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STATE OF WISCONSIN ) 
) ss. 

BOARD OF HEALTH ) 

TO ALL TO WHOM THESE PRESENTS SHALL COME, GREETINGS: 

I, E. H. Jorris, M.D., Executive Secretary of the State 
Board of Health, do hereby certify that the attached is a true 
copy of a joint order of the Industrial Commission and the State 
Board of Health adopting rules relating to Radiation Protection, 
filed the 8th day of December, 1965 in'my office and now on file 
therein. 

In witness whereof, I have hereunto set my hand and 
affixed the seal of the Board of Health of the State of Wisconsin 
at the city of Madis~n this 8th day of December, 1965. 

Seal 



ORDER OF THE STATE BOARD OF HEALTH 

ADOPTING RULES 

Pursuant to authority vested in the State Board of 
Health and the Industrial Comrnission by Chapter 227 and 
Section 140.53 (1) (a), Wis. Stats., the said agencies of the 
State of Wisconsin hereby adopt rules as follows: 

Chapter H 57 9f the WISCONSIN ADMINISTRATIVE CODE is 
adopted to read: 



H 57.01 

H 57.02 

H 57.03 
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Chapter H 57 

RADIATION PROTECTION CODE 

Public Policy 

Definitions 

Working Conditions 

Fluoroscopic Installations 

Radiographic Installations Other than Dental Intra-Oral and 

Veterinary Medicine 

Mobile Diagnostic Equipment 

Chest Photofluorographic Installations 

Dental Intra-Oral Radiographic Installations 

Therapeutic X-Ray Installations Operated at Potentials Above 60 KVP 

X-Ray Therapy Equipment Operated at Potentials of 60 KVP and Below 

Veterinary Medicine Radiographic Installations 

Industrial X-Ray and Radium Installations 

Sealed Radium Sources Used in the Healing Arts 

Nonindustrial Research and Training Installations 

Appendix A 

'AppendixB 

AppendixC 



H 57.01 Publ~S Polic~. Since ionizing radiations and their sources can 

be instrumental in the improvement of the health and welfare of the public 

if properly utilized, and may be destructive or detrimental to life or 

health if carelessly or excessively employed or may detrimentally affect 

the environment of the state if improperly utilized, it is hereby declared 

to be the public policy of this state to encourage the constructive uses 

'of radiation and to prohibit and prevent exposure to ionizing radiation 

in amounts which are or may be detrimental to health. The rules adopted 

in the interest of radiation safety, in general, conform to nationally 

accepted standards. 
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H 57.02 Definitions. (1) ABSORBED DOSE. Energy imparted to matter 

by ionizing particles per unit mass of irradiated material at the place 

of interest. The unit of absorbed dose is the rad. 

(2) ACTIVITY. The number of atoms decaying per unit of time. 

(3) ALUMINUM EQUIVALENT. The thickness of aluminum affording the 

same attenuation, under specified conditions, as the material in question. 

(4) ADDED FILTER. Filter added to the inherent filtration. 

(5) ATTENUATION. Decrease in exposure rate of radiation caused by 

passage through material. 

(6) BARRIER. See Protective Barrier. 

(7) BOARD. The State Board of Health. 

(8) BYPRODUCT MATERIAL. Any radioactive material (except special 

nuclear material) yielded in or made radioactive by exposure to the radi­

ation incident to the process of producing or utilizing special nuclear 

material. 

(9) COMMISSION. The Industrial Commission. 

(10) CONCRETE EQUIVALENT. The thickness of concrete based on a density 

of 2.35 grams per cubic centimeter (147 pounds per cubic foot) affording 

the same attenuation, under specified conditions, as the material in 

question. 

(11) 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). 

(12) CONTROLLED AREA. A defined area in which the occupational ex­

posure of personnel to radiation or to radioactive material is under the 

supervision of an individual in charge 'of radiation protection, (This 

implies that a controlled area is one that requires control of access, 
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occupancy, and working conditions for radiation protection purposes.) 

(13) CURIE (c). A unit of activity defined as the activity of a quantity 

of any radioactive nuclide in which the number of disintegrations per 

second is 3.700 x 1010 • 

(a) MILLICURIE is 1/1000 of a curie. 

(b) MICROCURIE is 1/1,000,000 of a curie, 

DEADMAN SWITCH. A switch so constructed that a circuit closing 

contact can only be maintained by continuous pressure by the operator, 

(15) DIAGNOSTIC-TYPE PROTECTIVE TUBE HOUSING, A shockproof x-ray 

tube housing so constructed that the leakage radiation at a distance of 

1 meter from the target cannot exceed 100 milliroentgens in 1 hour when 

the tube is operated at any of its specified ratings, 

(16) DOSE EQUIVALENT (DE). Dose equivalent is the product of absorbed 

dose D, quality factor (QF), dose distribution factor (DF), and other 

necessary modifying factors. (DE) = D (QF) (DF). Note: The term RBE 

dose has been used in the past, in both radiobiology and radiation pro­

tection. This term is now reserved for radiobiology only and is replaced 

by Dose Equivalent (DE) for radiation protection. 

(a) QUALITY FACTOR (QF). The linear-energy-transfer-dependent factor 

by which absorbed doses are to be multiplied to obtain for radiation pro­

tection purposes, a quantity that expresses on a common scale for all 

ionizing radiations, the irradiation incurred by exposed persons. 

(b) DOSE DISTRIBUTION FACTOR (DF). The factor used to express the 

modification of biological effect due to nonuniform distribution of in­

ternally deposited isotopes. 

(17) EXPOSURE DOSE, The exposure dose of X- or gamma radiation at 

a certain place is a measure of the radiation that is based upon its 

ability to produce ionization. The unit of exposure dose is the roentgen. 

(When the meaning is clear, this term may be shortened to "exposure",) 
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(18) EXPOSURE DOSE RATE (exposure rate, intensity). Exposure dose 

per unit time. 

(19) FILM BADGE. A pack of appropriate photographic film and filters 

used to determine radiation exposure. 

(20) FILTER. Material placed in the useful beam to absorb preferen­

tially the less penetrating radiations. 

(21) FSD. Distance from focal spot to skin surface of patient. 

(22) HALF-VALUE LAYER (hvl). Thickness of an absorber required to 

reduce a beam of radiation to one-half its incident exposure dose rate. 

(23) HIGH RADIATION AREA. Any area, aocessible to individuals, in 

which there exists radiation at such levels that a major portion of the 

body could receive in anyone hour a dose in excess of 100 millirems. 

(24) INHERENT FILTRATION. Filtration in the useful beam due to the 

window of the x-ray tube and any permanent tube enclosure. 

(25) INTERLOCK. A device for precluding access to an area of radia­

tion hazard either by preventing entry or by automatically removing the 

hazard. 

(26) KILOVOLTS CONSTANT POTENTIAL (kvcp). The potential in kilovolts 

of a constant potential generator. 

(27) KILOVOLTS PEAK (kvp). The crest value in kilovolts of the po­

tential of a pulsating potential generator. When only one-half of the 

wave is used, the value refers to the useful half of the wave. 

(28) LEAD EQUIVALENT. The thickness of lead affording the same atten­

uation, under specified conditions, as the material in question. 

(29) LEAKAGE RADIATION. See Radiation. 

(30) MAXIMUM PERMISSIBLE DOSE (MPD). The maximum dose that the body 

of a person or specific parts thereof shall be permitted to receive in 

a stated period of time. See Table 1, Appendix A. 
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(31) MILLIRAD. One-thousandth of a rad. 

(32) MILLIREM. One-thousandth of a rem, 

(33) MILLIROENTGEN (mr). One-thousandth of a roentgen. 

(34) MONITORING. Periodic or continuous determination of the expo­

sure rate in an area (area monitoring) or the exposure received by a 

person (personnel monitoring). 

(35) NUCLEAR FACILITY. Any reactor plant, any equipment or device 

used for the separation of the isotopes of uranium or plutonium, the 

processing or utilizing of radioactive material or handling, processing 

or packaging waste; any-premise, structure, excavation or place of storage 

or disposition of waste or by-product material; or any equipment used for 

or in connection with the transportation of such material. 

(36) OCCUPANCY FACTOR (T). The factor by which the workload should 

be multiplied to correct for the degree or type of occupancy of the area 

in question. See Table 7, Appendix A. 

(37) OCCUPIED AREA. An area that may be occupied by persons or 

radiation-sensitive materials. 

(38) OPERATOR. A person who operates x-ray equipment or equipment 

containing radioisotopes and/or handles sources of radioisotopes. 

(39) PERSON IN CONTROL. Person directly responsible for radiation 

protection competent to carry out the duties set forth in H 57.03(1). 

(40) PERSONNEL MONITORING EQUIPI~NT. Devices designed to be worn 

or carried by an individual for the purpose of measuring the dose received 

(e.g., film badges, pocket chambers, pocket dosimeters, film rings, etc.). 

(41) POClCET CHAMBER. A small condenser ionization chamber used for 

determining radiation exposure. 
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(42) POCKET DOSIMETER. A small ionization instrmnent which indicates 

radiation exposure directly. 

(43) PRIMARY PROTECTIVE BARRIER. See Protective Barrier. 

(44) PROTECTIVE BARRIER. Barrier of attenuating materials used to 

reduce radiation exposure. (a) PRIMARY PROTECTIVE BARRIER. Barrier 

sufficient to attenuate the useful beam to the required degree. 

(b) SECONDARY PROTECTIVE BARRIER. Barrier sufficient to attenuate 

stray radiation to the required degree. 

(45) RAD. Unit of absorbed dose. 1 rad is 100 ergs per gram, 

(46) RADIATION. Radiation or ionizing radiation as used in this 

code refers to electromagnetic radiations such as X-rays and gamma rays, 

or particulate radiations such as electrons or beta particles, protons, 

neutrons, alpha particles, usually of high energy, but in any case it 

includes all radiations capable of producing ions directly or indirectly 

in their passage through matter, (a) LEAKAGE RADIATION. The radiation 

which escapes through the protective shielding of an x-ray tube housing 

or radioisotope storage container. 

(b) SCATTERED RADIATION. Radiation that, during passage through matter, 

has been deviated in direction. 

(c) SECONDARY RADIATION. A form of scattered radiation emitted by 

any irradiated material. 

(d) STRAY RADIATION. Radiation not serving any useful purpose, 

(e) USEFUL BEAM, That part of the radiation "rhich passes through the 

window, aperture, cone, or other collimating device of the tube housing. 

(47) RADIATION AREA. Any area, accessible to individuals, in which 

there exists radiation at such levels that a major portion of the body 

could receive in anyone hour a dose ih excess of 5 millirems, or in any 
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5 consecutive days a dose in excess of 100 millirems. (Also see "High 

Radiation Area ll
.) 

(48) 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. 

(49) RADIATION INSTALLATION. Any location or facility where radiation 

machines are used or where radioactive material is produced, transported, 

stored, disposed of or used for any purpose. 

(50) RADIATION MACHINE. Any device that produces radiation when in 

use. 

(51) RADIOACTIVE MATERIAL. Includes any solid, liquid or gaseous 

substance which emits radiation spontaneously. 

(52) RADIATION SOURCE. A radiation machine or radioactive material 

as defined herein. 

(53) REM. The unit of dose equivalent (for diagnostic x-rays one rem 

is equivalent to one rad). 

(54) ROENTGEN (R). Unit of exposure of x- or gamma-radiation. One 

roentgen is an exposure of x-radiation or grumaa-radiation such that the 

associated corpuscular emission per 0.001293 g of air produces, in air, 

ions carrying 1 esu of quantity of electricity of either sign. 

(55) SCATTERED RADIATION. See Radiation. 

(56) SECONDARY PROTECTIVE BARRIER. See Protective Barrier. 

(57) SECONDARY RADIATION. See Radiation. 

(58) SHALL. Shall denotes that the ensuing recommendation is necessary 

or essential to meet the currently accepted standards of protection. 

(59) SHOULD. Should, is recommended, indicates advisory recommenda­

tions that are to be applied\when practicable. 
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(60) SHUTTER. A movable and controllable device, generally of lead, 

fixed to a radiation source, employed to intercept and collimate the useful 

beam. 

(61) SOURCE. Discrete amount of radioactive material or radiation 

producing equipment • 

.(62) STRAY RADIATION. See Radiation. 

(63) SURVEY. An evaluation of the radiation hazards incident to the 

production, use, release, disposal, or presence of sources of radiation 

under a specific set of conditions. When appropriate, such evaluation 

includes a physical survey of the location of materials and equipment, 

and measurements of levels of radiation or concentrations of radioactive 

material present. 

(64) THERAPEUTIC-TYPE PROTECTIVE TUBE HOUSING. A shockproof x-ray 

tube housing so constructed that the leakage radiation at a distance of 

1 meter from the target ca'nnot exceed 1 roentgen in 1 hour and at a dis­

tance of 5 centimeters from any point on the surface of the housing acces­

sible to the patient cannot exceed 30 roentgens in 1 hour when the tube 

is operated at any of its specified ratings. 

(65) TOTAL FILTRATION. The sum of the inherent and added filtration. 

(66) USE FACTOR (U). The fraction of the workload during which the 

useful beam is pointed in the direction under consideration. See Table 8, 

Appendix A. 

(67) USEFUL BEAM. See Radiation. 

(68) USER. A person, organization, or institution having administra­

tive control over one or more installations or mobile sources of radiation. 

(69) WORKLOAD (W). A measure in sui t!3.ble units of the amount of us e 

of radiation equipment. For the purpose of this standard the workload 

is expressed in milliampere-minutes per week for x-ray sources and roentgens 

per week at 100 centimeters from the source for gamma-ray sources, 

(70) X-RAY APPARATUS. Any device for the production of x-rays. 
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H 51.03 Working C~n~ition~_. (1) Person in Control. (a) There shall 

be a person in control of each radiation installa~ion responsible to the 

User for advising on the establishment of safe working conditions accord­

ing to current standards and for compliance with all pertinent sections 

of the state Radiation Protection Code, 

(b) The specific duties of the person in control shall include: 

1. Establishing and maintaining operational procedures so that the radi­

ation exposure of each 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. 

3. Assuring that personnel monitoring devices are used where indicated 

and that records are kept of the results of such monitoring. 

4. Conducting periodic radiation surveys where indicated and keeping 

records of such surveys, including descriptions of corrective measures. 

5. Investigating each case of excessive or abnormal exposure to deter­

mine the cause and taking steps to prevent its recurrence. 

6. Notification of Excessive or Abnormal Exposure. a. Immediate 

notification. The person in control or his substitute shall immediately 

notify the Wisconsin State Board of Health by telephone or telegraph of 

any incident involving registered sources of ionizing radiation possessed 

by him and which may have caused or threatens to cause exposure of the 

whole body of any individual t9 25 rems or more of radiation; exposure 

of the skin of the whole body of any individual to 150 rems or more of 

radiation; or exposure of the feet, ankles, hands or forearms of any 

individual to 315 rems or more of radiation. 

b. Twenty-four ~~otification.The person in control or his 
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substitute shall within 24 hours notify the Wisconsin State Board of 

Health by telephone or telegraph of any incident involving registered 

sources of ionizing radiation possessed by him and which may have caused 

or threatens to cause exposure of the whole body of any individual to 

5 rems or more of radiation; exposure of the skin of the whole body of 

any individual to 30 rems or more of radiation; or exposure of the feet, 

ankles, hands, or forearms to 75 rems or more of radiation. 

c. The person in control or his sUbstitute shall~ within thirty days, 

notify the Wisconsin State Board of Health in writing of the accumulative 

exposure of any employee when the exposure exceeds 1.25 rems per quarter. 

(2) General Safety Provisions. (a) It is the responsibility of the 

User to assure that all radiation sources under his jurisdiction are 

operated only by competent personnel. 

(b) The User shall be responsible for the instruction of personnel 

in safe operating procedures and in the nature of injuries resulting 

from overexposure to radiation. He shall promUlgate rules for ,forking 

safety, including any restrictions of the oPerating technique known to 

be necessary, 

(c) Every operator shall be familiar w-ith the safety rules and with 

the sections of this code applicable to his w·ork. 

(d) All persons entering a controlled area shall comply with all 

radiation safety instructions which concern or affect their conduct and 

shall use such safety devices as are furnished for their protection. 

(e) Under no circumstances shall a person be occupationally exposed 

to radiation in excess of the limits specified in Table 1, Appendix A. 

(3) Personnel Monitoring. (a) Each licensee or registrant shall 

supply appropriate personnel monitoring equipment to, and shall require 
) 
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the use of such equipment by: 1. Each individual vTho enters a restricted 

area under such circumstances that he receives, or is likely to receive, 

a dose in any calendar quarter in excess of 25 percent of the applicable 

value specified in Table 1, Appendix A. 

2. Each individual under 18 years of age who enters a restricted area 

under such circumstances that he receives, or is likely to receive, a 

dose in any calendar quarter in excess of 5 percent of the applicable 

value specified in Table 1, Appendix A. 

3. Each individual who enters a high radiation area. 

(b) Each licensee or registrant shall maintain records showing the 

radiation exposure of all individuals for who~ personnel monitoring is 

required under this Section. Such records shall be kept on Form RAD-A 

of the Wisconsin State Board of Health in accordance with the instructions 

contained in that form, or on an approved form containing all the infor­

mation required by Form RAD-A. See Appendix C. The doses entered on 

the forms or records shall be for periods of time not exceeding one cal­

endar quarter. 

(c) Records of individual radiation exposure which must be maintained 

pursuant to the provisions of this section shall be. preserved permanently 

as provided for in Section 102.17(4) of the Wisconsin Statutes. Records 

which must be maintained pursuant to this .Section may be maintained in 

the form of microfilms. 

(d) Photographic reproductions of all records required under this 

Section shall be transferred to the Wisconsin State Board of Health 

immediately in the event of the termination of the licensee's or regis­

trant's b~siness operations and at such other times as the Wisconsin 

State'Board of Health may direct. 
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H 57.04 !luoroscopic l~~a~latio~. (1) Equipment. (a) The tube 

housing shall be shockproof and of diagnostic type. 

(b) The target-to-panel or target-to-table top distance of equipment 

installed before August 1, 1966 shall not be less than 12 inches, and 

shall not be less than 18 inches in equipment installed (or re-installed) 

thereafter. (See Table 16, Appendix A) 

(c) The total filtration permanently in the useful beam shall not be 

less than 2.5 millimeters aluminum equivalent. This requirement may be 

assumed to have been met if the half-value layer is not less than 2.5 

millimeters aluminum at normal operating voltages. (See Table 16, 

Appendix A) 

(d) The equipment shall be so constructed that the entire cross sec­

tion of the useful beam is attenuated by a primary barrier. This barrier 

is usually the viewing device, either a conventional fluoroscopic screen 

or an image intensification mechanism. 1. a. For equipment installed 

before August 1, 1966, the required lead equivalent of the ba:c:c-ier shall 

not be less than 1.5 millimeters for 100 kvp, shall not be less than 1.8 

millimeters for 125 kvp, or shall not be less than 2.0 millimeters for 

150 kvp. 

b. For equipment installed (or re-installed) after August 1, 1966, 

the required lead equivalent of the barrier shall not be less than 2.0 

millimeters for 100 kvp, shall not be less than 2.4 millimeters for 125 

kvp, or shall not be less than 2.7 millimeters for 150 kvp. 

c. Insofar as related to the provisions of paragraphs i. a and 1. b 

of this subsection, for conventional fluoroscopes these requirements may 

be assumed to have been met if the exposure dose rate measured at the 

viewing surface of the fluorescent screen does not exceed 50 milliroentgens 
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per· hour yTi th the screen in the primary beam of the fluoroscope yTi thout 

a patient, under normal operating conditions. 

d. Special attention must be paid to the shielding of image intensi­

fiers so that neither the useful beam nor scattered radiation from the 

intensifier itself can produce a radiation hazard to the operator or 

other personnel. 

2. Collimators shall be provided to restrict the size of the useful 

beam to less than the area of the barrier. For conventional fluoroscopes 

this requirement is met if, w'hen 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. Where image 

intensifiers are used, a protective shield shall be provided so that the 

useful beam does not produce a radiation hazard. 

3. The tube mounting and the barrier shall be so linked together that, 

under conditions of normal use, the barrier always intercepts the useful 

beam. This excludes the use of hand-held fluoroscopic screens. 

4. Collimators and adjustable diaphragms or shutters to restrict the 

size of the useful beam shall provide a minimum of 2.0 millimeters lead­

equivalent protection for 100 kvp, 2.4 millimeters for 125 kvp or 2.7 

millimeters for 150 kvp. 

(e) The exposure switch shall be of the deadman type. 

(f) A manual-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 reaches a pre-determined limit in one or a series 

of exposures. The timing device should have a maximum range of 5 minutes. 

(g) For routine fluoroscopy ~ the expos ur' e rate measured at the panel 
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or table top should be as low as practicable and shall not exceed 10 

roentgens per minute. 

(h) A shield of 0.25 rom lead equivalent between the patient and the 

fluoroscopist is recommended but shall not substitute for the wearing 

of a protective leaded apron. 

(i) A device for covering the Bucky slot during fluoroscopy should 

be provided. The thickness of material used should provide protection 

equivalent to at least 0.25 rom lead. 

(2) Structural Shielding. Ordinarily, only secondary barriers are 

necessary. Table 1, Appendix B shows the barrier requirements for busy 

fluoroscopic installations. Combined flucroscopic-radiographic instal­

lations are governed by the requirements for radiographic units. (See 

Section H 57.05) 

(3) Operating Procedures. (a) Fluoroscopic equipment shall be 

operated only by properly trained persons authorized by the person in 

control of the installation. 

(b) Attention should be given to reducing the light intensity in the 

room and the eyes 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 necessary but should not be considered to elim­

inate the need for it. 

(c) The radiation dose to the patient should be kept to the minimura 

consistent with clinical requirement. 1. To this end, the fluoroscopist 

should take advantage of the dose reducing possibilities presented by 

high kilovoltage, low milliamperage, field reducing shutters, and rapid 

observation. (See Tables 15 and +6, Appendix A) 

2. \fuen properly used, image intensifiers may significantly reduce 
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both observation time and exposure rate, but they do not inherently accomp­

lish this. Special precautions are necessary when cineradiographic tech­

niques 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. It is recommended that, whenever possible, fluoroscopy 

of the abdominal region of fertile ,wmen should be carried out only during 

the first ten days of the regular menstrual cycle. 

(d) Unless measurements indicate othervTise, protective aprons of at 

least 0.25 millimeter lead equivalent shall be "Torn by all persons in 

the fluoroscopic room, except the patient. The apron of the fluoroscopist 

shall be at least 0.5 millimeter lead equivalent. 

(e) Unless measurements indicate otherwise, protective gloves of at 

least 0.25 millimeter lead equivalent and preferably 0.5 millimete'r lead 

equivalent shall be worn by the fluoroscopist during every examination. 

(f) The hand of the fluoroscopist shall not be placed in the useful 

beam unless the beam is attenuated by the patient and a protective glove. 

(g) Only persons needed in the fluoroscopic room shall be there during 

fluoroscopy. 
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H 57.05 Radiographic Installations Other Than Dental Intra-Oral and ---_-..-.--.....- ------,,.....- -~-- ~- ----- - ........ ----- -
~eterinarY:. ~diciE.e: (1) Eq,.uipment. (a) The tube housing shall be 

shockproof and of diagnostic type. 

(b) Diaphragms or cones capable of restricting the beam to the area 

of clinical interest shall be provided ivithin 6 months of the effective 

date of this code for collimating the useful beam and shall provide the 

same degree of protection as is req,.uired of the housing. 

(c) Except when contraindicated for a particular medical purpose, 

for eq,.uipment capable of operating above 70 kvp, the total filtration 

permanently in the useful beam shall be eq,.uivalent to at least 2.5 mm 

of aluminum. This req,.uirement may be assumed to have been met if the 

half-value-layer is not less than 2.5 ram almuinum at normal operating 

voltages. 

(d) An automatic device shall be provided to terminate the exposure 

after a preset time or exposure. 

(e) A deadman type of exposure s"dtch should be 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 shielding req,.uirement. 

(2) Structural Shielding. Table 2 in Appendix B gives the barrier 

thickness req,.uirements for busy radiographic installations. (a) All 

wall, floor, and ceiling areas exposed to the useful beam shall have pri-

mary barriers. Primary barriers in walls shall extend to a minimum height 

of 7 feet above the floor. 

(b) Secondary barriers shall be provided in all wall, floor, and ceil-

ing areas not having primary barriers or "There the primary barrier req,.uire-

ments are lower than the secondary barrier req,.uirements. 
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(c) Unless measurements indicate otherwise, the operator's station 

at the control shall be behind a protective barrier, either in a separate 

room, in a protected booth, or behind a shield vrhich i-Till intercept the 

useful beam and any radiation vThich has been scattered only once. 

( d) I f a barrier is required, a vlindml of lead-equivalent glas s equal 

to that required by the adj acent barrier 0(' a mirror or other vievTing 

system shall be provided large enough and so placed that the operator 

can see the patient without having to leave the protected area during 

exposure. 

(3) Operating Procedures. (a) No individual occupationally exposed 

to radiation shall be permitted to hold patients during exposures except 

during emergencies, nor shall any individual be regularly used for this 

service. 

(b) Only individuals required for the radiographic procedure shall 

be in the radiographic room during exposure; and~ except for the patient, 

no unprotected parts of their bodies shall be in the useful beam. All 

such persons, except the patient, shall be provided with protective aprons 

and gloves unless measurements indicate that these are not required. 

(c) The radiation exposure of the patient should be kept to the mini­

mum consistent vlith clinical requirements. The useful beam shall be re­

stricted to the area of clinical interest. (See Tables 2 and 15, Appendix A) 

(d) The gonads of children and persons '''ho have not passed the repro­

ductive age should be protected from the useful beam by the use of careful 

field collimation or special gonad shields vThen this .Till . not impair the 

value of the examination. 
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H 57 .06 ~_~ Q~~~_Y2.~.~i.£. Eguiym~n~~. (1) Equipment. (a) For mobile 

radiographic equipment, all provisions of Section H 57.05(1) apply except 

for H 57.05(1)(e). 

(b) Mobile fluoroscopic equipment shall meet the requirements of Section 

H 57.04(1) where applicable, except that 1. In the absence of a panel or 

table top, a cone or spacer frame shall limit the target-to-skin distance 

to not less than 12 inches. 

2. Image intensification shall al,,,ays be provided. Conventional fluor­

oscopic screens shall not be used. 

3. The rnachine shall not be operated when the collimating cone or 

diaphragm is not in place. 

4. A maximum permissible dose rate of 10 roentgens per minute shall 

be measured at the minimum target-to-skin distance. 

( c) The exposure control Sid tch shall be of the deadman type and shall 

be so arranged that the operator can stand at least 6 feet from the patient 

and well a,,,ay from the useful beam. 

(2) Structural Shielding. When a mobile unit is used routinely in one 

location, it shall be considered a fixed installation subject to the 

shielding requirements specified in H 57.05(2). 

(3) Operating Procedures. (a) For mobile radiographic equipment, 

all provisions of Section H 57.05(3) apply except for H 57.05(3)(b). 

(b) For mobile fluoroscopic equipment, all provisions of Section 

H 57.04(3) apply, 

(c) For mobile diagnostic radiographic units, the target-to-skin dis­

tance shall be not less than 12 inches. 

(d) The operator should stand as far as possible from the tube and 

patient and ,,,ell avlay from the useful beam during all exposures and should 

wear a protective leade~ apron. 

(e) Personnel Monitoring shall be required for all individuals oper­

ating mobile x-ray equipment. 

-20-



H 57.07 Chest Photofluorographic Installations. -- --.~ .... -~---'~ -.,------.---~-
Equipment. 

(a) All provisions of Section H 57.05(1) apply. 

(b) A collimator shall restrict the u8eful beam to the area of the 

photofluorographic screen. 

(2) Structural Shielding. All provisions of Section H 57.05(2) apply. 

(3) Operating Procedures. (a) All provisions of Section H 57 .05( 3) , 

apply. 

(b) All individuals except the patient being examined shall be in 

shielded positions during exposures. 

(c) Personnel monitoring shall be required for all individuals oper-

ating the equipment. 
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H 57.08 Dental Intra-Oral Radiographic Installations. 
~-- -~,-.....-........ - ------------- -.~"'----- ( 1) Equipment. 

(a) The tube housing shall be shockproof and of diagnostic type. 

(b) A cone or spacer frame shall provide a target-to-skin distance 

of not less than 7 inches ,vi th apparatus operating above 50 kvp or 4 inches 

vli th apparatus operating at 50 kvp or belml. 

(c) Diaphragms or cones shall be used for collimating the useful beam 

and shall provide the same degree of protection as the housing. The di-

ameter of the useful beam at the end of the cone or spacer frame shall 

not be more than 3 inches. 

(d) 1. For equipment operating up to 70 kvp, the total filtration 

permanently in the useful beam shall be equivalent to at least 1.5 rum of 

aluminum. This requirement may be assumed to have been met if the half-

value layer is not less than 1.5 mm aluminum at normal operating voltages. 

2. For equipment operating above 70 kvp ~ the total filtration perman-

ently in the useful beam shall be equivalent to at least 2.5 run of alurainwa. 

This requirement may be assumed to have been met if the half-value layer 

is not less than 2.5 rum alwninum at the normal operating voltages. 

(e) An automatic device shall be provided to terminate the exposure 

after a preset time or exposure. 

(f) The exposure contro;L switch shall be of the deadman type. 

(g) Each installation shall be provided with a protective barrier for 

the operator and/or assistant or shall be so arranged that the operator 

and/or assistant stands at least 6 feet from the patient's head and 'fell 

away from the useful beam. 

(2) Structural Shielding. (a) Rooms or areas containing dental 

x-ray machines shall be provided with primary barriers at all areas struck 

by the useful beam. NOTE: In many cases structural materials of "ralls 
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suffice as a protective barrier without addition of special shielding 

material. (See Tables 3 and 4~ Appendix B and Table 12, Appendix A) 

(b) In multiple installations~ consideration shall be given to the 

possible exposure from all sources. 

(3) Operating Procedures. (a) Neither the operator nor assistant 

shall be permitted to hold patients or films during exposure, nor shall 

any individual be regularly used for this service. 

(b) During each exposure, the operator and assistant shall stand be­

hind a protective barrier or at least 6 feet from the patient's head. 

Unless measurements indicate otherwise, a protective leaded apron shall 

be iyorn. 

(c) Only the patient shall be in the useful bema and should be provided 

with a protective leaded apron. 

(d) Neither the tube housing nor the pointer cone shall be hand-held 

during exposure. 

(e) Fluoroscopy shall not be used vlith dental examinations. 
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60 KVP. (1) Equipment. (a) The tube housing shall be shockproof and 

of therapeutic type. 

(b) Permanent diaphragms or cones used for collimating the useful 

bema shall afford the srune degree of protection as the tube housing, 

Adjustable or removable beam-defining diaphragras or cones shall transmit 

not more than 5 percent of the useful bema obtained at the maximwa kilo-

voltage and vlith maximum treatment filter. (See Table 17.~ Appendix A) 

(c) Filters shall be secured in place to prevent them from dropping 

out during treatment. The filter slot shell be so constructed that the 

radiation escaping through it does not exceed 1 roentgen per hour at 1 

meter, or, if the radiation from the slot is accessible to the patient, 

30 roentgens per hour at 5 centimeters from the external opening. 

(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 shov! the 

location of the focal spot. 

(e) Means shall be provided to immobilize the tube housing during 

stationary portal treatment. 

(f) A timer shall be provided to terminate the exposure after a preset 

time regardless of '<That other exposure limiting devices are present. 

(g) A bema monitoring device fixed in the useful bema is recommended 

to indicate any error due to incorrect filter, milliamperage, or kilo-

voltage, unless it introduces more filtration than is clinically acceptable. 

(h) Equipment utilizing shutters to co.ntrol the useful beam shall have 

a shutter position indicator on the control. 

(i) There shall be on the control panel an easily discernible indi-

cator which I'Till give positive information as to whether or not the x-ray 

tube is energized. 
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(j)1ead rubber, lead foil, etc., used for limiting the field, should 

transmit not more than 5 percent of the useful beam. (See Table 17, 

Appendix A) 

(2) Structural Shielding. ( a) An 1m LL, floor, and ceiling areas, 

plus a border of one foot, that '-Till be st ruck by the useful beam) shall 

be provided with primary protective barriers. 

(b) All wall, floor and ceiling areas that cannot be struck by the 

useful beam, because of restrictions in the orientation of the useful 

beam, shall be provided ",ith secondary barriers. (See Tables 5, 6, 7, 

8, 9, 10, 11, and 12, Appendix B). See appropriate tables in National 

Bureau of Standards Handbook 55 issued Feb:cuary 26, 1954, for barrier 

requirements involved in voltages up to 100,000,000 electron volts. 

Handbook 55 may be obtained from the Superintendent of Docmaents, U. S. 

Government Printing Office, Washington, D. C., 20Lf02. Copies a:ce also 

on file in the office of the State Board of Health, the Secretary of 

State and the Revisor of Statutes. 

(c) With equipment operating above 125 kvp, the required barriers 

shall be an integral part of the building, 

(d) With equipment operating above 150 kvp, the control station shall 

be within a protective booth or outside the treatment room. 

(e) Interlocks shall be provided within 6 months of the effectiVe date 

of this code so that when any door of the treatment room is opened either 

the machine will shut off automatically OY the radiation level within 

the room '>fill be reduced to an average of not more than 2 milliroentgens 

per hour and a maximum of 10 milliroentgens per hour at a distance of 

1 meter in any direction from the target. After such shut-off or reduc­

tion in output, it shall be possible to restore tle machine to full oper­

ation only from the control panel. 
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(f) In the design of barriers for installations operating above 1,000 

kv, a maze , with the entrance door i'There it can be struck only by multiple­

scattered radiation, may be used to'reduce the barrier requirement for 

the door. 

(g) Provision for oral communication with the patient from the control 

room is desirable. 

(h) Windoi'ls? mirror systems, or closed-circuit television viewing 

screens used for observing the patient shall be so located that the oper­

ator may see the patient and the control panel from the same position. 

(3) Operating Procedures. (a) The;>erson in control of all new' 

installations shall make or cause to benade such surveys as may be neces­

sary for him to determine compliance \-Tit.a these regulations prior to 

use. Existing installations not surveyed since January 1, 1965 shall 

have such a survey. Such surveys shall also be done after any change 

in the installation ,"hich might increase the radiation haz;:,rd. The person 

in control shall in all cases within a reasonable time report the findings, 

of the survey in l"ri ting to the User and to the Wisconsin State Board of 

Health. The Wisconsin State Board of Health will cooperate and assist 

in complying vlith this section. 

(b) The installation shall be operated in compliance with any limita­

tions indicated by the protection survey. 

(c) No individual, vTho works i'Tith radiation, unless he is the patient, 

shall be in the treatment room during exposure unless it is clinically 

necessary. If an individual is required to be in the treatment x'oom i-rl th 

the patient during exposure, he shall be protected as much as possible 

~rom scattered radiation, by wearing radiation protection apparel and 

shall not be in the useful beam. 
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H 57.10 X-R8:i[ !~er?:12Z. Eg~"pmen!. 2PeJ:a~ed at Poten~ials ~f. §.Q. EVJ? an.9.: 

BelOl·l. (1) Equipment;, (a) All provisions of Section H 57.09(1) apply 

for equipment used for IIcontact therapy", except under H 57.09(1)(a), the 

leakage radiation at the surface of the tube housing shall not exceed 

0.1 roentgen per hour. 

(b) Automatic timers shall be provided ,.,hich vTill permit accurate 

presetting and determination of exposures as short as one second. 

(2) Operating Procedures. (a) In the therapeutic application of 

apparatus constructed vlith beryllium or other ImT-filtration '\·Tindows the 

registrant shall insure that the unfiltered radiation reaches only the 

part intended and that the useful beam is blocked at all times except ,.,hen 
I 

actually being used. 

I (b) Machines having an output of more than 1,000 roentgens per minute 

at any accessible place shall not be left unattended vTithout the power 

being shut off at the primary disconnecting device. 

(c) If the tube is hand-held during irradiation, the operator shall 

wear protective leaded gloves and leaded aprons. 
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H 57.n ~rin~L;y':' M~d~9J~~ B.adio~I.~~J:~ Ins!.EL~la~GioEs. (1) Equipment. 

(a) The tube housing shall be shockproof and of diagnostic type. 

(b) Diaphragms or cones shall be provided for collima~ing the useful 

beam to the area of clinical interest and shall provide the sruae degree 

of protection as is required of the housing. 

(c) Except '-Then contraindicated for a particular radiographic purpose 

the total filtration permanently in the useful beam shall not be less 

than 1. 5 millimeters almninum-equi valent for equipment operating up to 

70 lwp and 2,5 millimeters aluminum-equivalent for machines operated in 

excess of 70 kvp. 

(d) A device shall be provided to terminate the exposure after a pre-

set time or exposure. 

(e) A deadman type of exposure s\-Ti tch shall be provided, together 

vli th an electrical cord of sufficient length so that the operator can 

stand out of the useful beam and at least 6 feet from the animal during 

all x-ray exposures, 

(2) Structural Shielding. All Hall:; c :dUng ~ and floor areas shall 

be equivalent to or provided with applicable protective barriers as re­

quired in Section H 57.05(2). 

(3) Operating Procedures. (a) The operator shall stand vlell avray 

~rom the tube housing and the animal during radiographic eXpOSLITes. The 

operator shall not stand in the useful beam. If film must be held, it 

shall be held by individuals not occupationally exposed to radiation. 

Hand-held fluoroscopic screens shall not be used, The tube housing shall 

not be held by the operator. No individuals other than the operator shall 

be in the x-ray room "'hile exposures are being made unless such person's 

assistance is required. 
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(b) Unless measurements indicate othe:nrise, in any application in 

vlhich the operator is not located behind a protective barrier ~ clothing 
'. 

consisting of a protective apron having a lead-eCJ.uivalent of not less than 

0.5 millimeter shall be Horn by the operator and any othe:c individuals 

in the room during exposu:ces, 

(c) No individuals shall be regula:cly employed to hold or support 

animals during :cadiation exposures. Operating personnel shall not per-

fO:CIll this se:cvice except in cases in vlhich no othe:c method is available. 

(d) Any individual holding or supporting an animal o:c the film du:cing 

:cadiation exposure shall wea:c p:cotective gloves and apron having a lead-

eCJ.uivalent of not less than 0.5 millimeter. 
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H 57 .12 lp$!-ustr~!.l.. X-Ra;x:. ~~ I~$!-.12.~.!,!."j.a~, B:~~ Install.2:.ti.C?~. Indus­

trial x-ray installations shall be clasE:ified as either Class A, Class B, 

Class C or Class D. This section includes radium and its decay products 

and appropriate requirements under each installation class shall be applied. 

Class A permits unlimited use at maximum capacity as specified by the 

registrant at the time of registration. Class B permits unlimited use 

under limited operating conditions as specified by the registrant at the 

time of registration. Class C permits limited use under conditions 

specified by the registrant at the time of registration. Class D permits 

limited use and tempo~ary operation, including portable or mobile indus~ 

trial x-ray installations. 

(1) Class A Installation Requirements and Operating and Emergency 

Procedures. (a) Enclosure. The x-ray source and the objects exposed 

thereto must be contained within a permanent enclosure. 1. The enclosure 

shall be constructed: a. So that the primary and secondary x-rays are 

attenuated to a dose rate as measured in air at any accessible external 

point not to exceed 2 milliroentgens per hour when the x-ray beam is ad­

justed to give maximum dose rate with the x-ray generator running at 

maximum operating conditions and the x-ray tube placed in the shortest 

"tube to wall" radiographically usable position. Mechanical or electrical 

limi ters may be placed on the x-ray apparatus to restri.ct the movement 

of the beam to an area which will result in a dose rate not in excess of 

2 milliroentgens per hour measured in air at any accessible point. 

b. With reliable interlocks which will either prevent opening of the 

enclosure while the x-ray generator is in operation or 'fill terminate 

the generation of x-rays should the enclosure be opened. 

c. So that persons may at all times be able to escape from within 

the·enclosure. 
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d. With visible and/or audible signals w'ithin the enclosure "Thich are 

actuated a minimum of 5 seconds prior to the generation of x-rays. 

e. So that if the ceiling barrier does not attenuate the dose rate 

as set forth in sUbsection a. above, a posljed barrier, such as a fence, 

shall be used to restrict access to the area having excessive dose rate. 

2. No person is permitted to remain "Tithin the enclosure while the 

x-ray generator is in operation. 

3. No x-ray apparatus or other radiographic sources shall be left 

unattended without locking the apparatus itself, or the room or building 

in some manner which will prevent its use by unauthorized persons. 

4. All protective enclosures and equipment shall be kept in good repair. 

(b) Operating and Emergency Procedures. Such procedures shall be a 

part of each unit and shall include the follmving: 1. Procedures for 

the handling and use of radium sources and radiographic exposure devices 

such that no person is likely to be exposed to radiation doses in excess 

of the limits specified in Table l~ Appendix A. 

2. The procedure for notif,ring the Wisconsin State Board of Health 

and emergency agencies in event of accident or fire. 

3. Procedure for minimizing exposure to persons in the event of an 

accident. 

4. Methods and occasions for radiation surveys. 

5. Security procedures during each radiographic operation. Either 

the radiographer or the radiographer's assistant shall maintain direct 

vigilance of the operation to protect against unauthorized entry into high 

radiation area. 

6. The person in control shall make or cause to be made such surveys 

as may be necessary for him to determine compliance with these regulations. 
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RecordS shall be kept of each survey for inspection by the Wisconsin 

State Board of Health. 

7. Loss of any radium source must be reported to the Wisconsin State 

Board of Health w·ithin 24 hours of the discovery of the loss. 

(2) Class B Installation Requirements and Operating and Emergency 

Procedures. (a) All provisions of H 57 .l;~( 1) apply vThen the x-ray 

source is operated under maximum nonaal operating conditions as specified 

by the registrant at the time of registration. 

(b) The controls for the kilovoltage and milliamperage shall be limited 

by mechanical or electrical means so as not to exceed the maximum normal 

operating conditions as specified by the registrant at the time of regis­

tration. 

(3) Class C Installation Requirements and Operating and Emergency 

Procedures. (a) All provisions of H 57,12(1) apply except that a dose 

rate of 50 milliroentgens per hour at accessible external points is 

allovlable. 

(b) The number of hours per week for permissible operation shall be 

established for the x-ray generator by the Wisconsin State Board of Health. 

(c) Warning signs shall be posted in those areas outside the protective 

barriers in which the dose rate in air at any accessible external point 

exceeds 2 milliroentgens per hour with the generator operating at its 

maximum rated capacity and the x-ray beam adjusted to give its maximum 

dose rate and the x-ray tube placed in the shortest "tube to wall" usable 

and/or limited radiographic position. A visible and/or audible signal 

shall be provided within the posted area ,"hich shall be actuated during 

the generation of x-rays. 

(d) Film badges or other permanent l'ecorciing instruments shall be 

provided and required to be worn continuously by persons in the posted 

area. 
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( 4) Class D Installation Requirements and Operating and Emergency 

Procedures. (a) An x-ray installation not meeting the conditions and 

specifications as described as Class A, Class B, or Class C may be operated 

for a period not to exceed 30 days. When it is impractical or "Then an 

undue and unnecessary hardship is involved~ such period may be extended 

by the Wisconsin State Board of Health. In either case, such infltalla.­

tion and operation of such installation, before use, must be approved 

by the Wisconsin State Board of Health and shall be classified as a 

Class D installation. 

(b) No x-ray apparatus or other radiographic sources shall be left 

unattended without locking the apparatus itself, or the room or building 

in some manner which will prevent its use by unauthorized persons, 

(c) To exclude all unauthorized person:" all such installations shall 

have the radiation area in excess of 5 rllilliroentgens per hour posted 

and barricaded by a fence, rope, or other :mi table personnel barriers 

erected outside the 5 milliroentgens per hour contour line. 

(d) Film badges or other permanent recording instruments shall be 

provided and required to be properly used on a continual basis for per­

sonnel in the posted area and such other personnel "Tho might be specified 

by the Wisconsin State Board of Health. 

(e) A calibrated and operable survey instrUment shall be assigned for 

each installation. Such instrument shall have a range such that 2 mil­

liroentgens per hour through 1 roentgen per hour can be measured, 

(f) Registration. 1. The initial registration shall be in the posses­

sion of the Wisconsin State Board of Health prior to the approval of a 

radiographic source. 

2. If the unit has been previously'registered, notification of a 
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change in ,.;ork address must be in the possession of the Wisconsin State 

Board of Health prior to the approval of the source at any address other 

than that indicated on the registration form. 

(g) All provisions of H 57.12(1)(b) apply. 

(5) Industrial Radium Installation Requirements and Operating and 

Emergency Procedures. Installations utilizing sealed radium sources, 

other than those covered under H 57.13~ shall meet all appropriate re-

quirements for radiological safety specified for x-ray installations of 

Class A, Class B, Class C, or Class D, whichever may be applicable. 

(a) 1. Except as otherwise specifically authorized by the vlisconsin 

State Board of Health, each registrant shall provide accountability of 

sealed sources and shall keep a permanent record of the issue and return 

of all se8~ed sources. 

2. When not in use, sealed sources shall be kept in a protective 

enclosure of such material and wall thickness as may be necessary to 

assure compliance with the provisions of Ta,ble 1, Appendix A. 

(b) If the source is permanently mounted in a housing ,dth a beam 

control device or extended from and retracted into a housing, this device 

shall be of positive design capable of acting in any position of the 

housing. It shall also be possible to move the source to a shielded 

position manually with a minimum risk of exposure in the event of the 

failure of the automatic mechanism. There shall be on the housing and 

on the control panel a warning device which plainly indicates whether 

the apparatus is "on" or "off". 

(c) If the apparatus is of a type in which the source is removed from 

the shield when in use, transfer shall be accomplished by a remote control 

mechanism. Transfer mechanisms shall be designed to minimize the 
I 
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possibility of damage to the source in transit. 

(d) Each radiographic exposure device shall be provided with a lock 

,.,ithin an enclosure provided with a lock designed to prevent unauthorized 

or accidental removal or exposure of a sealed source and shall be kept 

locked at all times except ,.,hen under the direct surveillance of author­

ized personnel. 

(e) Testing Sealed Sources for Leakage and Contamination. 1. The 

registrant shall provide for testing for leakage and contamination prior 

to initial use. All sealed sources shall be tested for leakage at least 

every twelve (12) months, unless othenlise specified by the Wisconsin 

State Board of Health. If'there is reason. to suspect that a sealed source 

might have been damaged, it shall be tested for leakage before further 

use, 

2. Leak tests shall be capable of detecting the presence of 0.005 

microcuries of contamination of radium and its decay products. Any test 

conducted pursuant to this Section vlhich reveals the presence of 0.005 

microcuries or more of removable contamination shall be considered evidence 

that the sealed source is leaking. The regist~ant shall immediately with­

dravl the source from use and shall cause it to be decontaminated and 

repaired or to be disposed of. 

(f) A radiation survey shall be made after each use to determine that 

the radium source has been returned to its. shielded position. Records 

shall be kept of each survey for inspection by the Wisconsin State Board 

of Health. 
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H 57.13 Sealed Radium Sources Used in the Healing Arts. (1) Account-
--~-- - ... ~~,- --_.- --,. ... ~ -,- -.- ---- ---

ability, Storage and Transit. (a) Except as otherwise specifically 

authorized by the Wisconsin State Board of Health, each registrant shall 

provide accountability of sealed sour~E's and shall keep a permanent record 

of the issue and return of all sealed sour:::es. 

(b) When not in use, sealed sources ani applicators containing sealed 

sources shall be kept in a protective enclosure of such material and wall 

thickness as may be necessary to assure compliance with the provisions 

of Table l? Appendix A. The registrant will demonstrate that the proposed 

methods of use are not likely to cause any individual to receive a dose 

in any calendar quarter in excess of limits specified in Table 1, Appendix A. 

(2) Testing Sealed Sources for Leakage and Contamination. (a) The 

registrant shall provide for testing for leakage and contamination prior 

to initial use. All sealed sources shall be tested for leakage at least 

every twelve (12) months unless otherwise specified by the Wisconsin 

State Board of Health. If there is reason to suspect that a sealed source 

might have been damaged, it shall be tested for leakage before further use. 

(b) Leak tests shall be capable of detecting the presence of 0,005 

microcuries of contamination of radium and its decay products, Any test 

conducted pursuant to this Section which reveals the presence of 0,005 

microcuries or more of removable contamination shall be considered evidence 

that the sealed source is leaking. The registrant shall immediately 

withdra~v the source from use and shall ca,lse it to be decontaminated and 

repaired or to be disposed of. 

(3) Operating and Emergency Procedures. Such procedures shall include 

the following: (a) Procedures for the handling and use of radium sources 

and radiographic exposure devices such that no person is likely to be 
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exposed to radiation doses in excess of the limits specified in Table 1, 

Appendix A. 

(b) Procedure for notifying the Wisconsin State Board of Health and 

emergency agencies in the event of accident or fire. 

(c) Procedure for minimizing exposure to persons in the event of an 

accident. 

(d) Methods and occasions for radiation surveys. 

(e) Security procedures. during each radiotherapeutic operation. 

Either the physician or his assistant shall maintain vigilance over the 

operation to protect against unauthorized entry into a radiation area, 

The patient's room shall be identified as a radiation area and all indi­

viduals entering the room should wear personnel monitoring devices, 

(f) Records shall be kept of each survey for inspection by the Wis-. 

consin State Board of Health. 

(g) Loss of any radium source must be reported to the Hisconsin State 

Board of Health within 24 hours of the discovery of the loss. 
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H 57 .14 !i.oE.i!:dustria~ B.~searc~ and Te~'l:,cE.inf£. }:nst&:!:.~a~~~. (1) Such 

installations shall be subject to applicable provisions of Sections 

H 57.04, H 57.05, H 57.06, H 57.09 and H 57.10. 
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Table 1 

Table 2 

Table 3 

Table 4 

APPENDIX A 

- Maximum Permissible Doses (Dose Equivalents) 

- Average Output of Diagnostic Equipment 

- Dental Unit Output 

- Distance Protection (in feet) Against Useful Beam in Controlled 

Areas 

Table 5 - Distance Protection (in feet) Against Useful Beam in Areas 

Outside of Controlled Areas (Environs) 

Table 6 - Shielding for Radiographic Fi~fis 

Table 7 - Occupancy Factors 

Table 8 - Use Factors for Primary Barriers 

Table 9 - Half-Value Layer 

Table 10 - Commercial Lead Sheets 

Table 11 - Densities of Commercial Building Materials 

Table 12 - Minimum Lead Equivalent, in Millimeters) of the Wall Sections 

Table 13 - Secondary Barrier Requirements for Leakage Radiation From 

Diagnostic Type Protective Tube Housings for Controlled Areas 

Table 14 - Secondary Barrier Requirements for Leakage Radiation From 

Therapeutic-Type Protective Tube Housings for Controlled Areas 

Table 15 - Effect of Tube Potential on Patient's Dose 

Table 16 - Effect of Voltage, Distance and Filtration on Air Exposure 

Rate at Panel of Fluoroscopes 

Table 17 - Thickness of Lead and Brass Required to Reduce Useful Beam to 

5 Percent 
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APPEWDIX A 

Table 1 

Maximum Permissible Dose so. (Dose EquivalentsL 

Average MaximlJIJl f-'IaximlJIll MaximUIll 
weekl;! 13-v7eek yearly accumu-

doseD, dose dose lated 
doseb 

Controlled areas -- Occupational Exposure remc remc remc remc 

vmole body> gonads, blood-forming organs, 
and lens of eye ___________ _ 0.1 3 5(N-18) 

Skin of vThole body __________ _ elO e30 

Hands and forearms, head, neck, feet, 
and ankles ______________ _ 25 75 

Environs -- Nonoccupational Exposure 

Any part of body ___________ _ 

Notes: 

N = Age in years and is greater than 18. 

a For design purposes only • 

. b vmen the previOUS occupational exposure histor-y of an individual is not definitely 
lmmm, it shall be assumed that he has already received the full dose permitted by the 
formula 5(N-18). 

Persons Ivho were exposed in accordance 'Id th . the former maximum permissible Iveekly dose 
of 0.3 rem and I'Tho have accumulated a dose higher than that perIJlitted by the formula 
shall'be restricted to a maximum yearly dose of 5 rem. 

c The dose in rems may be assumed to be equal to tihe exposure dose in roentgens. 

d Exposure of patients for medical and dental purposes is not included in the maximum 
permissible dose. 

e ' See Am. J. Roen. s4, 152(1960). 

f "mere an employee Y s accumulative exposure is partly due to radiation from isotopes 
and partly to radiation from x-ray units, the limits established in Table I, Appendix 
A \'Tould apply to the sum of the radiation exposures. 

g Occupationally exposed personnel should receive no more than 10 percent of the limits 
.in the above table when pregnant. 
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Table 2 

Average Ov.tput of' Diagnostic ~uiJlillellt 

-

TullO llo(outlul 

Target distance 50 kvp I CO kvp I 70 kvp / 80 kVjl I gO kvp 

r/lOO rna-soc 

In. em 
~~\ 30 1. R. 2.8 4.2 0.8 8.0 

40 0.8 1.3 1.8 2.5 3.4 
24 01 .4 0.7 1.1 1.4 1.0 
30 01 .2 .3 0.5 0.0 O. g 
61 137 .1 .1 .2 .3 .4 
72 183 .1 .1 .1 .2 .2 

Measured In nil' with total fillratlon equlYalent to 2.5 mm AI. 

Table 3 

Dental Unit Output 

KYp 

50 
70 
70 
00 
00 

FSD 

In. 
4 
8 

16 
8 

10 

-1.-1-

Total 
filM 

mmAI 
1. ii 
1. I) 
1.5 
2.5 
2.5 

r/ma­
min 

12 
8.3 
2.1 
8.1 
2.1 

/100 kyp /125 kvp 

9.8 15.2 
4.2 0.7 
2.3 3.8 
1.1 1.7 
0.5 0.7 
.3 .4 



Table 1: 

Distance Protection (in feet) against Us(~ful Beam. in Controlled kreas 

[For dCBlgn pnrpoRes only, the maxlmulll )l0rmisslhlo exposllro Is taken to he 100 !lll·/wk.] 

Kllovoltage 50 70 100 2W 

--------------

X·ray output (Ko) (r/ma· 0.05 0.1 0.4 2 
min at 1 JIl) 

WUT- Distance in fcet 

2 3 5 
4 5 7 
7 a 0 
8 7 10 

12 8 12 
15 9 13 
30 12 17 
50 15 22 
00 10 2·1 

125 22 33 
150 2·1 35 
200 27 38 
250 30 42 
bOO 40 55 
600' 42 58 
SOO 47 05 

1,000 50 70 
2,000 02 85 
2,500 G9 90 
4,000 75 102 

10,000 05 130 
40,000 125 180 

• W=workload in milliampere·minutes per week. 
U =uso faetor. 
T=occupuncy iactor. 

Table 5 

0 
13 
17 
19 
23 
25 
a5 
40! 
47 
02 
GO 
75 
80 

100 
107 
120 
130 
105 
175 
200 
250 
350 

Distance ~~otection in feet) Against 
Outside of Controlled kresB 

20 
28 
37 
40 
47 
li2 
GU 
R5 
02 
I~O 
130 
140 
lliS 
200 
210 
235 
2[,0 
310 
330 
370 
480 
640 

1,000 2,000 

--------
20 280 

flO 200 
70 270 

105 3~5 
115 3:,0 
130 415 
145 450 
100 flSO 
no G50 
2·10 700 
320 850 
3:J.' 8RO 
375 {lSO 
400 1,000 
[,00 1,160 
[;30 1,200 
570 1,275 
GOO 1,350 
720 1,WO 
7GO 1,575 
8:,0 J,700 

1,030 1,050 
1,300 2,350 

in kreas 

[For desIgn pnrposes only, the maxImum permIssible exposure Is tnken to be 10 mr/wk.] 

Kllovoltago 50 70 100 250 1,000 2,000 
---------------

X·ray output (Ko) (r/ma- 0.05 0.1 0.4 Z 20 280 
mlnst 1 m) 

WUTa Dlstauee In feei 

2 II 15 30 50 lGO 480 
4 15 20 38 77 220 500 
7 18 25 50 95 255 GDO 
8 20 27 52 100 270 720 

12 23 31 00 lJG 310 800 
15 25 35 65 127 3·10 850 
30 32 45 85 Hi5 430 1,000 
50 38 55 102 195 510 1,150 
GO 40 59 lJO 210 530 1,200 

125 53 78 140 265 670 1,400 
J50 56 84 150 280 700 1,450 
200 62 05 165 310 750 1. 550 
250 05 102 175 330 800 1, GOO 
500 85 130 220 400 010 1,800 
GOO 90 145 232 420 900 1,850 
800 100 150 250 400 1,050 1,920 

1,000 lJO 100 270 490 1,100 2, 000 
2,000 135 200 330 670 1,250 2,150 
2,bOO 145 210 3'J5 GOO 1,300 2,200 
4,000 165 2,10 375 650 1,100 2,300 

10,000 210 300 400 750 1,550 2,550 
40,000 280 390 &80 900 1,750 2,850 

• W=worklond In milliampere-minutes per week. 
U=nsc factor. ' 
T=oceupancy iactor. 
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Table 6 

Shielding for Radiograph:1..c FilIIlS 

(Indicated thicknesses required to reduce rsillation to 1 1iJ.r for a 'ITeekly ~ro!'kload of I
J

OOO 
rna-min at 100 kvp J l!-OO rna-min at 125 lwp J or 200 rna-min at 150 lwp) 

StOnlOO tlmo Typo of barrier 

1 hour •••••••••••••••••••• PrImary •••••••••••••••• 
1 day •••••••••••••••••••.• Primary •••••••.•••••••• 
1 week ••••••••••••••••••. Primary ••••••••••••••.• 
1 month •••••••••••••••••• Primary ••••••.••••••••• 

1 hour •••••••••••••••••••• Secondary ••••••••••••••• 
1 day ••••••••••••••••••••• Secondary ••••••••••••••. 
1 week •••••••••••••••••.• Secondary .•••••••••••••• 
1 month •••••••••••••••••• Secondary ••••••••••••••• 

7 n (2.13 m) 

Lead 

mm in. 
2.0 052 
2.7 %, 
3.4 ).3 
3.S 7:12 

0.3 
.0 ).5, 

1. ·1 H. 
1.0 H. 

Can· 
ereto • 

in. 
6.1 
8.0 
9.6 

10.0 

1.1 
2.0 
4.4 
5.7 

Dlstanco [rom tube to stored 111ms 

10 n (3.05 m) 

Lead 

mm In. 
1.8 H. 
2.5 ~3Z 
3.1 Iii 
3.6 i ~~2 

0.2 
····~5;· .7 

1.2 H. 
1.6 H. 

Can· 
creto '. 

In. 
5.4 
7.4 
8.0 

10.2 

0.6 
2.3 
3.7 
5.0 

14 n (4.26 m) 

Lead 

mm 
1.5 
2.2 
2.8 
3.3 

In. 
H. 
%2 
~3 
~3 

Can· 
creto to. 

in. 
4.8 
0.7 
8.2 
0.6 

20 ft (6.10 !Il) 

Lead 

mm 
1.3 
2.0 
2.6 
3.1 

Can· 
creto Il. 

In. in. 
),1. 4. 1 
%, 6.0 
%, 7.6 
~a 8.0 

.•.• 1i":5· •.•••....•.. i~;;· .... ii~ 3· ...•.....•... i~ i 
1. 0 ),5, 3.1 .7 ),5, 2.4 
1.4 H. 4.4 1.2 H. 3.7 

• Non:.-Concrotc thicl."Ilcsses approximate. 

Table "( 

Occ~pancy Factors 

For usc os a guide In planning shIelding when complete occupancy data are not avollablc. 
The maxImum permlosilJle dose levels slated In Addendulll to II W, April J5, J(I58, sum· 
morlzed In table I, are computed on the basis of the Integration 01 doses reeclved over a 
perIod o[ a yeM. There/ore, the degree of occupancy o[ an orca sbould be cOllsiderCll In 
terms o[ tho tImc whIch may bo spent iu that area by anyone person over n period o[ a ),(':'01'. 

Full occupancy (T=l) 

Coutrol space, officcs, nurses stations, corrIdors, and waiting space large enough to hold 
<lr~')ks, darkrooms, workrooms, shops, rcslrooms, and ]oungc rooms routillely used hy OCCll­
pationally exposed persounel, lIvIng quarters, children's plilY nreas, occupIed space in 
adjoIning buIldings. 

PartInl occupancy (T=H) 

CorrIdors too nnrrow (or deskR, utlllty rOOlJ)S, rest, and loungc rooms not uscd routIncly 
by occupationnlly cxposed personnel, words alHl patient's rooms, elevators usIng Ojlerntors, 
unattended parking lots, poticnt's dressing rOOIllS. 

OccasIonal occupancy (T=0o) 

Closcts too small [or [uture occupancy, toIlets not used rontlnely by occupationally 
exposed personnel, staIrways, automatic elevators, sIdewalks, strects. 

Table 8 

Use Factors for P-.rimary Barriers 

[For uso as guIdes in plannIng shIeldIng when cOnlpleto data are not available.) 

Floor .•..••••.•••••..•.......••.••••.•••••. 
Wnlls .•••..•.••................•..•..•.•••. 
Ceiling .••...•...•.....•..•.•.•.•..••.••... 

TIadiogcojlhiG Dental Therapeutic' 

1 
H 

H. 

• Use factors [or the wolls and ccillng may be much greater, or the usc [actor [or the (Joor 
smaller, when rotation therapy Is used. 
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Table 9 

Half-Value Layer 

(Approximate half-value layers obtained at high filtration for the indicated tube potentials 
under broad-beam conditions) 

AttenuatIng material 

00 kvp 
--

Lead (mm) •••••••••••• 0.05 
(;oncrctc iIn.) •••••••••• ' .2 
Concrete em) •••••• _ ••• .61 

70 kvp 100 kvp 
--

0.18 0.24 
.5 .7 

1.27 1.8 

hvl Cor vorlous tubc potentials 

125 kvp 100 kvp 200 kvp 200 kvp 300 kvp 
---------------

0.27 0.3 O. U 0.8 1.3 
.8 .0 1.0 1.1 1.2 

2.0 2.3 2.5 2,8 3.0 

Table 10' 

Cosmercial Lead Sheets 

Thiokness 

mm 
0.79 
1.00 
1.19 
1.'58 
1.98 
2.38 
3.17 
4.76 
6.35 
8.50 

10.1 
12.7 
16.9 
25.4 

Weight 

lb/sq It 
2 
272 
3 
4 
5 
6 
8 

12 
16 
20 
24 
30 
40 
60 

-----'--------. --.'~ 

Table 11 

400 kvcp 

---
2.2 
1.3 
3.3 

000 kvcp 

---
3.6 
1.4 
3.0 

Densities of Commercial Building Materials 

Material 1( Density range 

Brick. _ .• ________ • ____ _ 
Granite _______________ _ 
Limestone ____________ _ 
Marble ________________ _ 
Sand plaster __________ _ 
Sandstone _____________ _ 
Riliceous concrete _____ _ Tile _________ , __________ _ 

ulce 
1.6 t02.5 
2.60 to 2. 70 
1.87 to 2.69 
2.47 to 2.86 

1.90 to 2.69 
2.25 to 2. 40 
1.6 to 2.5 

Density of 
average 
sample 

olce 
1.0 
2.63 
2.30 
2.70 
1. 54 
2.20 
2.35 
1.;fl, 

NOTE.-Concrete and cinder blocks vary too much, 
to be listed. 
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8.0 12.0 15.0 
,1.8 2.45 2.95 
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Table 12 

MINIMUM LEAD EQUIVALENT, IN MILLIMETlmS, OF THE WALL SECTIONS 

Kilovolts (Peak) 

vlalll Section 70 80 90 100 

Eight-~nch cinder block with 7/8-inch thick Portland cement 
mort~ and 5/l6-inch thick 4 x 4-inch ceramic wall tile on 
both sides. 1.02 1.16 1.25 1.22 

Eight-inch cinder block with Portland cement mortar and 
5/16-inch thick 4 x 4-inch ceramic wall tiles on one 
side and 3/16-inch thick 1 x l-inch ceramic mosaic tile on 
the other. 1.13 1.23 1.35 1.28 

Eight-inch cinder block with 9/l6-inch barium mortar on both 
Sides, 5/l6-inch thick 4 x 4-incb ceramic wall tile on one 
side, and 3/16-inch thick 1 x l-inch ceramic mosaic tile 
on the other. 1.83 2.48 2.84 2.69 

Three-inch Gypsum Pyrobar with 7/8-inch thick Portland . 
. cement mortar and 5/16-inch thick 4 x 4-inch ceramic wall 

tile on both sides. 0.93 1.00 1.01 0.97 

Three-inch Gypsum Pyrobar with 7/8-inch thick Portland 
cement mortar on both sides. 0.76 0.78 0.83 0.82 

Two-inches of gypsum plaster on metal lath. 0.37 0.37 0.40 0.40 

Two 3/4~inch layers of gypsum plaster on metal lath with 
a 3 1/4-inch space between layers. 0.36 0.37 0.39 0.40 

Prefabricated steel wall consisting of two layers of 
2O-gauge (0.0375 inch) sheet steel and 3-inches of 
Fiberglas insulation. 0.33 0.32 0.32 0.31 
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Table 13 

Secondary BarTier Requirements for Leakage Radiaxion From 
D-Iagnostic-TY,()e f".cotective Tube Housings fOT Controlled Ax:ea.s 

(Add 3.3 hvl for ~nvirons) 

Operating t~me in hoU1'8 per week 

DIstance (rom I----r-:---'---'I----.------,r----
target In leet 2 Ii 10· Iii 2Ii I, 40 

Number 01 haU·value layers 

3 1.3 2.6 3.6 4.2 4.0 Ii. 6 4 0.6 1.8 2.8 3.4 4.1 4.8 5 --- .. -- .... _--- 1.2 2.1 2.7 3.5 4.1 6 --- .... _- .... _-- 0.6 1.6 2.2 2.0 3.6 7 - .. ---------- .2 1.2 1.8 2.5 3.2 8 
0 

---...... _----- -_ .. - .... _----- 0.8 1.3 2.1 2.8 
10 

---- .. _------ ------------ .4 1.0 1.7 2.4 

12 
- .. ------- .. - .. -----_ .. _---- .2 0.7 1.4 2.1 .... -- .... - .......... ........................ .. - ...... Oo .............. .3 0.0 1.0 

j 
.1 

Secondary Bar:der Requirements for Leakage Radiation From. 
Therapeutic-Type P".cotective Tube '}[ousings for Controlled Areas 

(Add 3.3 hvl for Environs) 

Operating time iu hours per week 

Distance Irom 

1 -I target in leet 2 5 10 15 25 40 

Number of balf·value layers 

3 4.6 5.9 6.9 7.5 8.2 8.0 
4 3.8 5.1 6.1 6. T 7.4 8.1 
5 3.2 4.5 5.5 6.1 6.8 7.4 
6 2.6 3.9 4.0 5.5 6.3 7.0 
7 2.2 3.5 4.5 5.1 5.8 6.5 
8 1.8 3.1 ~;l~ f;}r:i~1 !,»~:1 6.1 
9 1.5 2.8 !/"y "pi 5.8 

10 1.2 2.5 3.5 4.0 4.8 5 .. 5 
12 0.6 1.9 2.0 3.5 4.3 4.0 
15 .0 1.3 2.3 2.9 3.6 4.3 
20 ------------ 0.5 1.5 2.0 2.8 3.6 
30 ------------ ------- .. ---- 0.3 0.9 1.6 2.-3 

Table 15 

Effect of Tube Potential on Patient's Dose 

(Filter - 2 rnm. Al) 

Ratio 01 eutrnnce to exit dose 
Thickness 01 part 

60 kvp 75 kvp 100 kl'p 120 Jov!> HiD kvp 
---------1----1------------1----
10 em ••••.•••••••••.••••.... 
20 cm .•••.••••••.••.••...... 

85 
1.250 

30 
400 

]8 
1<0 

II 
00 

8 
30 

Doscd on chnrt by F. Wachsman, Fortschr RD.-Sli·., LX XV, 728 (1051); Drlt. J. Rndlol., 
SuPP. No. 0, 87 (1055). 
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Table 16 

Effect of Voltage, Distance and Filtl'ation on Air Ex:-[)osure Rate 
at Panel of Fluoroscopes 

l'otenilnl 
Tnrget· Equivalent aluminum filtration' 

Current to·skin 
distance 

Imm 2 nlIll 3 mIll 4 H1111 

I;vp Ina In. T{min r{min r{min r{lIlill 
80 3 12. 27.6 14.6 0.0 G.l 

16 17.0 1).3 L.8 3.0 
IS 12.1 0.0 4.0 2.7 

100 3 12 3S.5 22. 8 15.5 11. 2 
15 2-1.6 11.6 0.0 7.2 
IS 17.1 10.1 6.0 5.0 

120 3 12 65.0 33.1 22.7 16.S 
15 35.2 21. 2 J4.5 10.7 
IS 2·J.5 14.7 10.1 7.5 

• ]'lltratlon Includes thot o( tho toblo top nud tho tubo with Its Inherent nnd added I1l1er. 

Table. 17 

Thickness of Lead and Brass Req1..ured to Reduce Use:fv~ Beam. 
to 5 Percent 

Tubo potential hv! load DrUS3 

kvp mm mm mm 
60 1.2 Al 0.10 0.3 

100 1.0 AI .15 .8 
100 2. 0 Al .25 1.0 
100 3.0 Al .35 1.2 
140 0.5 Cu .7 4.0 
200 1.0 Cu 1.0 0.0 
UG 3.0 Cu 1.7 18.0 
300 1.0 Cu I 2.7 22.3 

Composltfon o( bruss used, 05 percent copper, 35 percent zlno (yellow brass). 
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APPENDIX B 

Table 1 - Secondary Barrier Requirements for Busy Fluoroscopic Installations 

Table 2 - Shielding Requirements for Busy Radiographic Installations 

Table 3 - Shielding Requirements for Dental Offices and Adjacent Areas 

for 70 KVP Operation 

Table 4 - Shielding Requirements for Dental Offices and Adjacent Areas 

for 100 KVP Operation 

Table 5 - Shielding Requirements for Busy 100 KVP Therapeutic Installations 

Table 6 - Shielding Requirements for Busy 150 KVP Therapeutic Installations 

Table 7 - Shielding Requirements for Busy 200 KVP Therapeutic Installations 

Table 8 - Shielding Requirements for Busy 250 KVP Therapeutic Installations 

Table 9 - Shielding Requirements for Busy 300 KVP Therapeutic Installations 

Table 10 - Shielding Requirements for Busy 1,000 KVCP Therapeutic Installations 

Table 11 - Shielding Requirements for Busy 2,000 KVCP Therapeutic Installations 

Table 12 - Shielding Requirements for Busy 3,000 KVCP Therapeutic Ins tallat ions 
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APPENDIX B 

Table 1 

Secondary Barrier Reqv~rements for BUBY Fluoroscopic Installations 

(W=2,OOO rna-min/m;;ek at 100 lev.!?, 800 rna-min/week a;;:; 125 lw.!?, or L~OO ma-minhleek at 150 ltvp.) 

Distance from tube to occuplcd arca 

For type of orca UT E it (1.52 m) 7 it (2.13 m) 10 n (3.05 m) 14 (t (4.20 m) 

Leud Concroto Leud Concreto Lead Conerete Lead Concrete 

mm in. psi' in. psi' mm in .. psi' in. psi' mm in. pis' in. psi' mm in. psi' in. psi' 
Controlled .••••• 1 0.7 ~~2 1.6 2.2 27 0.6 ~!b 1.4 2.0 25 0.4 _w ____ 0.9 1.4 17 0.2 ------ 0.5 0.8 10 

{ 1 H 
1. ·1 71. 3.3 4.6 56 1.2 Ho 2.8 3.S 17 1.0 ~2 2.3 3.2 3g 0.8 Hz I.g 2.8 31 

Environs •••••••• 1.0 ~z 2.3 3.2 30 0.8 ~!iz 1.9 2.8 34 0.7 732 1.6 2.2 27 .6 ------ 1.2 1.7 21 
H. 0.7 )..\2 1.6 2.2 27 .5 ------ 1.2 1.7 21 .3 ---.-. 0.7 1.1 13 .1 ------ 0.2 0.4 5 

• Pounds per squaro foot computed from millimeters of lend or Incbes of concrete end a concrete density of 2.35 g/cm! (147lb/ft!). 

Table 2 

Sh:lelding Requirements for Busy Radiographic Installations 

:W=l,OOO rna-min/week at 100 kvp, 400 ma-min/1,reek at 125 kvp, or 200 ma-rainhleek a~c 150 kvp.) 

Distance from tube to occupied area 

Type of b::mlor VT 5 it (l.52 m) 7 it (2.13 m) 10 (t (3.05 m) 14 it (4.26 m) 

Lead Concrete Lead Concrete Lend Concreto Lead Concrete 

For controlled 
arcas: mm in. psi' in. psi' mm in. psi' in. psi' mm in. pis' in. psi' mm in.G psi' in. psi' rH 

1.9 7\0 4.4 6.1 75 1.7 710 4.0 5.3 65 1.4 710 3.3 4.6 50 1.2 7\0 2.8 3.3 47 
PrimerY ••••• 1.4 7\0 3.3 4.6 50 1.2 710 2.8 3.S 47 1.0 ~2 2.3 3.2 39 0.8 ~z 1.9 2.8 34 

).10 1.0 Y.i2 2.3 3.2 39 0.8 ~z 1.9 2. S 3,1 0.7 Hz 1.6 2.2 27 .5 *~.-- - 1.2 1.7 21 
Secondary ••• 1 0.5 -- .. --- 1.2 1.7 21 .4 ------ 0.9 1.4 17 .2 ------ 0.5 0.8 10 0 ------ ------ 0 -----

For environs: 

r 2.7 :;~2 6.3 8.1 99 2.4 ~32 6.6 7.2 S8 2.2 ~"2 5.1 6.6 81 2.0 %2 4.7 0.2 76 
H 2.2 :;'~2 5.1 6.6 75 1.9 H. 4.4 6.1 75 1.7 ).10 4.0 5.3 65 1.5 ).10 3.6 5.0 01 

Primary ••••. 71. 1.7 ).10 ~.O 5.3 65 1.5 ).10 3.5 5.0 61 1.3 ).10 3.0 1.0 53 1.1 Y.iz 3.6 2. G 43 
~6{ 1.2 7\0 2.8 4.1 50 1.0 J.:lz 2.3 3.9 39 0.8 ~2 1.9 2.8 34 0.6 Y.iz 1.4 2.1 26 
Y.;s. O.S ~z 1.9 2.8 34 0.6 %2 1.4 2.8 25 .4 ------ 0.9 1.4 17 .2 ------ 0.5 0.8 10 

r 1.2 7\0 2.8 3.S 47 1.0 ~"2 2.3 3.2 39 .8 ~z 1.9 2.8 34 .6 Y.i2 1.4 2.1 2G 
Secondnry~ •• 7:l O.S Y.iz 1.9 2.8 34 0.6 ~!i2 1.1 2.0 25 .4 ------ 0.9 1.4 17 .2 ------ 0.5 0.8 10 

Ho .5 ------ 1.2 1.7 2S .3 ------ 0.7 1.1 13 .1 ------ .2 0.4 5 0 ------ ------ 0 -----
I 

• Pounds per square foot computed from mmimeters of lead or inches of concrete and a concrete density of 2.35 gm/om3 (147lbs./ft3). 



\Jl 

l-J"orl:load 

1,200 rna-see/wk. 

or 

12 - 2 second 
exposures/day at 
10 rna 

Table 3 
SI-ITELD I lijG FEQUIREl,1ENTS FOR DENTAL O.!:!'..!:'lCES AI\!l) ADJACEN""T AREAS F'OR 70 Kvl> OPEP\...A.TION 

(Lead ECluivale:t1"Gc Refer to Table 12; AJ?J?ena.ix A) 

Type of ilX'ea 
Distance Fr02l1 T"ube to Occupied Area to be 

Protectect Name of Barrier 3 feet 5 feet 7 feet 10 fee·t 

Controlled Wall 0.25 ram 0.15 mm. 0.1 m:m 0.05 l1Dl1 

Primary Floor or ceiling 0.1 0.05 0.0 0.0 

Controlled U all, floor or 
Secondary ceiling 0.05 0.0 0.0 0.0 

Uncontrolled Hall 0.55 004 003 0.25 
Pr-iw..m"Y Floor or ceiling 0.35 0.25 0.2 0.1 

Uncontrolleo. Wall, floor or 
Secondary ceiling 0.25 0.15 0.1 0.05 

14· feet 

0.0 1T2il. 

0.0 

O~O 

0.2 
0.05 

0.0 

0----------------------------------------------------------------
Cont,rollea. 'VIall 0.3 0.2 0.15 0.1 0.05 

Prima..ry Floor or ceiling 0.15 0.1 0.05 0.0 0.0 
2,500 rna-see/wk. 

Cont.rolle& "H"all, flom.' or 
or Second81"'Y ceiling 0.1 0.0 0.0 0.0 0.0 

25 - 2 secone. Uncontrolled lJall 0.7 0.5 0.4 0.3 0.25 
exposu.J.."es/de;:;,r at Primary Floor or ceiling 0.45 0.3 0.25 0.2 0.1 
10 rna 

Uncontrollecl lV-all, floor or 
Seconds.J..'Jr ceiling 0.3 0.2 0.15 0.1 0.05 

Controlleo. Wall OJ!· 0.3 0.2 0.15 0.1 
Pr~lmary Floor or ceiliD.g 0.25 0.15 0.1 0.05 0.0 

5,000 rna-see/uk. 
Cor{Grolled '\:lall, floor o:c 

or Secondar,f ceiling. 0.15 0.1 0.0 0.0 0.0 

50 - 2 second Uncontrolled "Jail 0.8 0.65 0·5 0.4 0.3 
eXJ}osu:r:es / Q8.y e:G PrimJ'lry Floor or ceiling 006 0 04 0.3 0.25 0.2 
10 IDa 

Uncontrolled Usli, floor or 
Secondary ceiling 0.4 0.3 0.2 0.15 0.1 



/ 

'Jl 
1-' 

Workloao. 

500 rna-sechTk. 

or 

10 - 1 second 
exposuresjaay 
a;'c 10 ma 

Table It-
SFll.l!..:LDTIm RCQ:FJ.BE:lvIE:i:ITS FOR DEN'.cJ.i..L OF'FICES ft.l'iID ADJACT:i\fT AB"Rlill FOR 100 KVP OPEPJ\.TION 

(Lea'l ECl1Jivalent~ Refer' to Table 12" Appendix A) 

Tj-pe of !tree. 
Distance From Tube to Occupied Pxea to be 

Pr-otected Name of Barr-ler 3 feet 5 feet 7 feet 10 feet 

ControLled vIall O)~ mm 0.2 rum 0.1 Iilil1 0.0 rum 
Pr:iIi1..8J..JT Floor or ceiling 0.15 0.05 0.0 0.0 

Controlled Viall, floor or 
Second.8.lJT ceiling 0.0 0.0 0.0 0.0 

Uncontrolled vIall 1.0 0.7 0.5 0.35 
Primary Floor or ceiling 0.65 0.35 0.25 0.15 

Uncontrolled 'Hall, floor or 
Secondary ceiling o .l!- 0.2 0.1 0.0 

14 feet 

0.0 mm 
0.0 

0.0 

0.25 
0.05 

0.0 

---------------~-------------------------------------------------
Controlled viall 0.55 0.35 0.2 o .J_ 0.0 

Pri.m8X-Y Floor or ceil:tng 0.25 0.1 0.0 0.0 0.0 
1,000 ma-secj-<.Tk. 

Controlled Hall, floor or 
or Second2:cy ceiling 0.1 0.0 0.0 0.0 0.0 

20 - 1 second Ullco:O:G:r-olled \vcu.l 1.2 0.9 0.7 0.5 0.35 
eX:jfO sure sjday Primar-y Floor or ceiling 0.8 0.5 0.35 0.25 0.15 
at 10 ma 

Uncontrollecl Hall, floor or 
Secondar-y ceiling 0.55 0.35 0.2 0.1 0.0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Controlled 'ViaLl Oc7 O.l!- 0.3 0.15 0.05 
PrimaJ.~j Floor or ceilj~g 0.35 0.15 0.1 0.0 0.0 

2,000 ma-sec/r:k. 
Controlled 'I")-all, floor or 

or Secondar-y ceiling 0.15 0.05 0.0 0.0 0.0 

);,0 - 1 secono.. Uncon-c:c"ollect 'Hail 1.35 1.0 0.85 0.6 o .L~5 
erposures j aay Pr-i_l11a..ry Floor or ceiling 0.9 0.65 0.45 0.3 0.2 
at 10 E'.2, 

Uncontrolled 'i~all, floor or 
Se cond8.l"'Y ceiling 0.7 0.4 0.3 0.15 0.05 



Table 5 

Shielding R~quirements for Busy 100 ~P ~~erapeutic Installations 

(w=4,ooo ma-min/week) 

Dlstanco from tubo to occupied ore a 

Type ot barrier UT ~ it (1.52 m) 7 tt (2.13 m) 10 ft (3.05 m) 14 ft (1.26 m) 20 It (6.10 m) 

Lead Concrete Lead Concroto Lead Concrote Lead Coneroto Lead Concreto 

-
For controlled 

orcas: mm in. p31' In. ps(' mm in. I psI' In. psI' mm in. psI" in. psi' mm in. p"I' in. psi' mm in. psI' in. psI' 

{\r, 2.3 ~12 5.4 7.1 87 2.0 %2 4.7 G.3 77 1.8 Ylo .. 2 5.7 70 1.6 Ho 3.7 5.2 GI, 1.4 Vlo 3.3 4. G 56 
Primary •••••••• 1.8 Ylo 4.2 '5.7 70 1.0 Ylo 3.7 5.2 QI, 1.4 110 3.3 4.0 56 1.2 Ylo 2.S 4.0 49 1.0 Y.J2 2.3 3.4 42 

).10 1.4 ).10 3.3 4.0 56 1.2 Yfo 2.8 4.0 49 1.0 ~(.2 2.3 3.4 42 0.8 Y,. 1.0 2.8 

::1 

0.6 ~"2 1.4 2.1 26 
Secondary •••••• 1 1.3 Yfo 3.0 4.3 53 1.1 Y.J2 2.0 3.7 45 0.9 ~"' 2.1 3.1 38 .7 ~"2 1.0 2.4 .5 V" 1.2 1.8 22 

For environs: 

r 
3.2 ~~ 7.5 9.2 113 2.9 ~a O.S S.5 10·1 2.7 ~a 0.3 8.0 9S 2.4 3~2 5.0 7.3 2.2 ~~2 5.1 0.8 S3 

H 2.7 ~" 0.3 8.0 93 2.1 ~{12 5.0 7.3 89 2.2 ~!i2 5.1 0.8 83 1.0 ).10 4.4 G.O 74 1.7 ~io 1.0 n,6 07 
Primary •••••••• Ylo 2.2 %2 5.1 0.8 83 1.9 Yfo 4.4 0.0 74 1.7 Yfo 4.0 5.5 07 1.1 Ho 3.3 4.0 50 1.2 ~10 2.8 ·1.0 49 

~6, 1.7 Ylo 4.0 5.5 07 1.4 Yfo 3.3 4.6 55 1.2 Yfo 2.8 4.0 49 1.0 Y.12 2.3 3.4 ~2 0.8 ~~!2 1.9 2.8 ~4 
Hlo 1.2 Yfo 2.8 4.0 40 1.0 ~"2 2.3 3.4 42 0.8 !'~2 1.9 2.8 31 0.0 %. 1.4 2.1 2(\ .5 Y.J2 1.2 1.8 23 

f74 
2.1 ~12 4.9 0.0 81 1.3 Yfo 4.2 5.7 70 I.tl Ho . 3. ';' 5.2 0-1 1.4 710 3.3 4.0 fiG 1.2 >10 2.8 4.0 49 

Secondary •••••• 1.6 Vlo 3.7 5.2 04 1.4 Yfo 3.3 4.0 56 1.2 !-1o 2.8 4.0 49 1.0 %2 2.3 3.1 42 0.8 Y.J2 1.g .2.8 34 
Yfo 1.2 Yfo 2.8 ~.O ~o 1.0 ~2 2.3 3.4 42 O. 3/ ~~o 1.0 2.g 3, 0.6 Y.J, 1.4 2.1 26 .0 ~"2 1.2 1.8 22 

• Pounds per square foot computed from millimeters of loed or Ineoes of concr~te and e concrete deIlSity of 2.35 g/cm3 (1~7Ib/ft3). 

Table 6 

Shielding Requirements for Busy 150 kvp Therapeutic Installations 

(w=4,ooo rna-min/week) 

Typo of barrIer UT 

For controlled 
areas: 

Primary •••••••• {\i 
Ho 

Secondary...... 1 
For environs: 11 

H 
Primary........ Yfo 

~6, 
H •• 

Secondary •••••• {\~ 
Ho 

Distance trom tube to occuplod area 

5 it (1.52 m) 7 ft (2.13 m) 10 Ct (3.05 m) 14 it (4.26 m) 20 tt (6.10 m) 

Lead 

mm In. psI' 
3.1 J.s 7.2 
2.5 %2 5.8 
2.0 %, 4.7 
1.7 H. 4.0 

4.1 %2 9.6 
3.5 %2 8.2 
3. 0 ~3 7.0 
2.4 %2 5. G 

'1. 8 H. 4.2 
2.6 %2 6.1 
2.0 %2 .4.7 
1.4 H. 3.3 

Concrete Load 

In. ptl' mm In. ps[-
10. 4 127 2. 0 ~8 6. 8 
8.8 IDS. 2.3 %z 5.4 
7. 2 88

1

: 1. 8 Yf 6 4. 2 
6.1 75 1.5 YfG 3.5 

13.3 163 3. Q %2 Q.l 
11.6 112 3. 3 ~~ 7. 7 
1O. 2 125/ 2.8}3 O. 5 
8. 5 HH 2.2 %, 5. 1 
6.5 80 1.6 }i, 3.7 
Q. 1 111 2. 4 1~2 5.6 
7.2 SS, 1.8 >fo 4.2 
5.1 02i 1. 2 Yf 6 2.8 

Concrete Lead Concrete Lead Concrete Lead Concrete 
T- -',--,--1-- - -..-.--1'--;--1 ---,--.--I--T-

In. /psl' mm in. psI' in. wI- mm in. psI' in. p.l/' mm~1 in. p.'I- In'I11,,IO 
10.0 123

/ 
2.5 %' 5.8 g.8 108 2.3 %, 5.4 8.2 10°

1

2.0 %, 4. 7 7.2 83 
8.21002.3 %z 4.7 7.2 8811.8 Ho 1.2 6.5 801.5 ).10 3.515.4 66 
6.5 80

1

1.5 Ho 3.5 5.1 66 1.3 ).{, 3.0 4.; 58 1.1/ ~'2 2.6 3.0 48 
5. 4 66 1. 2 Yf 6 2. S 4.3 531' 1. 0 ~i~ 2. 3 4. 3 53 O. S ~i2 1. 01 2. 91 36 

12.8 157 3.5 %2 8.2 11.6 142 3. 3 ~~ 7.7 11 1 13G 3 O)os • 0 10 2 125 
11.1 136 3.0 H 7.0 10.2 125 2.8 H 6.5 9: 7 11011 2: 41 %2 5: 6 8: 5 101 
0.7 11DI 2.4 %, 5.5 8.5 104 2.2 %2 5.1 7.8 VI; 1. 8 Ho 4.2

1 

6.5 80 
7.8 06, 1. 8 H 0 4.2 6 .. 5 801 1. 6 H 6 3.7 5.8 71 1. 3

1 
H n 3.0 4. i 53 

5.8 71111.3 Ho 3.0 4.7 581 1.1 ~~2 2.6 3.0 1,8 0.81 J.:l, 1. °12'0 30 
8 .. 5 104 2. 0 %, 4. 7 7.,2 88, 1. 8 H 0 4. 2 6. 5 8011. 4

1

' ).1 0 3. 3 5. 8 62 
6.5 80 1. 4 Yf G 3.3 5. 1 6211. 2 H 0 2.8 4.3 53 O. 0 ~2 2.1 4. 1 30 
4.3 531 O. 01 J.~' 2.1 3.2 30 0.7 H, 1. 6

1 
2.5 31 . 51 ~:i2 1. 2 2.3 22 

• Pounds per squaro foot computed from millimeters of lead or inebes oC concrete and a concroto density of 2.35 glem l (147 lb/ftl). 
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Table 7 

Shielding Requ~rements for Busy 200 kvp Therapeutic Installations 

(w=4o,ooo ma-min/week) 

Dlstnnce from tube to occupied area 

Type of balTier. UT 5ft (1.52m) .7 ft (2.13 m) 10 ft (3.05 m) 14ft (4.26 m) 20 ft .(6.10 m) 
I 

Lead Cuncrete Lead Concrete Lead Concrete Lead Concrete Lead Concrete 

For controlled 
areas: mm In. psi- j ... psi- mm In. psi- in. pslo mm in. psi' In. psi- mm in. pslo In. psln mm in. Pf in. Pt~ 

fU 
6.4 H 14.9 III 7 205 5.9 H 13.7 15.8 194 5.4 %2 12.6 14.8 181 4.9 %. 11.4 13.7 168 4.4 %. 1 .3 12.7 PrImary ________ 5.4 %2 12.6 It. 8 181 4.9 ?-I. 11.4 13.7 168 4.4 ?-I. 10.3 12.7 156 3.9 %2 9.1 11.6 142 3.4 ~ 7.9 10.5 129 

1).1· 4.4 ?-I. 10.3 117 156 3.9 %2 9.1 11.6 142 3.4 ~ 7.9 10.5 129 3.0 ~~ 7.0 9.6 118 2.6 %2 6.1 8.5 104 Secondary ______ 4.1 %2 9.6 12.1 148 3.6 %2 8.4 11.0 135 3.1 ~ 7.2 9.8 120 2.6 %2 6.1 8.5 104 2.2 ;I§2 6.1 7.4 91 
For environs: 

r 
8.1 1~2 18.9 la9 244 7.6 M. 17.7 19.0 233 7.1 %2 16.5 18.0 221 6.6 %2 15.4 17.1 209 6.1 U 14.2 16.2 198 

U 7.1 %2 16.5 is-O 221 6.6 %2 15.4 17.1 209 6.1 H 14.2 16.2 198 5.6 %2 13.0 15.2 186 5.1 %2 11.9 14.2 !74, Primary ________ ).1. 6. i H 14.2 a6. 2 198 5.6 %2 13.0 15.2 186 5.1 %2 II. 9 14.2 174 4.6 ?-I. 10.7 13.1 160 4.1 %2 9.6 12.1 148 
1M 5.1 %2 II. 9 B.2 174 4.6 ?-I. 10.7 13.1 160 4.1 %2 9.6 12.1 148 3.6 %2 8.4 11.0 135 3.2 ~ 7.5 10.0 123 
'~5. 4.1 %2 9.6 12.1 148 3.6 %2 8.4 11.0 135 3.2 ~ 7.5 10.0 123 2.7 ~~ 6.3 8.8 108 2.3 %2 0.4 7.9 94 

fu 5.6 %2 13.0 15. 2 186 0.1 %2 11.9 14.2 174 4.6 ?-I. 10.7 13.1 160 4.1 %2 9.6 12.1 148 3.6 %2 8.4 11.0 135 Secondary ______ 4.6 H. 10.7 U.1 160 4.1 %2 .9.6 12.1 148 .3.6 %2 8.4 11.0 135 3.2 ~ 7.5 10.0 123 '2.7 ~ 6.3 8 .. 8 108 
).1. 3.6 ~§2 8.4 no 135 3.2 ~ 7.5 10.0 123 2.7 ~ 6.3 8.8 108 2.3 %2 5.4 7.7 94 1.7 J.1. 4.0 6.7 74 

& Pounds per square foot computed from milIlmeters of lead or inches of concrete and a concrete density of 2.35 g/cml (147Ib/ftl). 

Table 8 

Shielding Requirements for Busy 250 kvp Therapeutic Installations 

(w=40,OOO ma-min/week) 
. ---

, Dlstance from tube to occupied area 

Type of barrier UT 6ft (1.62 m) 7 ft (2.13 m) 10 it (3.05 m) 14 ft (4.26 m) 20 ft (6.io m) 

; 

Leadb Concreteb Lead b Concreteb Leadb Concreteb Leadb Concreteb Leadb Concreteb 

~--

ForcontroUed 
psi' areas: film In. Pi/.& In. pslo mm In. W- In. psi- mm in. psi- In. psi' mm in. w: in. psi- mm In. psis In. 

. . {lU 11. a '%2 .4 19.3 236 10.4 Yi. .3 18.0 221 9.5 % 22.2 16.8 206 8.6 '~2 .1 15.6 191 7.7 §1. 18.0 14.4 176 
Prlmary ________ 9.5 % 22.2 16.8 206 8.6 ,~, 20.1 15.6 191 7.7 M. 18.0 14.4 176 6.8 %2 15.9 13.2 162 6.0 U 14.0 12.0 147 

).1. 7.7 M. 18.0 14.4 176 6.8 %2 15.9 13.2 162 6.0 H 14.0 12.0 147 5.2 %. 12.1 10.8 132 4.4 \}1. 10.3 9.6 118 Secondary ______ 1 6.4 H 14.9 12.6 154 5.7 %2 13.3 11.5 141 5.0 %2 11. 7 10.5 129 4.2 %2 9.8 9.4 115 3.5 %. 8.2 8.3 102 
For environs: 

ra:. 
13.9 !'i. 32.4 22.9 281 13.\) '%. 30.3 21.6 265 12.1 H 28.2 20.4 250 11.2 1%. 26.1 19.2 235 10.3 1%. 24.0 18.0 221 

Prlm~--~---.-----
12.1 H .28.2 20.4 250 11.2 ~%. 26.1 19.2 235 10.3 '%2 24.0 18.0 221 9.4 % 21. 9 16.7 205 8.5 1~2 19.8 15.5 190 
10.3 '%. 24.0 18.0 221 9.4 % 21.9 16.7 205 8.5 ,~. 19.8 15.5 190 7.6 M. 17.7 14.3 175 6.7 %2 15.6 13.0 159 
8.5 1~. 19.8 15.5 190 7.6 M. 17.7 14.3 175 6.7 ~§. 15.6 13. 0 159 5.9 H 13.8 11.8 145 5.1 %. 11. 9 to. 7 131 
6.7 ,U: 15.6 13.0 159 5.9 H 13.8 11.8 145 5.1 H2 11.9 to. 7 131 4.4 %. 10.3 9.6 118 3.7 U· 8.6 8.5 104 

r~. 
8.8 20.5 16.0 196 8.0 MB 18.7 14.8 181 7.3 %. 17.0 13.8 1Ij9 6.5 ~ 15.2 12.7 156 5.8 13.5 11.7 143 

Secondary ______ 7.3 ~. 17.0 13.8 169 6.5 H 15.2 12.7 156 5.8 H 13.5 11.7 143 5.0 %2 11.7 to. 5 129 4.4 H. 10.3 0.6 118 
0.8 13.5 11.7 143 5.0 %2 11.7 10.5 129 414 ~f. to. 3 9.6 118 3.8 %. 8.9 .8.8 107 3.2 ~ 7.5 7.7 94 

.• Pounds per square foot computed from mlllimeters of lead or inches of concrete and a concrete density of 2.35 g/cml (147Iblttl ). 
b Constent potentials may require 15 to 25 percent larger thicknesses of lead and Ii to 15 percent larger thicknesses at concrete than thosEtg!ven here tor 

puisating potentials. 
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Table 9 

Shielding Re~uirements for Busy 300 kvp Therapeutic Installations 

(w=40,000 ma-min/week) 

Type of barrier U T 5 ft (1.52m) 20 ft (6.10 m) 

controlled areas: 

Primary ______ _ 

, SecondWy ____ _ 
For environs: 

Primary ______ _ 

Secondary _____ _ 

; ; ..... .;.:.'/, " ',' ~'IJlfJ!!ld 5 to 15 percent larger thicknesses of concrete than those given here for 

R'If~~1~~~P!;1~~~ ~YlPJ,lt~ from mlllimetNsof lead pr:N;tqb,es of concrete, and a concrete density of 2.35 g/cm3 (147Ib/fV). 

Table 10 

Shielding Requirements for Busy 1;000 kvcp Therapeutic Installations 

(w=4,000 ma-min/week) 
,~ - ,-," _.' .-." ~ 

" 
~ 

Distance from tube to occupied area 
',: J,:~" ~J Jt:~ 

Type of barrier UT 7 ft (2.13 m) 10 ft (3.05 m) 14 ft (4.26 m) 20 ft (6.10 nil 30 ft (9.15 m) 

Lead Concrete Lead Concrete Lead Iconcrete Lead Concrete Lead ConcretE! 

For controlled area: mm in. psJ· in. psJ· mm in. psJ· in. psJ" mm in. psJ" in. psJ· mm in. psJ. in. psJ· mm in. psJ· in. psJ" 

r% 130 5.1 300 32 390 120 4.7 280 30 370 115 4.5 270 28.5 350 105 4.1 240 26.5 330 100 3.9 230 25 310 
Primary ________ 115 4.5 270 28.5 350 105 4.1 240 26.5 330 100 3.9 230 25 310 90 3.5 200 23 280 85 3.3 200 21. 5 260 

716 100 3.9 230 25 310 90 3.5 210 23 280 85 3.3 200 21. 5 260 75 3.0 180 19.5 240 70 2.8 170 18 220 

{\ 45 1.8 104 14.7 180 36.5 1.4 85 13.3 163 28.5 1.1 66 12.0 147 21 0.8 49 10.5 129 14.5 0.6 34 7.0 86 
Secondary ______ 28.5 1.1 66 11. 9 146 21 0.8 49 10.5 129 14.5 0.6 34 7.5 92 11 0.4 25 6.0 74 5 0.2 12 4.5 55 

716 16 0.6 37 7.5 92 11 0.4 25 6.0 74 5.0 0.2 12 4.5 55 4 0.2 9 3.1 38 0 0 ---- 0 ----

For environs: 

f% 160 6.3 370 38 470 145 5.7 330 36 440 140 5.5 320 34.5 420 130 5.1 300 32.5 400 125 4.9 290 31 380 
Primary ________ 140 5.5 320 34.5 420 130 5.1 300 32.5 400 125 4.9 290 31 380 115 4.5 270 29 360 110 4.3 250 27.5 340 
v 716 125 4.9 290 31 380 115 4.5 270 29 360 110 4.3 250 27.g 340 100 3.9 230 25.5 310 95 3.5 210 24 290 

rH 
71. 5 2.8 166 19.5 239 63 2.5 146 18.0 221 55 2.2 128 16. 203 47 1.9 109 13. fj 165 37.5 1.5 87 13.5 165 

Secondary ______ 55 2.2 128 16.1 197 47 1.9 109 13.5 165 39 1.5 91 13.8 169 31 1.2 72 12.4 152 22 0.9 51 9.0 110 

716 39.5 1.6 92 13.8 169 31 1.2 72 12.4 152 23 0.9 54 11. 0 135 18.5 0.7 43 9.5 116 11.5 0.5 27 6.0 74 

• Pouuds per square foot computed from millimeters of lead or inches of concrete and a concrete density of 2.35 g/cm3 (147Ib/ft3). 
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Table 11 

Shielding Requirements for Busy 2,000 kvcp Therapeutic Installations 

(W=2,OOO ma-min/week) 

Distanco CroO) tube to occupied orco 

Typo ot barrier UT 7 It (2.13 m) 10 Ct (3.05 m) 14 Ct (4.23 m) 20 Ct (0.10 m) 30 Ct (9.15 m) 

Lond Concrete Lood C~ncrete Leod Concrete Load Concrete Lend Concreto 

:ror controlled oren: mm in·lp·'fa in. p·'fa mm in. psfa in. ps(a mm in. psfa in. p·'fa mm ilt. psf- in. psfa mm in. p·'f' in. psf' 

j''' 
235 0.3 550 50 0101 22.\ 8.9 020 47 5S0 210 8.3 400 ·1.5 050 200 7.9 470 42 ti20 18.') 7.3 130 1,0 1\10 

Primnry ••••••• 210 S.3 4QO 45 5501 200 7.9 470 42 520 185 7.3 430 .\0 490 170 0.9 110 37 ·lGO 100 0.3 a70 35 -130 
)oj. 18[1 " ? 430 40 ·190' 175 0.0 410 37 1GOI 100 0.3 370 :J5 430 150 S.U 3(,0 32 300 i 13i, fl. a a70 I. v 320 30 

1 07 2.0 lUG It, 300 M 2.2 128 !I, lSI ~3 1.7 100 \2 HH 31 1.2 72 10 1171 19 O. G 30 8.2 120 
Secondary •••••• H 43 1.7 100 12 103 31 1.2 72 

10 Hi\ 
22 0.8 4i 8.5 120 13 0.5 30 7 113

1 

8 0.3 15 5.0 \)3 

For environs: 
)oj. 22 0.0 M 9 131 13 0.5 30 7 110 8 0.3 17 5.4 83 5 0.2 10 I, 48 2 0.1 4 2.1 27 

j''' ~~~ll6: i 050 58 710 205 10.5 020 55 070 255 10.1 590 ;;3 050 240 9.5 5C>O 50 610

1 

230 0.1 510 48 vao 
Primary •••••••. [,00 53 050 2·\0 D. [I fiGO 50 ~~~I 235 9.1 540 48 500 215 8.5 5Gb 45 lifj3 205 8.1 "SO ·13 580 

)oj. 2301 0.1 fllO 48 590 215 8.5 oeo ·15 205 8.1 480 43 530 100 7.5 440 40 4aO ISO 7.1 120 38 470 
1 107 4.2 302 22 2GS 04 3.7 221 20 207

1 

83 3.3 193 18 238 71 2.8 lu5 1G 203 57 2.4 112 14 172 
Secondary ••••• _ ~~ 83 3,3 103 18 22·1 71 2.8 IG5 16 1% 59 2.3 137 14 187 47 1.9 109 12 109

1 

32 1.3 71; 10 11,9 
HG 691 2. Z lZS 14 187 47 1.0 109 12 10°1 30 1.4 81 11 153 24 1.0 GO 0 130 11 0.5 31 7 114 

• Pounds per sQuaro Coot computed from millimeters of lend or inches oC concreto and a concrete density of 2.35 g/cm3 (H7Ib/Cta). 

Table 12 

Shielding Requirements for Busy 3,000 kvcp Therapeutic Installations 

(W=2,OOO ma-min/week) .. 
-

"it ~, , 

-, Distance from tube to occupied area 
.' 

Type of barrier UT. 7 ft (2.13 m) ~f:t (3.06;;~,. 14 ft (4.23 m) 20 ft (6.10 m) 30 ft (0.15 m) 
,,,./ 

'7"" <'",;J/ ,', '<~-'J0 

Lead Concrete Lead Concrete Lead Concrete Lead Concrete Lead Concre~~' 
_. ----- ------- ---- ;FJ!;;i 

For controlled area: mm in. P8J8 in. psfa mm in. p8fa in. p8f8 mm in. p8fa in. p8Ja mm in. P8J8 in. p8fa mm in. psfa in. psT:' 

fJ4 310 12.2 725 64 780 295 11. 6 690 61 745 280 11.0 655 58 710 265 10.4 620 55 670 249 9.8 580 52 635 

Primary ..••.... 280 11.0 655 58 710 265 10.4 620 55 670 250 9.8 585 52 635 235 9.3 550 50 610 219 9.6 510 46 560 

H6 250 9.8 585 52 635 235 9.3 550 50 610 220 8.7 515 47 575 205 8.1 480 44 540 188 7.4 440 41 500 

fH 93 .... ----- 19.3 ---- 78 .... ----- 16.0 ---- 63 .... ----- 14.5 ---- 48 .... ----- 12.5 ---- 31 .... --.-- 10.4 ----
Secondary ..••.• 63 .... ----- 14.5 ---- 48 .... ----- 12.5 ---- 34 .... ----- 10.7 ---- 22 .... ----- 9.0 ---- 13 .... --.-- 7.1 ----

H6 34 .... --.-- 10.7 ---- 22 .... ----- 9.0 ---- 14 .... ----- 7.4 ---- g .... .-.-- 5.8 ---. 6 .•.. ----- 4.0 ---"" 
For environs: 

68 314 12.4 735 65 795 29g 11. 7 700 61 74ii' 

r 
358 14.1 840 73 890 343 13.5 800 70 855 329 13.0 770 830 

% 328 12.9 710 68 830 314 12.4 735 65 795 299 11.8 700 62 755 285 11.2 665 59 720 268 10.6 625 56 685 

Prlmary.~_ ••... H6 299 11.8 700 62 755 285 11.2 665 59 720 270 10.6 630 56 685 255 10.0 595 53 650 238 9.4 560 50 610 

}i\4 270 10.6 630 56 685 255 10.0 595 53 650 240 9.5 550 50 610 225 8.9 525 48 585 210 8.3 490 44 54Q) 

}266 240 9.5 500 50 610 225 8.9 525 48 585 210 8.3 490 44 540 195 7.7 455 42 510 180 7.1 420 29 475 

fl4 143 ---- --.-- 28.8 ---- 128 ---- --.-- 25.9 ---- 113 ---. ----- 22.9 ---- 98 .... ----- 20.3 ---- 80 .... ----- 17.1 

Secondary ••• _ •• 113 ---- ----- 22.9 ---- 98 .... ----- 20:3 83 17.6 ---- 68 .... ----- 15.2 ---- 50 .... ----- 12.8 ----
)oj6 83 .. c. ----~ 17;6 ---- 68 .. ",~ ---r- 15.2 ---- 53 .... ----- 13.2 ---- 38 .... ----- 11.3 ---- 23 .... ----- 9.3 ----

• Pounds per square foot computed from millimeters of lead or inches of concrete and a concrete density of 2.35 g/om3 (1471b/ft3). 
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APPENDIX C 

MD-A - Current Occupatione,l External Radiation Exposure 
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APPENDIX C Form RAD-A 
1965 

HISCONSIN STATE BOARD OF IffiALTH 

(UR~U~Jr OCCUPATIONAL EXTE~NAL RADIATION EXPOSURE 

I. HAJI4 (PitINT ~,/ItW, GAd 1IIld<IIe) 

S" Ins/nl(honS ON Iht &,,~ 

IIm'rnFl CA TI044 

2. SOCIAl SfClJlUlY NO. 

4. AGe IN fW YEAIIS (N) 

6. PERMISSIBLE DOSE AT BEGINNING 7. MEnlOD 01' MONITC»ING ( •. g., fll", "'dge-fl, ,od<ot 

'9. X-RAY' or 
GAMMA 

01' rfRIOD COVEUD IV THIS SHID Chornb.t-fC, Colculaflona-CoI •. ) 
X-RAY or' GAMMA, _______ .;... 

BETA 

DOSE fOR.THE rauoo (, ... ) 

10. 8fTA 11. NEUIllON 12. TOTAL 

NEUTRONS 
13. RUNNING TOTAL fOR 

CALENDAR QUAm. 
( ..... ) 

14. ~IOU$ TOTAl. 16. TOTAl. ACCUIoIUV.TED 17.~. NX.. DOSe. 1 8. PfRMISSIilf DOS!: 

19. NAME OF LICENSEE OR REGISTRANT 

Radiation Protection Division 
Wisconsin State Board of Health 
Madison, Wisconsin 53702 

DOSe 
.- 5(N-I8)= 
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INSTRUCTIONS FOR PREPARATION OF FORM RAD-A 

The preparation and safekeeping of this form 01" a oleal" 
and legible record containing all the information' required 
on this form, is required pursuant to Seotion H 57.03 (3) 
(b) (c) (d) of the Padiation Protection Code as a. Ol.lrrent 
record of occupational external radiation exposures. Suoh 
a record must be maintained for each individual for whom 
per80nnel monitoring is required under Seotion H 57.03 
(3) (a.). Note that a separate copy of this form is to be 
used fOl' reool'ding external eXposure to whole body; and 
skin of wh01o;) body; or hands and forearms, feet and ankhs 
as provided by Item 5 beloYi. 

Lis (jed pO).l.>tr h:y ;l.QQrn p.~o ;!.)')Ii'bNo·!;;l,ong Iil.l'id o.dd;l.'1l;I.ol}ll.l 
information direotlY pertinent to oompleting this form. 

Identifioation 

Itom 1. Self-explan/l.tol'Y. 
Item 2. Self-explanatol'Y except that, if individual ho.s 

no soci"l seouri ty number, the word "none" shall 
be inser-tad. 

Item 3. Self-explanator,y. 
Item 4. Enter the age in full yea.rs. This is oalled "N" 

when used in oaloula.ting the YJAximum Permissible 
Dose. N is equal to tho number of years of age 
ot' tho individual on his last bIrthday. 

Occupational Exposure 

Item 5. Use separate form to rooord exposure to whole 
body; sldn of whole body; hands a.nd forearms, 
feet and a.nkles--Specify in Item 5. 

) 

If an individual ~eceives a radiation dose to the 
skin of the Ylhole body from radiation of halt'­
value 1ayel' less than 5 om. of 'bissnQ, the dOGO 
to the ski)'} of the whola body should bo l:'eool"dod 
on II. separa;to form, unless the dose to the skin 
of -the whole body as indicated by personnel 
monitoring devices has been inoluded as dose to 
the whole body on a form maintained- for recording 
whole body exposures. 

If an individual receives a radiation dose to the 
h3.nds and forea.rms, 01' fect and ankles, the dose 
to those por-tions of the body should ba recorded 
on S oparate fonns unless the dose to those parts 
of tho body as indin"ted by personnel monHori:tlg 
'devices ha.ve been included as doses to the whole 
body on a form mainta.ined fOl' reoording whole 
body exposure. 

Item 7. 

Item 8. 

Items 9, 
10 and, 
11. 

Item 12. 

Hom 13. 

Indi<Ja.te the method usod for monitoring tho 
individual's exposure to each typo of ra.diation 
to which he is exposod in the oourse of hiS duties. 
Abbl'aviations may be usod. 
The poriod of exposur.e should spedfy the day tho 
maaBuremon-~ of tha.t exposure was ini-tiated and the 
c.ay on which it WaS terminated. FOI' example, 
a. film badge issued l'londay morning, August 4, 1958, 
and pioked up Fl'iday, August 15, 1958, would be 
indica.ted 8/4/58-8/15/58. 
Self-e:<planntory. The values aro to be given in 
rem. Jll). Il\Ga.sul'Omont9 6.1'0 '~o bo 111tel"p;;;o\)od in the 
best method known. A desoription of the mothod 
of ann.lyzing the monitoring resuHs in terms of 
dose is to be maintained in oonjul1o-tion with these 
reoords. In any oase whoro -the done for a oalendar 
quarter i8 less than lO}~ of '~he value specified in 
Tablo I, Appendix il, tho pl1l'ase "less than lO;bll 

may be entered in lieu of a numol'ioal value. 
Add the values undEll' Items 9, 10 and 11 for oach 
period of exposure and reoord the -total. In 
caloull\ting the "Total" any entry "leas -than lO;~1I 
may be disregal'ded. 
The running total is to be maintained on the basis 
of oalendar qual'ters. 

Lifetime Accumulated Dose (wllo1e Body) 

NOTEI If the lioensee or registrant ohooses to keep tho 
individual's exposure below that pel'mitted in Table I, 
Appendix A, Items 14 through 18 need not be oompleted. 
Hovrever, in that oase -the total wholo body dose for each 
oalendnl' quarter reoorded in Item 13 should not exoeed 
Ii- rem as indicated in Item 6. 

Complete Items 14 through 18 when body of record in full. 
I Values in Column 13, when in the middle of the oalendal' 
quarter', and Item 18 must be brought forward to next sheet 

! for each individual. 

I 

I Item 14. 

It·.:m If.. 
It~m H. 
It,om 1.1. 

Enter the previous total aooumulated dose from 
p~evious dose records for the individual (e.g •• 
Iteffi 16 if Form RAD-A.) 
bntn' tho Stun of all totals undor' Item 12. 
Add Item 14 and Item 15 and enter that sum. 
ebt/lin the Permissible Acoumulo.ted Dose (MPD) in 
rem for the vlHOLE BODY. Use the value for N fl'om 
Item 4. Subtraot 18 from N and multiplY the 
difference by 5 rem (e.g., John Smith, Age 32: 
N"32, MPD- 5(32 - 18) • 70 rem). 

''D080 to thQ whole body" shall be deemed to include Item 18. 
any dcse to the whole body, gonads, activo blood-

Dlltermine the Pe~missible Dose by subtra.cting 
Item 16 from Item 17. 'rhe Permissible Dose is that 
portion of the Lifetime Accumulated D08e for the 
individual remaining at the end of the period 
oovered by this sheet. 

Item 6. 
forming organs, head a.nd trunlc, 01' lens of ey&. 
The permissiblo dODe is taken from (a.) previous 
rocords of exposure recorded by the lioensee Or' 
registrant (i.e., Item 18 ot a previous Form RAP-A); Item 19. 
or 11' the licensee or registrant ohoosos not to 
refer to the previous exposure, the \vhole body dose 
must be limited to 1.25 rem per quarter. 
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The rules contained herein shall take effect on February 1, 
1966 as prov~ded in Sec. 227.026 (1), 1llis. Stats. 

BOARD OF HEALTH 

Date December 8, 1965 By 
--~~~~~~~~~~~~---

INDUSTRIAL COMMISSION 

Date 


