idctiv[2'5$MM8Yme'$'ME s$ielding,!
|

7 'O%ntamlhalid bil aid %MME ftNT S Uf'Ns!i6' r
,

| :. -3c, IDENTIFY mediods for' reducing external" pad internal ' radiation dose. .: '
^

" "4? ^ IDENTIFY'mith6ds for' waste mlAlmizatids'5sd boiitdrain' llbn' EoritroDli
'

a

I. INTRODUCTION
..

'

Even though there are dose limits and other control levels it is prudent to keep
radiation exposure well below these. Employees should always try to maintain ,

their radiation dose As low As Reasonably Achievable (ALARA) and prevent !

the spread of contamination at the facility.

For remediation of the Dollar Road site, the most important ALARA practices i

are . contamination control and personnel protection. The nature of the i
'

radioactive materials, uranium and its daughter products, and the presence of
loose contamination at the site indicate that the most significant hazard is.

,

internal exposure. j
|

-|
'

II. DEFINITION AND DESCRIPTION OF THE ALARA PHILOSOPHY

ALARA stands for: As Low As Reasonably Achievable. It is an. approach to
.

radiation protection to control or manage exposures (both individual dose |

equivalents and total collective dose) as low as social, technical, economic,
practical, and public policy considerations permit.

The principle objective of the ALARA policy is to reduce the dose to personnel,
the public, and the environment to the lowest levels in keeping with good ;

Trainee 's Notes:
'
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i

operating practices. The ALARA program establishes annual radiation dosage !
goals and management commitments to assist in meeting those goals. In all |*

cases, this is done within the requirements of DOE orders. !
|,

A. International Commission on Radiological Protection |

The ICRP, in their Publication 26, incorporated ALARA as an essential !
component in any radiation safety program. Subsequently, the NRC has .j
adopted the ALARA principle, requiring AL. ARA programs for all licensees.

-

:

ICRP 26 Dose Limitation Tenets.-

i

1. No practice shall be adopted unless its introduction produces a net ;

positive benefit. |

2. All exposures shall be kept as low as reasonably achiev3 y, when !b
economic and social benefits are taken into account. Although it may be {
quite possible to reduce occupational exposures to almost zero by j

building elaborate shic!! ding systems and designing radiological facilities i
i

with complex remote control systems, it is recognized that the expense
and limitation on operations might be prohibitive. Radiation workers |
may accept the additional exposure received (above the natural back i

ground) because of the salary, benefits, and - medical surveillance
'

received. By analogy, the risk of additional exposure to the public from ;

such devices as x-ray machines used for airport security is considered i

acceptable compared with the social benefit of fewer weapons and .

explosives taken aboard airplanes. !
*

.

.

'!Dose equivalent to individuals shall not exceed the limits recommended for the
appropriate circumstances. 'Ihis philosophy' applies not only to local ,

administrative exposure guidelines and Federal limits, but to exposures received'

~

during emergency operations and other special situations as well -

.
'

No practice shall be adopted unless its introduction produe s a positive net i

benefit. All exposures shall be kep~t as low as reasonably achievable, economic !

and social factors taken into account. Doses to individuals sliali not exceed the
limits recommended for the immediate circumstances, j

Trainee's Notes:
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i .

B. General Application-

| For- nuclear facilities and radiologically contaminated remediation sites,
ALARA is considered at all phases of work. Work activities are evaluated with.

respect to worker dose as an integral component of planning.

:
i Employees must be trained in the principles of radiation safety. A working
'

knowledge of what radiation is, where it comes from, how it is harmful to

[ humans, how we can measure and control it, and how personnel can minimize
i their exposure is essential.

An effective radiation protection, monitoring, planning, and auditing program
- must be provided. Audible and visible radiation detection and monitoring
devices - must be available at facilities to clearly notify personnel of.the

'

radiological conditions in their working environment. Healtit,and safety
personnel is responsible for the implementation of the radiological protection

-program.
The ultimate responsibility for keeping exposures ALARA rests with the worker
who is receiving the exposure. Although numerous sources of assistance and
guidance exist, one must make the effort io be aware of the radiological'
conditions and precautions at the work. place. Accurate knowledge of these.

conditions, and the use of time, distance, shielding, and source reduction, are
the best tools for minimizing exposure. .

!

HL METHODS FOR REDUCING AN INDIVIDUAL'S EXTERNAL
EXPOSURE I

'A. Source Reduction

in planning a job or operation involving equipment from the vicinity, ' draining
radiation exposure, consideration or flushing of radioactive liquids from
should be given to removal of as much fluid systems, or ventilation of airborne
of the radiation source (s) as possible. radioactivity areas (with appropriate
This may include decontamination of filtering of the airt Remediation !

area work surfaces, removal of activities, of course, are designed to
nonessential radioactive material or remove contamination sources.
Trainee 's Notes:
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}!B. Time
.

iHe amount of dose received is directly proportional to the amount of time
spent in a given dose-rate field; therefore, exposure is minimized if time spent !
in that radiation field is minimized. If a one hour job can be cut to a half-hour, |

,

the exposure will be cut in half. Stay-time calculations (found by dividing the ;

dose allowed by the area dose rate
!and entered on the Radiation Work Permit) must be done for most work in High

and Very High Radiation Areas. Adhering to a stay time can help prevent ,

exceeding exposure limits. |
c
I

iPre-planning for the job is the best way .to limit the time required in a radiation.

area. Whenever possible, mock-ups or simulator training should be performed
prior to doing the actual job. This is particularly important if the job involves .)-

large amounts of radiation exposure to workers. Other preplanning methods
,.

include: i

1. schedule effectively; *

2. review similar previous job / exposure experience; <

3. anticipate and obtain the necessary tools and parts;
'

4. pre-assemble parts outside radiation areas; .
-

5. perform operability checks (e.g., clean, service, prepare) on equipment ;

prior to entry; t

6. determine route to, from, and through areas; g. become familiar with >

procedures to be used; and h. perform manipulations in a timely
-

{manner.

.iTrainee's Notes:
1

6

;

.

.

J

FOSTER @ WHEELER
co m . ..u..,~ c - e, - co. -



_ _ _ _ ._ .. - _ . . _ _ _ _ - . . . _ _. - ._ . . . . _ . _ _ _ . . .

-i
,. ,

.

.

8-5

!

: C. Distance
:

i Maintaining a maximum distance from a radiation source will reduce exposure. |

For a point source (in which the size of the source is very small compared to ;

ithe distance from it), radiation intensity varies inversely with the square of the
distance from the source. This is called the inverse square law:

.

. b dMif .! i A

where In and 12 are the intensities of the radiation (dose rates) at points 1 and 2

respectively, and di and da are the distances from the point source at 1 and 2.
For example, if the dose rate from a small valve is 100 millirem / hour at one .

foot, it will be 25 millirem / hour at two feet. |
;..

The effect of reducing exposure with distance is somewhat.less where large
sources such as pipes, tanks, floors, and walls are concerned, but the exposure
rate will still decrease in proportion to the distance from any source. ;

Ways to use distance to reduce exposure include:

1. avoid hot spots;
2. use low background areas during work delays; |

3. use low background areas for as much work as possible; |
w

'

.

4. work at arm's length from source; and.

5. use remote handling devices when possible (for high radiation fields).
!

' D. Shielding

In general, any material through which ionizing radiation passes,will' absorb
|

some or all of the radiation. This attenuation will depend on the type and energy -|'
'

of the radiation, as well as the thickness and composition of the " shielding",

material. Considerable thought is given to incorporating adequate shielding
systems during the design of a radiological facility. This shielding can be quite
elaborate in some cases, and may even consist of several layers of different j

!

materials best suited for different types of radiation.

Trainee's Notes:
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|
L

Typical shielding materials for the types of radiation include: j

1

1. Alpha: 'due to the extremely Iow penetrating ability of alpha particles,
'

shielding is not an important means of control (most can be stopped by a
single sheet of paper). i

:
2. Beta: Plexiglas, aluminum, wood, rubber, and plastic. Due to the

creation of X-rays when beta particles are stopped by materials with a |
i

high' atomic number such as lead and steel, these materials are
inappropriate for shielding beta particles (unless they are'sufficiently |

!
thick to stop the X rays also). Recall that this radiation effect is called
braking radiation, or " bremsstrahlung." {

)
3. Gamma: lead, concrete, steel. The denser the material,' the better suited

it is for attenuation of gamma and X-rays.
|.. .

When preplanning a job, consideration should be given to the use of-temporary
t

shielding if the work involves proximity to " hot spots" or other intense sources ,
i

of radiation such as piping. This shielding usually consists of lead in the form of 1-

!bricks, sheets, or vinyl-covered blankets, and will be secured as close as
possible to the source of radiation. In some cases, the added exposurc to
personnel installing the shielding (a time-consuming task itself) does not warrant
its use.

1 Other techniques for utilizing shielding to minimize exposure include:

1. Using installed equipment or other structures (or people) for shielding,
especially if not currently involved in the work, or leave the area
entirely;

2. Using shielded glove boxes or other containment; and
3. Wearing plastic or glass goggles to protect the eyes from beta radiation.,

E. Manpower Optimization

Manpower must be utilized as efficiently as possible when the job involves
dose. It is important that the dose to each worker be minimized as well as the
collective dose to all workers (man-rem). Generally, this means reducing the

Trainee's Notes:
i
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number of workers required to perform a certain task so long as the time spent
on the task is not increased substantially.

4
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F. ' Site Knowledge and Experience

Knowledge of the work area will enable workers to use source reduction. time,
distance, shielding, and manpower optimization to minimize their exposure.
Workers must become familiar with the job, work procedures, and safety
instructions. They must also know where .the highest and lowest areas of ;

radiation and contamination are located. Any prior knowledge of possible
changes in the radiation or contamination fields should be discussed before-
entering any area. Any time a worker can suggest a method or technique that
might further reduce radiation exposure or better contamination control, they ,

should provide this information to the job supervisor and the health and safety |
representative.

. . .

Trainee 's Notes:
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MODULE 9: IIIOi,0GICAL EFFECTS, AND JIISKS OF IONIZING
RADIATION -

LEARNING OBJECTIVESi ne participant will be able to select the correct resp,onse
'

' S'' f
' ' ' '

frbm a group ofiespdases 44sch' erifieshis/her ability'to: J:::, '' ''
'

r 3. .+ ;su gpx y s':;m:'o4%> 9 ,,a ; :: & <;,~g 'v ' ' <

.

1b"'NTNIE thEaudduihb MindaMcauEiis k|FIS6?le oeus' ' 3;/^' '' 'S^MN.

22 '/ IDENTIFY the'possible' effects ofasAladam on cel
, '''Y"NJM:3: ' ' DEFINE the em$ acade dosisad8ireINic diantdFM'^2U$ '/' ?['yM' f'M $

'

1

STATE examples of a chronic hAinian dose.it' ?^$ O I c1'['' '' #
4.

'

idi$tida.ID t, !
7\ C'' TATE examplesiffonisolub@'N'M $'Y,C% M ''offr'i@S

8? " COMPARE the biologidalridtitsin chroniciadisden doses'to beshh'sisks workets
'are subjected to isindustry'inil dilip 1ife.'^ 0 r ' ? ''4 'd N W A Y'' "' * ~O @

^ ~

,

L EFFECTS OF RADIATION ON CELIE

A. IONIZING RADIATION

General. The human body is made up of many organs and each organ of the body
is made up of specialized cells. Ionizing radiation can potentially affect the normal
operation ofthese cells.

Biological effects begin with the ionization of atoms. He method by which
radiation causes damage to human cells is by ionization of atoms in the cells.
Atoms make up cells that make up the tissues of the body. Dese tissues make up
the organs ofwhich our body consists. Any potential radiation damage to our body
begins with damage to atoms. .

-

A cell is made up of two principle parts-the body of the cell and the nucleus
which is like the brain of the cell. When ionizing radiation hits a cell, it may strike
a vital part of the cell like the nucleus or a less vital part of the cell. His
occurrence is simHar to being struck by a bullet-it may strike a vital part such as
your head, or raay stroke a less vital part such as your toe.
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4 Cell Sensitivity. Some cells are more sensitive to environmental factors such as

[ viruses, toxins, and ionizing radiation. Radiation damage to cells may depend on (
how sensitive the cells are to radiation.: Cells that undergo frequent cell division ,

;
are more sensitive than cells that do not. When the cell divides, the chromosomes !

i become prominent and the probability is increased that a chromosome will be hit !

and damaged. Cells that rapidly divide include: blood-forming cells, the cells that !
line our intestinal tract, hair follicles, and cells that form sperm. Cells that do not !'

rapidly divide include nerve ceHs and brain ceHs.
,

$' Po==ihle Effes of Ionidae Radiation on Cells. When a cell is damaged by
something in its environment, such as ionizing radiation, several things can happen. ;.

} He following are possible effects of radiation on cells. !
i,

|1. Here is No Damage ..

I2. . Cells Repair.the. Damage and Operate Normally'

;.

; The body of most cells is made up primarily of water; Herefore, when ionidng !
radiation hits a cell, it is most likely to interact with the water in the cell Often the j

| ceH can repair this type ofdamage. ;

a
'

i Ionizing radiation can also hit the nucleus ofthe cell. He nucleus contains the vital
parts of the cell such as chromosomes. (He chromosomes detennine the cell's ,

;

function.) When chromosomes duplicate themselves, they transfer their 'i'

!
information to new cells. Damage to chromosomes, ahhough often more difficult, ;

,

|
can also be repaired. In fact, the average person repairs 100,000 chromosome
breaks per day.,

1
'

3. ' Cells are Damaged and Operate Abnormally
a

~

- We know that the human ceu is very resilient and in many cases it just repairs the
damage and goes about its business as mentioned above. But the damage may not
be repaired or may be incompletely repaired. In that case, the cell may not be able

>

'

; to do its function or it may die. It is possible that a chromosome in the cell nucleus

: could be damaged and not be repaired correctly.
9

!
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At any given moment, thousands of our cells are dying and being replaced by
normal cells nearby. It is only when the dose of radiation is very high or is
delivered very rapidly that the cell may not be able to repair itself or be replaced.
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11. NONIONIZING RADIATION
.

Nonionizing radiation interacts with tissue principally in two ways: thermal or
photochemical With thermal interactions, the electromagnetic waves imparts
energy by causing the matter to vibrate. He vibration causes the matter.to i

increase in temperature. His is a common effect with water molecules. He polar - !<

nature of water causes it to vibrate when exposed to certain wavelengths of
'

,

j radiation. His is the operating principle of a microwave oven. An example of
[ thermal damage is the developmesit of a retinal lesion following laser exposure to

,,

4 the eye. With photochemical reactions, matter that is sensitive to a certain |
i wavelength of radiation will undergo a chemical reaction. One example is a sun

tan. Skin pigmentation reacts when exposed to uhraviolet light, causing the skin
to tan. Increased doses ofuhraviolet light can cause more serious damage.

'

$. H. STOCHASTIC AND NON-STOCHASTIC EFFECTS .. .

r.

| A. A health effect is said to be "non-stochastic" when a known dose causes a known
j effect and when the degree of damage is proportional to or related to the exposure

'

i dose. His is the non-probabilistic side of radiation exposure. For example, it takes
i about 600 to 900 inm acute dose to the eye to cause a catuact. Doses significantly i

; lower than this level are not capable of causing a cataract. Another characteristic |

'

of a non-stochastic effect is that the severity of the condition is proportional to the
;- dose. A more prominent and serious cataract will result from doses significantly

'

: higher than 900 rem. Other non-stochastic effects include skin bums, lower blood ;

cell count, the three acute dose syndromes, and radiation sickness in general
,

:
,

. i

I

! -
. -

1

1-
e

)

!,
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Acute Radiation Syndromes ( - -M-
m '

4,,

At high radiation" dose ' rates,<significant" damage can be done
to the human body over a short pesied of time.CThe effects
can be categorized into one of three syndromea. , ' , ,,,

'

.

s.:.5.jo:: g ir:, y,; y;,5, 4 .:; a : ,3 3,g,7;; ;
Ffeno/setOSymhune -+100 tov 1000| tads.dRadiation
affecisthstdoodfonning edians'in ths bone manew.? Body
is' unable tolkeeplup with,the demandsfor redsand whhet

bloodW'i Death,rif;it coeurs,;occorsi30Ah60 days.
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IAvd@$0' o450 sad!Qeg:i:.yx@:%;4gg;;p%gQit yk 6hys@
np 9.y y/,y:x 6 e

GairtiointdstinmIJyddsme - 1'000 to 30' 013de:Rattistion0
afBi~ tse the4eas Stiat t$isisfer/patdantE86mid';.hmaRi ~-

c
intestins; to' tiie ,bloeid . stream.iBodp/delndl^oontrol

.

MMobidisdeSIWdiisini'S't65 dayigd5ihp@
Mp.p4 ;y,gn ;. ,3: p j y,g. y y y
Central Nenoaa:S>atem-Eyhkane; :||$000|in,ds;+:
ey'-4g^egsw a m g
Death ushaHy ecoursia lees thanidsy.k 'EM!i4/h'Mz

B. STOCHASTIC EFFECTS

Stochastic, or probabilistic, effects have no known threshold dose level The
probability of contracting the condition (but not its severity) is proportional to the
dose received by an exposed population. The induction of cancer and leukemia are
examples of stochastic effects. Even low dose levels are thought to be potentially
cancer-causing. Other examples'of these conditions include lifespan-shortening and
genetic effects.

-

,

C. ACUTE VS. CHRONIC

Acute exposures to radiation occur over a short time while chronic exposures
occur over a long period of time. Exposure to cosmic radiation is an example of
acute exposure. A chest x-ray is an example of an acute exposure. The longer the
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,

exposure time (the smaller the dose rate),' the more likely the body can repair the
damage from radiation.

j D. SOMATIC VS. GENETIC VS. TERATOGENIC EFFECTS
1;
I

c 1. Somatic Effects. Somatic effects are effects from exposure to radiation that

| manifest themselves in the person who is exposed. Somatic effects can be either j
stochastic or nonstochastic. Examples include cataracts and cancer.

2. Genetic Effects. A genetic effect is an effect passed on to an offspring of the
individual exposed. In the case of genetic effem, the individual has experienced ;.

damage to some genetic materialin reproductica cells. This damage doesnt affect '- ;-

the individual but is passed on to future generations. Genetic effects from radiation !

i have never been observed in humans but have been observed in studies of plants i

and animals. His includes the 77,000 Japanese children born to the_suarvors of ,

|. Hiroshima and Nagasaki. (nese are children who were conceived after the atom |

}. bomb.) Studies have followed these children, their children, and their
grandchildren.

;

|
3. Teratomenic Effects. Although no effects were som in Japanese children conceived .j

;

j after the atomic bomb, there were effects seen in some children who were exposed I

while in the womb to the atomic bomb radiation at Hiroshima and Nagasaki. !

Embryo / fetal cells are rapidly dividing wiiich makes them sensitive to any i

! environmental factors such as ionizing radiation. j

Many chemical and physical (environmental factors) are suspected or known toi

{ cause damage to an unbom child, esi:ocially early in the pregnancy. Alcohol
i consumption, exposure to lead, and heat from hot tubs are only a few that have
! been publicized lately. Some childre who were exposed while in the womb to the
! radiation from the atomic bomb were born with low birth weights and' mental

| retardation (small head size). It has been suggested but 'not proven that exposures -
i to the unborn may also increase the chance of childhood cancer.

In an effort to be prudent, limits are established to protect the embryo / fetus from

; any potential effects which may occur from a significant amount of exposure to
radiation. His exposure may be the result of exposure to external sources of.

i
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radiation or intemal sources of radioactive material. At present occupational dose !

limits. the actual risk to the embryo / fetus is negligible when compared to normal j

dsk ofpregnancy. .|
i

E. SUMMARY: FACTORS AFFECTING BIOLOGICAL' DAMAGE DUE TO i
EXPOSURE TO RADIATION i

1

' Type of radiation. A rad of alphaTotal dose. He greater the dose, the **

greater the effect (or chance of radiation is more damaging than a rad |
effect) of gamma radiation. 1

!
!

Dose rate. He faster the dose is * Area of the body exposed. He more- !* *

delivered, the less chance for repair exposure to radiosensitive tismes, the |

and the greater the chance for more likely that damage will occur. j
damage. A developing fetus is extremely |

radiotensitive, specially in the first
trimestir.

.

|

IIL RISKS FROM RADIATION

Risks from exposure to ionizing radiation are expressed in' terms of the probability:

of contracting a fatal cancer or causing a genetic effect. Studies based on medical.

observation'and death rard review have examined the incident of cancer in a
given population exposed to radiation. !

A. Recat studies by the American Cancer Society have stated that the average
Amedcan has a one-in-four chance ofcontracting cancer and a one-in-five chance
of contracting a fatal cancer. De cause of these cancers vary greatly. The causes
include smoking, heredity, and radon. 1.

i
ne most curret estimate for the risks from ionizing radiation comes from BEIR 4

V. BEIR stands for the Committee on the Biological Effects of Ionidng
Radiation. In their fifth publication, they cull all the data on radiation exposure |

and estimate the risks from tu sposure. He risk factors they developed are:

;
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For a continuous exposure to low levels of radiation (100 millirem per year)*

Male: 520 cancers to a population of 100,000 for the exposure
.

Female: 600 cancers to a population of 100,000 for the exposure-
Total: 560 cancers to a population of 100,000 for the exposure

'

A one-in-a-million risk of contracting a fatal cancer translates into 1.25 millirem of*

exposure each year for 70 years 'Ihe average loss in life associated with the 100
millirem per year exposure is 35 days. For comparison:

Risk Comparison: Average Days Last
,
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Linear Non-Threshold Model for Radiation Risk
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Alternative IAw-Level Exposure f(isk Models
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GLOSSARY

Absorbed dose - Expressed in rads (Si unit = Grays), it is the amount of energy deposited j

by any type of radiation in any material (one rad = 100 ergs deposited per gram of-
'

material).

Acute exposure - A large exposure (or dose) received in a short period of time.

ALARA - As Low as Reasonably Achievable.

Airborne contamination - Radioactive particles or gases in the air.

Annual Dose Equivalent - He dose equivalent received in a year. Annual dose
equivalent is expressed in units ofrem.

..

Atom - he smallest part of an element that still retains the chem'. cal properties of that
element. He atom is made up of three subatomic particles: protons, neutrons. an1

. electrons.
.

Bionssay - Analysis of biological samples (e.g., urine, feces) for radioacd ity nd
subsequent estimate ofdose

Chronic exposure - Small amounts of radiation ieceived over a long period of time.

Contamination - Radioactive material in an undesirable location.

Delayed somatic effect - Biological effects of radiation that show up many months or
years afier the dose to the individual

Derived Air Concentration (DAC) - Quantity obtained by dividing the annual.l'imit on
intake (ALI) for any given radionuclide by the volume of air breathed by the " reference
man" in a year (2.4 x 103 cubic meters).

Dose equivalent- Expressed in rem (Sl unit = Seiverts), it is an adminierative unit used to
relate the absorbed dose (in rads) to the amount ofbiological damage done by a particular ;

type of radiation (dose equivalent = absorbed dos: x quahty factor). |

Dose rate - He rate at which the body absorbs radiadon energy.

Electron - A negatively charged particle orbiting the nucleus of an atom.

|
'

Exposure - Expressed in roentgens (or coulombs / kilogram), it is a measure of the amount
.

ofionization produced in air by gamma or X-ray radiation. Exposure has come to be a i

generic term for radiation dose |
1
|

'

!
1

5 _ _



._- -- - .- - . - - - .. ..- - - - - . - . . - . _ - . .

e .g

t

'

,
-

.

,

I
~

!
; External radiation - Radiation that comes from a source outside the body. 1

; |

Fissile material - A material capable of undergoing fission m the presence of a thermal |
: neutron flux. ;
; I

Genetic effect - An effect of radiation exposure which may be passed on to a future !
generation.'

Internal radiation - Radiation from a source that has been taken into the body.
i

Ionizing radiation - Particles or electromagnetic waves that are energetic enough (as;

; opposed to non-ionizing radiation) to produce tan pairs in the material through which they
: pass.
. .

Natural background radiation - Radiation that comes from the earth, rocks,.and soil,
which contain naturally occurring radioactive isotopes such as radon, thorium, uranium,
and radium or from cosmic rays from the sun and other sources in space.

Neutron - A particle residing within the nucleus of an atom which has nearly the same
mass as a proton but carries no electrical charge.

Non-stochastic effects - Effects for which the severity varies with the amount of dose and
for which a ta' reshold dose may exist.

Prompt somatic effect - He effects which occur almost immediately or within a few days
.veeks after radiation exposure.t

Proton - Positively charged particle in the nucleus of an atom.
|

Rad - Unit of absorbed dose. i,

Rem . Unit of dose equivalet. He rem is r, very large unit for most occupationa' |
exposure applications, so a smaller unit is used - the milhrem. For example:

I rem = 1,000 millirem
i

0.3 rem = 300 millirem '

Roentgen - He unit of exposure used to measure the amount ofionization in air by
gamma or x-rays.

RWP- Radiation Work Permit.

i
Stochastic effects - Effects that have no known threshold dose (they may occur even after
very small doses), and the severity of the effect is not proportional to the amount of dose
received.
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TLD - Thermoluminescent dosimeter.

Whole body - For radiation protection purposes, it is the trunk of the body from the waist -
up, plus the head.

Whole body count - A method, of detecting and measuring intemally deposited
radionuclides using a very sensitive gamma detector outside the body.
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[#/Q Chevron Chem,ical Company '

wdf6001 BolUnger Canyon Road, San Ramon. CaMornia gg fpg ]
Mad Address Po Boi 5047, San Ramon CA 94583 0947

[. /MM. April 5,1993 $ / .I J f

$ O "" N(6~/D) &'h p p + e m/V7/r.Wssy
Decommissioning of the gg/g/ |

Harshaw Chemical Buildine C Site

h 5- b 4 3 14 %

Mr. Robert E. Owen~, Chief '
~

Buman of Radiological Health Services
Ohio Department of Health
Post Office Box 118

'

246 N. High Street --

Columbus, Ohio 43266-0118

Dear Mr. Owen:

The Chevron Chemical Company (Chevron) intends to decommission the former Harshaw
Chemicals Building C Site on Harvard Avenue in Cleveland, Ohio. As you know, this site was
dropped from the USDOE FUSRAP list of facilities and therefore, is a site which is licensed by '
neither the USNRC nor the Ohio Department of Health (ODH).

It is our understanding that the ODH and the USNRC previously agreed that the ODH may take
regulatory responsibility for the site. In addition, Chevron has previously received requests from
the ODH to register the site. However,it remains unclear what entity has regulatory authority, will
grant release of the site for unconditional use, and has the authority to release Chevron from future
cleanup of the site.

Chevron has retained a decommissioning contractor which possesses an USNRC license which
allows the contractor to take possession of the radioactive materials for the purposes of
decontamination, packaging and transport.The overall decommissioning plan is as follows:

- Prepare a Decommissioning Plan in accordance with USNRC Regulatory Guide 3.65;

Complete on-site decontamination and removal activities in 1993;-

Perform Final Release Surveys in accordance with NUREG-2082/NUREG-CR-5849;-

Meet Enst Relcase Limits and;*

Submit a Fmal Report for regulatory review and request a statement specifying unrestricted*

release of the Building C site.

Of critical importance to Chevron is protection from future USNRC or ODH requirements for
cleanup. At a recent Site Decommissioning Management Plan meeting in Washington, D.C., the
USNRC stated that it will guarantee no future action against a site which is released for
unconditional use .via current release limits. Chevron expects that should it proceed with
decommissioning of the site to meet either current USNRC or ODH unrestricted release limits, no
future action will be required by either the USNRC or ODH.

D I-

nw a
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Mr. Robert 5. Owen -2- April 5,1993
.

!

Therefore, Chevron requests that the ODH state its position (with USNRC concurrence) regarding
release of Chevron from future cleanup should Chevron complete decommissioning of the
Building C site in accordance with current regulatory guidelines and release limits. Your response
is requested by April 30,1993, in order to complete a timely decommissioning in 1993.

,

' Sincerely,

]
. -) ?' ! - ) if

s

!/ .
. . * /$.cL?.?/): .h',s j')

R. William Potter |
|Senior Environmental Projects Engineer

RWP: mal --

1

cc- K. Dricsrbach - Integrated Environmental Services Inc. j
G. C. Jobson - RUST Remedial Services Inc.
K. J. Lar6bert - USNRC
M. W. Roberts - Engelhard Corp.

l

.

I
.
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-

~



. . . _ - . - . .-.

( ('.

' " " ' ' "'CONVERSATION RECORD </n/2,

'"
O v' SIT O CONFERENCE O TELEPHONE

. .! . O INCOMING
Naut /SYMeOL INT

Location of Visit / Conference: O OUTGOING
NAME OF PERSON (S) CONTACTED OR IN CONTACT ORGANIZATION (Othee. dept.. bureau. TELEPHONE NO".
WITH YOU etc.)

Seuem bp ,- y O'Li C ||
dd-.-v,a- /Es,e/4,/,

K, -s!, Ln'

SUMMARY

4

1

2
_

?~ l &- kr o a ,, M/ &,.e m y
; -

E, /--A.> / Jn /7P/.

$ k A |ne_ /ww 2ef&r /J- !,

'

.

W ake_ A %o/~ _

s
-

7A- feg an w& M
d

i

Enee / br W
,

/Hsx Sestf- CH- %e#J, & 72 i b M P-f.

.

ACTION REQUIRED

"g ~A s& W W
a1 a =x-

NAME OF PERSON DOCUMENTING NNEERdTION' SIGNdTURE F DATE

; ,-p - E4W * d- & M,_
ACTION TAKEN

I.
sicNATuRE TITLE oATE b

.
5o273-io3 CONVERSATION RECORD OPTIONAL form 271 0 2-76)

OU.5. G.P.O. Ise3 388*$26/s346 DEPARTMENT OF DEFENSE
.

4

.. ,.



.

' '

t (
' '""' "'CONVERSATION RECORD 5 ff4

e ne
#' ""

- .''' O vis!T o CONFERENCE O TELEPHONE
*

NAME/SWOOL INTO INCOMING-

I Location Of Visit / Conference: '

O OurcOisa
NAME OF PERSON (S) CONTACTED OR IN CONTACT ORGANIZATION (Office, dept bureau, TELEPHONE NO;
WITH YOU etc.) JrC

8i// Y( 6(,>o>i S +'.*? - #2 8.;t
SUBJECT

bbt i o >>
/A, ,4. <eL~ a./

SUMMARY {

Q o b / ae s Y /-.S-dW 0 //. /" eC /j o v) .$.../ -n , .
kVM.

,
-- 1

/1YY 1 ($fG) $$f% f&00: ~

I

f V ~ S s' dYmr~- ^ e ../ |- Df '

:. - a 3 ;

& A * -v '/ . .. t <<ss v.ss . . .o . , e w
-

|
.

|

|
|

ACTION REQUIRED

I

NAME OF PERSON DOCUMENTING CONVERSATION SIGAATURE DATE

|*

l
ACTION .TAKEN

'

SIGNATURE TITLE DATE
i

/
(

5o272-3on CONVERSATION RECORD orisoNAL FORM 271 <tr-7s>
OU.$. G.P.O. I963-3et-S26/8346 DEPARTMENT OF DEFENSE '

.

O



- . . - .- - .. . . _ . - . .. - -.

* .

6146441 -
SENT Byrt.T GOVERNORS OFFIC A2- 9-93 7:igr1 ; A14644 a CCITT G3;u i

.

OHIO DEPART 3DDrT OF Bunt.Tg

DIVISICM OF ENYTuflanntETAI, HEALTH SERVICES

Bm unn OF RADIOLOGICAL HEALTE SERVICES |

mra mr.M a # SAFETY Parvanau ,

i

TemusnrvTTAL COFER SEEET
|

l
1

<

IlVE NNUMBER OF PAGES INCLUDING COVER SHEET:

DATE: 11*09 93 ggggDAY TIME: 7 * |I M*M'

TOs EC# LAJAME4T POSITION: figd cas4WTW
-

ORGANIZATION / AGENCY MF(CEM SCOUTWI CMWiffl## (M
l

I*Idf*7f/* SSFAX TELEPHONE NUMBER

OFFICE TELEPHONE NUMBER: 1* 7#f a ##8 fd3
;

SMtM #MITN /APWc/fT |
FROM: bAl# #* Adf4 POSITION:'

~

FAX TELEPHONE NUMBER: /*6/Fs 4 #e /f/f 1

|

OFFICE TELEPNONE NUMBERt /* 4/l/*1727'

:

|E-NG E L HAR b-. CORPORA rio td , - - _SUBJECT:
-

,

i - YW ~ C L o.5 E - o o T REPoAT otJ 60 tLDIrJG P-~
._

1

AL.5o, 'r.NTE41 M LL4 v) R EBoRT.

4;-
i
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614644( +SENT TNILT OOVERNORS OFFIC 2- 9-93 7:17AM ;' CCITT G33 88 2

.

2se se
p, n GEORGE V VOINOVICH

Govemo-Oolum%s.Obo 43264 CMS M .2 !

Te+ephone s 614) 466-3513 ' ''

or

|
'

August 05, 1991 I

'

|

Mr. Andrew G. Kopas, Manager of
'

Environmental Services
ENGEIJ'.ARD CORPORATION
CATALYST.AND CHEMICAL DIVISION
1000 Harvard Avenue'
Cleveland, Ohio 4* 09

__

Mr. Kopas,
i

After the radiological survey which the ODE 'ealth physicistsh
conducted on Thursday August 01, 1991, building P-1 is now ready i

for demolition. All survey readings were below the USNRC Regula- |,
'' tory 1.86 Guide. Please provide our office with documentation '

which will support the disposal of the contaminated structural
steel beam, electrical junction box and associated components.

,'

Also, as stated in our close-out meeting, please mail us a copy
,of the low level waste shipping papers which will indicate the

,

number of low level waste barrels and their destination. For,

your records I have sent two copies of our'close-out radiological,

confirmation survey report. l

|
'

'

If you have additional comments, concerns or questions please.

contact me at 1-800-523-4439.
5 | .

.'
.I

Eh - )
.

,

-,

1
" '

Dwain C. Baer
'

Health Physicist II

. .
,

*

w%*

.

O
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4 1000 Barvard Avemme
~~

Cleveland, Chio

| CLOSE-OUT RADIOLOGICAL*

i

! CCEFIRMATICE SURVEY
*

i
4

j Angust 01, 1991
,
i Report by: Dunin C. Beer
i a

1

>

!

.

*

* .

.

.

!.
I
1

.

0

.

l
.

.

! .,ai. M h c ;.

i s
|

L

.

ew



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

*;

SM BY2LT OCMRNORS OFFIC '2- 9-93 7:1em ;.

614644(
4 CCITT G320 4

i

!'
'

.BACIGROUEDt
i

! Meetings between Engelhard and Ohio's Department of Health,
| Radiological Unit were held on December 18, 1990 and February 19,
: 1991 to discuss decontamination and demolition of building P-1.
; The Engelhard plant was formerly owned by Marshaw Chemical Compa-
: ny, which conducted various acti'rities for the Manhattan project

and it's successor, the Atomic Energy Commission. As a result,
; building P-1 was contaminated with chemically pure uranium,

238(99.3%), 235(.6994), 234(.001%) those found in nature and
; ' identified by gamas spectroscopy. ]
'

I

! The manager of Engelhard's Environmental Services, Andrew Kopas,
hired L. Max Scott, Ph.D., and Certified Health Physicist
conduct the initial radiological survey, and to coordinate' deco,to|

i n-
! tamination activities. During the "decon" process, ODE health
j physicists conducted radiological surveys to verify complianca

with USNRC Regulatory 1.86 Guide (" Termination of Operation of;

, Operating License for Nuclear Reactors").
1

! ,

}

j BK L.31 enInB EEEELIAEE. -

} On' August 01, 1991, health physicists from the Ohio Department of j

i Health, Radiological Unit conducted a close-out radiological !

confirmation survey of Engelhard's P-1 building. The team.was
.

; looking for areas of contamination with 5,000 DPM or higher per
square meter. For safety reasons, one structural steel beam, one
electrical junction box and associated components were marked

i with black spray paint and will be removed during demolition.
Also, the concrete floor of building P-1 and two concrete tank,

: supports will not be demolished or removed. Both the floor and
j tank supports were mar.ked and-dated with black spray paint, to
1 indicate that they will not be removed from the. site. The ODE
,

health physicists did not find contamination levels close to
| 5,000 DPM per square meter. All square meter readings were

|
around background levels.

|
1

CONCLUSION:'

A close-out meeting was held between the ODE health physicists,
Andrew Kopas and Max Scott. All survey readings were discussed
and confirmed. Mr. Kopas stated that he would mail copies of low
level waste shipping papers to the Ohio Department of Health.
These papers will indicate the number and destination of waste
barrels. Demolition of building P-1 is scheduled to begin i

'

lamediately.

'

.

% '
e ye

e
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r FEDERAL EXPRESS

M M G ff.fsp N D 44t tMAaD COAPOR4 f sO%
*

., , CNiedtC A& C ATALYm CAOL#
( l|, 120 PINf STRf f f,

' fivRIA OMIO 440M'* .e t2% 322-Del
26-Mal-93-

:

i

1

.

5

3 Mr. Dwain C. Daer
Ohio Department'of Health
Radiological Unit'
Post Office Box 18' .

; Columbus, OH 43266-0118
!

|-
_,

-

Subject: INTERIM REPORT OF SHIPMENT OF RADIOACTIVE WASTE )
| TO U.S. ECOIOGY RICHIAND, WASHINGTON i'

]
IDear Mr. Baer:

.

1
Late.in 1992, Engelhard Corporation began to dispose of

|
construction debris (from the Cleveland Harvard-Denison Plant) '

contaminated with low levels of natural uranium. As you are,

aware, if the uranium concentration is less than .054, the
; material is exempt from U.S. Nuclear Regulatory Commission

regulations and can be disposed of as naturally occurring
radioactive material (NORM) waste. However, material with'
uranium concentrations in excess of .05% must be disposed of as* |low level radioactive waste. 1

I
to date, Engelhard Corporation has shipped 854 ft of NORM waste !

3

containing 3.482 RCi and 886 ft3 of low level radioactive wasta
{containing 26.290 mC1.

I ,

*

Please contact' ane at (216) 329-2553 if you require any additional |

. '

i

information.
.

Sincerely,

/
~

5 Andrew Kopas, Manager
, Environmental Serv' ices .

'

AK/dck

,

.

5

e
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BUREAU OF RADIOKOGICAL HEA1/M SERVICES

; EUCLEAR SAFETY PROGRAM *

: 1
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a
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'
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t
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FAX TELEPHONE NUMBER: l'a (o ( 4 - (o 4 4 - ( $ o 9

'

OFFICE TELEPHONE NUMBER: I * b I S * (o 44 * 2.7 "' 7

| SUBJECT: C RCA\L4L wARTC MAMAG&MChlT* P&AfoAN\db A
4
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February 26, 1991 N- '[

h] W _

Pah
FILE,bfJ

Mr. Bruce A. Berson, Legal Counsel
Nuclear Regulatory Commission
Region 3
799 Roosevelt
Glen Ellen, Illinois 60137 .

<

RE: Licensure Status; Inglehart and Clecon Metals Sites
--

Dear Mr. Berson:

The Ohio. Department of Health, Bureau of Technical Environmental
Health Services,, has been informed by the United States
Department of Energy that the following sites have radiation
contamination:

Inglehart site (formerly Hartshall Chemical)
1000 Harvard Avenue, Cleveland, Ohio

Clecon Metals, Inc. (formerly Horizons, Inc.)
2905 E. 79th Street, Clevela'nd, Ohio

i

These two sites were formerly under the jurisdiction of the
United States Department of Energy (DOE). The DOE has informed
the. Ohio Department of Health (ODH) that the DOE has eliminated
these sites from its remedial, action list after determining that
DOE does not have the authority to perform remedial efforts at ,

these sites. Therefore, DOE does not intend to conduct any clean i

up efforts. |

ODH would like to require registration of these sites so that ODH
can monitor radioactive materials at the site and any clean-up
efforts. After speaking to Don Seronoski of the Nuclear
Regulatory Commission Region 3 (NRC), it is the understanding
of ODH that the NRC cannot and will not require licensure of
these sites since they are former DOE sites. It is also our
understanding that the NRC would not object to ODH requiring
these sites to register at the state level.

ODH would appreciate confirmation that NRC has no objection to
ODH requiring registration of these sites as it appears that
there may be building demolition at one of the sites in the
immediate future.

.
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If I do not hear from you within thirty (30) days of the date of
this letter, we will assume that the information provided by Mr.
Seronoski is correct, and that the NRC has no objection to ODH

|registering these sites.
1

If you have any questions or need additional information, please
!do not hesitate to contact me at (614)644-1407.
,

l

i

Sincerely,

1

[,

Carol L. Ray
Assistant Legal Counsel i

i

!cc: Roger Suppes
Bob Owen. j

l,
'

!

l
I

e
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March 27, 1991

Ms. Carol L. Ray ,

Assistant Legal Counsel j

Ohio Department of Health 1

246 N. High Street
Post Office Box 118
Colun. bus, OH 43266-0118

,

Dear Ms. Ray:

This is in regard to your letter of February 26,5 1991, and our telephone

conversation of March 22, 1991, concerning two former United States Department

of Energy sites Harshaw Chemica.1 and Horizons Inc. This will ccrfinn that

we have no objection to the Ohio Department of Health seeking registration of

the sites at the state level for the purpose of monitoring radioactive

materials at the s'ite and any cleanup efforts as stated in your letter.

t Sincerely,

'trigInal 'siened by
.

Bruce A, tsrson
,

Bruce A. Berson
Regional Counsel

cc: DCD/DCB (RIDS) w/ incoming
letter dated 02/26/91

bec w/ incoming letter dated
02/26/91:

A. B Davis, RIII
R. M. Lickus, RIII
R. L. Fonner, OGC

Q h' ] o'
RIII RIII

th Berson/jr
'

Sren ki s

03/X/91 03/w/91 03/g/91
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f Mr.' Bruce A. Berson, Legal Counsel
! Nuclear Regulatory Commission |

!Region 3
799 Roosevelt ;

;' Glen Ellen,. Illinois 60137 |

| RE: Licensure Status; Inglehart and Clecon Metals Sites ]
1

Dear Mr. Berson: -- !
~

.

| The Ohio Department of Health, Bureau'of Technical Environmental
Health Services, has been informed by the United States

;

i Department of Energy that . the following sites have radiation
con,tamination:

.

[ Inglehart site (formerly Hartshall Chemical)
J' 1000 Harvard Avenue, Cleveland, Ohio
:

Clecon Metals, Inc. (formerly Horizons, Inc.);.

| 2905 E. 79th Street, Cleveland, Ohio

1- These two sites were formerly under the jurisdiction of the
United States Department of Energy (DOE). The DOE has informed'

the Ohio Department. of Health (ODH) that the DOE has eliminated
r these sites from its remedial action list after determining that
3

j . DOE does not have the authority to perform remedial efforts at
j. these sites. _ Therefore, DOE does not intend to conduct any clean

up efforts.4

! ODH would like to require registration of these sites so that ODH-
can monitor radioactive materials at the site and any clean-up
efforts. After speaking to Don Seronoski of the Nuclear

; Regulatory Cc::;iaission Region 3 '(NRC), it is the understanding,

i

of ODH that the NRC cannot and will not require licensure of |

these sites sinc- they are former DOE sites. It is also our
,

understanding 'the the NRC would not object to ODH requiring'

these sites to register at the state level."

1

j ODH would appreciate confirmation that NRC has no objection to |

L ODH requiring registrai.lon of these sites as it appears that |

I there may be building demolition 'at one of the sites in the !

: 'immediate future.
1

|'

i
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Mr. Bruce A. Berson -

.

,

1

If I do not hear from you within thirty (30) days of the date of
this letter, we will assume that the information provided by Mr.'

.'

Seronoski is. correct, and that the NRC has no objection to ODH
registering these sites. ,

If you have any questions or need additional information, please'

do not hesitate to contact me at (614)644-1407.

Sincerely,

{&f fw,i

dI Carol L. Ray
'

.

Assistant Legal Counsel'

cc Roger Suppes -

Bob Owen -

!

-
.
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|

|

|
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