SHI ELDI NG USE AND ANALYSI S

PURPOSE

Thi s handout discusses the principles of shielding use and anal ysis for
the four main types of radiation encountered at Hanford facilities.

SHI ELDI NG

O the three basic principles of external radiation protection (tine,
di stance, and shielding) shielding is generally the preferred nmethod because
it results in intrinsically safe working conditions, whereas reliance on
di stance and time of exposure, involve continuous adm nistrative control over
wor kers. Source reduction is an inportant mnethod of reducing dose too, but
thi s handout concerns the effective use of shielding to attenuate radiation

The amount of shielding required depends on the type of radiation being
shi el ded, the activity of the source, and on the dose rate which is acceptable
out side of the shielding material . In choosing a shielding material, the
first consideration nmust be personnel protection. An effective shield wll
cause a large energy loss in a small penetration distance w thout enission of
nore hazardous radiation. However, other factors may al so i nfluence the
choi ce of shielding materials such as, cost of the material, weight of the
materi al, and how nuch space is available for the material. The effectiveness
of the shielding material is determned by the interactions between the
i ncident radiation and the atons of the absorbing nmedium The interactions
whi ch take place depend mainly upon the type of radiation (al pha, beta, gammma,
and neutron), the energy of the radiation, and the atom c nunber of the
absor bi ng medi um

ALPHA RADI ATl ON

Al pha particles |ose energy rapidly in any medi um because of their
relatively high ionization |l oss and are stopped by very thin absorbing
materials. A few sheets of paper or thin alumnumfoil will absorb al pha
particles fromal pha-emtting sources. The nost energetic al pha will travel
only a fewtens of mmin air. The outer l|ayer of skin, approximtely 0.07
kg/m2 in thickness, will absorb al pha particles up to 7.5 MeV. Since this is
a dead | ayer of tissue, no harnful effect is produced upon the body.

Theref ore al pha particles do not present a shielding problem

BETA RADI ATI ON

Beta particles have a very snmall mass and one-half the magnitude of the
charge of alpha particles. So for a given energy, beta particles have a nmuch
greater velocity than al pha particles. As a result beta particles have a
| ower specific energy |loss, which neans that their penetration in any absorber
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wi |l be nmuch greater than that of al pha particles.

The process by which beta particles |ose energy in absorbers are simlar
to those for al pha particles. However, an additional problem encountered
when shi el di ng agai nst beta radiation is the process whereby el ectromagnetic
radi ati on (secondary X-rays), called brensstrahlung, are produced. The
fraction of beta energy reappearing as brensstrahlung is approxi mately ZE/ 3000
where Z is the atom c nunber of the absorber and E is the beta energy in MV.
This means that shielding for beta radiation should be constructed of
material s of | ow atom c-nunber to reduce the amount of bremsstrahlung emtted.

A beta source emts beta rays with energi es covering the conplete
spectrum fromzero to a characteristic maxi nrum energy, Emx. The nean beta
energy is, in nost cases, about 1/3Ewm. The penetrating power of beta
particles depends in their energy. For exanple, a 1 MeV beta particle wll
travel about 3.5 min air. Therefore the thickness and choice of material for
shielding frombeta radi ati on depends upon: stopping the highest energy beta,
for exanmple Sr90 emts a .546 MeV beta while its daughter Y90 emits a 2.27
MeV; and shi el di ng any brensstrahl ung.

The first table bel ow provides thicknesses of low Z materials in inches
to absorb beta radiation, and the second table bel ow provi des the percentage
of 1 MeV Beta particles absorbed by specific materials and equi pnent.

Thi cknesses of low Z materials in inches, to absorb beta radi ation

Ener gy (MeV) Plastic (Lucite) Concrete Al um num
0.5 0.1 0. 05 0. 05
1.0 0.2 0.1 0.1
2.0 0.3 0.2 0.2
3.0 0.4 0.3 0.3

Percentage of 1 MeV Beta particles absorbed by materials and equi prent

Mat eri al s and Equi pnent % Absor bed
Cotton Coveralls 20
Pl astic Hoods or Goggl es 30
Cotton or rubber gl oves 30
Neopr ene gl oves 50
Paper (0.3 mm 90
Saf ety gl asses or respirator 90

GAMVA RADI ATI ON

Ganmma rays do not | ose energy continuously, as do al pha and beta
particles, when passing through an absorber. As a result ganma rays are nuch
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nore penetrating than al pha or beta particles. Gamma radiation is attenuated
exponentially when it passes through a shielding material. Therefore,
theoretically, gamma rays are never conpletely absorbed no matter how thick
the shield. Nevertheless, we can choose a shield thickness which reduces the
dose rate to an acceptable |evel.

The dose rate due to gammma radiation enmerging froma shield can be
witten as:

D = De't (1)

where D, is the dose rate without shielding, D is the dose rate after passing
through a shield of thickness t, and i is the linear absorption coefficient of
the shielding material. The linear absorption coefficient i is a function of
the type of material used for the shield and the energy of the gama
radiation. |t has dinensions of (length) ™™

Equation (1) is useful for calculating the dose rate for a narrow beam
source geonetry. However, this equation underestimtes the required shield
t hi ckness for broad beam source geonetry or for thick shields because it
assunes that every gamma ray that interacts with the shield is renoved from
the beam and thus does not contribute to the dose rate.

For a broad beam source geonetry or a thick shield the dose rate is a
function of the gammma rays that pass through the shield w thout any
interaction and the scattered gammma rays and gamma rays generated through
i nteractions of the incident ganma rays. Therefore the total dose rate can be
witten as:

D=D +D (2)

where D, is the dose rate fromthe unscattered gamma rays and D, is the dose
rate fromthe scattered ganma rays and generated gamm rays. |Instead of
calculating Dy we usually introduce a termto equation (1) called the dose
bui |l dup factor B, such that:

D = BDe ' (3)

where D, is the dose rate without shielding, D is the dose rate after passing
through a shield of thickness t, i is the linear absorption coefficient of the
shielding material, and B is the dose buil dup factor

The value of B is a function of the energy of the incident ganma rays,
shield material, source geonetry, and shield thickness. Values for B are
usual Iy | ooked up in tables and not cal cul ated. For exanple, the Radiol ogica
Heal t h Handbook provides a table of dose buildup factors for various gamma ray
energies and materials.

For quick shielding estimates the concept of half-value layer is very
useful. The Hal f-Value Layer (HVL) for a particular shielding material is the
t hi ckness required to reduce the intensity to one half its incident val ue.

One HVL reduces the intensity to one-half, two HVLs reduces the intensity to
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one-quarter, three HVLsS to one-eighth and so on

where D; is the desired shiel ded dose rate

Dy (?)"

and n is the nunber of half-value |ayers.
in inches of shielding materi al

To use hal f-val ue | ayers:

(4)

D, is the unshi el ded dose rate
The foll owi ng table provides HVLs,
for various ganma energies and materials.

HVLs in inches for various energies and materials

Energy MeV Lead I ron Concrete Wt er
0.5 0.2 0.4 1.3 3.0
1.0 0.3 0.6 1.8 3.9
1.5 0.5 0.7 2.3 4.8
2.0 0.6 0.8 2.6 5.5
NEUTRON RADI ATI ON
Neutron, |ike gamma rays, are highly penetrating forns of radiation

Neut rons possess no charge and, therefore, are unaffected by the electric
fields of absorber atonms. Neutron attenuation is acconplished mainly through
elastic and inelastic scatter, which reduce the energy of the neutron until it
i s absorbed (neutron capture) in the shielding materi al

El astic scatter is where the neutron collides with the target nucl eus
and bounces off simlar to the collision of two pool balls. During the
collision, the neutron | oses sonme of its initial energy and this energy is
transferred to the target nucleus. Light elenents are best for slow ng down
neutrons by elastic scatter and so materials with a high hydrogen content,

such as water, concrete, and plastic are used. Inelastic scatter is where the
i ncom ng neutrons inpart sonme of their energy to the scattering material and
excite the target nuclei. The excited target nuclei enmits gamm rays as it

return to its ground state. Neutron capture is the process where neutrons are
captured by the target nuclei which then de-excite by emtting anot her
particle or gamma ray.

Neutrons are nost effectively shielded by materials containing | ow
at om c- nunber absorbers. Neutrons are slowed to thermal energies by elastic
collision and then they are captured by nuclei of the shielding materi al
Materials comonly used to shield neutrons are concrete, water, and
pol yet hyl ene.
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