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Foreword

X-ray protection is a cooperative venture requiring for
its ultimate success the responsible actions of the manufac-
turers of apparatus, the designers and builders of the rooms
housing it, the individuals in charge of installations, and the
persons actually using the equipment. Guiding, advising,
and checking on each of these are the qualified experts and
the inspeetors.  Each must do his part conscientiously and
sensibly to apply those rules which experience has shown to
be necessary 1if the application of X-ray cnergy is to yield
the greatest good and the least harm to the largest number
of people. This Handbook, the latest in the series on this
subject published by the National Bureau of Standards,
contains reconunendations and data of the National Com-
mittee on Radiation Protection and Measurements pertain-
ing to all persons involved and is based on the best available
authoritative information.

A. V. Astin, Director.
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Preface

The multifaceted characteristic of these recommendations
cannot be too strongly emphasized.  For example, the maxi-
mum output or the tube housing leakage of an Xaray
machine ean be fairly readily determined using short ex-
posure times. An exposure lmitation based on such a
determination might be a perfectly legitimate requirement
to impose on the manufacturer of the equipment, but there
would be no justification for extrapolating such a determi-
nation to continuous, 40-hour a weel operation if it were
known that the duty eycle of the tube was only 5 percent
of this maximum valie, The philosophy of dose limits
bused upon accumulated, RBE (losos,'ommmated‘by the
International Commission on Radiological Protection and
the National Committee on Radiation Protection and
\leasurements, other than the previonsty used short-term
exposures, makes such distinctions imperative. At the
operational level, (oo, it must be stressed that a collimating
cone which is provided but left on the shelf does not meet
the requirements of this Handbook. '

It should be emphasized that this Handbook 1s not a
legal document and that its provisions were not written to
be used in their entirety as official regulations. Those
recommendations phrased with the word “shall” represent
requirements which are believed to be mandatory. Those
using the word “should” cover a varlety of less cr1t1gcal
situations. It is desirable that these latter be applied
whenever and wherever they are practicable.  In some ecases,
equipment has not vet been developed to the point where
the recommmendations can be applied universally.  In others,
the recommendations have been met by the manufacturers
of current equipment, but the Committee believes that the
visk involved in the judicious use of older equipment is not
sufficiently great to justify the condemnation of thousands
of otherwise satisfactory units. Generalty, the manner of
use of Xerav equipment is of more importance than its
mechanical “design. There are other recommendations
whicli may be quite practical or even considered mandatory
in a large, very busy installation but which would be quite
unnecessary in an installation with a single machine and a
very low workload. Persons whe are charged with the
formulation of radiation protection regulations and who
lack practical experience in the field should seck the advice
of competent experts before establishing rigid rules based
on the recommendations of this Handbook.
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The basic requirements in the present Handbook are
essentially the same as those of its immediate predecessor
Handbook 60. The tables have been revised to conform
with the present lower maximum permissible dose (MPD)
and the differences in the maximum permissible doses allowed
in controlled arcas and in their environs. Recommendations
have been altered, deleted, or added as necessary to cover
situations created by recent technical advances in machine
design and by the development of new radiological tech-
niques. All tabular and graphic material has been placed
in the appendixes. The format has been revised to avoid
repetition.  The philosophy, however, remains as it was
originally expressed by the Advisory Conmmittee on X-ray
and Radium Protection 30 years ago, namely, that unneces~
sary radiation exposure should always be avoided and all
exposure leld to the minimum compatible with practical
clinical requirements.

The other members of Subcommittee 3 are deeply in-
debted to Carl B. Braestrup and Harold O. Wyckoft who
did the arduous work of reecaleulating the barrier thickness
tables of Handbook 60 simultaneously for this Handbook
and for their book, Radiation Protection.

Tt is with great sorrow that the committee realizes the
passing of Dr. Eberhard, Chairman of this Subcommittee.
His efforts in radiology in gencral, and for the NCRP in
particular, have been of great value, and his friendly
cooperation will be missed by all of us.

This report was prepared by Subcommittee 3, Medical
X-rays up to Three Million Volts, which consists of the
following members:

T. P. Epgruaarp, Chairman®* J. M. MozLey
C. B. BRAESTRUP R. J. NeLsew
K. Focur R. R. NEWELL
J. Have S. W, Smrta
E. M1LLeER E. D. Trovur

The Main Committee consists of the following individuals
and their parent organizations:

H. L. Andrews, USPHS and Subcomumittee Chairman.
E. C, Barnes, Amer. Indust. Hygiene Assoc.
C. M. Barnes, Rep. Amer. Vet. Med. Assoc.

C. B. Braestrup, Radiol. Soc. of North America and Subcommittee
Chairman,

F. R. Bruce, Amer. Nuclear Society.

J. C, Bugher, Representative-at-large.

R. H. Chamberlain, Amer. College of Radiology.
W. D. Claus, U.B. Atomic Energy Commission.
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J. F. Crow, Representative-at-large.

R. L. Doan, Amer. Nuclear Society.

C. L. Dunham, U.8, Atomic Energy Commission.

T. P. Eberhard,® Amer. Radium Soe. and Subcommittee Chairman,
T. C. Evans, Amer. Roentgen Ray Soctety.

G. Failla, Representative-at-large,

J. W. Healv, Health Physies Soc. and Subeommittee Chairman,
P. C. Hodges, Amer. Medical Assoe.

E. R. King, U.8. Navy, ] )

M. Kleinfeld, Internl. Assoe. Govt. Labor Officials.

H. W. Koeh, Subcommittee Chairman.

D. I. Livermore, U.S. Air Force.

G. V. LeRoy, Subeommittee Chairman.

W. B. Mann, Subcommittee Chairman.

W. A. McAdams, Atomic Indust. Forum and Subcommittee Chairman,
(. W, Morgan, Subcommittee Chairman.

K. Z. Morgan, Health Physics Society and Subeommittee Chairman.
H. J. Muller, Geneties Society of America.

R. J. Nelsen, Amer. Dental Assoc.

R. R. Newell, Amer, Roentgen Ray Soc.

W. D. Norwood, Indust, Medical Assoc.

J. P. O’ XNeill, Internl. Assoc. of Govt. Labor Offieials.

H. M. Parker, Subecomuittee Chairman.

C. Powell, .8, Public Health Service.

1, H. Quimby, Amer. Radium See. and Subcomniittee Chairman,
J. A, Revnolds, Natl. Eleetrical Mfgr. Assoc.

H. H. Rossi, Subcommittee Chairman,

M. D. Schulz, Amer, College of Radiology.

T. L. Shipman, Indust. Medical Assoc.

L. 8. Skaggs, Subeommittee Chairman.

(!, Stern, Genetics Society of Ameriea.

J. H. Sterner, Amer. Indust. Hygiene Assoc.

R. 8. Stone, Radiol. Soe. of North America.

L. 8. Taylor, Natiounal Bureau of Standards.

E. D. Trout, Natl. Electrical Mfgr, Assoc.

B. F. Trum, Rep. Amer. Vet, Med, Assoc.

Shields Warren, Representative-at-large.

J. L. Weatherwax, Representative-at-large.

I8, G. Williams, Representative-at-large,

H. (0. Wyekoff, Subcomnittee Chairman,

Following are the NCRP Subcommittees and their Chair-

men:
Subecommittee

Subcommittee
Subeommitice

Subeommittee
Subeommittec

Subcommittee
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Permissible Dose from External Sources, H. M.
Parker.

. Permissible Internal Dose, K. Z. Morgan.
. Medical X-rays up to Three Million Volts, T. I.

Eberhard.*
Heavy Particles (Neutrons, Protons, and Heav-
ier), H, H. Rossi.
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Products, J. W, Healy.
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Medical X-ray Protection Up to 3 Million Volts

I. General

1. Definitions

Because the precise meaning given to one or more eritical
terms frequently determines the interpretation of a state-
ment, the following definitions are given for certain words
and phrases as they are used in this Handbook., The list is
not intended to be o complete glossary of radiation termi-
nology. ILvery effort has been made to insure asgrecment
with the definitions of the same terms as used in other Hand-
books of this series.

Shall denotes that the ensuing recommendation is neces-
sary or essential to meet the currently accepted standards of
protection,

Should, is recommended, indicates advisory recommen-
dations that are to be applied when practicable.

Absorbed dose.—Energy imparted to matter by ionizing
particles per unit mass of irradiated material at the place of
mterest. The unit of absorbed dose is the rad, (When the
meaning is clear, this term may be shortened to “dose’”.)

Alaminum equivalent.—The thickness of aluminum afford-
ing the same attenuation, under specified conditions, as the
material in question.

Added filter.—Filter added to the inherent filtration.

Attenuation.—Decrease in exposure rate of radiation
caused by passage through material.

Barrier.—Sece Protective Barrier.

Concrete equivalent.—The thickness of concrete based on
a density of 2.35 g/em® (147 1b/{t?) affording the same atten-
uation, under specified conditions, as the material in question.

Constant potential.—{cp)-In radiological practice, this
term is applied to a unidirectional potential (or voltage)
which has little, or no, periodic variation. The periodic
component is called the ripple potential (or ripple voltage).

Controlled area.—A defined area in which the occupational
exposure of personnel to radiation or to radiosctive material
is under the supervision of an individual in charge of radia-
tion protection. (This implies that a controlled area is
one that requires control of access, oceupancy, and working
conditions for radiation protection purposes.)

Dead-man switch.— A switch so constructed that a circuit
closing contact can only be maintained by continuous
pressure by the operator.
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Diagnostic-type protective tube housing.—X-ray tube
housing so constructed that the leakage radiation at a dis-
tance of 1 m from the target cannot exceed 100 mr in 1 hr
when the tube is operated at any of its specified ratings.
See par. 4.1.1, 6.1.a, 7.1.a, 10.1.a.

Exposure.—Sec Exposure dose.

Exposure dose.—The exposure dose of X- or gamma ra-
diation at a certain place is a measure of the radiation that
is based upon its ability to produce ionization. The unit of
exposwre dose is the roentgen.  (When the meaning is clear,
this term may be shortened to “exposure”).

Exposure dose rate (cxposure rate).—Exposure dose per
unit time. )

Film badge.—A pack of appropriate photographic film
and filters used to determine radiation exposure.

Filter.—Material placed in the useful beam to absorb
preferentially the less penetrating radiations. ]

FSD,—Distance {rom focal spot to skin surface of patient.

Half-value layer (hvl).—Thickness of an absorber re-
quired to reduce a bean: of radiation to one-half its incident
exposure dose rate.

Inherent filtration.—Filtration in the useful beam due to
the window of the NX-ray tube and any permanent tube
enclosure. i

Installation.—\ radiation source, with its associated equip-
ment, and the space in whieh it is located.

Interlock.—A device for precluding access to an area of
radiation hazard either by preventing entry or by auto-
matically removing the hazard. )

Kilovolts constant potential (kvcep).—The potential in
kilovolts of a constant potential generator.

Kilovolts peak (kkvp).—The crest value in kilovolts of the
potential of a pulsating potential generator. When only
one-half of the wave is used, the value refers to the useful
half of the wave. _

Lead equivalent.—The thickness of lead affording the
sawme attenuation, under specified conditions, as the material
in question.

Leakage radiation.-—Sce radiation. .

Maximum permissible dose (MPD).—The maximum
RBE dose that the body of a person or specific parts thereof
shall be permitted to receive in a stated period of time.
Tor the radiations considered here, the RBE dose in rems
may be considered numerieally equal to the absorbed dose
in rads and the exposure dose in roentgens numerically
equal to the absorbed dose in rads.  (See table 1, appendix
A
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Milliroentgen (mr).—One-thousandth of a roentuen.

Monitoring.—Periodic or continuous determination of the
exposure rate in an area (area monitoring) or the exposure
received by a person (personnel monitoring).

Occupancy factor (T).—The factor by which the workload
should be multiplied to correct for the degree or type of oceu-
pancy of the area in question. (See table 2, appendix A.)

Occupied area.—An arca that may be occupied by persons
or radiation-sensitive materials.

Pocket chamber.-——A small condenser ionization chamber
used for determining radiation exposure. An auxiliary
charging and reading device is usually necessary.

Pocket desimeter.—A small ionization instrument which
indicates radiation exposure directly. An auxiliary charging
device is usually necessary.

Primary protective barrier.—See protective barrier.

Protective apron.—Apron made of attenuating materials,
used to reduce radiation exposure. '

Protective barrier.—Barrier of attenuating materials used
to reduce radiation exposure,

Primary protective barrier.—Barrier sufficient to attenu-
ate the useful bean to the required degree.

Secondary protective barrier.—Barrier sufficient to at-
tenuate stray radiation to the required degree,

Protective glove.—Glove made of attenuating materials
used to reduce radiation cxposure.

Qualified expert.—A person having the knowledge and
training necessary to Ineasure ionizing radiations and to
advise regarding radiation protection,

Rad.—Unit of absorbed dose. 1 rad is 100 ergs/g.

Radiation.—Energy propagated through space.
Handbook, radiation refers to X-rays.

Leakage radiation.—All radiation coming from within
the tube housing except the useful beam.

Scattered radiation.—Radiation that, during passage
through matter, has been deviated in direction. It may
also have been modified by & decrease in energy.

Secondary radiation.—Radiation emitted by any
irradiated material.

Stray radiation.—Radiation not serving any useful
purpose. It includes leakage and secondary radiation.

Useful beam.—That part of the radiation which
passes through the window, apcrture, cone, or other
collimating device of the tube housing.

Radiation hazard.—A condition under which persons might
receive radiation in excess of the maximum permissible
dose, or radiation damage might be caused to materials.

3
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Radiation protection (safety) officer.—Person directly
responsible for radiation protection.  (See par. 5.5.b.)

Radiation protection survey.—Evualuation of the radiation
hazards in and around an installation. 1t customarily
includes a physical survey of the arrangement and use of the
equipment and measurements of the exposure rates under
expected operating conditions.

RBE dose.— RBE (relative biologicul effectiveness) dose
is nunierically equal to the produet of the dose in rads and
au agreed conventional value of the RBE with respect to a
particutar form of radiation eflect.

Rem.—The unit of RBE dosc.

Roentgen(;).— The unit of exposure dose of X- or gnimma
radiation.  One roentgen is ali exposure dose of X- or gammin
radiation such that the associated corpuscular emission per
0.001293 ¢ of air produces, in air, jons earrying 1 cleetro-
static unit of quantity of cleetricity of cither sign.

Scattered radiation.—Sce Radiation.

Secondary protective barrier.—Scc Protective barrier.

Secondary radiation.—Sce Radiation.

Shutter.— A device, generally of lead, fixed to an Xeray
tube housing to intereept the useful beam,

Stray radiation.—Sece Radiation.

Survey.—Sce Radiation protection survey.

Therapeutic-type protective tube housing.—X-ray tube
housing so constructed that the leakage radiation at a dis-
tance of 1 1o from the target cannot execed Lrin 1 hrand ata
distance of 5 em from any point on the surface of the housing
accessible to the patient canuot exceed 30 1 iu 1 hr when the
tube is operated at any of its specified ratings.  (Sce par.
1.1, 4.1.0)

Total filter.- The swn of the inherent and added filters.

Use factor (L').—The fraetion of the workload during which
the useful beam is pointed in the direction under considera-
tion.  (See table 3, Appendix A

Useful beam.—5c¢e Radiation.

User.— A person, organization, or lnstitution having
administrative coutrol over one or more installations or
mobile sources of radiation.

Workload (WW).—The use of an X-ray machine expressed
in milliampere minutes per week.

X-ray apparatus.—Any device for the production of
X-rays.

2. Plans for an X-ray installation

2.1. Qualified expert.
~ 2.1.a. The structural shielding requirements of any new
installation, or of an existing one in which changes are con-
templated, should be discussed with a qualified expert early
in the planning stage.

2.1.b. The expert should be provided with available data
concerning the type, the kilovoltage, the contemplated use
of the machine to be iustalled in cach room, the expected
workload, the expected use factors, the structural details of
the building, and the type of occupancy of all arcas that
might be affected by the installation. Some structural de-
tails are included in section 3. Data for the determination
of protective barrier thicknesses niay be found in the appen-
dixes of this Handhbook.

2.1.c. Final plans, detailed drawings, aud all pertinent
specifications should be approved by the expert before con-
struction begins,

2.2. Special attention must be given to the protection re-
quirements of areas outside of controlled areas (environs),

2.3 The determination of primary barrier requirements
may include consideration of the attenuation of the useful
beam provided by the patient and objects normally in the
path of the useful beam,

2.4. At times, shielding requirements may be reduced by
locating the installation at a distance from occupied areas.
The minimum safe distances shown in tables 4 and 5, ap-
pendix A, shall be considered when the omission of pré)tec-
tive barriers is contemplated.

2.5. The cost of shielding may be reduced significantly
by arranging the installation so that the useful beam is di-
rected toward occupied areas as little as possible. (There
is no objection to directing the useful beam at occupied areas
provided there is adequate shielding.)

2.6, Devices which permanently restrict the direetion and
size of the useful beam may reduce the area requiring pri-
mary barriers.

2.5. Openings in protective barriers should be held to a
minimum. (See 3.8.)

2.6. The possibility should be considered that an occupied
area may receive radiation from several sources or by several
paths from a single source. i

2.7. Protection for each occupied area should be computed
on the basis of the expected maximum kilovoltages, work-
loads, use factors, and occupancy factors affecting it. Con-
sideration should be given to the possibility that these may
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increase in the future. It may be more cconomical to pro-
vide a higher degree of protection initially than to add te it
later.

2.8. Special attention should be given to the protection
of arcas used for the storage of undeveloped filns and of
rooms for measuring low-activity radioactive materials,
(Undeveloped X-ray films may be damaged by exposures
totaling as little as 1 mr.) (See table 6, appendix A)

3. Structural Details of Protective Barriers

(See Chapter II and Appendix B for minimum barrier requirements
for specific applications.)

3.1, Lead barriers shall be mounted in such s manner
that they will not sag or cold-flow because of their own
weight. They shall be protected against mechanical damage,
It is recommended that lead less than T-nym thiek be bonded
to panels of some rigid supporting material.

3.2. Surfaces of lead sheets at joints in the barrier should
be in contaet with a lap of at least one-half ineh or twice the
thickness of the sheets, whichever is the greater.

3.3. Welded or burned lead seams are permissible, pro-
vided the lead equivalent of the seams is not less than the
minimum requirenient of the barrier.

3.4, Joints between different kinds of protective materials
shall be so designed that the overall protection of the barrier
is not impaired. (See Figs. 1 and 2.)

f—CONCRETE FLOOR OR CEILING

-LEAD COVERING
OVER WALL

Fioere 1. Erample of o wall joint.
The gum of radiations through all paths ABCT 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 relutively X-ray transparent materiagl.
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LEAD DOOR _ LEAD DOOR
o~ %
£ o /
F LEAD OR LEAD- _ZLEAD
(fALLOY INSERT " FLANGE

CONGRETE
—"FLOOR

Fiaure 2. Eewaple of doovr bugile.

The sum of radiations through all paths ABCF and DEF 1o the point F shall be not more
than the maxitum permissible exposure.  The supporting structure for the leaded door is
here considered to be a framework of relatively Xoay transparent material,

3.5. Joints at the floor and ceiling shall be so designed
that the overall protection is not impaired. (See fig. 1 for
example that fulhlls this requirement.)

3.6. Windows, window f{rames, doors, and door frames
shall have the same lead cquivalent as that requried of the
adjacent wall. Where thick concrete walls are tapered in to
openings, as is frequently done with observation windows,
it may be necessary to add lead protoctive flanges around the
window frame to compensate for the reduced thickness of
conerete. A door baffle or threshold may be required for
installations operating above 1235 kvp, if the discontinuity
can be struck by the useful beam. (See fig. 2 for example
that fulfills the baflle requirement.) Special attention should
be given to providing overlap of the shiclding of the door
frame and the shielding of the door.

3.7. Holes in protective barriers shall be covered so that
overall attenuation is not impaired.

3.8. Louvers and holes in barriers for pipes, conduils,
service boxes, and air ducts may require baflles to insure
that the overall protection afforded by the barrier is not
impaired. It is advisable to locate such holes outside of the
range of directions of the useful beam.

4. Protection Surveys and Inspections

4.1. Protection survey.

4.1.a. All new installations, and existing installations
not previously surveyed, shall have a protection survey made
by, or under the dircction of, a qualified expert. This shall
also be done after any change in the installation which
might produce a radiation hazard. In evaluating the results
of the survey, account should be taken of actual operating
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conditions, including workload, use factor, occupancy, and
attepuation of the useful beam provided by patients and
objects normally in the path of the useful beain.

4.1.b. If the safe use of the installation depends upon
mechanieal or electrical rvestrictions of the orientation of the
useful beam, an inspection shall be made to confirin that these
restrictions are actually imposed.

4.1.c. All interlocks shall be tested to make certain that
they are operating properly.  An inspection shall be made
to determine that any warning signals are properly loeated
and functioning.

4.1.d. If there is any reasonable probability of an occu-
pant of a given area receiving more than the maximum
permissible dose, the exposure rate for that area shall be
determined.  (See par. 5.6.2.)

4.1.e. If personnel monitoring is used, an evaluation of
the techniques shall be made.

4115 A rcecommended method ol testing for leakage
radiation from a tube housing is to operate the tube, with
the window of the housing blocked with at least 10 hvl of
absorbing material (c.g., lead), at its maximum voltage
and at its maximum current for continuous operation at
that voltage. When this is not practical, the test may be
made at a higher current, provided that careful consideration
is given to the limitation of operating time in any 1 hr im-
posed by the duty cyele of the tube as determined from the
manufacturer’s tube rating and cooling charts.

4.2. Report of protection survey.

4.2.a. The cxpert shall report his findings in writing to
the person or ageuey requesting the survey and to the person
in charge of the installation.

4.2.b. Exposure rates determined in occupied areas should
be indicated in milliroentgens per hour for therapeutic and
flouroscopic installations and in millitoentgens per 100
ma-sce (or minutes) for diagnostic installations, If, at any
of the indicated positions, any person is likely to be exposed
to more than the maximum permissible dose, then recom-
mendations of changes to eliminate the radiation hazard
ghall be made, with due regard to actual operating condi-
tions, including workload, use factor, and occupancy.

4.2.c. Recommendations for corrective measures may in-
clude changes in operating techniques, equipment, mechan-
ical restrictions of the beam direction, barriers, ete.

4.2.d. Recommendations shall include any necessary
changes in the personnel monitoring technique.

4.2.¢. The report should indicate whether or not a further
survey is necessary after corrections have been made.

8
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4.2.1. Copies of each report shall be dated and kept on file
by the cxpert and by the person in charge of the installation.
Copies of pertinent scctions dealing with limitations of
occupancy, operating techniques, and/or workloads should
be posted near the control panel.

4.3. Periodic inspections,

4.3.a. Allinterlocks, movable barriers, and protective gar-
ments and deviees should be inspected periodically to sec
that they are not defective.  Operating methods, work habits
of cmployees, occupancy factors, and workloads should also
be reviewed periodically.

4.3.b. Whenever hazardous conditions are discovered, they
shall be corrected promptly.,

5. Working Conditions

5.1. Tt is the responsibility of the user to assure that all
X-ray equipment under his jurisdiction is operated only by
persons competent in its safe use,

5.2, The uscr shall be ultimately responsible for the in-
struction of personnel in safe operating procedures and in the
nature of injuries resulting from overexposure to X-rays, He
should promulgate rules for working safety, including any
restrictions of the operating technique known to be necessary.,

5.3. Every operator should be familiar with the safety
rules and with the scctions of this Handbook applicable to
his work and should be guided by the recommendations.

5.4. All persons entering a controlled area shall comply
with all radiation safety instruections which concern or affect
their conduet and shall use such safety deviees as ave fur-
nished for their protection.

5.5. Radiation protection officer.

5.5.a. There should be a radiation protection officer at-
tached to each installation who should be responsible to the
user for advising on the establishinent of sufe working condi-
tions according to current standards, including those recom-
mended in this Handbook, and for complianee with all
pertinent Federal, State, and local regulations.

5.5.b. The specific duties of the radiation protection officer
should include:

(1) Establishing and maintaining operational procedures
so that the radiation exposure of eachh worker is kept as far
below the maximum permissible exposure as is practicable.

(2) Instructing personnel in safe working practices and
in the nature of injuries resulting from overexposure to
radiation.
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(3) Assuring that personnel monitoring devices are used
where indicated and that records are kept of the results of
such monitoring.

{4) Condueting periodic radiation surveys where indi-
cated and keeping records of such surveys, inchuding descrip-
tions of corrective measures.

(5) Investigating cach case of excessive or abnormal
exposure to determine the cause and taking steps to prevent
its recurrence.

5.6, Personnel monitoring.

5.6.a. Personnel monitoring shall be required in controlled
areas for each individual, exeept patients, for whom there is
any reasonable probability of receiving a dose exceeding one-
fourth of the maximum permissible dose, taking into con-
sideratiou the use of protective gloves, aprons, or other radia-
tion limiting devices. (See table 1, Appendix A, and
Addendum to HDB-39, April 15, 1958, for details of the
maximum permissible dose under various conditions.)

5.6.b. A qualified expert should be consulted about the
establishment and operation of the monitoring system. At
any time that operating conditions are changed, a qualified
expert should be asked to re-evaluate the wonitoring re-
guirements of the installation.

5.6.c. Records shall be kept of all personnel nionitoring
results,

5.6.d. Monitoring may be done with fihm badges, pocket
chambers, or pocket dosimeters. Weekly readings of film
badges may be useful in deteeting inadequacies of operating
conditious, but monthly readings ave reeonunended for the
recording of accumulated doses. (With any monitoring
device, the greatest uncertainty in determining cxposurc
arises from the fact that the body may not be uniformly
exposed.  Ordinarily, the best place to wear a monitoring
device is on the chest or abdomen. If a protective apron is
worn, the monitoring deviee should be worn under the apron,
provided preliminary monitoring of other parts of body areas
not covered up by the apron indicate that there is no reason
to expect exposurcs in excess of the limits preseribed for
those parts of the body. Radiation monitoring devices
should, of course, not be worn by the individual when he
receives radiation exposure for medical or dental reasons.)

5.6.e. Blood counts are of no value for monitoring,.

5.6.f, Radiation exposure of personus as part of medical and
dental procedures is not to be included in the determination
of the radiation exposure status of those persons.

5.7. Health.
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5.7.a. Pre-emplovinent medical history (including previous
radiation exposure) and physical examination (including
complete blood count and urinalysis) are advisable to
deterniine pre-existing conditions and to establish baseline
values for the individual.

5.7.b. Whenever it is known or suspected that a person has
received exposure in excess of the maximun permissible dose,
a blood count should be done inuuediately so as to be pre-
pared to detect any later resultant chianges. (It is doubtful
that any significant change in the blood count can be de-
tected if the single exposure to the whole body is less than
25 1)

5.7.c. Records should be kept of reports of physical exami-
nations and blood counts.

5.7.d. Vacations should not be considered a substitute for
adequate protection against exposure to radiation,

I1. Additional Rules for Specific Applications
6. Medical Fluoroscopic Installations

6.1. Equipment.

6.1.a. The tube housing shall be of diagnostic type. (Sce
par. 4.1f. for recommended method of testing leakage
radiation.)

6.1.b. The target-to-pancl or target-to-table top distance
should not be less than 18 in. and shall not be less than 12 in,
(See table 10, appendix A.)

6.1.c. A cone should extend from the tube housing as near
to the panel or table top as is practical. Its walls shall pro-
vide the same degree of protection as is required of the hous-
ing, taking into consideration the incident angle of the useful
beam,

6.1.d. The total filtration permauently in the useful beam
shall be not less than 2.5-mm aluminum equivalent. This
requirement may be assumed to have been met if the hvl is
not less than 2.5-mm aluminum at normal operating
voltages.

6.1.e. The equipment shall be so constructed that the
entire cross section of the useful beam is attenuated by a
primary barrier. This barrier is usually the viewing deviee,
cither a conventional fluoroscopic screen or some sort of image
intensification mechanism.

(1) The required lead equivalent of the barrier should
be at least 2.0 mm and shall be not less than 1.5 mm for 100
kvp, should be at least 2.4 mm and shall be not less than 1.8
mm for 125 kvp, and should be at least 2.7 mm and shall be
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not less than 2.0 mm for 150 kvp. This may be constituted
by the lead glass of conventional fluoroscopic screens.
Special attention must be paid to the shielding of image in-
tensifiers so that neither the useful beam nor seattered radia-
tion from the intensifier itself ean produce a radiation hazard
to the operator or other personnel.

(2) Collimators shall be provided to restriet the size of
the useful beam to less than the area of the barrier. For
conventional fluoroscopes, this requirement may be assumed
to have been met if, when the adjustable diaphragm is opened
to its fullest extent, an unilluminated margin is left on the
fluorescent screen, regardless of the position of the screen
during use.

(3) The tube mounting and the barrier (viewing device)
should be so linked together that, under conditions of normal
use, the barrier (viewing device) always intercepts the useful
beam. It is advisable that the exposure automatically ter-
minate when the barrier (viewing device) is moved out of the
useful beam,

{(4) Collimators and adjustable diaphragms or shutters
to restrict the size of the useful beam shall provide a minimum
of 2.0 mm lead equivalent protection for 100 kvp, 2.4 mm for
125 kvp, and 2.7 mm for 150 kvp.

6.1.f, The exposure switch shall be of the dead-man type.

6.1.g. A manually reset, cumulative timing device shall be
used which will either indicate elapsed time by an audible
signal or turn off the apparatus when the total exposure ex-
ceeds a predetermined limit in one or a series of exposures.
The device should have a maximum range of 5 min,

6.1.h. For routine fluoroscopy, the exposure rate measured
at the pancl or table top should be as low as possible and shall
not exceed 10 r/min.

6.1.1. A shicld of 0.25-mun lead equivalent between the
patient and the fluoroscopist is recommended but shall not
substitute for the wearing of a protective apron.

6.1.J. A device for covering the Bucky slot during fluoros-
copy should be provided. The thickness of material used
Tlxo;ﬂd provide protection equivalent to at least 0.25-mm
ead.

6.1.k. Attention should be given to reducing the light
intensity in the room,

6.1.1. Mobile fluoroscopic equipment shall meet the re-
quirements of the previeus paragraphs of this Section,
except that—

(1) In the absenece of a panel or table top, a cone or
spacer frame shall limit the target-to-skin distance to not
less than 12 in.
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(2) Imnage intensification shall always be provided. Con-
ventional fluorescopic sercens shall not be used,

(3) It shall be impossible to operate the machine when
the collimating cone or diaphragm is not in place,

{(4) The maximum permissible dose rate of 10 r/min shall
be measured at the minimum target-to-skin distance,

(5) Paragraph 6.1.j. does not apply.

6.2. Structural shielding.

Table 1 in Appendix B shows the barrier requirements for
busy fluoroscopic installations. Ordinarily, only secondary
barriers are necessary. Combined fluoroscopic-radiographie
installations are governed by the requirements for radio-
graphic units. (See Sec. 7.)

6.3. Operating procedures,

6.3.a. Fluoroscopic equipment shall be operated only by
properly trained persons authorized by the individual in
charge of the installation.

6.3.b. The cyes of the fluoroscopist should be adequately
dark-adapted before he uses the fluoroscope. The use of an
image intensifier may reduce the degree of adaptation neces-
sary but should not be considered to eliminate the need for it.

6.3.c. The exposure of the patient should be kept to the
minimum consistent with clinical requirements.

(1) To this end, the fluoroscopist should take advantage
of the dose reducing possibilities presented by high Iilo-
voltage, low milliamperage, field reducing shutters, and rapid
observation. (See tables 9 and 10, Appendix A.)

(2) When properly used, image intensifiers may signifi-
cantly reduce both observation time and exposure rate, but
they do not inherently accomplish this. Special precautions
are necessary when cineradiographic techniques are used,
since tube currents and voltages are usually higher than those
normally used for fluoroscopy, and exposures to both patients
and personnel can become quite large.

(3) When fluoroscoping persons who have not passed
the reproductive age, special attention should be paid to
avoiding exposure of the gonads to the useful beam.

6.3.d. Unless measurements indicate otherwise protective
aprons of at least a quarter millimeter lead equivalent should
be worn by all persons in the fluoroscopic room, except the
patient.

6.5.¢. Protective gloves of at least a quarter millimeter lead
equivalent should be worn by the fluoroscopist during every
examination.

6.3.1. The hand of the fluoroscopist should not be placed in
the useful beam unless the beam is attenuated by the patient
and a protective glove,

13



6.53.g. Only persons needed in the fluoroscopic room should
be there during X-ray exposures,

7. Medical Radiographic Installations

(For special requirements see section 8, Mobile Units; Section 9,
Chest Photofluorography. Photofluorographic installations other than
those for chests shall be governed by radiographic requirements.)

7.1. Equipment.

7.1.a. The tube housing shall be of diagnostic type. (See
See. 4.1.4)

7.1.b. Diaphragms or cones shall be provided for colli-
mating the useful beam and shall provide the same degree of
protection as is required of the housing.

7.1.¢. The total filtration permanently in the useful heam
shall be not less than 2.5 mm of aluminum equivalent.
This requirenent may bhe assunied to have been met if the
hvl is not less than 2.5-mm aluminum at normal operating
voltages,

7.1.d. A device shall be provided to terminate the ex-
posure after a preset time or exposure.

7.1.e. A dead-man type of exposure switch shall be pro-
vided and so arranged that it cannot be conveniently operated
outside a shielded area, Exposure switches for “spot-film”’
devices used in conjunction with fluoroscopic tables are
excepted from this shiclding requirement.

7.2. Structural shiclding.

Table 2 in Appendix B gives the barrier thickness re-
quirements for busy radiographic installations.

7.2.a. All wall, floor, and ceiling arcas exposed to the
useful beam shall have primary barriers. Primary barriers
in walls shall extend to a minimum height of 7 ft above the
floor.

7.2.b. Secondary barriers shall be provided in all wall,
floor, and ceiling areas not having primary barriers or where
the primary barrier requirements are lower than the sccondary
barrier requirements.

7.2.c. Special attention must be paid to the protection of
the operator,

(1) The operator’s station at the control shall be behind
a protective barricr, either inn a separate room, in a protected
bootl, or behind a fixed shield which will intercept the useful
beam and any radiation which has been scattered only once.
In the case of control booths within radiographic rooms, a
protective door and ceiling may be necded but usually are
not required if the radiation entering the booth has been
scattered niore than once.
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{2y A window of lead-cquivalent glass cqual to that re-
quired by the adjacent barrier shall be provided, large enough
and so placed that the operator can sce the patient without
having to leave the protected area during the exposure.

(3) Provision should be made so that the operator may
communicate with the patient audibly and eclearly during
exposures without leaving the protected arvea.

7.3. Operating procedures.

7.53.2. No person oceupationally exposed to radiation shall
be permitted to hold patients during exposures, nor shall any
person be regularly used for this service.

7.3.b. Only persons required for the radiographie procedure
shall be in the radiographic room during exposure. All
such persons, exeept the patient, should wear protective
aprons and gloves unless measurements indicate that these
are not required. No parts of the bodies of these persons
shall be iu the useful beam,

7.3.c. The exposure of the patient should be kept to the
minimum consistent with clinteal requirements. (See table
7 and 9, Appendix A.)

(1) The radiographic field should not be larger than is
clinically necessary. The radiologist should enforce proper
collimation, providing cither an adequate assortuient of
coues or an adjustable ecollimator with beam-defining light.

(2) The gonads of children and persons who have not
passed the reproductive age should be protected from the
useful beam by the use of carcful field collimation or special
gonad slields when this will not impair the value of the
examination.

8. Special Requirements for Mobile Diagnostic
Equipment

(See section 6 for special requirements for mobile fluoroscopic
equipment,)

8.1. Equipment.

All recommendations of section 7.1 apply except 7.1.c.

8.1.a. All mobile equipinent shall be provided with colli-
mating cones or colliinating diaphragms and spacer frames
to limit the target-to-skin distance to not less than 12 in?
and the cross scetion of the useful beam to the necessary
dlagnostic size.

8.1.b. The exposure control switch shall be ol the dead-
man type and shall be so arranged that the operator can

I For mobile dental erquipment provisions of seetion 10,10 apply,
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stand at least 6 {t from the patient and well away from the
useful beam.

8.2. Structural shielding.

If a mobile unit is used routinely in one location, it should
be considered a fixed installation, and consideration should
be given to shielding requirements. (See section 7.2.)

8.3. Operating procedures.

All provisions of section 6.3 and 7.3 apply.

8.3.a. The operator should stand as far as possible from
the tube and patient and well away from the useful beam
during all exposures.

8.3.b. Personnel monitoring shall be required for all
persons operating mobile X-ray equipment.

9, Special Requirements for Chest Photofluorographic
Installations

9.1. Equipment.

All provisions of 7.1. apply.

9.1.a. A collimator shall restrict tlie useful beam to the
area of the fluorographic screen.

9.2. Structural shielding.

All provisions of 7.2 apply.

9.2.0. A primary protective barrier shall be provided
wherever the usclul beam can strike. (If the apparatus is
so designed that the useful beam can strike only the fluoro-
grapliic sereen, this barrier may be placed around the hood
and eamera or immediately behind the camera, thus obvi-
ating the need for primary protective barriers elsewhere.)

9.2.bh, Secondary barriers shall be provided in those walls
not having priniary barriers.

9.3. Operating procedures,

All provisions of 7.3. apply.

9.3.a. All personnel shall be in shielded positions during
exposures,

9.3.b. Personnel monitoring shall be required.

9.3.c. Special shielding devices or collimators to prevent
exposure of the gonads to the useful beam may be required
when young persons are examined with photofluorographic
equipment.

10. Dental Radiographic Installations

10.1. Equipment.

10.1.a. The tube housing shall be of diagnostic type.
(See section 4.1.1))

10.1.b. Diaphragms or cones shall be used for collimating
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the useful beam and shall provide the same degree of protec-
tion as the housing, consideration being given to the obliquity
of the rays. The diametor of the useful beam at the cone
tip shall be not more than 3 in.

10.1.c. A cone or spacer frame shall provide a target-to-
skin distance of not less than 7 in. with apparatus operating
above 50 kvp or 4 in. with apparatus operating at 50 kvp or
below.

10.1.d. For equipment operating up to 70 kvp, the total
filtration permanently in the useful beam shall be equivalent
to at least 1.5 mm of aluminum. This requirement may bhe
assumed to have been met if the hvl is not less than 1.5-mm
aluminum at normal operating voltages. Equipment operat-
ing above 70 kvp shall meet the requirements of 7.1.c.

10.1.e. A device shall be provided to terminate the ex-
posure after a preset time or exposure.

10.1.f. The exposure control switch shall be of the “dead-
man’ type.

10.1.g. Where the workload is low enough that shielding
is not required for the operator, the installation shall be so
arranged that the operator can stand at least 6 ft from the
patient and well away from the useful beam,

10.2. Struetural shielding.

Table 3 in Appendix B gives barrier thickness requirenents
for busy dental installations.

10.2.a. Dental rooms containing X-ray mwachines shall be
provided with primary barriers at all arcas struck by the
useful beam. Consideration shall be given to the attenuation
provided by the patient.

10.2.b. Attention to the proper arrangement of the appara-
tus within the dental room may appreciably reduce the pro-
tective barrier requirements,

10.2.e. When dental X-ray units are installed in adjacent
rooms or areas, protective barriers as specified in 10.2.a
shall be provided between the rooms or areas. Consideration
should be given to the possibility of exposure from multiple
sources,

10.3. Operating procedures,

10.3.a. In no case shall the film be held by the dentist or
his assistant during exposures.

10.3.b. During ecach exposure, the operator shall stand at
least 6 ft from the patient or behind a protective barrier.

10.3.¢. Only the patient shall be in the useful beam.

10.3.d. Neither the tube housing nor the pointer cone shall
be hand held during exposures.

10.8.c. Fluoroscopy shall not be used in dental examina-
tions.
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10.3.f. The exposure of the patient should be kept to the
minimum consistent with clinical requirements. Table 8 in
appendix A gives the average output of dental diagnostic
equipment under various conditions,

11. Therapeutic X-ray Installations Operated at
Potentials Up to 3 Million Volts

{See section 12 for special requirements for equipment operating
below 60 kv)

11.1. Equipment.

11.1.a. The tube housing shall be of a therapeutic type.

11.1.b. Permanent diaphragms or cones used for colli-
mating the useful beam shall afford the same degree of
protection as the housing. Adjustable or removable beam-
defining diaphragms or cones shall transmit not more than
5 percent of the useful beam obtained at the maximum
kilovoltage and with maximum treatment filter. (See
table 11 1 Appendix A.) Special attention should be given
in the case of cones which may be in contact with the
patient’s body during irradiation, to assure that the radiation
transmitted through the cone wall at the point of contact is
not greater than 5 pereent of the useful beam as measured
at the end of the cone farthest from the target.

11.1.c. The filter system shall be so arranged as to mini-
nize the possibility of error in filter selection and alignment.
Filters shall be sccured in place to prevent themm from
dropping out during treatment. The filter slot shall be
so constructed that the radiation escaping through it does
not exceed 1 r/hr at 1 m, or, if the radiation from the slot is
accessible to the patient, 30 r/hr at 5 cm from the external
opening.

11.1.d. The X-ray tube shall be so mounted that it cannot
turn or slide with respect to the aperture. A mark on the
housing should show the location of the focal spot.

11.1.e. Mecans shall be provided to immobilize the tube
housing during stationary portal treatment,

11.11. Valve tubes may require shielding.

11.1.g. A timer shall be provided to terminate the exposure
after a pre-sct time regardless of what other exposure limiting
devices are present.

11.1.h. A beam monitoring device fixed in the useful beam
is recommended to indicate any error due to incorrect filter,
milliamperage, or kilovoltage, unless it introduces more
filtration than is clinically acceptable.

11.1.i. Equipment utihzing shutters to control the useful
beam shall have a shutter position indicator on the control.
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11.1.3. Lead rubber, lead foil, ete., used for Hmiting the
ficld, should trausmit not move than 5 percent of the useful
beam. (See table 12 in Appendix A.)

11.2. Structural shielding,

11.2.a. All wall, floor, and ceiling arcas that can be struck
by the useful beam, plus a border of 1'ft, shall be provided with
pritnary protective barriers.  All wall, flooy, and ceiling arcas
that, because of restrictions in the orientation of the useful
beam, cannot be struck by the useful beam shall be provided
with secondary barriers. In all shiclding design and survey
evaluations, consideration should be given to present and
future workloads, use factors, and occupancy factors.
Estimated exposure should be integrated over a period of
a year. Special consideration must be given to the protee-
tion of persons in the rooms above and below the treatment
rooms. Sce tables 4 through 11 in Appendix B for barrier
thickness requirements for busy therapeutic installations.

11.2.b. Shielding requircinents may be reduced in some
cases by locating treatment rooms as far as practicable from
oceupied areas. Corner rooms may be especially suitable,
but outside walls and particularly windows may still require
protection unless they are sufficiently distant from other
oceupied areas and buildings. (See tables 4 and 5 in
Appendix A.)

11.2.¢c. The required barriers should be an integral part of
the building. Movable lead screens are not recommended
and with equipment operating above 125 kv, shall not be
depended upon,

11.2.d. With equipment operating above 150 kv, the
control station shall be within a protective booth or in an
adjacent room,

11.2.e. Interlocks shall be provided so that when any
door to the treatment room is opened either the machine
will be shut off automatically or the radiation level within
the room will be reduced to an average of not more than 2
mr/hr and a maximum of 10 mr/hr at a distance of 1 m in
any direction from the target. After such a shutoff, or
reduction in output, it shall be possible to restore the ma-
chine to full operation only from the control panel. (The
2 mr/hr average shall be obtained from measurements
taken in not less than 5 directions from the target.)

11.2.4. In the design of barriers for installations operating
above 1,000 kv, a maze, with the entrance door where it
can be struck only by multiple-scattered radiation, may so
reduce the barrier requirement for the door as to provide an
overall cconomy.
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11.2.¢. Windows, mirror systems, or closed-circuit tele-
vision viewing screcns used for observiug the patient shall
be so located that the operator may sce the patient and the
control panel from the saime position.

11.2.L. Provision for oral communication with the patient
from the control room is desirable,

11.3. Operating procedures.

11.3.a. The installation shall be operated in compliance
with any lmitations indicated by the protection survey.

11.3.b. No person who works with ionizing radiation,
unless he is tlie patient, shall be in the treatment room during
exposure. No other person shall be there except when it
18 clinically necessary. If a person is required to be in the
treatment room with the patient during exposure, he shall
be protected as much as possible from scattered radiation
and shall not be in the useful beam.

11.3.c. Both the control panel and the patient should
be kept under observation during exposure.

12. Special Requirements for X-ray Therapy Equipment
Operated at Potentials of 60 kv and Below

12.1. Installations shall comply with the general require-
ments of seetions 11.1, 11.2, and 11.3, except that the
operator and other persons may be permitted i the treat-
nient room during exposure.  Because of the low penctration
of X-rays generated at potentials of less than 60 kv, the
hazard to persounel can be minimized by the wearing of
quarter millimeter lead-equivalent aprons. The operator
should take care to avoid exposure of persons other than
the patient to the useful beam, Structural shiclding, leaded
doors, and interlocks may not be required. A movable
shield or one attached to the eontrol stand may be helpful
in reducing radiation hazards.

12.2 The termn “grenz rayv” is used to deseribe very soft
X-rays produced at potentials below 20 kv. Because of the
low penetration of these rays, it is not necessary to shield
the operator or other persons in the treatiment room unless
they are exposed to the useful beam at a target-to-skin
distance of less than 3 m. It should be emphasized that
grenz rays are X-rays, and that they may cause the same
types of injury as harder X-rays, although these effeets may
be limited to the superficial layers of tissue.

12.3. The term “contact therapy” is used to describe
short target-to-skin distance irradiation of acecessible lesions.
The potential employed is usually 40 to 50 kv. Because the
dose rate at the surface of the window may be more than
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10,000 r/min, rigid precautions are nccessary to prevent
accidental exposure to the uscful beam. 'The leakage radia-
tiocn at the surface of the tube housing shall not exceed 0.1
r/lir. If the tube is hand held during irradiation, the operator
shall wear protective gloves and apron.  When the apparatus
is not being used, a cap of 0.5-mm lead cquivalent shall
cover the aperture window of the tube housing.

12.4 Automatic timers shall be provided which will permit
accurate presetting and determination of exposures as short
as 1 sec.

12.5 Special precautions are required in the therapeutic
application of apparatus constructed with beryllium or other
low-filtration windows. As a dose rate of more than 1
million r/min is possible at the aperture, adequate shielding
shall be required against the uscful beam, and special safe-
guards are esscntial to avoid accidental exposures to the
useful beam. There shall be on the control panel some
easily discernible device which will give positive information
as to whether or not the tube is energized.

12.6 Machines having an output of more than 1,000 r/min
at any accessible place shall not be left unattended without
the power being shutoff at the primary disconnecting means.
The switch at the control should always be turned off first,
then the primary main switeh (or wall plug disconneeted).
This sequence should never be reversed.

II1. Appendix A. Tables of general information

Tables:

1. Maximum permissible doses.

2. Occupaney factors,

3. Use factors.

4. Distance protection for controlled areas.

5. Distance protection for areas outside of controlled areas (en-
virons).

6. Shielding requirements for radiographic films.

7. Average output of diagnostic equipment.

8. Average output of dental equipment.

9. Effect of tube potential on patient dose.

10. Effect of voltage, distance, and filiration on air exposure rate
at panel of fluoroscopes.

11. Thickness of lead and brass required to reduce useful beam to
5 percent of its incident value.

12. Half-value layers of lead and concrete {or various kilovoltages.

13. Secondary barrier requirements for leakage radiation from
diagnostic-type protective tube housings. L

11, Secondary barrier requirements for leakage radiation from
therapeutic-type protective tube housings.

15. Densities of commercial building materials.

16. Commercial lead sheet thickuesses and weights.
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Tavre 1. Marivoon permissible RBE doses 4

IThe indicated values are for the Umited seope of this Handbook,
April 13, 1958 for more complete information]

See Addendum to HE§,

Average | Maximum | Maximuom | Maximuwmn
weekly 13-week vearly AT L
doge = dose dose Lited
dose b
Controlled areas-—- rem © rem e

Whole body gonads, blood-forniing or-

sans, and leng of eye
skin of whole body. .

Hands and forearms, lead, nee

feot,
and ATKICS o eoeee e

3
* 10

25

nvirons—
Anvpart el boedy oo L. B 1) I [ T

Note

ge in years and iz greatoer than 18,
ar design purposes only,

L When thie previous occupational exposnre history of an Individual is net definitely known,
it len be assumed that he has already recelved the full dose permitted by the formuly
HUN-18).

Persoms who were exposed in aceordance with the former maximum permissible weekly
dnse of 0.3 rexand who have accamulated a dose higher than that permitted by the formula
shall be restrictod to a2 maximum vearly dose of 5 rem.

¢ The dose in rems may be assurged to be equal to the exposure dose in roentgnns.

¢ Exposure of patients for nmiedieal and dental purposes is not included in the maximun
permissible dose,

“see Am, J. Roon. R4, 182 (1900),

Tasie 2. Occupaney foclors

For use as a suide In planning shiclling when complete ocenpaney data are not available,
The maxlmum pernyssible dose levels stated in Addendwn to H 58, April 15, 1958, sum-
marized in table 1. are computed on the hasis of the iutegration of doses reeeived over a
period of a year, Therefore, the deeree of seeupnaney of an area should be considered in
rerms of the time which may be spent in that avea by any one person over a perind of a vear,

Full occupaney {T=1)

Control space, oflices, nurses stations, corridors, and waiting space large enough to hold
desks, darkrooms, workrooms, shops, restrooms, and lonnge rooms routinely used by ceeu-
pationally exposed personnel, Hving quarters, children's play arveas, occupicd spuce in
adjnining buildings.

Partial oceupaney (T'=14)

Corridors too narrow for desks, uility rooms, rest, and lounge rooms not used routinely
by occupationally expesed personnel, wards and patient™s rooms, elevators using operators,
unattended parking ois, patient’s dressing rooms,

Qeeasiondl vecupancy (7'=4s)

Closets too small for futnre oeeupaney, toilets not used routinely by oceupationally
exposed personned, statrways, automatie elevators, sidewalks, strects.

Tasre 3. Use factors for primary barriers

[For use a3 guides in planning shielding when complete data ave not gvailable)]

‘ Fadiographic Dontal 1 Therapeutic =
! |
B e U SR : 1 L) 1
Walls. o I 14 e 24
Ceiling. ... e e Lig Mg

s Use faetors for the walls and ceiling mayv be much greater, or the use fuctor lor the floor
smalier, when rotation therapy is used,

TaBLE 4, Dislance prolection {in feel) vgoinst useful beam in controlled
areas

[For design purpeses only, the maximum permissible exposure it faken to be 100 mr/wk.]

Kilovoltage 50 70 100 9 1,000 2.000
Xoray output (Ko (r/ma- 0.03 0.1 0.4 2 20 250
min at 1 m}
WUTs Distance in feet
2 3 il ] 20 64 200
4 5 7 13 28 It 270
7 6 9 17 37 105 335
8 7 10 14 40 115 33
12 8 12 23 47 130 415
15 g 13 25 52 145 43
30 12 17 35 64 100 EiN
50 15 22 44 85 230 630
B0 16 24 47 G2 240) T
125 22 33 G2 12 320 850
150 24 33 66 134 335 850
200 27 38 Th 14 375 9450
250 30 42 84 155 400 1,000
500 40 54 1 20 &} 1,150
600 42 o iivy 210 530 1,200
80 47 (553 120 235 570 1,275
1,000 S 7y 130 250 B 1,350
2,000 [ 85 165 310 728 1,500
L SUH) 68 90 173 330 THi 1,575
4,000 T3 102 0 370 850 1,700
10,006 5 130 250 480 1.030 1.650
40,000 125 180 350 G40 1,300 2,330
o 1T%== workload in milliampere-minutes per week.
U =use [netor.
T=gpeeupancy factor.
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TaBLE 5. Distnnce protection (in feel) aguainst vseful beam in areas

outside of conlrolled ¢reas (environs)

[For design purposes ouly, the masimum permissible exposure is taken to be 10 mr/wk.}

Kilovoltage

50

0

1,000

2,000

XNavay output (Ko
minat 1 o1}

005

0.1

20

8¢

ngre

S e b

1,030

1,300
L, 400
L, &50
1, 750

crete @

200 (6.10 m)

Tead

at 125 kvp, or 200 ma-min

Con-
crele »
in.

a-min

141t (4.26 m)

Lead
I

Con.
crete
fi.

graphic films
Distance from iube to stored films
in,

(1%

107t (3.05 m)

d

Lead

k28

g for ra

1t 150 kvpl

¢
Con-
grefe »
in,

Shieldin,

[Indicated thicknesses required to reduee radiation to 1 mr for o weekly workload of 1,000 ma-min at 108 kvp, 100 m

7213 m)

Lead

B

TarLe 6.

Py

it

Tvpe of barrier
econdar

Printwy. oo e e
Prim;

Primar,

Primary. ...

seronda

Heeonda

recondar

™

Storage time
& Note.~{Conerefe thick nesses approxitate,

3312 1) P

1day.

1 woek.
1 month. .
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. Tawsrw 7. Awverage outpul of diagnostic equipment TavrLe 10, Effcet of voltage, distance and fillration on air erposire rule
at panel of fluoroscapes

Tube putential
) , | Potential] © ’l‘m-i{;t« Equivalent aluminom fltration »
Target distance | 50kvp | 60kvp | 70ksp i 80 kvp I S kvp 4 WO kvp | 125kvp aremi nrrent d‘ﬁfu?&
F ; i 1mm 2mm 3mm ERT
i r/160 ma-<see
i krp ma in. rimin rimin rimin rimin
in om i §0 3 12 275 14.6 4.0 6.1
. N 15 7. 9. ¢ & E
12 30 \ 1.8 2.8 1.2 53 8.0 9.8 1352 1z 19 v i 3o
18 46 0.8 1.3 1.8 2.5 3.4 4.2 6.7 100 3 12 38. 5 29: 8 155 ]i‘ 5
24 o | . 0.7 11 1.4 1.9 2.3 8.8 15 246 116 0.9 79
x 3 o | 2 -8 0.5 0.6 0.9 11 L7 18 17.1 10,1 6.4 540
‘;. 54 137 | 1 1 2 3 4 o 0-7 120 8 12 53.0 301 227 16§
i 7 183 -1 1 . . . : : 15 35.2 21.2 14,5 0.7
N ! 18 245 11,7 10.1 7.5
b H Measured in afr with total filtration equivalent to 2.5 mm Al
) s Filtration ineludes that of the table top and the tube with its inherent and added Slter,
o TasLe 8. Dental unit oulpul
A Tasee Y. Thicknesses of lead and brass required to reduce useful beam
: Kvp FSD Total — to 5 percent
filter min
e ; Tuhe potential hvl fead Brass
in. mm Al 2
0 £ L3
bt 8 1 g 83 kep mm mm nmm
70 it L5 2.1 0 1.2 Al 0. 10 0.3
%0 8 2.5 8 4 100 Lo Al 15 .8
90 16 2.5 2.1 100 2.0 Al .25 Lo
100 3.0 Al L33 1.2
140 0.5Co LT 4.4}
200 1L.oCu 10 9.0
250 3.0 Cu 1.7 18.0
300 4.0Cu 2T PR
TasrLe 9. Effect of tube potential on patient’s dose Composition of brass used, 65 percent copper, 85 percent zine (sellow brass).

[Filter—2 mim Al

Ratio of entrance to exit dose
Thicknuess of part

30 kvp 75 kvp 100 kvp 125 kvp 130 kvp

83 30 18 11 8

10 em 3
1,250 00 Ho 50 30

Wem. .

Baged on ehart by F. Wachisman, Fortseir Ré.-Str,, LX XV, 728 (1841); Brit. J. Radiol,,
Supp, No. 8, 87 (1933},
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Tavwe 18, Secondary barrier requirements for leakage radiation from

diagnostic-type protective tube housings for controlled areas

[Add 8.3 byl for environs]

Operating time in hours per week

Distanee from
target in feet 2 5 10 15 25 10
Number of half-value layers
3 2.6 3.6 4. 4. A
4 1.8 2.8 3. 1. i
5 1.2 2.1 2 3. 1,
] 0.6 1.6 2.2 2§ 3.
7 . 1.2 1. 2.3 3.
8 0.8 1. 2.1 3
9 A 1. 1.7 2
10 .2 0.7 1.4 3,
12 e e . 0.9 [N

TasLr 14,

therapeutic-type protective tube housings for controlled arcas

[Add 3.3 hyl for environs]

Rl ched

——

Secondary barrier requirements for leakage radiation from

Operating time in hours per week

Distanee from b

target in feet 2 5 10 15 25 40
Number of hall-value layers

3 4.6 59 6.9 ik 8.2 8.4

4 3.8 5.1 6.1 6.7 T4 #.1

5 3.2 4.5 5.8 6.1 6.8 4

[ 2.6 3.0 4.4 i) 6.3 8t

7 2.2 3.5 4.5 51 5.8 6.3

8 1.8 3.1 4.1 4.7 5.4 6.1

9 1.5 2.8 3.7 4.3 5.1 5.8

10 1.2 25 3.5 4.0 4.8 5.5

12 0.8 1.8 2.4 3.5 4.3 4.9

15 R 1.3 2.3 2.9 3.6 4.¢

20 - 0s 1.8 20 2.8 35

30 0.3 [ 1.5 2.3

TasLe 15.

Densities of commerciol building materials

Density of
Material Density range average
sample
jec giec
Brick ccwee e 1.6 to2 6 1.9
Granite. . 2,60 to 2. 70 2.63
Limestone 1.87 10 2. 69 2,30
Marble.... 2.47 10 2.86 2.70
Sand plaster. e e 1. 54
Sandstone.. ... 1 90 to 2,60 2.20
Siliceous conerete 2. 25 to 2. 40 2.35
Tl e L6 to25 19

NotE.—~{onerete and cinder blocks vary {oo much

to be listed.



Tarwe 160 Cowmercinl lead sheels

Thickricss Weight
mon Ihisq 1F
0,79 2
Loo 2%
L 3
1,58 4
1.93 3}
2.3% 6
317 8
176 12
.33 16
.50 20

10.1 24
12.7 3u
16. 4 10
254 60

IV. Appendix B. Shielding requirements for
busy installations
Tables:
1. Secondary barrier requirements for fluoroscopic installations.
2. Shieldiug requirements for radiographic installations.
3. Shielding requirements for deuntal installatious.
4, Shielding requirements for 100 kvp therapeutic installations.
5. Shielding requirements for 150 kvp therapeutic installations.
6. Shielding requirements for 200 kvp therapeutic installations.
7. Shielding reguirements for 250 kvp therapeutic installations.
8. Shiclding requirements for 300 kvp therapeutic installations.
9. Bhielding requirements for 1,000 kvep therapeutic installations.
10. Shielding requirements for 2,000 kvep therapeutic installations.
11. Shielding requirements for 3,000 kvep therapeutic installations.

13. General Considerations in Use of Tables

Kilovoltages, workloads, and distances shown are those
commonly encountered in busy installations. Graphs and
formulas for the caleulation of barrier requirements for situa-
tions not covered by these tables may be found in appendix C.

W=workload in milliampere-minute per week; U=use
factor; 7=o0ccupancy factor,

In these tables, no account has been taken of the attenua-
tion provided by the patient or objects normally in the path
of the useful beam.

Inall tables, the maximum permissible exposure, for design
purposes only, is considered to be 100 mr/week for controlled
areas and 10 mr/week for environs (occupied space outside of
controlled arecas).

It should be remembered that lead sheet less than 0.5-mm
thick is frequently more expensive than heavier sheet both in
cost of material and cost of installation.

Concrete thicknesses are computed on the basis of a con-
crete density of 147 1b/ft? (2.35 g/em?).

30

Secondary barrier requirements for busy fluoroscopic installations

Tasre 1.

2,000 ma-min/week 3¢ 100 kvp, 800 ma-min/week at 125 kvp, or 400 ma-min/week at 150 kvp.]
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W
[ 3%
Tawras 2. Shielding requirements for busy radiographic installations
[H= 1800 ma-min/week at 100 kvp, 400 ma-minfweek ai 125 kvp, or 200 mo-minfweek at 150 kvp.]
Distance from tubo to occupied arex
Type of barrier | UT 5 It {1.52 m) 706 {213 m) 10 ft (3.05 m} 14 1t {4.26 ny)
Lead Concrete Lead Concereie Lead Conerete Lead Joncrete
For controlled
Areas: min | dn. | psfe in, psl s mm | in paf e i ipsf v mm plsai in. {psf »l mm | inGipsfe] in, ipsf =
. J i 19 Yo 4.4 61 75 1.7 e 4.0 5.8 85 1.4 3831 4.6 56 1.2 1i6 28| 3.8 47
Primary._.... 14 1.4 e 3.3 4.6 56 1.2 e 2.8 1 3.8 47 1.0 23] 3.2 39 0.8 42 1.9 2.8 34
e 1.0 L4z 23 3.2 34 0.8 142 1.9 281 34 a7 .6 2.2 27 Bl L2 1.7 21
Secondary...; 1 0.51.. L2 L7 2 A 0.9 14 17 2 .51 0.8 10 (U RN P [ 2
For environs:
1 2,71 %2 630 8.1 99 2.4 6.6 7.2 83 2.2 11 661 81 20| 52 47 6.2 76
i 14 2.2 %% a1 6.0 75 1.4 4.4 6.1 75 1.7 4.0 5.3 65 1.5 Mg 3.8 5.0 61
Primary..... 6 1.7 i 4.0 5.3 65 1.5 3.5 5.0 61 1.3 3.0 4.0 53 1.1 14e 3.5 26 43
I Yig 1.2 U6 28 4.1 50 1.0 2.3 3¢ 39 0.8 1.4 2.8 34 0.6 Yoz 1.4 21 26
Liss|l 0.8 14y 1.9 2.8 4 0.6 1.4 2.8 25 Al 0.9 1.4 17 o D 0.6] 0.8 10
i 1 1.2 e 28 38| 47 1.0 2.3 3.2 39 .8 1.9 2.8 34 .6 Yao 1.4 2.1 20
Secondary ... 34 0.8 421 1.9, 28| M 0.6 L4 20| 25 40 0.9 L4 17 .2 0.5 0.8 10
Yie P T P .2, L7 28 P I8 PO 0.7 L1]| 13 W1 2 04 ) O e L3 R
a Pounds per square foot computed from millimeters of lead or inches of conerete and a concrete density of 2.35 pmjem® (147 Ibs.jIt3),
TasLE 3. Shielding requirements for busy dental installations
[W=800 ma-minfweek at 70 kvp.]
Distance from tube to occupied area
Type of Barcier ur 51t {1.52 m}) 7t (2.13 m) 10 1t (3.05 m) 14 [t (4.26 )
Lead Con- Lead Con- Lead Con- Lead Con-
crote » crote & crete & arete o
For eontrolled arcas: mim i, in. ma in. in. mm | in. in. mm in. in.
i [ 1 0.8 L4 2.8 0.7 |5 24 0.6 Vi 2.1 0.5 baz 1.8
Primary... . ..o ___|= 13 .6 1gn 2.1 LB Lia 18 [0 20 I 1.5 2 P 11
| i S 15 3 11 % 0.8 1l I
o Secondary. ool 1 B 11 .2 8 6 0 o i 0 i
Far Environs: ‘
€2 10 .1 3.8 Lo 4.4 .9 Lin 3.1
Ay 3.4 o 1 Y 28 LT Lie AR
Primary. oo L8 2.8 .7 24 L6 i 21 .3 Y 1.8
N 2.1 A 181 Sk L5 3 1.1
A L5, .3 ; [N g 8 N 0.4
N 2 & Ly I8 R [ 1 i1
Seeondary. o ooceeoon .. .4 [ i 3 | IS L2l [ IR IS O 0.4
i .2 N v.8 . t . A e 0 0
: l | |

a Pounwds per sqquare fool computed from millimeters of lead or inches of conerete and a conerste density of 2,353 gm/em? (147 1b/12).

€¢
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Tanrw 4.

[W=4,000 ma-tnin/week]

Shiclding requirements for busy 100 kvp therapeutic installations

Distance from tube to cccupled arca

Type of harrier Ur 5 (152 m) 7t (213 m) W1t (3.05m) 14t (4.26 m) 20 {t (6.10 m)

Lead Concrete Lead Conercte Lead Conerete Lead Conerete Lead Conerete
For controlled

Areas: mm in, | psfy| in. |psfollmm|in. | psfo | in. |psprl|mm| in. | psfa| in. |psfe|mmiin. | psfo] in. |ps/o(lmm psfnlin. |psfe

1 2.3 %hel .40 L1 87| 2.0 32 47 8.3 77| 18| Wel 420 57 70| 1.6) Mel 3.7 5.21 64]) 1.4 3.3 4.6 56

Primary____.._. 4 ¥4 L& Yo 4.2 57 70| 1.6 Mo 3.7 521 6411 1.4 Vie| 3.3 4.6 56 L2 big| 2.8 4.0 48] Lo 2.3 3.4 42

Lig il 1.4 Vie] 3.3 4.6] 56| 1.2 e 2.8 4.0] 4u] 1.0} Vel 23 3.4] 42 0.8] V2| L9 2.8 341 0.6 L4 21 2

Recondary...... 1 L3 3e 3.0 43 83 L1 332 26 8.7 45 0.9 Ml 21 8.1 38 .7 Ay LB 24 281 .5 1.2 1.8 22
For environs:

[1 3.2 14 750 0.2 113]] 2.9y 6| 6.8 85 104]] 2.7 s 6.3 B.0| ¢8|| 2.4 L6l 7.8] 8y 2.2 ¢ 51 6.8 83

} 14 2.7 ¥ 1 6.3] B.Op 98)] 2.4 dael 5.6 7.3] 8Y|] 2.2 He| A1 6@ 83| 1.9 4.4 G0 T4 L7 4.t B8 67

Primary .......q YMe || 2.2] 320 5 1] 6.8 831 1.9 Mo 4.4 60 74| L7 ¥a 40 585 67 1.4 3.3 446 nby L2 2.8 4.0, 4

l Yis L7t M| 40 55 67)) 1.4 Me| 3.3 4.6 56| L2| Ma 28 4.0 49 LO 2.3 34 42 0.8 9 2.8 34

osar| L 2| Ma| 2.8 4.0] 49]] L0} V42| 2.3 3.4 42]] 0.8 V42| Lyl 2.8] 34| 0.6 L4 21 26 .5 L2 1.8 23

1 2.1 H420 4.9 6.6] 8l 1.8 Masl 4.2 57 0] L6 We| 3.7 5.2 64 1.4 3.8 4.6 & L2 2.8 40 44

Secondary...._. P L6 e 3.7 520 84 1.4 Ms 3.3 4.6 504 1.2 Me 2.8 4.0] 49 Lo 23] 3.4| 42| 0.8 Lo 2.8 34

Tie || L2 Ve 28] 40| 49 10| 35| 2.3 3.4/ 42i 0.8] 142 1.9] 2.8 34 ‘ 0.6 L4 2 4 2611 .5 L2 L8| 22

| | . i : -

s Pounds per squars foot computed from millimeters of lead or inches of eonerefe and a conerete density of 2.35 g/emd (147 1b/1e8),

Tapre 5,

[W=4,000 me-minfweek]

Shield (ny vequivencals for busy 150 kup therapeutic installations

Type of burvier

For eontrollad |
Areus: !

{

|

Primmary . .
Seconduary..

For envirops:

Primmuars.

Seeondury

a Pounds per st

ol S S A

Lead

bt 23 2

Pristanee

= of lead or inches

af eanierele omd o con

from tube 1o ¢
1001 (3 05 my

i
|
|
{

Lead Conererel
|

Bé L (126 )

Lead Conervte

[

!
i, i psfr
&2 10

Jizaih

L

L P E NG S

TF N0 e L GO0 R i

2011 (6.1 m)

fend Conerete
in. | psfs
7.4 8R
&40 68
3.4 48
2.9 36
} 00 10,2 125
3 &0 8.5 1
! .20 6.5 80
el 80 43
i Ly 2.4 36
Lo 3.8 a8 2
e 2.1 I
b 12; 2.3l 22
H

reie density of 2,35 gfemd {147 1b/13).
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[ W=40,000 ma-min/weck]

TaBLE 6. Shielding requirements for busy 200 kvp therapeutic installations

Distanes from tube to oceupied area

Type of barrier ur 51t (1.52 m) 70213 m) 101t (3.05 m) 14 £t (4.26 m) 20 ft (8.10 m)
Lead Concroete Lead Conercte Lead Conerete Lead Conerete Lead Conerete
For controlled
arens: mm in. | psf e in, |pafrllmm dn | pef | dn. | psfeil mm in, 1 psfe| in. mm| i, | pafn | in. | psfe
{1 6.4) b1 14,40 16.7) 2061 6.9 14 | 137 15 8] 104]) 5.4 1 11041 187 4.4 s 10.3] 12,70 106
Primary_....... i b 5.4 Thef 12.6] 1.8 181] 4.4 3 11.4) 18.7) 163 4. 4] ¢ 3421 0.1 116 3.4 1% 790105 120
e || 4. 4] Je| 10.3) 12,77 135|! 3.9 @1 1L 6 142 34 29 5, 6] .6 R85 14
Secondary...... } 4.1} A2l 9.6 12.1] 148 3.6 8.4 1L 0} 135 4.1 . B gt
For cavirons:
1 8. 1111421 18,9 10.9] 2441 7.6 2 17.7] 19.0| 2331 7.1 3 6.6 Ll 108
[ 13 7.3 U4e] 16.5) 18,0 221} 6.8 ¢ 15,4} 17.1| 209); 6.1 i 5, L3 174
Primary........]y Mo [} 6.7 34 | 14.2 16.2) 198 5.6 13.0) 15,20 1861 51 . 4.8 3.1 148
[ Bag |1 5.1) 742 1L 9 14.9) 174 4.6 10.7] 13.1} 1601 4.1 3 3. L0 123
dsel| 41 42l 0.6; 12.1] 148|) 3.6 8 4 11.0] 135} 3.2 . 2. 8.8 v 04
5.6] 7420 13,04 15,2 1861 5.1 1.9 14 20 174 4.6 3. T60H 4, 1 185
Secondary. 4.6 ¥e) 10,70 13,1 160 4.1 9.6| 12.1] 148 3.6 1.6 135 & 0 TR
3.6 9492| 8.4 110} 135 3.2 7.5 10 0] 1231 2.7 8.8] 10811 2 7 e
s Pounds per square foot computed from millimeters of Ioad or fuches of conerele and a conerefe density of 235 g/own® (147 Ih/i19.
TasrLe 7. Shielding requirenients for busy 250 kvp therapeutic insltaliations
[ 117==40,000 ma-min/week]
Dyigianee from tube to occupicd arca
Type of barrier oT 5Tt (152 m} T 2agm 10 06 (3.05 m) 141t (4.26 m} 20{t (6,10 m)
Leadb Concretel; Lead® Concreted Leadb Concreteb Leadb Conereted Leadb Coneretet
For controlled
areas: psfn in. | psfsll s psfe . Ipsh2 psfey v, mmn in. Ipsf»
Il 11.% W4 18,0, 221 22,2 16.8] 206 L1 16 7.9 14,41 176
Primary._ . Sololes 2.2 15.6] 14 4. 4] 176 13.2 N1} 12.0] 147
‘ Lie || T IER 18,21 162 12,0 47 L8 4.4| 3 g 6] 118
Heeondwry .. ... 1 i 6.4 149 1L 5 141; 105 124, 9.4 3.5 8.3 102
For covirons: E
1 13.4 32.4 21.6; 265121 20. 41 2560 19.2 0.3 18.0; 221
) o2 282 19. 21 235-110. 3 18, 0f 221 16,71 2 8.5 15, 5) 1uh
Primary.... - ... [y Mo (10.3 24.0 16, 7) 203 e 155 140 14.3 6.7 13.0] 154
Lo || 8.8 130 175)] 6.7 13,00 159 L8 5.1 10.71 131
basel] 6.7 1Lsl M5l 51 .7) 131 9.6 3.0 8.5 104
1 8.8 4.8 181 L3 13. 8 18yt 12.7 5, 8| L 11.7) 143
seeondars, .10 14 7.3 L R S 1.7 148 4.4 %o 9.6] 118
e 1] 5.8 | 1.5 124 .4 &6 ]18} &2, s 7w
| |

a Pounds per square foot comnputed from millimeters of Tead or inches of conerete and a conerete density of 2.35 gfom? (147 1h/13).

b Consiant potentials may require 15 to 25 pereent kirger thicknesses of lead and 5 to 15 percent larger thicknesses of conerete than those given here for

pulsating potentials,
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TasLe 8. Shielding requirements for busy 300 kvp therapeutic installations

[ W=40,000 ma-min/week]

Distattee from tube to occupied arca
Type of barrier ur 5ft (1.52 m) 70t (213 m) 10 ft (3.05 m) 14 ft (4.26 m) 20 ft (6.10 m)

Lead = Concretes Lead = Concreter Lead e Concreter Leada Coneretes Lead e Concretes

For controlled areas: mm)in. | psfb| in. |psfollmm|in. | psfe| in. |psfo||mm|in. | psfb| dn. |pefb|lmm|in. | psfb| in. [psf||mm| in. | psfo| in. |psfo

1 17. 81| 41. 3| 21. 6| 265||16. 32142 37.8] 20. 5| 251 34,6 19.3] 237|[13. 5[1742( 31.3| 18.0| 221{[12. 1{!342| 28.1| 16. 8| 206

Primary____. .. 14 14. 911942| 34. 4| 19. 3] 237|(13.5|1742( 31.1| 18.0| 221 28. 1) 16.8| 206|[10.7| 7is| 25. 1| 15.7| 192(| 9.4| 36| 22. 1| 14.4| 176

Lio [|12.1)1542( 27.9] 16. 8] 206((10. 7|1342| 24.9] 15.7| 192 22.0| 14. 4| 172|| 8.3| %46l 19.3| 13.2| 162|| 7.0| %42| 16.3] 12.0| 147

Sccondary..._ 1 10.6)1342| 24.6[ 13.2| 162|| 9.4 3§| 21.9| 12.0| 147 19.1] 10. 8| 132|| 6.8| 952| 15.8] 9.6| 118|| 5. 4| 742| 12.6 8.4| 103
For environs:

1 22.1| 74| 51.3| 25. 6| 314(]20.6|136| 47. 9] 24. 5 300 44.6| 23. 3| 285((17. 8|2342| 41. 3| 22.0[ 270(|116. 4|2L42| 38.1] 20. 8| 255

1 10.2| 34| 44. 4| 23.3| 286||17. 8|1 4s| 41.1| 22.0| 270 T49| 38.1] 20.8| 255((15.1| 94| 35.1| 19.7| 241(|13.8[1742| 32.0| 18.4| 225

Primary__..... |5 Vie |[16.4|2)42| 37.8] 20.&| 255|115, 1{1942| 34. 9| 19.7| 241 742| 32.0) 18.4] 221|{12.6] 14| 29.2| 17.3| 211|[11. 2| 7is| 26. 2| 16.0| 196

Loa ||13.8|1742( 31.7| 18.4| 226|(12.6| 15| 28.8| 17.3| 212{|1L 2| 74| 26.0| 16.0| 101]10.0{'34=] 23.2[ 14.9[ 181|| 8 6|1142| 20.2| 13.6| 167

L Lisa||1L. 2] Z46| 25.8| 16.0[ 196]/10.0 34| 22.6| 14. 9| 183|| 8.6/1142| 20.0| 13.6| 162|| 7.4| 516| 17.2] 12.4| 152)} 6. 1 4 L2| 11,2 137

1 14.9|1942| 34. 6| 17.2| 211|[13. 7[1%42| 31.8| 16.0| 196][12.3| 13| 28.8| 14.8| 181|[11.1| %4qs| 25.8] 13.6| 167| 9.7 % . 5| 12,4 152

Secondary_____ | ¥ |[12.3| V4| 28.5| 14.8| 181||11.1| 74| 25.8| 13.6| 167|| 9.7| 3§ 22.7| 12.4| 152|| 8. 5|'}42| 19.8] 11.2| 137|| 7.1 2| 16,5 10.0| 123

W || ©7] 36| 22.5| 12.4| 1562|| 8.5|1142| 19.8| 11.2{ 137|| 7.1| 952 16.7| 10.0) 123|| 5.9 14| 13.7[ 8.8 108]| 4.5 6 L6 7.6 93

a (Yonstant potentials may require 15 to 25 pereent larger thickuesses of lead and 5 to 15 percent larger thicknesses of concrete than those given here for
pulsating potentials. - 3 .
L Pounds per squate oot computed from millimeters of lead or inches of conerete and a conerete density of 2.35 g/cin? (147 1b/ft3),

Tanrew O Shielding requivements for busy 1000 lvep Uiera peatie installations

E1=4,000 ma-min/weck]

‘ Distance from tube to ocenpied area

|
Ty pe ol barrier i vr ' 70t (2,13 m) 10 11 (3.05 m) 14 11 (1.26 m) 20 [t (6.101n) 30 ft (9.15 m)
‘ Lead Conerete Lead Conerete Lead Conerete Lead Couerete Lead Conerete
For controlled area: | ma | dn \psfa) du. \psfa|| m | e, Ipsfa) in. \psfal| mm | in iful i ; i i i i i
! . L .| b cApsfalin, ipsfa|l i | in. mm | o | psfay i, | ps
- ![ 1 130 5. 1| d00| 32 390|120 4.7] 280 30 370/|11H 4.5 2%0] Al 350 ll(b:'v 4’ 1 100 é o [)Z\Ig() Jl'i I).;II(JI
Primary_ .. i Lo f{1rs 4.8) 270 28. 5] 35011105 401|200 26, 5] 3304100 3.4 3107 90 3.5 K &30 2001 21 5 260
' [ Lis l('(_i 3.9 230 25 d10i) 90 3.5] 210] 23 2800 85 3.4 21050 260! Th 3.0 Kl 2,8 1701 18 220
\ . ‘l 1 ) 15 . L8 L04) 1470 180 36.5) L4 851 18.3] 163|] 2%.5) 1. 1| 66| 120 147]] 21 0.8 LLO 0.6 34 7.0 %6
meConGary . 1 ' { 2‘?’. S 11 667 11, 9] 146|| 21 0.8 491 10.5] 1209|] T-h5] 0. 6] 34| 7.5 9277 11 0.4 5 0.2 I2] 4.5] &5
- i A Liag) 16 0.6 37 7.5 92 11 0.4 23] 6o Tt 500 0.2] 12| 4.5 5Ai1 1 0.2 0 ) 0
‘or environs: ! n
! 160 6.3 370) 38 47011115 7| 330 36 440i{140 2011% 5 p : 38
o i : i 7 ; 12011130 | 5.1 4.0 2900 31 | 580
Primary ;ll S50 320) 31, ¢ 1130 5.1 3001 32,50 40011125 S80L 115 4.5 L3 2500 27,5 340
! 49 ‘Z‘.f(! 115 4.5) 270] 29 3601|114 3401100 3.0 3.5) 210] 24 200
) ‘I 2.8 166 63 2.5 146 18.0] 2214 55 203 47 1LY . 5! 871 13.5] 165
Seconduary .. yl 2.2 128 47 LU 109 L805] 165! 39 169 | 31 1.2 91 arl 9.0 110
L6 vz 31 L2 T2 124 152; 23 1.'5.‘»1 8.5 0.7 L5027 6.0) T
i [ i R ! | ! |

# Pounds per square foot comptited [rom milimeters of lead or inehes of conerete and o conerete density of 2.35 g/em? (147 1h/f13).
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TarLe 10,

00 t-min s ek

Shiclding vequirenients for busy 2,000 kvep therapewtic fnstallations

Typeof barvier

For controlled area:

Primary.... ..

Secondary. ...

For environs:

Primary. ...

1
Secondary....-. {

ur

7Ot (213

mm
235
210
185

67
43

2

280
255
230
107
83
59

Tead Concerete
in,
9.3
8.3
7.3
2.6
1.7
0.9
11,1 630
1.1 5300
G911 b4y
4.2 302
1 3.3 193
2.2 128

100 (305 my 14t (4.28 nij
Tead Cotrerete Lead Conerete
ma) in, | psfrl e, Ipsfelimm| inl | pafe ] in. |pefr
225 8.9] 520 T80 210 B3| 490] 45 550
200 7.9 Vit 5200 1RD 7.3 430] 40 4490
175 6.9) 410 4600 160) 6.3|  870] 35 430
54 2,2 128 181 43) L.71 1001 12 164
31 L 72 147, 22 0.8 EYE- N AV
13 0.5 30 110 ¥ 0.3 17 A.4] 83
2065/10. 5 620 0| 255110, 11 000 53 630
2401 9,51 b6t 610)] 235 4. 11 840 48 340,
215 8.5 5 B5E0} 205 K. 11 480 43 30
94| 3.71 221 267|) 83, 3.3 193 18 | 288
71| 2.8 165 1961 8B 2.3 137 14 187
47| 1.9 109 159 B(Bi 1.4 8111 153

H !

Distanee from tube 1o ovenpied weea

20 146,10 1

Lead Coucrote

i | psfe | dn, psfe
79470 4220,
6.9 410] 37} 400
5.9 wanl 82| 3un!
12 72 1 M7
0. H 30 7118,
.2l w4 a8

|
9,50 B60) 50| 610!
B.50 300 45| 550
T80 440 400 4001
2.8 165 16 208
L9 1wy L2160
Lo 80 9180

185)

(415 my

Lead Concerete

i, psfs ) dn, |psf»
7.3 430 40 | 490
6.3 370) 45 | 480
G030 820 36 | 370
0.6 $6] 821126
0.4 15 A 43

4 21 27

s 45 | 590
%0, 43 | 530

420 38 | 470
142014 | 172
76 10 | 149

37 1

& Pounds per square foot computed {rora millitneters of lead or inches of conerete and a conerete density of 2.35 g/om® (147 Ih/fts).

TasLe 11.

[ W= 2,000 ma-min/week]

Shielding requirements for busy 3,000 kvep therapeutic installations

Distance from tube to oecupied area

30t (9,15 m)

Type of barrler ur 70 (213 m) 10 ft (3.05 m) 4 ft (.23 m) 20 ft (6.10 m)
Lead Concrete Load Conerete Lead Conerete Lead Concrete
For controlled area: mm|in. | psfs in. mm| in, fpsfs| in. m'm! in. Lpsfal in, (nefe pafl| mmy
J‘ 1 725 64 W 60! 61 2801100 835 68 710 670
Primary........ 3 635 5% G20; 55 ? 5850 52 135 ¢10
| tie 585] 52 40
i 1 03 -
Secondary...... (1 341 R
k‘ Yie || 34]... ... 14
For environs: %
1 840 320013, 0 795
34 710 2 3 720
Primaryo.-.-.|4 s 700 288 B5
14 430 1255 &3
L Vese 560 225 & LN
Il ,,,,, 1281 (S22 N
Secondary......jy G81... m2l oy
| e - 6|

!

BT
P

Lead Concrete

pfeldn, psfn
¥ 58 A2 (35
FOLEH: L )|
448y 1L i

[
TE;
L g

43

L6 (83

4 610

83 50
1

s Pounds per square foot compnted {rom milliimeters of lead or inches of eonercte and a conerete density of 2.35 gfom3 (147 Ib/ft3).




V. Appendix C. Determination of Protective
Barrier Thicknesses

The thickness of protective barrier necessary to reduce
the dose rate from any X-ray machine to the maximum per-
missible 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 oceupicd area, the degree and
nature of the oceupancy, the type of area, and the material
of which the barrier is constructed. Tables 1 through 11,
Appendix B give the thicknesses of lead required under a
wide variety of conditions which are commonly met. Oc-
casionally conditions may be encountered which are not cov-
cred by the tables. The necessary barrier thickness may
then be computed by the use of eqs 1 to 5 and the curves
shown in figures 3 to 7, Appendix C.

14. Computation of Primary Protective Barrier
Thicknesses

By definition, primary protective barriers protect against
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 of
the X-ray tube. The filtration added to the useful beam in
an X-ray machine is always small in comparison with the
attenuation afforded by the barrier, and hence the barrier
thickness required at a given kilovoltage is essentially in-
dependent of any changes in half-value-layer caused by added
filtration in the machine. Thus, it is sufficient, for the pur-
poscs of protection calculations, to establish transmission
curves specified in kilovolts under conditions of minimum
added filtration. It has also been found that at any given
kilovoltage and with minimum added filtration the exposure
dose rate produced by any X-ay machine is nearly a con-
stant when expressed 1n terms of roentgens per milliampere-
minute at a distance of 1 m.

Figures 3 through 7 show the dose rate measured in roent-
gens per milliampere-minute at a distance of 1 m from the
target of the X-ray tube which would be transmitted through
barriers of various thicknesses. The ordinate of the figures,
given the symbol K, is the transmitted exposure per milli-
ampere-minute at a reference distance of 1 m. The abscissa
is the thickness of absorbing material required to give the
desired value of K. Families of curves are shown for various
kilovoltages and absorbing materials. In order to calculate
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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 kilo-
voltage curve for the barrier material which is to be used.
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Frovre 3. Attenuation in lead of X-rays produced by polentials of
50- to 200-kv peak.

The measurements were made with a 90° angle between the eleetron beam and the axis of

the X-ray beam and with a pulsed waveform. The curvesat 50 and 70 kvp were obtained by

interpolation and extrapolation of available data (Braestrap, 1944). The Sltrations were 0.5
mm of aluminum for 50, 70, 100, and 125 kvp, and 3 mn of aluminum for 150 snd 200 kyp.
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T'icure 4. Alfenuation in concrete of X-rays produced by potentials of
50 1o 400 ko,

The measitrenments were made with a %07 angle between the clectron heam and the axis of
the X-ray beam. The curves for 50 to 300 kvp are for 2 pulsed waveform. The filtrations
were 1 mm of aluminomm for 70 kvp, 2 mm of alumbmon for 100 kvp, and 3 mm of aluminum
for 125 to 300 kvp (Trout et al., 1955 and 1959), The 400-kvep curve was interpolated from
data obtained with a constant putentinl genorator and inherent filtration of approximately 3
mm of copper {Miller and Kennedy, 18535,
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Frouvre 5. Altenuation in lead of X-rays produced by polentials of 250
to 400 kv,

The measurements were made with a 20° angle hetween the electron beam and the axis of
the X-ray bearn. 'The 250-kvp curve is for a pulsed waveform and a filtratlon of 3 mm of
aluminum (Bracstrup, 1944).  The 400-kvep curve was obtained with a constant potential
generator and inherent filtration of approximately 3 mun of vopper (Miller m;g Kennedy,
1955, The 300-kvp curve is for pulsed waveform and 3 mm of aluminum {Trout et al,
1958).
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Fravme 6. Attenuation in lead of X-rays produccd by pofentials of
500- to 3,000-ky vonstant potential.

The measurements were made with a 0° angle between the eloetron heam and the axis of
the X-ray beam and with s constant potential generator. The 500- and 1,000-kvep curves
were obtsined with fltration of 2.88 mm of tungsten, 2.8 mun of copper, 2.1 mm of brass, and
18.7 mun of water {W yckoff ¢t al., 1948}, The 2,000-kvop curve was obtained by extrapolating
10 broad-beam conditions (E. E. 8mith) the data of Evansetal., 1952, The inherent filtration
was equivalent to 6.8 myn of lead, The 3,000-kvep curve has been obtained by interpolation
of the 2,000-kvep curve given hercin, and the data of Miller and Kennedy, 1956.
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Froure 7. Aflenuation in concrele of X-rays produced by polentials of
500~ Lo 8,000-kv constant potential.

The measurements ware made with a 0° angle between the electron beam and the axis of
the X-ray beamn and with a constant potential generator. “'he 500~ and 1,000-kvep curves
were obtained with filtration of 2.8 mm of copper, 2.1 mm of brass, and 187 mm of water
{(Wyckotl et al, 1948), The 2,000-kvep curve was ebtained by extrapolating to broad-beam
conditions (E. E. Smith) the data of Kvans et al., 1952, The inherent filtration was equiva-
lent to 6.8 mm of lead, The 3,000-kvep curve has been obtained by interpolation of the
2,000-kvep curve given herein, and the data of Kirn and Kennedy, 1954,
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The value of K will depend first of all on the maximum
permissible 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 (1), occupancy factor (77, and
the distance (d) from the target to the area of interest. The
smaller the product of WIUT and the greater the distance,
the larger the permitted value of K. Larger WUT values
and shorter distances will result in smaller values for X,

The relation between these variables may be expressed by
the equation.

Pd?
K=o (1)

where

P=Maximum permissible dose
0.1 r/week for controlled areas
0.01 r/week for environs

d=distance in meters. (If distance in feet is used,
this becomes d/3.28

W=workload in ma-min/week. (This should, insofar
as possible, be averaged over a period of at least
several months and preferably a year.)

U=use factor. (Sce table 3 of Appendix A for
typical values.)

T=occupancy factor. (See table 2 of Appendix
A for suggested values.)

Example:

Find the primary protective barrier thickness necessary
to protect a controlled area 32.8 ft from the target of an
X-ray machine operating at a maximum energy of 100 kvp.
The wall in question has a use factor of 1/4, the workload 1s
estimated to average 1,000 ma-min/week, and the occupancy
factor of the arca to be protected is 1.

P =0.1r week
d =32.8/3.28—=10

W=1,000
U=1/4
T=1.
Therefore,
_0.1X100
1,000 1/a1 0 04
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Reference to figures 3 and 4 show that the required barrier
thickness is 114 1n. of concrete or 0.4-mm lead.

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 no
detailed attenuation data for these materials, but to a first
approximation, their conercte 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 thickness of the material in inches and divided by
2.35. When these materials are of higher atomic number
than concrete, this approximation temnds to undercstimate
the concrete equivalent (i.e., to lead to somewhat more
protection than is needed). Table 15 in Appendix A lists
some common building materials and the ranges of their
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 15 shows that this material has an average
density of 1.54, making a concrete cquivalent of 0.65 in.
already present. The remaining protection requircment of
0.85 in. of concrete is shown in table 12, Appendix A, to be
just slightly more than 1 hvl for 100 kvp highly filtered
radiation. Thus, the addition of ¢.3min of lead would amply
take care of the situation.

15. Computation of Secondary Protective Barriers

Again by definition, secondary protective barriers are
those exposed only to leakage and scattered radiation.
Obviously, the use factor for these radiations is always one.
Since these radiations may be of considerably different
qualities, their barrier requirements must be computed
separately. Furthermore, 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 type of tube
housing (diagnostic or therapeutic); (2) the operating poten-
tial of the tube; (3) the weekly operating time of the tube;
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(4) the distaunece from the tube to the occupied area; (5) the
nature and degree of occupaney; and (6) whether the avea in
question is a controlled arvea. The maximum amount of
leakage radiation allowed through a diagnostic type tube
housing is set at 0.1 r at 1 m in any 1 hr and that through
a therapeutic type housing at 1rat 1 m in any t hr. Thus,
the workload is measured only in terms of the average
number of hours of actual operating time per week. The
radintion by passage through the tube housing has already
attained a hvl which depends only on the tube potential.
Table 12 in Appendix A gives representative hvl thicknesses
for lead and conerete for various kilovoltages. Tables 13
and 14 give the number of hvl's necessary to reduce the
dose rate to the required degree for various weekly operating
times and various distances for both controlled areas an
environs. The required barrier thickness for leakage radia-
tion alone may be found simply by determining the number
of hvl’s necessary to reduce the dose rate to the permissible
level for the given distance and operating time and multi-
plying this number by the thickness of the hvl of lead or
concrete for the given kilovoltage. As mentioned before, if
building materials other than concrete are used, the necessary
thickeness may be computed on the basis of their concrete
equivalents.

Seattered 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 shiclding design certain simplifications can be
made. For X-.rays gencrated 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 cnergy 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 super-
voltage range, 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 the supervoltage range,
the 500 kvep transmission curve may be used in the caleu-
lation of the secondary barrier thickness. It has been shown
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that the amount of 90° secattered radiation is approximately
0.1 percent of that incident upon the scatterer. Thus,
a K value 1,000 times greater may be allowed for seattered
radiation than for that of the useful beam. However, the
exposure rate at a fixed distance inereases 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.

Equation (1) may, therefore, be used for the coniputation
of secondary barriers subject to the following nodifications:

(a) Forscattered radiation from useful beams generated at

500 kvp or below,

_1,000X PXd*

WT (Use curve for kv of useful beam).  (2)?

K

(b} For scattered radiation from useful beans generated at
1,000 kvep,

1,000 X PXd?

K=" S0 W {Use 500 kvep curve).,  (3)?

(c¢) For scattered radiation from useful beans generated at
2,000 kvep,

. 1,000 PXd? e .
1&——"7"'12‘6"""17?’1‘“"” (Use 500 kvep curve).  (4)
{d) For seattered radiation from uscful beams generated

at 3,000 kvep,

N I pis

K:’-?Q?%(f-{ﬁﬁ C (Use 500 kvep carvel, (5)°

If the barrier thickuesses for leakage and scattered radia-
tiops are found to be approximately the same, 1 hvl should
be added to the larger one to obtain the required total
secondary barrier thickness. If the two differ by a large
enough factor (this situation is assumed to exist if there is a
difference of at least 3 hvl’s), the thicker of the two will be
adequate.

210 a 50-em P8I is used divide X by 4.
31 g To-om KD is used divide K by 2.
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