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American National Standard

An American National Standard implies a consensus of those
substantially concerned with its scope and provisions. An
American National Standard is intended as a guide to aid the
manufacturer, the consumer, and the general public. The
existence of an American National Standard does not in any
respect preclude anyone, whether he has approved the standard
or not, from manufacturing, marketing, purchasing, or using
products, processes, or procedures not conforming to the
standard. American National Standards are subject to periodic
review and users are cautioned to obtain the latest editions.
Producers of goods made in conformity with an American
National Standard are encouraged to state in their own adver-
tising, promotion material, or on tags or labels, that the goods
are produced in conformity with particular American National
Standards.

CAUTION NOTICE. This American National Standard may
be revised or withdrawn at any time. The procedures of the
American National Standards Institute require that action be
taken to reaffirm, revise, or withdraw this standard no later
than five (5) years from the date of publication. Purchasers of
American National Standards may receive current information
on all standards by calling or writing the American National
Standards Institute, 1430 Broadway, New York, N.Y. 10018&.



Foreword

X-ray and gamma ray sources are widely used for industrial
inspection. Their utility, however, must be matched by the
safety with which they are used. This Handbook of recom-
mended safety standards, developed by American National
Standards Committee N43, has been approved by ANSI as an
American National Standard.

NBS has long cooperated with private organizations and with
other government agencies in the establishment of voluntary
standard practices. One area where NBS participation has been
especially active is that concerned with the effective and safe
use of ionizing radiation. As the Secretariat of Standards
Committee N43, and earlier of ASA Sectional Committee Z54
which produced a standard on the same subject, the Bureau is
pleased to publish and distribute this revised American

National Standard.

RICHARD W, ROBERTS
Director
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Preface

(This Preface is not a part of American National Standard
N543, General Safety Standard for Installations Using Non-
Medical X-Ray and Sealed Gamma Ray Sources, Energies up to
10 MeV.)

X-ray and sealed gamma-ray sources are used extensivelyin
industry for the inspection, testing, and analysis of a wide
variety of objects and materials. It is therefore essential that
adequate measures be taken to protect persons who work with
or are near such radiation sources, as well as the general public,
against excessive exposure to radiation.

In 1946 the sectional committee of ASA issued American War
Standard Z54.1-1946 “Safety Code for the Industrial Use of
X-rays.” Handbook 93 (Z54.1-1968), “Safety Standard for
Non-Medical X-ray and Sealed Gamma-Ray Sources,” issued in
1964 was a revision of a part of the war standard. These stand-
ards provided the necessary guidance for the safe installation
and use of penetrating radiation equipment used in industry.

The American National Standards Committee N43 examined
7Z54.1—-1963 and determined that a revision was necessary.
This task was assigned to Subcommittee N43-5,

Suggestions for improvement gained in the use of this stand-
ard will be welcome. They should be sent to the American
National Standards Institute, 1430 Broadway, New York, N.Y.
10018.

The American National Standards Committee N43, on
Equipment for Non-Medical Radiation Application, had the
following personnel at the time it processed and approved this
standard:
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AMERICAN NATIONAL STANDARD

General Safety Standard for Installations
Using Non-Medical X-Ray and Sealed
Gamma-Ray Sources, Energies up to 10 MeV

This standard establishes requirements for the design and operation of
common types of installations which use gamma and x radiation for non-
medical purposes. Its objective is to protect persons who work with or are near
such installations, as well as the general public, against excessive exposure to
radiation. Maximum permissible dose limits established by the National Council
on Radiation Protection and Measurements are cited. Methods for achieving
adequate radiation protection are described, including structural details, sur-
veys and inspections, and operating procedures. Appendixes contain technical
information useful for design of radiation shielding barriers,

Kéy words: Gamma-ray equipment; radiation installations; radiation safety;
X-ray equipment.

1. Scope

1.1. This standard is intended to serve as a guide toward the
safe use of X-ray and sealed gamma-ray sources for non-medical
purposes. 1ts main objectives are to reduce needless exposure
of persons to radiation and to ensure that no one receives
more than the maximum permissible dose equivalent. These
objectives are achieved by the use of appropriate equipment,
ample shielding and safe operating procedures.

1.2. Those recommendations containing the word “shall”
identify requirements that are necessary to meet the stand-
ards of protection of this document. Those using the word
“should” indicate advisory recommendations that are to be
applied when practicable.

2. Definitions

The definitions and terms contained in this standard, or in
other American National Standards referred to in this docu-
ment, are not intended to embrace all legitimate meanings of
‘the terms. They are applicable only to the subject treated in
this standard.

An asterisk (*) denotes those definitions taken from ANSI
N1.1-1967, Glossary of Terms in Nuclear Science and
Technology.

ACTIVITY (A). The quotient of dN by dt, where dN is the
number of spontaneous nuclear transformations which occur
in a quantity of a radioactive nuclide in the time interval dt.
The special unit of activity is the curie.

*ATTENUATION. The reduction of a radiation quantity upon
passage of radiation through matter, resulting from all types
of interaction with that matter. The radiation quantity may be,
for example, the particle flux density.
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BARRIER. (See Shielding Barrier)

*CONTROLLED AREA. A specified area in which exposure of
personnel to radiation or radicactive material is controlled
and which is under the supervision of a person who has knowl-
edge of the appropriate radiation protection practices, includ-
ing pertinent regulations, and who has responsibility for
applying them.

CURIE (Ci). The special unit of activity., One curie equals
3.7x 10" spontaneous nuclear transformations per second
exactly, or by popular usage, the quantity of any radicactive
material having an activity of one curie.

*DOSE, ABSORBED. The energy imparted to matter in a
volume element by ionizing radiation divided by the mass of
irradiated material in that volume element. The special unit
of absorbed dose is the rad. One rad equals 100 ergs per gram
(also commonly called dose).

*DOSE DISTRIBUTION FACTOR (DF). A factor used in
computing dose equivalent to account for the nonuniform dis-
tribution of internally deposited radionuclides.

*DOSE EQUIVALENT (H). The product of absorbed dose,
quality factor, dose distribution factor, and other modifying
factors necessary to express on a common scale, for all ionizing
radiations, the irradiation incurred by exposed persons. The
special unit of dose equivalent is the rem. (For radiation protec-
tion purposes in this standard, the dose equivalent in rems may
be considered numerically equivalent to the absorbed dose in
rads and the exposure in roentgens.)

*EXPOSURE. A measure of the ionization produced in air
by x- or gamma-radiation. It is the sum of the electrical charges
on all of the ions of one sign produced in air when all electrons
liberated by photons in a volume element of air are completely
stopped in the air, divided by the mass of the air in the volume
element. The special unit of exposure is the roentgen.

* EXPOSURE RATE. Exposure per unit time.

FAIL-SAFE DESIGN. One in which all failures of indicator
or safety components that can reasonably be anticipated cause
the equipment to fail in a mode such that personnel are safe
from exposure to radiation. For example: (a)if a light indicating
“x-rays on” fails, the production of x-rays shall be prevented,
alnd (b) if a shutter status indicator fails, the shutter shall
close.

HALF-VALUE LAYER (HVL): HALF-VALUE THICKNESS.
The thickness of a specified substance which, when introduced
into the path of a given beam of radiation, reduces the value of
a specified radiation guantity upon transmission through the
substance by one-half. It is sometimes expressed in terms of
mass per unit area.

INSTALLATION. A radiation source, with its associated
equipment, and the space in which it 1s located. (See sec. 3.
Classification of Installation.)

INTERLOCK. A device for precluding access to an area of
radiation hazard either by preventing entry or by automatically
removing the hazard.

LEAD EQUIVALENT. The thickness of lead affording the
same attenuation, under specified conditions, as the material
in question. ' . '

LEAKAGE. The undesired release of radioactive material
from a sealed source.

LEAKAGE RADIATION. (See Radiation, Ionizing.)

LEAK TEST. A method capable of detecting the leakage of
radioactive material from a sealed source.

MAXIMUM PERMISSIBLE DOSE EQUIVALENT (MPD). The
maximum dose equivalent that the body of a person or specific
parts thereof shall be permitted to receive in a stated period of
time. For the radiations considered here, the dose equivalent
in rems may be considered numerically equal to the absorbeqd
dose in rads and the exposure in roentgens. (See table 1.)

*MONITORING, RADIATION (RADIATION PROTECTION).
The continuing collection and assessment of the pertinent in-
formation to determine the adequacy of radiation protection
practices and to alert to potentially significant changes in con-
ditions or protection performance.

OCCUPANCY FACTOR (T). The factor by which the workload
should be multiplied to correct for the degree or type of occu-
pancy of the area in question.

OCCUPIED AREA. An area that may be occupied by persons.

QUALIFIED EXPERT. A person having the knowledge a_nd
training necessary to measure ionizing radiations and to advise
regarding radiation protection, for example, persons certified
in this field by the American Boards of Radiology, Health
Physics, or Industrial Hygiene.

QUALITY FACTOR (Q). The linear-energy-transfer-
dependent factor by which absorbed doses are to be mgltlphed
to obtain, for radiation protection purposes, a quantity that
expresses on a common scale for all ionizing radiations the
irradiation incurred by exposed persons. )

RADIATION PROTECTION SUPERVISOR. A person directly
responsible for radiation protection. It is his duty to insure
that all procedures are carried out in compliance with pertinent
established rules, including recommendations contained in this
document. ) .

RADIATION PROTECTION SURVEY. Evaluation of the radi-
ation hazards in and around an installation. It customarily
includes a physical survey of the arrangement and use of the
equipment and measurements of the exposure rates under
expected operating conditions.

* RADIATION, IONIZING. Any elgctrom_agnetic or particu-
late radiation capable of producing ions, directly or indirectly,
by interaction with matter.

PRIMARY RADIATION.
a. X-RAYS. Radiation coming directly from the target

of the x-ray tube. ) . )
b. BETA AND GAMMA RAYS. Radiation coming directly
from the radioactive source.
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SECONDAR"Y RADIATION. Radiation other than the
primary radiation, emitted by irradiated matter.
SCATTERED RADIATION. Radiation that, during passage
through matter, has been deviated in direction and usually
has alsg) had its energy diminished. '
USEFI_JL BEAM. That part of the primary and secondary
radiation which passes through the aperture, cone or other
device for collimation.

LEAKAGEy RADIATION. All radiation, except the useful
beam, coming from the tube or source housing.

STRAY RADIATION. Radiation other than the useful
bea.m.’ It includes leakage, secondary, and scattered
radiation.

*RAD. The special unit of absorbed dose. 1 rad i
I ! . s 100 ergs/g.

*RADIATION SOURLE An apparatus or a material emitﬁ:ing;ﬂg“
or capable of emitting ionizing radiation. '

RADIATION WORKER. Anindividual whose work is normally
performed In a controlled area, or whose duties involve ex.
posure to radiation and who is subject to appropriate radiation
protection controls.

*REM. The special unit of dose equivalent. The dose equiva-
lent in rems 18 numerically equal to the absorbed dose in rads
multiplied by the quality factor, the distribution factor, and any
other' necessary modifying factors. ’

RHM (Rhm). Roentgeng per hour at 1 meter from the effective
;izzertof thf? sourfgi.h{Thls distance is usually measured to the
! est surface o e sour it ive
i5 mot kngea ce as its effective center generally

% . .

ROE‘]NTGEN (R). The special unit of exposure. One roentgen
equals 2.58 X 10-4 Coulomb per kilogram of air. i
y SEALED SOURCE. Radioactive material sealed in a con-
hcuner or having a bonded cover, where the container or cover
d;ls suﬂ_’iment mechaqlcal strength to prevent contact with and
Ispersion of the radioactive material under the conditions of
use and wear for which it was designed.

SCATTERED RADIATION. (See Radiati izi
. adiation, Ionizing.
gﬁg(ﬁIﬁD{\RdY RADIATION. (See Radiation, Ionizingé".))
essentiol .t Ndicates a recommendation that is necessary or
SHIELD(I)Nn(ﬂ‘eet the standards of protection of this document.
used to reducé rgcﬁgggglﬁéBagrier of attenuating material
SH zards.
attenlfalg?{ﬁ‘; BARRIER, PRIMARY. Barrier sufficient to
SHIELDIN%userI beam to the required level.
attenuate x BAR_RIER, SECONDARY. Barrier sufficient to
SHOULDS riay radiation to the required level,
visory reco;n s recommendeq, is advisable, indicates an ad-
RCH H%%ndatlon that is to be applied when practicable.
Drovides at .SI_NG. An enclosure for a sealed source which
1 A endosurihrl;gl;o}?aof the radéatioghemitted by the source.
eam | 1 ve an aperture through whi
1S emitted or through which the sourfe is e;ct};;?t%g.sefu!
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STRAY RADIATION. (See Radiation, Ionizing.)

SURVEY. (See Radiation Protection Survey)

*TENTH-VALUE LAYER (TVL). Thickness of an absorber
required to attenuate a beam of radiation by a factor of ten.

TUBE HOUSING. An enclosure which contains an x-ray tube
and which has a port through which the useful beam is emitted.
The tube housing may also contain transformers and other
appropriate components. (See appendix C for a definition of
protective tube housing.)

USE FACTOR (U). The fraction of the workload during which
the useful beam is pointed in the direction under consideration.

USEFUL BEAM. (See Radiation, Ionizing.)

WORKLOAD. A measure in suitable units of the amount of
use of radiation equipment. For the purpose of this standard
the workload is expressed in milliampere-minutes per week for
x-ray sources and roentgens per week at one meter from the
source for gamma-ray sources and high energy equipment
(such as linear accelerators, betatrons, etc.).

3. Classification of Installations

Basically any installation which is so constructed and oper-
ated as to meet the Maximum Permissible Dose Equivalent
requirements is acceptable. However, if this were the only
requisite, the assumptions as to the use of the equipment and
degree of occupancy might be subject to widely divergent
interpretations. In order to ensure certain minimum standards
of protection without needless expenditures, it has been found
advisable to classify installations. Their basic requirements
are given below. (See sec. 4 for selection of class, 7.6 for specific
tests, and sec. 8 for operating limitations.) ‘

3.1. PROTECTIVE INSTALLATION. An installation shall
be so classified when it conforms with all of the following
requirements:

3.1.1. The source and all objects exposed thereto are within
a permanent enclosure, within which no person is permitted
to remain during irradiation.

3.1.2. Reliable safety interlocks are provided to prevent
access to the enclosure during irradiation (See paragraph 6.5.2).

3.1.3. If the enclosure is of such a size or is so arranged
that the operator cannot readily determine whether the en-
closure is unoccupied, there shall be provided:

3.1.3.1. Fail safe audible or visible warning signals (pref-
erably of the rotating beacon type) within the enclosure which
shall be actuated a minimum of 20 seconds before irradiation
can be started, and the visible signal shall remain actuated
during irradiation.

The audible signal shall be of a frequency or capable of
producing a sound pressure level such that it can be heard over
background noise that may be present. Specifications for
audible signals are recommended in ANSI N2.3-1967.



3.1.3.2. Suitable means of exit, so that any person who
gc?identally may be shut in can leave the enclosure without
elay.
3.1.3.3. Effective means within the enclosure for prevent-
ing or quickly interrupting the irradiation. The use and funec-
tion of such a device shall be clearly labeled.

3.1.4. The exposure at any accessible region 2 in (5 cm)
from the outside surface of the enclosure cannot exceed 0.5
mR in any 1 hour. (The distance 2 in is chosen as being the
minimum practical distance from the barrier at which the ex-
posure may be measured. The limit of 0.5 mR in 1 hour assures
with reasonable probability that under practical conditions of
occupancy and use, the requirements of paragraph 3.1.6 would
be met.)

3.1.5. All installations shall display suitable warning signs
as given below:

3.1.5.1. The interior of the exposure room shall be posted
with a sign that operates in conjunction with the warning
signals in paragraph 3.1.3.1. The sign shall contain the radiation
symbol (see fig. 1) and the words “Danger: High Radiation
Area.)”’t The interior of a cabinet installation shall be posted
with a similar sign which shall be visible with the access door
open.

3.1.5.2. The entrance to the exposure room shall be posted
with a sign containing the radiation symbol and the words
“Caution: Entering Radiation Exposure Room.” Cabinet type
installations housing x-ray equipment shall have a sign on the
outside showing the radiation symbol and “Caution: X-Rays.”
Cabinet type installations having a radioactive source shall
have a similar sign but with the words “Caution: Radioactive
Material.”

3.1.6. No person, either within the controlled area or in the
environs of the installation, is exposed to more than the maxi-
mum permissible dose equivalent (MPD). (See table 1.)

3.1.7. Most installations are subject to Federal, state or
local regulations which may involve registration, licensing or
compliance with specific rules. For example, to meet Federal
requirements (AEC) the radiation levels in a noncontrolled
area must not result in an exposure to an individual continu-
ously present in the area in excess of 2 mR in any 1 hour or
100 mR in any 7 consecutive days.

3.2, ENCLOSED INSTALLATION. An installation shall be
so classified when it conforms with all the following require-
ments:

3.2.1. The source and all objects exposed thereto are within
a permanent enclosure, within which no person is permitted to
remain during irradiation.

3.2.2. Reliable safety interlocks are provided to prevent
gc5cg§s to the enclosure during irradiation (See paragraph

' Or “Caution: High Radiation Area.”

TABLE 1. Maximum permissible dose equivalent values (MPD) [21]

CGther Organs

i 1 i i ¥ issible dose
ati 3 i ntal purposes is not included in the maximum permisst
Exposure of patients for medical and de peqf;ivalent.
Maximunt | Maximum - Maximum
13-week yearly | accumu-
dose | dose lated
dose
rem . rem rem
SEUN—
Controlled Areas w[ ‘
5 5N — 180
Whole Body, Gonads, Lens of Evye, Red Bone Marrow. ... . . l 3 12
Skin (Other than hands and forearms) 2E s 2
Hands ...oo.ooooorooee oo S o 10 30
Forearms...... B T J | H o

Noncontrolled Areas . . ... .. R O I

seal
i H B i . pe ngsumed to be equal to the numerica
«The numerical vaiue of the dose equivalent in rems may be

i s for f this report.
sal £ the exposure in roentgens for the purpose o epor
‘ﬁ‘l,i«?:r\ge in ser;rs and is greater than 18, When the previous oce
not definitely known, it shall be agsumed that he has already receive
S5{N 18],

upational history of an individual is
d the MPD permitted by the formula

3.2.3. If the enclosure is of such a size or is 80 arranged that
the operator cannot readily determine whether the enclosure is
unoccupied, there shall be provided: ' _

3.2.3.1. Fail safe audible or visible warning signals
(preferably of the rotating beacon type) within the enclosure
which shall be actuated a minimum of 20 seconds before irradi-
ation can be started, and the visible signal shall remain actu-
ated during irradiation.

' The iudible signal shall be of a frequency or capable of
producing a sound pressure level such that it can be heard over
background noise that may be present. Sp?01ﬁcat10ns for audi-
ble signals are recommended in ANSI N2.3-1967,

2.9.3.2. Suitable means of exit, so that any person who
accidentally may be shut in can leave the enclosure without
delay.3.2.3.3. Effective means within the er}closure for pre-
venting or quickly interrupting the irradiation. The use and
function of such a device shall be clearly labeled.

3.2.4. The exposure at any accessible and occupied area 1
foot (30 ¢m) from the outside surface of the enclosure does not
exceed 10 mR in any 1 hour and the exposure at any accessﬂple
and normally unoccupied area 1 foot (30 cm) from the outside
surface of the enclosure does not exceed 100 mR in any 1 hour.
For x-ray installations, this exposure limitation shall be meti
for any x-ray tube to be used in the gnc}osures and operatm,g
at any specified mA and kV rating within the manpfaeturers‘
published recommendations. No beam limiting device or filter
shall be used during these tests unless such devices and filters
are permanently attached to the x-ray tubes or gamma expo-
sure device and the unit cannot be operated without their use.
The radiation source and beam direction shall be positioned and
oriented so that the highest exposure rate w_ﬂ! be encotmte_red
in the area under test provided that such positioning and orien-



tation will serve a practical purpose in normal usage. It is
assumed that under normal and practical conditions, the pro-
visions of paragraph 3.2.6 can be met.
3.2.5. The posting requirements as listed in paragraph 3.1.5
shall be met in addition to those given below.
3.2.5.1. The accessible area in which exposure exceeds
5 mR in any 1 hour shall have signs posted showing the radia-
tion symbel and the words “Caution: Radiation Area.”
3.1.5.2. All entrances to a radiation area shall have signs
posted showing the radiation symbol and the words “Caution:
Entering Radiation Area.”
3.2.6. No person, either within the controlled area or in the
environs of the installation, is exposed to more than the maxi-
mum permissible dose equivalent (MPD). (See table 1.)

73.2.7. For Federal, state or local regulations see paragraph
3.1.7.

3.3. UNATTENDED INSTALLATION. An installation shall
be so classified when it conforms with all of the following
requirements.

3.3.1. The source is installed in a single purpose device.

3.3.2. The radioactive source is contained in a shielded
enclosure. If the device is equipped with a shutter, or other
absorber, so that the useful radiation beam can be reduced in
magnitude, the “closed” and “open’ positions shall be easily
identified. X-ray machines shall have a visual warning signal
when x-rays are produced.

3.3.3. Unless licensed by Federal or state authorities, the
exposure at any accessible region 1 foot (30 cm) from the outside
surface of the device shall not exceed 2 mR in any 1 hour when
the device is in its normal operating condition, and occupancy
in the vicinity of the device shall be limited so that the ex-
posure to an individual in any one year shall not exceed 0.5 R.

3.3.4. All installations shall display a suitable warning sign
as given below.

Devices utilizing a radioactive source shall be posted with
the radiation symbol in figure 1 and the words “Caution:
Radioactive Material.” Similarly, devices housing an x-ray
machine shall have the radiation symbol and the words
“Caution: X-rays.”

3.3.5. Service doors to areas with exposure levels exceeding
that specified in paragraph 3.3.3 shall be locked or secured with
fasteners requiring special tools available only to qualified
service personnel.

3 73.3.6. For Federal, state, or local regulations, see paragraph
1.7,

3..4. OPEN INSTALLATION. An Open Installation is one
which, dug to operational requirements, cannot be provided
with the inherent degree of protection specified for either
P_rotectwe, Enclosed, or Unattended Installations. An installa-
tion shal_l be so classified when it conforms with all of the follow-
Ing requirements:

i to are within
1. The source and all objects exppsed there :
a coiﬁp}cuously posted perimetei{ j:hat lmlnas the ;ﬁgasgnwslggﬁ
e can exceed 100 mR in any 1 nour. n sh
&};Sepia;c){)os}?; radiation symbol and the words “Danger: High
‘ation Area.”’ (See footnote 1. . o o
RadéailgnNorSersén has access to the high radiation area }mt‘hm
the p‘e;'ifneter nor may remain in the area during 1rrad11at10n.
Positive means for preventing access, such as lo_cked enclosure,
shall be provided during periods of unattended irradiation.
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FIGURE 1. Radiation symbol*

* (As specified in American Nationsl Standard N2,1-1969.)



3.4.3. The perimeter of any area in which iati
4.3 *h th
L%:%Lés\;?tgxcesg of &% mlR in any 1 hour shallcl be (fefl;?)gl(iat;gg
'tn a sign displaying the radiati
worgs4‘;Ca'fzﬁ10n: Radiat?on Arfgea.”e radiation symbol and the
4.4, e source and equipment essential to the u
source shall be inaccessible to unauthorized use, tasrﬁp(f;'gg?
ﬁ;g@ﬁ%}igﬁhm shall be accomplished by the attendance of §
Enowleder € person or by other positive means such as locked
3.4.5. No person, either within a ¢
‘ ! , E ontrolled i
gggllé'ons of the installation, is exposed to more t%gixat(}); lgp;?ie
maximum issi i ,
fabie 1 permissible dose equivalent (MPD). (See
o~ 6. For Federal, state, or loeal regulations, see paragraph

4. Selection of Class of Installation

Radiation facilities shall be con

structed to meet the r ire-
;Ziggsno?f; O’i‘lﬁeoilghe fm;ll'*ﬁi‘:lasses of installations descriel?elillri%
: A€ classes differ in their relative depend
inherent shleld!ng, operating restrictions, and supperv?s?igi (;n
seg}uréi1 t}ie regulred degree of protection. °

ach class ha i imitati

ingoch e below:s certain advantages and limitations; these are

requirements for noncontrolled areas
fo?%giivef’ the loyv allowa}ale exposure level (0.5 mR in 1 hour)
ihois cs?l?zlé)ifn;ns%allatm&} necessitates a higher degree of
- or radiation sources of lower i
?:s(i (f)‘gl;}?;n.aller enclosgreg,, such as cabinets, the init?gflx;ijtisa’
oot Increased shielding is usually insignificant com d
v hige OPerational advantages. pare
€r energies, as in the 1 i i i
1 s @8 1 megavolt region w -
oads, the required additional shiel'ding wﬁ} usu;%yhrlfgk\gotﬁlke

Protective t
th;é g)ndogedytp;p? ay have to be ahout a foot greater than for
.2, EN
the greatg,%gcsig D INSTQLL.ATION. This class usually offers
occupancy factoantages for fixed installations with low use and
rs. This is particularly true for high-energy

sources wh fon 3
cant Savingﬁg,e %‘};leereﬁpcl‘ggn in shielding may result in signifi-
lower than: o eS lelding requirements are considerably

VL loss 2 Protective Installation, as much
» yet, the inherent protection is su’ch that t?he E;:)S:)si.i%

10

bility of significant exposure is remote. With proper supervision,
this class offers a degree of protection similar to the Protective
Installation.

4.3. UNATTENDED INSTALLATION. This class consists of

automatic equipment designed and manufactured by a supplier
for a specific purpose and does not require personnel in at-
tendance for its operation. The inherent radiation safety of
such equipment makes installation possible in a noncontrolled
area.
4.4, OPEN INSTALLATION. This eclass shall be selected
only if operational requirements prevent the use of one of the
other classes. Its use should be limited mainly to mobile and
portable equipment where fixed shielding cannot be used.

The operational requirements of other classes of installations
may necessitate use of this class.

The protection of personnel and the public depends almost
entirely on strict adherence to safe operating procedures.
With this adherence, Open Installations can provide a degree
of protection similar to the other classes.

5. Plans for Radiation Installations

5.1. REVIEW BY QUALIFIED EXPERT. The structural
shielding requirements of any new installation, or of an exist-
ing one in which changes are contemplated, should be re-
viewed by a qualified expert early in the planning stage.

5.2, INFORMATION TO BE SUPPLIED TO A QUALIFIED
EXPERT. The expert should be provided with available data
concerning the type of source, the kilovoltage or energy, milli-
amperage or output in Rhm, the contemplated use of the source,
the expected workload, and use factors, the structural details
of the building and the type of occupancy of all areas which
might be affected by the installation.

Data for the determination of shielding barrier thicknesses
may be found in the appendices of this standard. See section 6
for structural details.

5.3. APPROVAL OF PLANS BY QUALIFIED EXPERT.
Final shielding plans and all pertinent specifications should be
approved by a qualified expert before construction begins.

5.4. EFFECT OF DISTANCE ON SHIELDING REQUIRE-
MENTS. Shielding requirements generally may be reduced by
locating the installation at a distance from occupied areas.
(See tables 7, 9, and 10 appendices B and C for minimum safe
distances.)

5.5. DIRECTION OF USEFUL BEAM. The cost of shielding
may be reduced significantly by arranging the installation so
that the useful beam is directed toward occupied areas as little
as possible. (There is, of course, no objection to directing the
useful beam at occupied areas provided there is adequate
protection.)

5.6, CROSS SECTION OF BEAM. Devices which perma-
nently restrict the direction and cross section of the useful
beam may reduce the area requiring primary shielding barriers.

11



5.7. MULTIPLE SOURCES OF RADIATION
are likely to be exposed to radiation from mgre.tga};egisggiigg
simultaneously, or at different times, the protection associated
X}ﬁ;gegc?;};mrce shall befincreased so that the total dose re-
one person fr
ceived by pe);missi%le dose,om all sources shall not exceed the
T};’).S. RADIATION ENERGY_, OUTPUT, AND WORKLOAD
R ebs‘hlfaldlng for each occupied area should be determined on
eR asis of the expected maximum kilovoltage or energy, mA
ox:thhm, workload, use factor, and occupancy factor associ’ated
1\;.«;11 the area, anSIderatl.on should be given to the possibility
at these may increase in the future resulting in increased
exposure. It may be more economical to provide a higher degre
of protection initially than to add shielding later. gree

6. Structural Details of Shielding Barriers

barrier weight.
mgé.rggAlég?ﬂ ({)F SHIELDING MATERIAL. All shielding
Do e e of assured quality, uniformity, and
6.%. 21,.11?31}‘1) BARRIERS.
-«.1. Lead barriers shall be mounted in such
tgaf they will not cold-flow because of their owr(; wZi&%nz?:g
8 aé gezplftegteﬁ against mechanical damage
-4-2. Lead sheets at joints should be in cont i
of at least one-half j i lekness of th p iap
Whi%hzegervés ne ;re;?ec: or twice the thickness of the sheet,
.. 0.2.3. Welded or burned lead se issi
vided ine 1o : ams are permissible, pro-
mié;ném}lgi requiri%lé;?.lent of the seams is not less than the
.3. NTS /
STRUCTURRS, BETWEEN DIFFERENT MATERIALS OR
6.3.1. Joints between diff. i ieldi
shall be e erent kinds of shlelgilng materials
rieréSgnzotOir:ggifégé so that the overall protection of the bar-
5.2, Joints at the fio d ceili
so that i or and ceiling shall be constructed
example.)he overall protection is not Impaired. (See fig. 2 for
RI%%SQIIZ{%I;DHI\TG OF OPENINGS IN SHIELDING BAR-
should be iv?ep T«;‘alnmng of an installation, careful consideration
tions of S}ﬁeldp 0 reducing the number and size of all perfora-
Ing barriers and openings into protected areas.

protection for aj] i .
suitable shieldingsbuacfge(;penmgs shall be provided by means of
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—CONCRETE FLOOR OR CEILING

%

-LEAD COVERING
OVER WALL

FIGURE 2. Example of o wall joint.

The sum of radiations through all paths ABCF and DEF to the point F shall be not more
than the maximum permissible exposure.  The framework supporting the lead wall is here

considered to be of relatively x-ray transparent material

LEAD DOOR LEAD DOOR 7
D //’// /
ELVT £l
F ~“LEAD OR LEAD- F< ZLenp
A\LL 4 ALLOY INSERT FLANGE
] 273, CONGRETE Ry
Slerg i FLOOR 2\

FIGURE 3. Exzample of door baffle.

The sum of radiations through all paths ABCF and DEF to the point F shall not be more
than the maximum permissible exposure. The supporting structure for the lead door is
here considered to be s framework of relatively x-ray transparent material.

6.4.1. PERFORATIONS. Provision shall be made to ensure
that nails, rivets, or screws which perforate shielding barriers
are covered to give protection equivalent to that of the unper-

forated barrier.
6.4.2. OPENINGS FOR PIPES, DUCTS, CONDUITS,

LOUVERS, ETC. Holes in barriers for pipes, ducts, conduits,
louvers, ete., shall be provided with baffles to ensure that the
overall protection afforded by the barrier is not impaired.
These holes should be located outside the range of possible
orientations of the useful beam.

6.4.3. DOORS AND OBSERVATION WINDOWS. The lead
equivalent of doors and observation windows of exposure
rooms, cubicles, and cabinets shall not be less than that re-
quired for the walls or barrier in which they are located.

6.5. GENERAL PROTECTION REQUIREMENTS FOR DOORS
INTO PROTECTED AREAS.

6.5.1. LOCATION OF DOORS. Where practical, doors into
exposure rooms should be so located that the operator has
direct control of access to the room.

6.5.2. INTERLOCK SYSTEMS FOR DOORS. All doors and
panels opening into an x-ray exposure room or cabinet (except
those panels which can be opened or removed only with tools)

13



shall be provided with fail-safe interlocki i
. v wit $ ocking switch i
grev?ntmg 1rradlatlor} unless the door orgpane(f i:sc?gsi%wffﬁ
r;);ribnzgiug%{xeliopem{)gghmto a high radiation area of a gaﬁlma
8 on (excep ose which can be opened or re
only with tools) shall be equipped with a fail-safe devizgn\;z%\;gg

the door shall be equi i i
pped with a suitable lock.
n 61'2(? {I_ESUMP‘TION OF OPERATION, If the operation of
dogr a pl:nlglr;osgzri%e {wﬁ lzfeen mtﬁrrupted by the opening of a
. stallation, it shall not be ibl ;

Sé)ses;a}:;éor;p’tga?_erelytcIc;lsnﬁgbthe door or pan%?sis;:bqiggé(e)iur%i

‘ 10n, it sha € necessary, in additi .
energize ot : : , aition, to re-
Shergi: pan:ﬁmally a suitable device located on or near the
bami.%ﬁ.tEHRESHOLD BAFFLE FOR DOOR SILL. A door
pee ar | kl:&?; ;)flcihrgeg,;sléi rsqm.z;ed for ]installations operating
poove 125 kVp, ntinuity can be struck by the useful
ment.)( ee figure 3 for example that fulfills the baffle require-
an 6({()).5. ILA(Ii)' OF DOOR JAMB. The shielding lead covering of
thgt foi'hea Ing to an exposure room or cabinet shall overla

) e door jamb and lintel so as to reduce the radiatiog

passing th imi
pass itielf.mugh clearance spaces to the allowable limit for the

7. Radiation Protection Surveys and Inspections

7.1. SURVEY OF NEW INSTALI
SUR : ) LATIONS. Bef in-
stallation is placed in routine operation a radi:ti?;f piorzzg;ilonn

determine that a leak test o
: n sealed sources has been conduct
o ety T BTN i
be made whesurves lon by a qua ified expert shall
Y ges have been made in shielding i
€quipment, or occupancy of adjac‘en? areas, and thggsgpf}fggggs:

>

expert should be consulted in case of doub
t.
ex?% REPORT QF RADIATION PROTECTION SURVEY No
Xisting msta}llatlon shall be assumed to conform with the'pro—

7.5. RETENTION OF SURVEY
[ N REPORTS. R i-
ation protection surveys shall be retained tog:é)}?g‘rm\&féﬁlgr?g}-

ord of the action t i
they contain. aken with respect to the recommendations
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7.6. RADIATION PROTECTION SURVEY PROCEDURES. A
radiation protection survey shall include the following pro-
cedures:

7.6.1. INSTALLATION INSPECTION. The installation shall
be inspected to verify or determine the present and expected oc-
cupancy of the adjacent areas. Devices that have a bearing on
radiation protection shall be inspected for proper operation.
These include audible or visible warning signals, interlocks, de-
lay switches, and mechanical or electrical devices which restriet
positioning of the radiation source.

7.6.2. RADIATION MEASUREMENTS. Radiation exposure
shall be measured in all adjacent areas that can be occupied.
The measurements shall be made under practical conditions of
operation that will result in the greatest exposure at the point
of interest. X-ray apparatus should be operated at the max-
imum kilovoltage and at its maximum milliamperage for con-
tinuous operation at that voltage. High energy equipment (such
as linear accelerators, betatrons, ete.) should be operated at
maximum radiation output.

7.6.3. PERSONNEL MONITORING. A qualified expert
shall determine the adequacy of the personnel monitoring
programs for all classes of installations. Personnel monitoring
may not be required for a Protective Installation where a
person cannot enter the exposure cubicle.

7.6.4. CONTENTS OF RADIATION PROTECTION SURVEY
REPORT. A report of a radiation protection survey shall
include:
7.6.4.1. Identification of the persons conducting the
survey and the date of survey.

7.6.4.2, Identification of the radiation source and instal-
lation by suitable means, e.g., serial number, room number,
and building number or name.

7.6.4.3. Identification of instrument used and date of last
calibration.

7.6.4.4. The identity and Rhm or activity in curies of a
gamma source, including calibration date, or the potential
and current at which an x-ray tube was operated during the
test.
7.6.4.5. A statement indicating the appropriate classifi-
cation of the installation.

(The following shall be included when applicable.)

7.6.4.6. The location of the source and the orientation of
the useful beam with relation to each exposure measurement.

7.6.4.7. Exposure rates in all adjacent occupied areas.
The locations of the measurements shall be suitably identi-
fied; appropriate drawings may facilitate this identification.

7.6.4.8. A description of the existing mechanical and
electrical limiting devices that restrict the orientation of the
useful beam and the position of the source.

7.6.4.9. A statement of the restrictions, if any, that shall
be placed on the weekly workload, degree of occupancy and
the time that the useful beam may be directed at any shielding
barrier.

15



7.6.4.10. If an installation is f
. ‘ ‘ ) found not to compl i
;?;?:eilt‘dir}dmd, wactlon required to ensure compliance P;gaﬁq{)g
; a resurvey will be required, it should be so stated

interlocking
cted period-
x ‘ he_radiation
etween inspections shall

7.7. INSPECTIONS. All radiati i
[ ) NS. adiation sh
_swﬁcyhes and othgr safety devices shalf ble?l?s% e
lcally and appropriately serviced as scheduled Spt
protection supervisor. The interval §
not gxﬁc?eci $ix months. (See 8.2)
1.1 Inspection shall be made b
not necessarily by a qualified
7.7.2. Defective & . i
repaired and the inspection sh
he ins all be r
g'hte}fg?er ighée ogltglri)al de%lree of protectigge}?;idb
oudbt about the ad
exp%rt ghall be consulted. cauacy of the rep
7.3. Inspection of prot ot 1 i i
. ra?giioa pection o sirv:xﬁ ive devices is not a substitute for
_1-i.4, Records of inspect]
actions shall be kept on gle. ton dates,

to determine

findings, and corrective

8. Operatin g Procedures

8.1. RESTRICTIONS ACCORDING
INS AC NG T ASS
81811 IPROI‘ECTI\’E INSTALLATIO?\'.CLASMFICATION.
-1.1.1. Since the inherent safety of the Protective In-

8.1.1.2. If the enclos i
. ure is of such a si i ¢
that theisopfzggor c.agnothreadi]y determinzee gvrhlestiee? rtr}?; g(;%d
cupled, the operator shall m ical
ake a ph
osure before commencing or ré)susii]i%ﬁ

8.%.2. ‘ENCLOSED INSTALLATION,

. Since the safe i
ton ix operation of an Enclosed -
o ] ap};)paléi;cegblon ‘th_e normal operating conditions ;;:g?flifa
ment shob 8 e radiation protection survey report, the equi
B operated only within the indicated lin’lits s
-1.2.2. If the enclosure is of such a i '

sulted,

8.1.3. UN :
be impose ] Oﬁ'{EThflfnlngg)og\gg‘?I%LATION. No restrictions shall
8%? 401PI‘,JI‘1§ INSTALI‘ATI()}?J.Ion of the equipment.
upon Opérz.at.ing € safe operation of an open installation reli
bersonnel to Survey areas and conduct the cf;;j
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Y a competent person but

shielding barriers shall be promptly

eration according to established procedures. Equipment shall
be operated within limits established in paragraph 3.4.

8.1.4.2. A survey shall be made for each new operating
condition and the area of operation should be periodically mon-
itored. Surveillance of the area shall be maintained during
operation.

8.1.4.3. When entering the operating area after irradia-
tion, the operator shall use a suitable calibrated survey meter
to verify that the source has been returned to its “off” position
or that x-rays have been turned off.

8.2. RADIATION PROTECTION RESPONSIBILITY. The em-
ployer or his representative shall designate a competent per-
son as the Radiation Protection Supervisor. This person shall
be qualified by training or experience to carry out his duties as
indicated below:

8.2.1. Insuring that all installations are operated within
the limitations of the appropriate radiation protection survey
reports.

8.2.2. The instruction of personnel in safe working practices
and the nature of injuries resulting from overexposure to
radiation.

8.2.3. Investigating any incident of abnormal exposure or
suspected overexposure of personnel to determine the cause
and take remedial action.

8.2.4. Assuring that interlock switches, warning signals
and signs are functioning and located where required.

8.3. RADIATION SAFETY INSTRUCTIONS. Radiation safety
instructions shall be posted and furnished to each radiation
worker in writing.

8.4. PERSONNEL MONITORING.

8.4.1. Personnel monitoring shall be required for all
workers involved in the use of radiation apparatus in Open
and Enclosed Installations, and Protective Installations where
personnel can enter the exposure area. Film badges or thermo-
luminescent dosimeters are acceptable for this purpose.

8.4.2. Personnel monitoring shall be performed in con-
trolled areas for each occupationally exposed individual for
whom there is a reasonable possibility of receiving a dose in
any one calendar quarter exceeding one-fourth the applicable
quarterly MPD (See table 1.)

8.4.3. For monitoring of personnel in Open Installations
both film badges (or thermoluminescent dosimeters) and pocket
dosimeters covering the range of 0 to 200 millirem should be
used.

8.4.4. A qualified expert should be consulted on the estab-
lishment of personnel monitoring systems.

8.4.5. Records shall be kept concerning individual radiation
exposures. These records shall include, as appropriate, results
from individual film badges, pocket dosimeters or chambers,
calculated results and the results of bioassay.

8.4.6, The guidance provided in ANSI N13.6-1966 (R
1972), Practice for Occupational Radiation Exposure Records
System, should be considered for the purposes of this standard.
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http:7.6.4.10

8.5, RADIATIO
CALIB soATI N MEASUREMENT AND INSTRUMENT
8.5.1. Sufficient and suitable radiati i
f 1ation surve
:(})1311‘1 be %ﬁall'able to properly support the usg :)ril?sf'g(lili};?t?;s
sou ces. ¢ mstruments shall he capable of detectin 3
eaglgrén%the types and levels of radiation involved & an
_8.0.2. Each radiation survey instrument shall bé calibrateqd

ments or radiati i i
of s or Tad lon sources calibrated at the National Bureau
8.5.3. Pocket dosimeters or
_ chambers shall i
and checked for leakage at intervals not to :xcelf)a-eéi (éarlrlf)l;i%fsd

9. Revision of American Natj
r ational Standa ;
to in This Document rds Referred

When the followin i i

. _ g American National Stand
EzénAtn};;sriiZ%u%}e?_t ar'le Superseded by a revisionag%s;))r?\fggrg?
Shef smeric ational Standards Institute, Inc., the revision

N2.1-1969, Radiation Symbol.

N2.3-1967 Immediate Ev i i
7, acuation 8 i i
Installationg where Radiation Exposlu%z%\ldi?&ii;n industrial

N13.6-1966 (R 1972 - -
System, Practice fozf. Occupational Radiation Exposure Records
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Appendix A. Occupancy and Use Factors

(This appendix is not a part of American National Standard
N543, General Safety Standard for Installations Using Non-
Medical X-Ray and Sealed Gamma Ray Sources, Energies

upto 10 MeV.)

TaeLe 2. Occupancy factors (T)

[ For use as a guide in planning shielding where adequate occupancy dats are not avaflable]

Full oceupancy (T=1)

Control space, darkrooms, workrooms, shops, offices, and corridors
large enough to be used as working areas, rest and lounge rooms
routinely used by occupationally exposed personnel, living quar-
ters, children’s play areas, occupied space in adjoining buildings.

Partial oeccupaney (7'==1/4)

Corridors too narrow for desks, utility rooms, rest and lounge rooms
not used routinely by occupationally exposed personnel, elevators

using operators, unattended parking lots.

QOcecasional occupaney (T=1/16)

Closets too small for future occupancy, toilets not used routinely by
occupationally exposed personnel, stairways, automatic elevators,
outside areas used only for pedestrians or vehicular traffic.

TABLE 3. Use factors (1)

[For use as a guide in planning shielding when complete data are not avallable]

Enclosed
Protective
Instaliation use all uses
Collimated, Open
sources SOurces
F00r. et et 1 i 1
WallS e i M 1
Ceiling. . e 1 e 1
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Appendix B. Determination of Gamma-Ray Shielding
Barrier Thicknesses

(This appendix is not a part of American National Standard
N543, General Safety Standard for Installations Using Non-
Medical X-Ray and Sealed Gamma-Ray Sources, Energies up
to 10 MeV.)

The thickness of shielding barrier necessary to reduce the
gamma rays from a sealed Famma source to the maximum
permissible leve] depends upon the energy of the radiation,
source strength, design of the source housing, beam diameter,
scattered radiation from irradiated objects, the use factor
(fraction of the time during which the radiation is incident on
the barrier), distance from the source to occupied areas, degree
and nature of occupancey, type of installation, and the material
of which the barrier is constructed,

Table 4 gives data on radioactive gamma-ray sources of in-
terest for industrial purposes, including the energy of the
gamma rays emitted. Tables 5 through 8 give shielding require-
ments for several commonly used types of source. Occasionally,
conditions are not covered by the tables and it will then be
necessary to resort to computation of the shielding require-

ments by using the transmission curves in various materials,
figures 4 through 17.

TasLE 4, Gamma-ray sources
| |

[
. | Atomic | | Gamma-ray f Specific
Radioisotope | number | Half-life | energy gamma-ray
i l i constant
j Z [ MeV Ricurie
; : hoat1m
. 82y 0, 662 0.32
......... 24 281 0. 323 °0,018
Cobalt 60_____ | 27 | 5.2y I L17, 133 1.3
Gg)ld 198, .. _._ |27 0.412 Q.23
Iridium 192 . 77 | 74d | 0.136, 1.065 | © 0§
Radlum 296, (117771 88 | 2y , 0047 to 2.4 b0, 825
Tantalum 382, (717117 ! 73 | 1154 i 0.066 to 1.2 I c.6

* These values assume that gamma-ray absorption in the source is negligible.  Valye in
R{curie hat I mean be converied to R/millieurie h at 1 om by multiplying by 10.

'This value assumes that the source is sealed within a 0,50-mm thick platinum capsule,
© These values are less certain and in some Cases are estimates.

The computation of the gamma shielding requirements may
be simplified by considering separately: (a) the useful beam,
(b) the radiation transmitted through the source housing
(leakage radiation), and (c) the scattered radiation.?

USEFUL BEAM. The primary-shielding-barrier thickness
may be obtained from figures 4, 5 and 6 if the permissible
transmission of radiation is known.

curves gve the thickness of barrier when the radi-

adiation is mcn@ent obliquely to the surface at an angle

| _ v d e thickness given by the eguations and curves multi-
plied by the cosine for very obligue angles (75

1f more thz_m one source will produce appreciable radiation in the occupied area, then all such sources
must be considered in the barrier design,

The permissible transmission, B, may be calculated from

Pd:2 - 0.1Pd* (1)

TWUT(328): WUT

B

W};’eri.: the permissible average weekly exposure (in roentgens)

for design purposes, having a value of 0.1R for controlled areas

the environs, o N _
an(;:l ?s'otlh% f(Zloils‘;cance from source to the position in question (in

feag)i,s the weekly exposure in the useful beam at 1 'rr}lquf;;ré}; ?lh:1
i . iplying the roentgens per mi
source (obtained by multiplying th er al
i iati tes, averaged over a year),
by the weekly irradiation time in minutes, CEedover avear
"T is the occu anecy factor, the fractlon ) ; -
tig;llt?imeedourinz' which a person is exposed (see table 2, appen
iy i kload during which
i factor, the fraction Qf the: wor ring wh
thg LIISS(E?LTI L‘kl)se‘eam is pointed in the direction under consideration,
and ‘ foet
is the conversion from meters to feet. )
%;ésAigiG%LRADIATION. Eq?atf&r} (1)(1?;%13:) r?ewlﬁse‘i% I’F;i;:?;rgle
barrier requirements for this ra ,
Fel;tlfatg}‘:aera%iiation i(ri1 roentgenls per week measured at 1 m from
7 is equal to 1, . .
thgéz%l:l?é’[{%ng {RAi)IgTION. Radiation s%iatt?rﬁi ﬁ;’neinaer; g};
i j d is softer (of low
radiated object has a lower rate an (of lower energy)
inei & the energy and dose r )
than the incident bedm: Both o T o
scattered beam vary with the angle o ring and atomic
7 and 8, the variation ¢
number of the scatterer. Figures s he variation of B %
; ith barrier thickness, where B is | )
:(nlx)égfiﬁ :)V; the barrier, D, is thtei unatteréugt?;it%%sg (:életi}:éi?j(;agt
tered beam at 1 m from the sca erer, an % the dose Incldent
ar. If the scatterer is at 1 m fro s
g}?etgglicgg?r{&er is that given in the curves of figures 7 and 8

ﬂ _ 0.1Pd? . (2)
D, WT

B X

If the scatterer is at 50 em from the source anéi ghe field diam-
eter is that given in the curves of figures 7 an

., 0.025Pd>
B = ?

for the same field size.

The rules given

ARY SHIELDING BARRIERS. ules

bsgg Ofgi'Dscattered radiation and foy leakage rz}dla&llqgklr;zg;ﬁ

? ° sed to compute the secondal'y-shleldlng—ba;‘r{erh_ 1; Kness

f§rue‘ach of the two separate effelcts. If tlllgg}?ag?;elditﬁ‘éi gly Sses
; are nearly equa at is, \ s

%ﬁaﬁggl%l\se[?),S‘f}{):giitﬁ%ﬁrshould be added to the larger single
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dose, ‘This radiation can be reduced to the

than ene-eighth (2 HVL) of the permissibie level
in view of other conservative approximations th

barrier thickness to obtain the required total.* But if one of
the thicknesses is more than 3 HVL greater than the other,
the thicker one alone is adequate.*

SHIELDING. If the shielding is adequate for the useful
radiation, that is, if it is a primary shielding barrier, it is
more than adequate for leakage and scattered radiation. It
should be determined, however, that radiation scattered around
the primary shielding barrier does not cause a radiation hazard.

For reasons of economy, barriers usually should be placed
as near to the source as possible. The barrier thickness is not
reduced by this procedure but the area and therefore the
volume are reduced; the barrier weight is approximately pro-
portional to the square of the distance between the source
and the barrier.

Concrete, marble, and similar material
the most economical barrier but lea
the space is limited or where it is desi

s generally provide
d may be required where
rable to reduce the weight.

* Each of the two effects thug produce a permissible dose, Together they produce twice the permissible
permissible level by the addition of 1 HVL
permit transmission of the permissible leve
from the other effect. Thi

at are involved.

*The larger thickness will '

I from one effect, plus not more
s one-eighth excess is negligible
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1000

TasLe 5A. Coball 60 shielding requirements for controlled areas »
250

Curies ¢ approx.

{om)
4.0

TVL

co¥REIIE
QP PP

Approx.
1.20

(cm)

HVL

RRBEEIK=E

WUT?b

80,000 - - e
40,000 11T
20,000 011001
10,000 2200000

g5, 1
30T

5000 e

Type of barrier

Primary._ .. ...
Secondary:

| Nl
w

Leakage 4 0.1%

Scatter ¢

(From

position.

phantorn distance of 40 to 80 em.  This includes scattering from the colllmator and from the phantorm.

i i i iati eek.
For a weekly design level of 100 mR; add one tenth-value layer (TYL) for regions in the environs to reduce radiation to 10 mR/w
s For ;

b W=workload In Rfweek at 1 m, U=use factor, T=occupancy factor.

7) and occupancy factor (T') are equal to one. e
; %Iistgrlgi?)lllesgk{:gorrai;{;tion of souI;ce housing; may be ignored if less than 2.5 mR/h at 1 m in “on

« For large field (20 em dism) and a source-

Braestrup and Wyekoft [1].)
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TABLE 6A. Cesium-137 Shielding requirements for controlled areas ®

{From

WUT? in R/week

ﬁ Distance in Feet from Source to Occupled Area

at 1 meter
71 6] 1a] 2ot 28 40 [

50 7 M 14 20} 28| 40

5 7} 10} 14 20, 28

507 0] 1]
W 5} 70 10 14! 40
| L sl 7] 10 28
| ! 5] 7 20

Type of Protective
Lead Thickness in Centimeters

3.5

Thickness of concrete (density 147 Ibjen ft) (in))

Distance from source to occupied areas (ft)

329

35.4

40.3

42.7

45.1

47.5

oceupancy factor,

use factor, T'=

TABLE 5B. Cobalt 60 shielding requirements for controlled areas®

TVL

(fn)

8.6

Approx.

HveL

(in}

Curfese approx.

2.6

WUT+s

1,250 s

30

‘Pype of bartier

40,000 __.____....
20,000 . . ......
10,000 ... ...
5000 . .. .. ..

86,000 . _......

N

Primary. . ._.....
ndary:
Leaksge 40.1%

£

0.05%
30°
45°
607
900

¢ field (20 em dism) and a source-phantom distance of 40 to 60 cm. This includes scattering from the colllmator and from the phantom

Braestrup and Wyckoft [1).)

workload in R/week at 1 m, U
« Assumes use factor (U) and occupancy factor (T') are equal to one.

. Foi a weekly design level of 100 mR; add one tenth-value layer (T'VL) for regions in the environs to reduce radiation to 10 mR/week

4 Refers to Jeakage radiation of source housing; may be ignored if less than 2.5 mR/h at 1 m in *‘on”’ position

< For Jargt

b W

Barrier
Primary .. ..o 67] 62 55|
Secondary \
Leakage © |
1% .o e e 2.3 1.00 040 0 0 0
005% .. . ooneeion 1.6 04 0 0 [ 0
Scatter | . i
35 ... 0.45 B8 2.6 26 22 17 13 0.8
0.41 3.5 271 23 197 15 11 0.9
0.88 2.8 21| 1.7 14| Lo| 07, 04
0.22 1.3 0ol a7 051 04| 02 0.1
1 .13 07 051 603 62 62 a1 g

TVLi for noncontrolled areas, to
reduce to 10 mR/week.
w I workload in Riweek at 1 m, I'—use factor, T - oceupancy factor.
« Refers to leakage radiation of source housing when source in “ON""

than 2.6 mR/h at 1 m,
4 For large field (20 em diam) and a source-scatterer distance of 50 cm. This in

an obliquely vositioned flat scatterer.
[From NCRP Report No. 34.]

eondition; may be ignored if less

cludes only scattering from

TABLE 6B. Cesium-137 shielding requirements far controlled areas®

WUT? in Rjweek Distance in Feet from Source to Oceupied Area

at 1 meter

Approx.
Type of Protective
Barrier HVE | TVL Inches®
Inches [inches
of Con-lof Con-
crete | crete
S S ——
Primary . 1.9 6.2 34.1 32.2(30.2 20.6 L 18.7 ){ 16.8] 14.8
Secondary k 1
............... 1.9 62| 155|136 115 20] 0 } 0 0
1.9 621136 1157 96 { g W 0 0
................ 1.8 6.1121.6) 18.7] 174 891 7.1 53 3.5
1.6 541 180/ 16.4] 148 68 52 W 3.6 2.0
1.5 49| 15.8] 143 128 53] 38| 23 0.8
1.4 170 145] 181 11.7 4.7 33 W 1.8 0.5
1.3 441 131 ] 11.8] 105 40 27 14 0

design level of 100 mR; add one tenth-value layer (TVL) for regions in the environs to

» For a weekly
reduce to 10 mRjweek.

s W . workload in Riweek at 1 m, U/ —use factor, T - pecupancy factor.

e Thickness based on conerete density of 2.35 gfom? (147 Tb/ft*).
¢Refers to leakage radiation of source housing when source in “ON” condition; may be ignored if less

than 2.5 mR/hat 1 m.
¢ For large field (20 em diam) and a source-scatterer distance of 50

from an obliquely positioned flat scatterer.
{From NCRP Report No. 34.]

em. This includes only scattering
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TaBLe 7. Relalion between distance and millicwiie-hours for an exposure e !
of 0.1 R from an unshielded source N
e PR ———— e ———— - - T— j T
1 Distance to source - e i
Mitiicurie-hours e .
! Radium | Cobalt 60 « Cesium 137 ‘ Iridium 192 | Gold 198 ol A\ —
. | b — .
i H
. 7| | 1t 1 ‘ -
0. % & % 2 ! 0.6 0. (73 0.6 — —
1.6 e 1o | 1 0
30| 38 | Ly 2.3 16 A\
5.15 6.5 | 321 40 2.7
94; iL9 5.8 7.4 5.0 m \
16.3 20.5 | 10, 1 ‘ 12.7 9.0 o
30.1 576 | 18.5 | 232 15,8 z Y
i : ' ©
@
o ‘ ]
s -
15}
Z —
. . . < OO0t—
TasLe 8. DProtection requirenients (in centimeters of lead) for various 14 - | —
QaANIMa-ray SouTCes - . —
e s 1
Radlum ‘ Cobalt 60 . Cesium 137
COTVIaA=s5cemlead | TVIe=4lemlead | TVL2=2.2 ¢mlead
| |
Mitticurle- |
Hours 1 Thickness of lead reguired to reduce radiation to 100 mR b at o distance of— OO0 Y, .
‘ s +
T | | e AR X ‘
: 3 321t ‘ G5f | 1ft | 32| 65t | Lt | 32ft 651t E—— 1\ N\ \\
i H ] VRS S—
| ! i / i37
a0l o | o | 50 0.7 o 1.1 0 % 0 TS o \
g2 1s| o | 7ol 281 ¢ 1] 0 1 Aui?84 \ cgﬁx\
88 3.6 L1 81 4.9 2.5 3.3 L1 0 5000 | Ir |
I TR ¢ g g W W
4.1 8. 55 13 , .5 5 ) . :
6.7, 1.6] 7.8, 150 sl 84 64| 42 ! 29 CONCRETE, inches
19.5| 137 10.5 } 172 129 105 7.8 5.3 | 4.0
: FIGURE 4. Transmission through concrete (density 147 Ib/ft%) of gamma rays
Iridizm 192 Gold 198 From radivm [14]); cobalt 60, cesium 137, gold 188 [7]; iridium 192 [15].
TVLs=20cmlead TVLs=11cmlead

Millicurie-hours Thickness of Tead required to reduee radiation to 100 mR &
at a distance of—

it i 3aft 8.51t 11t f 321t 6.5 1t
|
I
0.8 | 0 0 0.4§ 0 0
14 01 [ 0.9 E 0 0
221 0.7 0.1 15 0.3 0
31 14 0.6 2.1 0.9 0.2
4.0 2.1 1.2 3A0‘ 1.4 0.8
50 3.0 2.9 3.9 2.0 1.3 H
62\ 4.0 2.8 5.3L 2.9 L9

* Approximate value obtained with Jarge attenuation.
b Add one tenth-value layer (T'V L) to reduce radiation to 10 mR.
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\ A\ TN FIGURE 6. Transmission through lead of gamma roys from selected radio-
| | e \ﬁsl nuclides. .
ooooilL__| | \ | ‘ [ ‘ o
(Y 2 4 6 8 10 i2 4 Radium (Wyckoff and Kennedy [14]), cobalt-60, cesium-137, gold-198 (Kirn et al. [7]), iridium-192
IRON, inches (Ritz [15]).

FIGURE 5. Transmission through iron of gemma rays from radium [14);
cobalt 60, cesium 137 (7); iridium 192 [15].
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oF co®° - THROUGH LEAD
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RADIATION - SCATTERED

RADIATION

I TS R T

! | ) 8O
001 ! 150 \{206\\ N AN N 00! .
] 10 5 20 25 30 o] 5 10 15 20 25 30
CONCRETE, inches LEAD, mm
FIGURE Ta. Transmission through concrete (density 147 Ib/ft%) of cobalt 60 FIGURE Tb, Transmission through lead of cobalt 60 scattered radiation from
scattered radiation from cylindrical Masonite phantom, 20-cm diam field at cylindrical Masonite phantom, 20-cm diam field at I m from source [10].
I m from source [10].
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FIGURE 8b. Transmission through lead of cesium 137 radiation scattered at
the indicated angles from an oblique concrete barrier [4].

CONCRETE, inches

Transmission through concrete {density 147 1b/ft?) of cesium 137

FIGURE Ba.
radiation scattered at the indicated angles from an oblique concrete barrier

(4]
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DISTANCE FROM RADIUM, METERS
DISTANCE FROM RADIUM, METERS

X 1.0 106G IbOO

ic

H
RADIUM, mg RAGIUM, mg

. . ) . . o C g FIGURE 11. Relation between amount of radium, distance, and shielding for
FIGURE 9. Relation between amount of radium, distance, and shielding for controlled areas to reduce exposure to 0.1 R per 40 h.
controlled areas to reduce exposure to 0.1 R per 40 h.
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RABIUM mg FIGURE 12. Relation between amount of cobalt 60 or Rhm, distance, and shield-

FIGURE 10. Relation between amount of radium, distance, and shielding for ing for controlled areas to reduce exposure to 0.1 R per 40 h.

controlled areas to reduce exposure to 0.1 R per 40 h.
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FIGURE 13. Relation between amount of cobalt 60 or Rhm, distance, and shield- = = L B s »
ing for controlled areas to reduce exposure to 0.1 R per 40 h. 3 \TB S 0
=2 - e
é i }c/ . H iz
¥ 1 ) i ;
o LT .
€ AT - e T B s
] : :
: K 3)
v -
J\ t ¥
; t 8"
: i :
i i S
o 1l NS i Ll . i .
o1 6 6 106 Rt
Lo 1000 curies

0 00
CESIWM-137 SQURCE

FIGURE 15. Relation between amount of cesium 137 or Rhm, distance, and
shielding for controlled areas to reduce exposure to 0.1 R per 40 h.
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FIGURE 14. Relation between amount of cobalt 60 or Rhm, distance, and shield-
ing for controlled areas to reduce exposure to 0.1 B per 40 h.
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FIGURE 16. ‘Relation between amount of cesium 137 or Rhm, distance, and
shielding for controlled areas to reduce exposure to 0.1 R per 40 h.
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FIGURE 1_7. .Relation between amount of cesium 137 or Rhm, distance, and
shielding for controlled areas to reduce exposure to 0.1 R per 40 h.
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Appendix C. Tables of General X-Ray Information

(This appendix is not a part of American National Standard
N543, General Safety Standard for Installations Using Non-
Medical X-Ray and Sealed Gamma Ray Sources, Energies up
to 10 MeV.)

Some of the tables included in this appendix and in appendix
D (tables 12, 15A, and 15B) refer to a protective tube housing,
which is defined as a tube housing so constructed that the leak-
age radiation at a distance of one meter from the target does
not exceed one roentgen in one hour when the tube is operated
at its maximum rating. The leakage radiation should be aver-
aged over an area of 100 cm?

TasLe 9. Distance protection (in feet) against useful beam in controlled
areas

[For design purposes only, the maximum permissible exposure is taken to be 100 mR/wk.}

Kilovoltage 50 70 100 250 1,000 2,000
X-ray output (Kp) (R/ma- 0.05 0.1 0.4 2 20 280
min at | m)
WUT-» Distance in: feet
3 5 9 20 60 200
5 7 13 28 76 270
6 9 17 37 105 335
7 10 19 10 115 3
8 12 23 47 130 415
9 13 25 52 145 450
12 17 35 69 190 550
15 22 44 85 230 650
16 24 47 92 240 700
22 33 62 120 320 850
24 35 66 130 335 880
27 38 75 140 375 950
30 42 80 155 400 1, 000
40 55 100 200 500 1,150
42 58 107 210 530 1,200
47 65 120 235 570 1,275
50 70 130 250 600 1,350
62 85 165 310 720 1, 500
69 90 175 330 760 1, 575
75 102 200 370 850 1, 700
95 130 250 480 1,030 1,950
125 180 350 640 1, 300 2, 350

s W=workload in milliampere-minutes per week.
U=use factor.
T=occupancy factor.
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Taere 10. Distance profeciion {(in feel) againsl useful beawm in areas
outside of controlled areas {environs)

[For design purposes only, the maxlmum permissible exposure is taken to be 10 mR/wk.]

|
Kilovoltage 50 70 0w | 2% 1,000 2,000
| —
X-ray output (Kp) (Rfma- |  0.05 0.1 04 | 2z 0w 280
min at 1 m) ‘ . i
i : ;
WUTs Distance in fect . . St
TABLE 12. Secondary barrier requirements for leakage radiation
1 15 30 f 50 | 160 | 480 from protective tube housings for controlled areas
%g’ %g gg ‘ ég : {gg ggg 1Add 3.8 hw! for environs)
20 27 52 | 100 ‘ 20 7 i
2 % i 15 i il 850 | Operating time in hours per week
B8 om ®om o T T e | s
38 55 | 102 195 510 11 Distance frotn »
10 59 | 1o | 210 530 1,200 target In feot 2 s \ ooy 25 40
53 8 | 40 | 265 (;;70 1,4(;? i
5 p L 450 .
gg gg %gg i 5158 -g(r:g }é,r,g Number of half-value layers
gs 1&2} 175 | 338 320 1.% :
5 1 220 n 0 L .
%0 145 232 420 1,850 Bl 4.6 ‘I 58 6.9 3; gz 3‘.
100 150 250 460 1,050 1.920 3.8 5.1 h-é a1 8 7
110 160 270 490 LI | 2,000 3.2 | 4.5 & o5 03 7
135 200 330 570 | 1,250 2,150 2.6 | 3.9 4.9 e 58 .
145 210 345 600 3 2,200 2.2 3.5 4. L7 5.4 6,
165 | 240 375 6501 1,400 2,300 L8 3.1 4.1 13 5.1 5.
210 | 300 160 750 1,350 2,550 L5 2.8 3.7 et P 5
280 | 399 580 | DL 2, 850 L2 28 gg Y 3 i
: - 0.2 1.3 2.3 2.9 | 8¢ Hy
» W=workload in milllampere-minutes per week. 0.5 L5 (2)3 16 2.
Ususo factor. T 0.3 - :
T= occupancy factor, | -

TABLE 11. Half-value and tenth-value layers

Approximate values obtained at high attenuation for the indicated peak voltage values under broad-
beam conditions; with low atienuation these values will be significantly less,

Attenuating Material
Peak Voltage (kV) Lead (mm) Concrete {in.} Steel (in.}
HVL VL HVL TVL HVL TVL
0.05 0.16 0.17 0.8
0.15 0.5 0.33 1.1
0.24 0.8 0.6 2.0
0,27 0.9 0.8 26
0.29 0.95 0.88 2,9
0.48 1.6 1.0 3.3
0.9 3.0 1l 3.7
1.4 4.6 1.23 4.1
2.2 7.3 1.3 4.3
3.6 119 14 4.8
7.9 26 1.75 58
12,7 42 25 8.3
14.7 48.5 2.9 9.5
16,5 54.8 3.6 12.0 1.08 3.8
17.0 56.8 4.1 137 1.2 4.0
18.5 55.0 4.8 15.3
Cesium-187_. . ... ... ... 6.5 21.6 1.9 8.2 0.64 2.1
Cobalt-60. .. - 12 40 2,45 8.1 0,82 2.7
Radium_.... ... .__ e e e e 18.6 55 2.7 9.2 0.88 2.9

[From NCRP Report No. 34.]
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TABLE 13, Dengities of commercial building materials

Average dengity®
Material
g/em? ib/fee
ALIMINUI . C L e e 2.7 168
Bricks:
Fire clay . e 2.05 128
Kaolin_. . 2.1 131
Sibea.. ... ... 1.78 11
Y e e 2.2 137
Cements:
Colemanite borated . ... . e 1.95 122
Plain (1 Portland cement: 3 gand mixture). . ... . .. ... ... ... 2.07 129
Concretes:
Barytes® .. .. ... ... 3.5 218
Barytes-boron frigs®__ . 3.25 203
Barytes-limonite? . .. 3.25 203
Barytes-lumnite-colemanite?_ a1 194
Iron-Portland® _ . .. . _ 8.0 375
MO (ORNL mixture . ... ..o ... ... ... I 5.8 362
Portland {1 cement: 2sand;dgravel) ... ... . L. 2.2 137
Glass:
Borosthieate. e ] 2.23 139
Lead (hi-D).._. e [ 8.4 399
Plate (BYE) e e e 24 150
Iron. . v vncna i R e e 7.86 4981
Lead._ - FO, N . . e 1134 708
Lucite (polymethyl methacrylate) .. .. . . e 1.19 74
Rocks:
Granite..._.._..._...__. . U ST ORIIN 2.45 153
Limestone._. .. . - . e 2.91 182
SaRdSLONe . e e e ] 2.40 150
Sand e 2.2 137
Sand plaster . . e 1.54 26
Type 847 stainless steel ... ... i 7.8 487
Steel (190eaTbONY L ... e : 7.83 489
USRI oo oo 187 1,167
Uraniom hydride. . . e ] 11.5 718
WateT e 11 1.0 82

“Compiled from data in Ref. [26].

®Concrete mixtures for shielding reported by R. B. Gallaher and A 8. Kitzes, Summary Report on
I;iortlznzd C;ggent Caoneretes for Shielding, USAEC Report ORNL-1414, Gak Ridge National Laboratory,

arch 2,1 S
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TABLE 14. Commercial lead sheets

. Weight in pounds for a
Thickness 1 squnre foot section
Millimeter Nominal Actual
Inches equivalent L weight weight
Yea | 0.40 1 0.92
¥138 z 0.60 12 1.38
Yaz 0,79 2 1.85
Yras 1.00 22 2.31
Yoa 1.19 3 2.76
Y128 1.39 33 3.22
- 1.50 - ] 3.48
Y18 1.58 4 1 3.69
Yas 1.98 5 i 4.80
Y2 2.38 6 i 5.53
- 2.5 - 5.80
- 3.0 - 6.98
My 3.17 8 7.38
32 3.97 10 8,22
Y18 4.76 12 11.06
Tiaz 5.58 14 12.9
Ya 6.35 16 14.75
a 8.47 20 18.66
¥y 10.76 24 | 23.60
iz 1270 30 29.50
¥a 16.93 40 39.33
1 25.40 60 59.00
Notes:

1. The density of commercially rolled lead is 11.36 giemd.

2. The commercial tolerances are + 0.005 inches for lead
up to ¥is and +¥a for heavier sheets. )

3. It shiould be noted that lead sheet less than Vo inch
thick is frequently more expensive than heavier sheet in
cost of material and cost of installation. )
*Permission: Lend Industries Association, Inc., 292 Madison

Ave., New York,
[From NCRF Report No. 34.]

Appendix D. X-Ray Shielding Tables for Controlled
Areas and Environs
(This appendix is not a part of American National Standard

N543, General Safety Standard for Installations Using Non-
Medical X-Ray and Sealed Gamma Ray Sources, Energles up

to 10 MeV.)
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TABLE 15A. Industrial z-ray shielding requirements for controlled areas? [1]

b ;! i
wuUT Pristance from tube Lo oecupicd area
- t
4)(\:,((::: ) ? 0 14 et 28 40
T(),(ll) 3 7 1 i4 2 2% 40
5,"‘” 5 7 l(_) 14 20 Ps,] 40
S 5 ; 1 14 2 28 40
Fpiow 5 7 HH 13 2 28 40
281 5 ; 10 14 2 28
25 5 7 10 14 2
s 5 7 10 14
B i . 5 7 10
Approximate ¢ Type .
Potential | _ S ()ﬂ‘ . Th
) T barsierd Thickness of lead
uvL | v mn
ko mm mm T ] ’ o -
100 0.2 0.7 gorém. :%.2 2.9 2.7 2.4 2.2 19 1.7 1.4 1.2 10 0.8
5 05 Lo | S 1 1.8 L6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.1
. 0| Prim. 4 3.8 3.5 3.3 3.0 2.7 2.4 2.1 1.8 1.6 13
o0 s L | e 2.6 2.3 2.0 1.8 1.5 1.2 0.9 0.7 0.5 0.3 0.1
. 7| prim. 6.4 59 5.4 4.9 1.4 3.9 3.4 3.0 2.6 2.3 2.0
250 oo - 1.1 3.7 31 2.6 2.2 1.8 1.4 1t o8 0.5 0.2
. -0 | Lrim. 11,3 10,4 9.5 8 6 7.7 o8 6.0 5.2 44 3.6 2.8
200 g ae | e 6.4 57 5.0 4.2 3.5 2.8 2.2 16 1.2 0.8 0.3
. 5.6 | Prim. 21,6 19.8 18,0 163 1.6 13,0 114 9.6 83 6.8 5.5
Bee. 12,0 10,4 8.9 75 6.3 52 42 3.2 2.3 L5 0.6

2For a design level of 100 mR/week. Add one tenth-value layer (TVL) for environs to reduce radiation to 10 mRjweek.

"W = workload in ma-minfweek. [/ = use fact: T= i
“These walmes ore mormin/wee high Al Tae or. occupancy factor. T is equal to one for controlled areas and may be less than one for environs.

4 A A
Secondary barrier requirement assumes the, use of a protective tube housing. (See appendix C for definition.)

TABLE 15B. Industrial x-ray shielding requirements for controlled areas ® [1]

s WUT Distanee from tullr(' to ocenpled aren
t
40,000 5 7 1 14 20 2% 40
20,000 5 7 i 14 2 28 41
11,000 5 7 1 14 20 28 40
5,000 5 7 ) 14 20 28 40
2,900 5 7 0 14 20 2% 40
1,250 & 7 i 14 20 8
425 5 7 10 14 20
31 H] 7 1 14
185 5 7 10
Approximate ¢ Type
Potential | of Thickness of concrote (density 147 1bj/ft ) 4, «
barrier! in,
HVL TV
ke in. in.
1060 00 20 Prim. 9.2 8.6 8.0 7.3 6.6 6.0 5.5 4.6 4.0 3.3 2.8
See. 6.6 5.4 5.2 4.6 4.0 3.4 2.8 2.3 1.8 1.3 0.8
150 0.4 3.0 Prim. 13.3 12.4 1.5 10.6 9.7 8.9 8.1 7.2 6.5 5 8 5.1
See. 9.1 8.2 7.3 6.4 5.5 4.6 3.7 2.9 2.2 1.7 1.2
A0 L= 3.6 Prim. 6.9 15. 8 14.8 13.7 12.7 1.6 10. 6 9.6 8.5 7.5 6.5
See. 10.6 2.6 8.6 7.6 6.6 5.6 4.6 3.7 2.9 2.1 1.4
250 L4 3.8 Prim. 19.3 8.0 6.8 15.G 14.4 13.2 2 10. 8 9. 6 8.4 7.2
Bee. 12.6 1.4 0.3 9.2 8,1 .0 6.0 5.0 4.0 3.0 2.0
300 1.2 4.0 Prim. 2.7 20.5 19.3 18.1 16.9 15.7 14.5 13.3 12,1 10.9 9.7
sSec. 13.4 2.2 Lo 9.8 8.8 7.8 6.8 5.8 4.8 3.8 2.8

= ¥or a design level of 100 mR/week. Add one tenth-value layer (FVL) for environs to reduce radiation to 10 mR/week.
b W= workload in ma-minjweek, U= use factor, T = occupancy factor. Tisequal to one for controlled areas and may be less than one for environs.
“These values are obtained at high filtration.

1 Por other densities, p, the tabular values should be multiplied by —

*The indicated values for inches of concrete are for pulsating potentials; for constant potentials, 5 to 15 percent larger thicknesses of concrete may he

required. . . .
'Secondary barrier requirement assumes the use of a protective tube housing. (See appendix C for definition,)
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TABLE 16. Shielding requirements Jor 1 MV x-ray installations

TABLE 18. Shielding requirements for 3 MV x-ray installations
WOT in mA min/week Distance in feet from source {x-ray tube target) L
to occupied area i WUT * in mA min/week Distance in feet from gource (x-ray tube target)
, e . B to occupied area
71100 14l 20| us Fﬂ ror | T 10
{ ¥ 10 14 20 28 401 R000 . . 7 10 14 2 2 4
§ 10 14 ; 200 28| 40! 1,000 - 7] 10 14] 20, 28] 40
L o0 13| 20] 280 40 500 LT 7] 10 14} 20] 28| 40
o PoT)o10] 14] 200 28| 40 250 7010 4y 200 28 40
710 1] 20| 28 40 o5 71 10| 14| 20 28] 40
‘ a6 14l 20 28 625 Ll 7| 10) 14] 20 28| 40
\ atori : BLS. il 70 10) 14| 20| 28
Type of area | Material Primary shielding barrier thickness - e . - E—
i T 7 7 o Type of area Material Primary shielding barrier thickness
(l:ontrolled, ,,,,, B [ Lead, mm?® . .. 1800 122 114 107 99 91 84 6 ‘ 88 80 52
Noncontrolled__.... Leadimm® ' 155] 147 140} 132 124] 117) 110 101) 93] 88| 8 Controlled_____..... Lead, mm® ... 308 294 279 265] 250 235 220| 205 190| 175/ 160
. . ‘ | i 1 Noncontrolled.... .| Lead,mm?"_ _ | 360 343 328, 313] 298 284 269 254 240 225 210
Controlled. .. _ Concrete, into_ 32 311 29 27 25 23 221 185 18| 16.5 15
Noncontrolled . . . Conerete,in*..___| 38| 36 35, 33 ‘ 31 29‘ 280 26| 24| 22 21 Controlled._.___.._.| Concrete,in*.__._.| &4 61| 58| &6] 63| 50| 47| 44] 41| 38 35
‘ - Noncontrolled .| Concrete,in®..____ 73 71 68 65 62 59 56| 653 51 48 45
Becondary shielding barrier thickness i i i
o B Secondary shielding barrier thickness
Controiled. ... Lead, mm® 45 136 |28 21 { 16 110 5 ] 0
Noncontrolled. .. .. Leadmm® . __.'71 [63 55 |47 |as |31 | ot 5 0 Controllad. _______ . Lead, mm*® ___ ___ 93 |78 |63 148 |34 |22 |14 jid 6 3 0
~ | i j Neoncontrolled. .. __ Lead,mmb_ . .. j143 128 113 |98 |83 |68 |33 |38 23 8 ]
Controlled ... _._ Concrete, in ‘. [ 1451 13.0| 11.5] 10.0] 85 700 5.5 1.0 [t}
Noncontrolled. ... | Concrete,in’____._ 195 | 18,0 [ 165 15.01 13.5| 12.0] 10.5 60| 4.5 Controlled. .___.... Conerete,in®...... 1931 18.8| 14.5| 1251 108, 90| 74| 58] 40/ 0 0
. i { : Noncontrolled. ___ | Concrete,in®_ . ___ 29 126 |23 [203 175]14.8]121] 94| 67| 4.0 0
:P‘V—worlfload in mA min{week. { - use factor, T— occupancy factor.
! See Table 14 for conversion of thickness in millimeters te inches or to surface density. * W workload in mA min/week, U~ use factor, T—occupancy factor. .
Thlckne§§ based on concrete density of 2.35 giem? (147 1b/ft?). *Bee Table 14 for conversion of thickness in millimeters to inches or to surface density.
fFrom NCRF Report No. 34.] “Thickness based on concrete density of 2,35 g/fem? (147 lb/ft"),
[From NCRP Report No, 34.]
TABLE 17. Shielding requirement for 2 MV r-ray installations TABLE 19. Shielding requirements for 4 MV z-ray installations for
pr— controlled areas®
WI'Tin mA minfweek Distance in feet from sQurce (x-ray tube target)
to occupied area WUTY in Rf Distance in feet from .sgurce (x-ray tube target) to
~ e i H occupied ares
7 ’ 1ol 15 20l 28T a0 | ' Mineter | '
TLO100 14 200 28 40 | [ _ meter —
10 14 20} 28| 40 ; 160,000 .. .. .. 5 71 10| 14| 20, 28) 40, 56
Tl10. 14l 20| 28 40 § 80,000 51 7| 10| 14] 20| 28| 40 56
: [ W) 14 20| 28! 40, 40000 " 5 7| 0] 14f 20| 28] 40
| ] 7 10) 14 20 28 40 20,000 __ 5 7 10 14 20 28 40
V i l 70 10] 14l 20, 28 10,000 50 7| 10] 14) 20 28
Tyne of o — = ‘ - 5000 | 7] 10 14| 20
ype of area aterial Primary shielding barrier thickness 2:500_, - 5 W H
Controlled . ______ Lead, mm » 237 | 224] 2110 199] 186] 173] 160] 147
mm Dailio19 D173l s0d a7l 1] 121 i
Noncontrolled... .| Lead,mm® " _"| 250 267 | 256 241 | 228 } 215) 203| 190 | 177 164| 1op VL Ratios
i i i in inches*
Controfled.... . _. Concrete, in© 501 a7 f 45 42 a0 a7 Type of inches Lead Steel Thickness of concrete in inc
y Lt I : 35| 32| aoie2nel o i ¢ ¢
Nencontrolled. . . _ Conerete,in‘. . ___ | 58 ; 56 33 51 | 48 46 43 ’ 41 381 36 33 Pg(::g‘citg:e conzgete co(r)\- CO?I-
— . crete crete
Secondary shielding barrier thickness 9 51301 316
: thic ) - 5 X 41 46,1 42,5 39, .
gontrol!edi ________ Lead, mm®. | 67 55| 44] 32| 20 f13 W P S e Primary_...... 1.4 189 315|665 63.1] 59.8 | 56.1| 52.9 | 4 2
Noncontrolled . __ Lead, mm ® 106 94 82 71| 39 147 38 Loa4 140 7 0 Secondary
Controlled.. _____ | Concrete,in®__ __| 16 14 121 10 39; 7 91 83| 49 15
Noncontrolled .. __| Concrete, in®. .| 21 200 18, 16 14 15,5 13.5 g g .25 g s 189 815 | 323 28.9 256 21.9| 1871 162/ 1L : . .
W —workload - : B 8.8 362|341 307 218 25.0| 22.8 | 19.4 | 16.4] 137/ 109
°W-workload in mA minjfweek, [7— use factor, T'wocc r fac 7.7 30,9| 28.3| 25.8 | 23.1| 20.6] 17, 4| 12. 3 .
R %ie Eable 1‘: fog conversion of thickness in millimeiory igﬁifgég"; to surface density 7.4 26.3 23‘3 fé% %g‘g i;g igg 13,3 lg,f I,? gg
1CKness based on concrete densi ; . ; : 7.8 2091 18, . 5 3 g % . .
{From NCRP Report No. 54 < 0w of 2:85 glem? 147 1b/te), 55 157] 140 128| 105] @0 72| 56, 38| S2| 05

® For a weekly design level of 100 mR; add one tenth-value layer (TVL) for noncontrolled areas, to reduce
to 10mR{week.
b W_workload in Rfweek at 1 m, U/ use factor, T~ occupancy factor.
“ Thickness based on concrete density of 2.35 giem?® (147 1b/ft?).
¢ Leakage radiation of tube housing,
[From NCRP Report No. 34.1
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TABLE 20. Shielding requirements for 6§ MV x-ray installations for controlled

areas
WiTin | | Distance in feet from source ix-ray tube target)
Riweek | to occupied area
at 1 meter
—— . ; |
160,000 . soal | ) 0] a] sl s \
80,000 . L8 110 L 14 20| 28 40, 56
40000 . Lo T sl T a0) 14 0 a8l a0
20,000 . I 5 \ T 14l 20 28] 40
16,000_ N 51 7] 10} 1a| euz 28
5,000 1 ! ! { | 50 7| 10] 1a] 20
2500 . b B :f 0] 14
VL Ratios
Type of Inches
protective of Lead Stee! Thickness of concrete in inches®
barrier con¢rete to to
congrete ; concrete
Primary..... .. 18.7 163 2921 80.0 | T80 | TLB | 6T.7 | 63.6 | 595 553 512|470 | 42.9
Secondary i l
Leakage® | \ |
01%.. ... .. 13.7 183 292 1 38913487 30,7266 225 1841143102 6.1 2.0
Scatter | i i
30° ... 10.5 3853538231 29.2|26.01 2291 197! 165 | 13.4 | 10.2
45° . | 9.2 28.4 | 25.6 | 22.8 1 20.1 | 17.3 | 14,5] L8| 9.0 62| 3.4
80° . .. 8.0 229 (205 1811 1587 13,3} 10481 B4 60! 3.8 1.2
90°. . 7.0 049 250 | 183 116,21 14.1 ] 12.0 901 T8 871 36 L5 0
135° 57 1411124108 89 72| 54 l 3.6 ; 187 0 g

“For a weekly desigr level of 100 mR; add one tenth-value layer (TVL) for noncontrolled areas, to re-
duce to 1¢ mRfweek,

bW workload in R/week at 1 m, I use factor, T'—occupancy factor.
¢ Thickness based on concrete density of 2.35 giem? (147 1b/ft¥).
# Leakage radiation of tube housing,

[From NCRP Report No, 34.]

TABLE 21, Shielding requirements for 10 MV x-ray installations for
controlled areas ?

WUT * in Riweek

| Distance in feet from source (x-ray tube target)
at 1 meter to occupied area
: R
160,000, ... s| 7] 1] 1] o] 28] s se| |
80,000. sl 1 { 10 14 20| 28| 40, 86
40,000, 5 7 19 14+ 20 28 40
20,000 5l 71 100 14| 20! 28 i 40
10,000, I ] s) 7 10l 1a| 20l o8
5000 T - i ? 5 70100 14 20
2ie00. T J 1 | | 5| 7 0] s
Ratio
Type of p;otective VL )
barrier Inches of| Lead Thickness of concrete in inches ©
concrete to i
concrete
. - T - e
Primary ... .. ... .. 15.3 (1411893847 80,1 75.3! 708 66.21 61.6 | 57.0 ] 52.4 | 478
Secondary } i I
Leakage 4 0.1% .. ____. 153 141 [ 43.4 | 38.8 | 34.2 | 29.6 | 24.9 1203 I 157 111 l 6.5 1.9

*For a weekly design level of 100 mR; add one tenth-value layer (VL) for noncontrolled areas, to
reduce to 10 mRjweek.

" W~ workload in R/week at 1 m, [/— use factor, T— occupancy factor.

;Thxckness based on concrete density of 2,35 giem?® (147 lb/ft™).

leakage radiation of tube housing.

Note: Based on Bly and Burrill, Symposium-Nen-destructive Testing in Missile Industry, Special
Technical Publication 278, American Society for Testing and Materials (1959).

{From NCRP Report No, 84.}
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Appendix E. Determination of X-Ray Shielding
Barrier Thicknesses

(This appendix is not a part of American Nz}tional Standard
N543, General Safety Standard for Installations Using Non-
Medical X-Ray and Sealed Gamma Ray Sources, Energies up

MeV.

to'%ge thic?kness of shielding barrier necessary to reduce the
exposure rate from any x-ray machine to the maximum permis-
sible level depends upon the quality of the radiation, the
quantity being produced in some chosen period of time, the
distance from the tube to the occupied area, the degree and
nature of the occupancy, the type of area, and the mater‘xal
of which the barrier is constructed. Tables 15 through.21,
appendix D, give the thicknesses of lead required under a “‘nde
variety of conditions which are co‘mmonly met. Oceasionally
conditions may be encountered which are not covered by the
tables. The necessary barrier thickness may then be computed
by the use of equations 1 to 5 and the curves shown in figures
18 to 24 of this appendix.

COMPUTATION OF PRIMARY SHIELDING BARRIER
THICKNESSES

Bv definition, primary shielding barriers protect ag’ams_t
the radiation of the useful beam. It has been found experi-
mentally that the transmission of x-rays through thick barriers
is closely related to the peak operating potential pf the x-ray
tube. The filtration added to the useful beam in an x-ray
machine is always small in ecomparison with the attenuation
afforded by the barrier, and hence the barrier thickness re-
quired at a given kilovoltage is essentially mdepende}nt of any
changes in half-value-layer caused by added filtration in t;,he
machine. Thus, it is sufficient, for the purposes of protection
caleulations, to establish transmission curves specified in kilo-
volts under conditions of minjmum.added filtration. It has
also been found that at any given kilovoltage and with min-
imum added filtration the exposure rate produced by any x-
ray machine is nearly a constant when expressed in terms of
roentgens per milliampere-minute at a distance of 1 m. )

Figures 18 through 22 show the exposure rate measured in
roentgens per milllampere-minute at a distance of 1 m from
the target of the x-ray tube which would be jcransmnted
through barriers of various thicknesses. The ordinate of the
figures, given the symbol K, is the'transmwted exposure per
milliampere-minute at a reference distance of 1 m. The abscissa
‘s the thickness of absorbing material required to give the
desired value of K. Families of curves are shown for various
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kilovoltages and absorbing materials. In order to calculate
the required barrier thickness for any set of parameters,
it is only necessary to determine the allowed value of K and
then to find the corresponding thickness on the appropriate
kilovoltage curve for the barrier material which is to be used.

_The value of K will depend first of all on the maximum permis-
sible dose which is to be used, For design purposes only, this
may be taken to be 100 mR/week for controlled areas and
10 mR/week for environs. Secondly, it will depend upon the
workload (W), use factor (U), occupancy factor (T), and the
distance (d) from the target to the area of interest. The smaller
the product of WUT and the greater the distance, the larger
tk_\e permitted value of K. Larger WIU'T values and shorter
distances will result in smaller values for X,

The relation between these variabl
the s etito es may be expressed by

Py
K “WOT" (1)
where

P = Maximum permissible dose e uivalent
0.1 R/week for controlled aregs
g 3011; R/week for environs
= distance in meters. (If dist i i i -
y comels Sams ( ance in feet is used, this be
= workload in mA-min/week. (This should, insofar as possibl
be averaged over a period of at least several morﬁh: lan?i,
preferably a year.
U = use factor.

T = Sgﬁgssr)xcy factor. (See table 2 of appendix A for suggested

EXAMPLE:

Find the primary shielding barrier thickn
€ss necessar
proteg:t a contr9lied area 32.8 ft from the target of an x?ralc;
.machme.operatmg at a maximum energy of 100 kVp. The wall
;g gggiglé)n fggoa uge fac;;or of Ys, the workload is estimated
e 1, mA-min/week, and th
the area to be protected is 1. ¢ occupancy factor of

P = 0.1 R/week
d =32.8/3.28 = 10
W= 1,000
U=1/4
T =1,
50

Therefore,
0.1 x 100

= 1000 X yax 1~ 004

K

Reference to figures 18 and 19 shows that the required barrier
thickness is 0.4-mm lead or 1Yz in of concrete.

Attention should be given at this point to the amount of
protection which may be supplied by the structural materials
of the wall. Often these appreciably attenuate the radiation
and can be considered as fulfilling at least part of the barrier
requirements. Unfortunately, there are few detailed attenua-
tion data for these materials (12), but to a first approximation,
their concrete equivalents® may be calculated on the basis of
density alone. Concrete equivalent in inches is equal to the
density of the material in question multiplied by the thickriess
of the material in inches and divided by 2.35. When these ma-
terials are of higher atomic number than concrete, this approxi-
mation tends to underestimate the concrete equivalent (i.e.,
the result is somewhat more shielding than is needed). Table
13 in appendix C lists some common building materials and
their average densities.

For example, we may assume in the problem just given that
there is already 1.0 in of sand plaster in the wall. Reference
to table 13 shows that this material has an average density
of 1.54 g/em?, making a eoncrete equivalent of 0.65 in already
present. The remaining protection requirement of 0.85 in of
concrete is shown in table 11, appendix C, to be just slightly
more than 1 HVL for 100 kVp highly filtered radiation. Thus,
the addition of 0.3 mm of lead would amply take care of the
situation.

COMPUTATION OF SECONDARY SHIELDING BARRIERS

Again by definition, secondary shielding barriers are those
exposed only to leakage and scattered radiation. vamusly,
the use factor for these radiations is always one. Since thes:e
radiations may be of considerably different qualities, their
barrier requirements must be computed separately. Further-
more, as the qualities and other factors differ greatly under
various combinations of circumstances, there is no single
method of computation that is always wholly satisfactory.
However, for first approximations, the following rules may be
used as guides. )

LEAKAGE RADIATION. The number of HVL’s required
in the secondary barrier for leakage radiation alone depends
upon: (1) the operating potential of the tube; (2) the weekly

sConcrete equivalent is defined as the thickness of concrete of density 2.35 gfem? (147 h/fe?) affording the
same attenuation, under specified conditions, as the material in question.
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operating time of the tube; (3) the distance from the tube to
the occupied area; (4) the nature and degree of occupancy; and
(5) whether the area in question is a controlled area. The maxi-
mum amount of leakage radiation allowed through a protective
tube housing is 1 R at 1 m in any 1 h. Thus, the workload is
measured only in terms of the average number of hours of
actual operating time per week. Table 11 in appendix C gives
representative HVL thicknesses for lead and concrete for
various kilovoltages. Table 12 gives the number of HVL's
necessary to reduce the exposure rate to the required degree
for various weekly operating times and various distances for
both controlled areas and environs. The required barrier thick-
ness for leakage radiation alone may be found simply by deter-
mining the number of HVL's necessary to reduce the exposure
rate to the permissible level for the given distance and oper-
ating time and multiplying this number by the thickness of
the HVL of lead or concrete for the given kilovoltage. As men-
tioned before, if building materials other than concrete are
used, the necessary thickness may be computed on the basis
of their concrete equivalents.

SCATTERED RADIATION. The amount and energy of the
scattered radiation depend on a large number of factors. These
include the incident exposure rate, the cross-sectional area of
the beam at the irradiated object, the absorption in the object,
the angle of scattering and the operating potential of the x-ray
tube. However, in shielding design certain simplifications can
be made. For x-rays generated at potentials below 500 kV
Compton scattering does not greatly degrade the photon energy
and the scattering object also acts as an absorber for the lower
energy photons. For design purposes the 90° scattered radiation
generated from a useful beam produced at a potential of less
than 500 kV, may be assumed to have the same average energy
as the useful beam. Consequently, the transmission curve
for the useful beam may be used in determining necessary
barrier thickness. In the energy range from 0.5 to 3 MeV, the
90° scattered radiation is, to a first approximation, equal in
energy distribution to x-rays generated by potentials of 500
kV regardless of the kilovoltage of the useful beam. Therefore,
in this higher voltage range, the 500 kVep transmission curve
may be used in the calculation of the secondary barrier thick-
ness. It has been shown that the amount of 90° scattered radia-
tion is approximately 0.1 percent of that incident upon the
scatterer. Thus, a K value 1,000 times greater may be allowed
for secattered radiation than for that of the useful beam. How-
ever, the exposure rate at a fixed distance increases with the
x-ray kilovoltage. Therefore, in order to use the 500 kVep curve
for the scattered radiation, K must be decreased by a factor
of 20 for 1,000 kVep radiation, by 120 for 2,000 kVep, and by
300 for 3,000 kVep.
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i tation of
Equation (1) may, therefore, be used for the comput .
secoqnudary b(arriers subject to the following modifications:

(a). For scattered radiation from useful beams generated

at 500 kVep or below,

K=W (Use curve for kV of useful beam).

(2)%
(b). For scattered radiation from useful beams generated at

1,000 kVep,
P 1000x Pxa

= 20 WT (Use 500 kVep curve). 3)°

(c). For scattered radiation from useful beams generated at
2,000 kVep,

1,000 X P X d?
E=""50wrT

(d) For scattered radiation from useful beams generated
at 3,000 kVep,

(Use 500 kVep curve). 4y

1,000 X P X d?

500 kVep curve). (5)7
300 WT (0S¢ p

K:

barrier thicknesses for leakage and scattered radia-
tiolist}z;ie found to be approximatg—‘ely the same, 1 HVL shou%id
be added to the larger one to obtain the required total second-
ary barrier thickness. If the two differ by a large pnough fa(;ctoi
(this situation is assumed to exist if there 1s a difference of a
least 3 HVL’s), the thicker of the two will be adequate,.

j i ce i ivi by 4.
& 50-cm target-object distance is used, dgvgde K
’llf’i; 70.cm target-object distance is used, divide by 2
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FIGURE 18. Attenuation in lead of x rays produced by potentials of 50- to 200-
V peak.
The measurements were made with a 90° angle between the electron bea h is of
: axis of the x-
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FIGURE 19. Attenuation in concrete of x rays produced by potentials of 50 to
400 KV,

The measurements were made with a 90° angle between the electron beam and the axis of the x-ray
beam. The curves for 50 to 800 kVp are for a pulsed waveform. The filtrations were 1 mm of aluminum
for 70 kVp, 2 mm of aluminum for 100 kVp, and 3 mm of aluminum for 125 to 300 kVp (Trout et al., 1959
[11]. The 400-kVep curve was interpolated from data obtained with a constant potential generator an
inherent filtration of approximately 8 mm of copper (Miller and Kennedy, 1955) (8] {2].
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FIGURE 21.

Attenuation in lead of x rays produced by potentials of 0.5 to 8 MV

consgtant petential,

The measurements were made with a 0° angle between the electron beam and the axis of the x-ray
beam with a constant potential generator. The 0.5 and 1 MV ¢urves were obtained with filtration of 2.88
mm of tungsten, 2.8 mm of copper, 2.1 mm of braas, and 18.7 mm of water (Wyckoff et al., [13]). The 2 MV
eurve was obtained by extrapolating to broad-beam conditions (E. E. Smith} the data of Evans et al,

[8]. The inherent filtration was equivalent to 8.8 mm of lead. The 3 MV curve has been obtained by inter-
polation of the 2 MV curve given herein, and the data of Miller and Kennedy [6]

[Data courtesy of the authors, Radiation Research, Radiology and Arademic Press.]
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FIGURE 22. Attenuation in concrete of x rays produced by potentials of 0.5 to
3 MV constant potential.

The measurements were made with a 0° angle between the electron beam and the axis of the x-ray
beam and with a canstant potential generator. The 0.5 and 1 MV curves were obtaind with filtration of
2.8 mm of copper, 2.1 mim of brass, and 18.7 mm of water (Wyckoff et al. [13]). [Data courtesy of the authors
and Radiology,] The 2 MV curve was obtained by extrapslating to broadbeam conditions (E. E. Smith)
the data of Evans et al, (3], The inherent filtration was equivalent to 6,8 mm of lead. [Data courteay of the
authors and Radiology.] The 3 MV curve has been obtained by interpolation of the 2 MV curve given
herein, und the data of Kirn and Kennedy [5]. [From “Betatron X Rays: How Much Concrete for Shielding”
by F. 8. Kirn and R. J. Kennedy. Copyright 1954, McGraw-Hill Book Company, New York Used with
permissgion of the McGraw-Hill Book Company.]
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FIGURE 23. Attenuation in lead of x rays produced at 4 to 10 MV based on
Karzmark and Capone (6], and Miller and Kennedy [9].

{Data courtesy of the authors, The British Journal of Radiology, Radiation Research and Academic

Press.]
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