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PART X

" THERAPEUTIC RADIATION MACHINES

Sec. X.1 - Purpose and Scope. i

a. This Part establishes requirements, for which the registrant is responsible, for use of
- . therapeutic radiation machines. The provisions of this Part are in addition to, and not-in
substitution for, other applicable provisions of these regulations. ' :

b. The use of therapeutic radiation machines shall be by, or under the supervision of,‘a licensed
practmoner of the heahng arts who meets the trammg/expenence cntena estabhshed by X 3c

)

Sec X2 - Deﬁmtlons As used in thJs Part the followmg deﬁmtlons apply

"Absorbed dose (D)" means the mean energy imparted by ionizing radiation to matter. "Absorbed
dose is determined as the quotient of dE by dM, where dE is the mean energy imparted by ionizing
radiation to matter of mass dM. The SI unit of absorbed dose is joule per kilogram and the special
name of the unit of absorbed dose is the gray (Gy). The previously used special unit of absorbed
dose (rad) is being replaced by the gray. :

"Absorbed dose rate" means absorbed dose per unit time, for machines w1th tlmers or dose momtor
unit per unit time for linear accelerators. . :

"Accessible surface” means surface of equipment or. of an’ equlpment part that can be easﬂy or
accidentally touched by persons without the use of a tool. -

"Added filtration" means any filtration whxch is m addltlon to the inherent ﬁltratxon

"Air kerma (K)" means the kmetlc energy released in air by 1omzmg radlatlon Kerma is determmed
as the quotient of dE by dM, where dE is the sum of the initial kinetic energies of all the charged
ionizing particles liberated by uncharged ionizing particles in-air of mass dM.* The ‘SI unit of air
kerma is joule per kllogram and the spe01a1 name for the umt of kerma is the gray (Gy)

"Bamer" see "Protectlve bamer

"Beam axis" means the axis of rotation of the beam limiting device. o

"Beam-limiting device" means a‘field defining collimator, ‘integral to the therapeutlc radlatlon
machine, which provides a means to restrict the dimensions of the useful beam. g

"Beam monitoring system" means a system designed and installed in the radiation head to detect and
measure the radiation present in the useful.beam.

X1
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"Beam scattering foil" means a thin piece of material (usually metallic) placed in the beam to scatter
a beam of electrons in order to provide a more uniform electron distribution in the useful beam.

"Bent beam linear accelerator” means a linear accelerator geometry in which the accelerated electron
beam must change direction by passing through a bending magnet.

"Changeable filters" means any filter, exclusive of inherent ﬁltration, which can be'rerno.vedsfrom’
the useful beam through any electronic, mechamcal or physical process.

"Contact therapy system" means a therapeutlc radlatlon machme wrth a short target to skm dlstance
(TSD), usually less than 5 centimeters. :

"Detector” (See "Radiation detector")

; e SRR O
"Dose monitor unit (DMU)" means a unit response from the beam momtormg system from Wthh the
absorbed dose can be calculated. o :

"External beam radlatton therapy" means therapeutlc 1rrad1atton in whrch the source of radratlon is at
a distance from the body

- e o st T A
"Field-ﬂattening filter" means a filter used to homogenize the absorbed dose rate over the radiation
field. R Lo e L

"Filter" means material placed in the useful beam to change beam quality in therapeutlc radiation .
machmessubjectto SubpartX6 o Ly e . .
"Gantry" means that part of a radlatlon therapy system supportmg and allowmg movements of the
radiation head about a center of rotation. L e .

"Gray (Gy)" means the SI unit. of absorbed dose, kerma, and specific energy imparted equal to -1
joule per kilogram. The previous unit of absorbed dose (rad) is- bemg replaced by the gray [1
Gy-lOO rad]. , . . :

"Half-value,layer,- (HVL)" means the thickness of a specified material which attenuates X-radiation or
gamma radiation to an-extent such that the air kerma rate, exposure rate or absorbed dose rate is
reduced to one-half of the value measured without the material at the same point. .

"Interlock”. means a device preventing the start or continued operatlon of equlpment unless certam
predetermined conditions prevail. = . P , o d

"Interruption of irradiation”. means. the- stopping of irradiation with the possrblhty of contmumg
irradiation without resetting of operating conditions at the control panel. . « 1

"Irradiation" means the exposure of a living being or matter to ionizing radiation.

.

"Isocenter" means the center of the sphere through which the useful beam axis passes yvhiiethe
gantry moves through its full range of motions.

X2
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"Kilovolt (kV) [kilo electron volt (keV)]" means the cnergy equal to that acquired by a particle with
one electron charge in passmg through a potential difference of one thousand volts in a vacuum.
[Note current conventlon 1s to use kV for photons and keV for electrons ] o : e

"Lead equivalent" means the tlnckness of the matenal in questlon affordmg the same attenuatlon ),
under specxﬁed condmons aslead W e : : :

"Leakage radlatlon" means radiation emanatmg from the radxatlon therapy system except for the
useful beam o o SO ;

"nght ﬁeld" means the area 1llum1nated by light, sunulatmg the radlatlon ﬁeld

t

"mA" means mllllampere _ 4
"Megavolt (MV) [mega electron volt (MeV)] " means the energy equal 10 that acqurred by a particle
with one electron charge in passing through a potential ‘difference of one million volts in a vacuum.

[Note: current convention is to 1ise MV for photons and MeV fot €lectrons.]

_Mls_dmrmstr_t_otun_ans_anelentt*hat_mgts the cmem_mx 5 \

"Momtor unit (MU)" (See "Dose monitor unlt")

"Moving: beam radiation therapy" means. radiation’ therapy with - any ‘planned ' displacement of
radiation field or patient relative’ to each other, or with any planned change ‘of absorbed dose
dlstnbutlon It 1ncludes arc, sk1p, conformal mtensny modulatxon and rotatlonal therapy

"Nomrnal treatment dlstance" means: oo ST e C )

: :a, " For electron itradiation, ‘the distance from the scattermg foil, virtual -source, or exit
+.' . -window of the electron beam fo the’ entrance surfact of the irradiated ob_;ect along the
central axis of the useful beam. : R

b.. ' For Xx-ray irradiation, the virtual source or targ:e't'to' isocenter distance along ‘the
"~ - central axis of the useful beam.: For non-lsocentnc equ1pmcnt, thls dlstance shall be'
that specified by the manufacturer, .t SR S At

"Patient" means an individual’ sub_]ected 16 tnachine produced extemal bearn radlatlon for the
purposesofmedlcaltherapy L o _‘ e :

"Peak tube potentlal" means the’ maxrmum value of the potentlal differénce’ across the Xx-ray tube'
during an exposure. R -

"Periodic quahty assurance check"‘ means a procedure whlch is performed to ensure that a prevmus
cahbratlon contlnues to be vahd : : :
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"Phantom” means an object behaving in essentially the same manner as tissue, with respect to
absorption or scattering of the ionizing radiation in question. ., _ - -

"Practical range of electrons” corresponds to classical electron range where the only remaining.
contribution to dose is from bremsstrahlung Xx-rays. A further explanation may be, found in
"Clinical Electron Beam Dosimetry: Report of AAPM Radiation Therapy Committee Task Group
25" [Medical Physics 18(1): 73-109, Jan/Feb. 1991] and ICRU Report. 35, "Radiation Dosimetry:
Electron Beams with Energies Between 1 and 50 MeV", International Commission on Radiation
Units and Measurements, September 15, 1984.

'vr“'

_E:_scgb;e_ dose' megns,t_e_tgja dgse and Dse per actlon umented in the wntten_dlrectwc

scribed dose is an estimation from measured data from a specified therapeutic machine usin

assurn tons th_"_tt_are cli1 al_l able for that treannenLtechnlguLd__h_s_anglly consistent -
vi sed for patients treated with the same clinical technique,

"Primary dose monitoring system" means a system which will monitor the useful beam durmg
irradiation and which will termmate 1rrad1atlon when a pre-selected number of dose monitor; units.
have been dehvered

DA DY AR R e R . L A Y . ]

"Primary protective barrier" see "Protective barrier".
"Protective barrier" means a barrier of radiation absorbing material(s) used to reduce radiation
exposure. The types of protective barriers are as follows: .

[ 4

a.  "Primary protectlve barrier" means the material, excludmg ﬁlters placed in the useful -
beam [ [T coe LT PN R £4
b. "Secondary protective barrier" means the material. which attenuates stray radiation. .; -

"Radiation detector” means a device which, in the presence of radiation provides, by either direct or
indirect means, a 51gnal or other indication sultable for use m measurmg one or, more quantltles of
incident radiation.

"Radiation ﬁeld" see "Useful beam" " ' :',' ,. .

.

"Radiation head" means the structure from which the useful beam emerges
"I{‘adiation;'l'herapy Pllysicist" rneans an indiyidual qualiﬁed in aceo_rdance with X‘.3d.,

"Redundant beam momtonng system means a combmatron of two dose momtonng systems in

....

dose momtor units.

"Scattered radiation” means ionizing radiation emitted by. interaction of ionizing radiation .with
matter, the interaction being accompamed by a change in direction of the radlatlon. Scattered
primary radiation means that scattered radiation which has been deviated in direction only by
materials irradiated by the useful beam.

4

X4
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.- .o . . S g
[V L - . )

"Secondary dose monitoring system" means a system which w111 terminate irradidtion in the eveiit of
failure of the primary dose monitoring system

"Secondaryprotectlve barner" see "Protectwe bamer e oo RGN

. . e e eyt e N
R e, ' . . ‘- ot

"Shadow" tray means a dewce ‘attached to the radlatlon head to support aux1llary beam blockmg -
material. : SR ~

"Shutter” means a device attached to the tube housmg assembly whlch can totally mtercept the useful
beam and whlch has a lead equlvalency not less than that of the tube housmg assembly ‘

"Sievert (Sv)" means the SI unit of dose equlvalent The ‘it of dose equ1valent is the _]oule per
kilogram. - The previous unit of dose equwalent (rem) is being replaced by the 51evert [l Sv—100
rem). ST

LA el e . | : : N A B DA S R

"Simulator (radiation therapy simulation system)" meéans any Xx-ray system 1ntended for locahzmg
the volume to be exposed during radiation therapy and reproducing the position and size of the -
therapeutic irradiation field.

X

I P I [ 2
~ RS d

"Source" means the region and/or material from which the radiation emanates. -
S P S v . A LA LI AL B S

BT S

"Source-skin distance (SSD)" see "Target-ski'n dist'ancé".' e

"Statxonary beam radiatlon therapy" means radlatlon therapy wrthout dlsplacement of one or more
mechanical axes relative to the patient during irradiation.

"Stray radiati'on". means the sum of .lea.k'ag’é and scatteréd radi'ation.;

"Target" means that ‘part of an Xx-ray tube or accelerator onto whtch a beam of accelerated part1cles
is dlrected to produce i 1omzmg radlatlon or other partlcles T o o

[N LR
[ - B

"Target-skin distance (TSD)" means the drstance measured along the beam axns from the center of
the front surface of the Xx-ray target and/or electron virtual source tb’ the ‘sufface of the irradiated
object or patient.

-t . '
. A .. : ’ . R S SO o . ' LWt
+ . .. . P e L Cad L) . e LR

"Tenth-value layer (TVL)" means the thickness of a spec:tﬁed matenal which attenuates X-radiation
. or gamma radiation to an extent such that the air kerma'rate, exposure rate; br absorbed dose rate is
reduced topone—tenth of t_he _valu_e m_easured‘wnhout th_e rnate_nal atthpeﬁ s_ame potnt_
"Termination of irradiation" meafis the stoppmg of irradiation in a fashion ‘which will not perrmt
continuance of 1rrad1at10n W1thout the resettmg of operatmg condrtlons at the control panel. *

"Therapeutlc radiation machine" means Xx-ray or electron-producmg equlpment desrgned and used
for external beam radlatlon therapy. I ' CoE

"Tube" means an Xx-ray tube, unless otherwise specified.

b
Pee
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"Tube housing assembly" means the tube housing with tube installed. It includes high-voltage and/or
filament transformers and other appropriate elements when such are contained within the tube
housing,

"Useful beam" means the radiation emanating from the tube housing port or the radiation head and
passing through the aperture of the beam limiting device when the exposure controls are in a mode to
cause the therapeutic radiation machine to produce radiation.

"Virtual source" means a point from which radiation appears to originate.

"Wedge filter" means a filter which effects continuous change in transmission over all or a part of
the useful beam.

"Written,_directive" means an_ order i he administration of radiation to a specific patient
or human research subject, as specified in X.5a,

"X-ray tube" means any electron tube which is designed to be used primarily for the production of
Xx-rays. '

Sec. X.3 - General Administrative Requirements for Facilities Using Theraneutic Radiation
Machines. '
a. Administrative Controls. The registrant shall be responsible for directing the operation of the

therapeutic radiation machines that have been registered with the Agency. The registrant or
the registrant's agent shall ensure that the requirements of Part X are met in the operation of
the therapeutic radiation machine(s).

b. A therapeutic radiation machine that does not meet the provisions of these regulations shall
not be used for irradiation of patients.

[c. Training for External Beam_ Radiation Therapy Authorized Users. The registrant for any
therapeutic radiation machine subject to X.6 or X.7 shall require the authorized user to be a
physician who:

1. Is certified in:
(1)  Radiology or therapeutic radiology by the Ameﬁcan Board of Radiology; or
(2)  Radiation oncology by the American Osteopathic Board of Radiology; or

(3)  Radiology, with specialization in radiotherapy, as a British "Fellow of the
Faculty of Radiology" or "Fellow of the Royal College of Radiology"; or

(4)  Therapeutic radiology by the Canadian Royal College of Physicians and
Surgeons; or

X6
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Is in the active practice of therapeutic radiology, and has completed 200 hours of
instruction in basic radiation techniques applicable to the use of an external beam
radiation therapy unit, 500 hours of supervised work experience, and a minimum of 3
years of supervised clmrcal experience.

(1) To satisfy the 'requirement for instruction, the classroom and laboratory
training shall include:

(1)  Radiation physics and instrumentation;
(b)- . Radiation protection;

(c')' 'Mathematics pertaining to the use and measurement of ionization
.. _ radiation; and

(4 Radiation biology.,

(2)  To satisfy the requirement for supervised work experience, training shall be
‘ ;under the supervision of an authorized user and shall include:

(@: Review of the. full calibration. measurements. and periodic quality
assurance checks; : .

(b)  Evaluation of prepared treatment plans and calculatlon of treatment
times/patient treatment settings; . . : .

(¢)  Using administrative controls to prevent misadministrations;

(d)  Implementing emergency procedures to be followed in the event of the
abnormal operation of an external beam radiation therapy unit or
console; and :

(e) Checking and using radiation survey meters.

(3)  To satisfy the requirement for a period of supervised clinical experience,
training shall include 1 year in a formal training program approved by the
Residency Review Committee for Radiology of the Accreditation Council for
Graduate Medical Education or the Committee on Postdoctoral Training of the
American Osteopathlc Association and an additional 2 years of clinical
experience in therapeutic radiology under the supervision of an authorized
user. The supervised clinical experience shall include:

(a) Examining individuals and reviewing their case histories to determine
their suitability for external beam radiation therapy, treatment, and any
. limitations/contraindications;.

(b)  Selecting proper dose and how it is to be adminiatered;

X7
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[d.

iii.

iv.

© Calculatmg the - external - beam’ ’radlatron therapy doses and

‘ - ““collaborating with the ‘authorized usér in''the review of patients'

progress and consideration of the need to modify originally prescribed

doses and/or treatment plans as warranted by patrents ‘reaction to
radiation; and~

(d ~Post-adm1mstrat10n follow-up and revrew of case hlstones

Sy e [RTEE RN SN

‘ Notwrthstandmg ‘the requirements of X.3cii. and X.3cii., the registrant for any
therapeutic radiation’ machme subject o X6 miay also submlt the training of the

prospectrve authonzed user physrcran for Agency rev1ew ona case-by-case basis.

RIS FYS A i

A physician shall not act as an authorized usér for any therapeutic radiation machine

- until’ such time as said _physician's tralmng has been rev1ewed ‘and-approved by the

l.al.'l,, e _:

Agency ]-

Training ‘for Radlatlon Theranv Physrcrst . The regrstrant for any therapeut1c radiation

machine subJ ect‘to X 6 ‘orX.7 shall requlre the Radratlon Therapy Physrcrst to:

il.

ii. -

SRR

() '“"Therapeutrc radrologlcal'physrcs, or ey :.ew?'w‘c

(2) Roehtgen#my‘ahd.garhmaffay physics; of’

““Be reglstered ‘with the Agency, ‘under the® prowsrons "of Part B of these regulations, as

- a provider of radiation services in the area ‘of callbratlon and comphance surveys of
external beam radratron therapy umts, and

R N . FEALA

Be certlﬁed by the American Board of Radrology in:~

' T T

3) 'X-ray and radlum physws, or ‘. I

4 -‘Radrologrcalphysms or .t oes it

“Be ‘certified by the Amencan Board of Medrcal Physrcs in Radlatron Oncology
"Physrcs, or " ‘ ; 1 ,._, el

A REFIE 8

Be certrﬁed by the Canadlan College of Med1ca1 Physrcs*or _

T ]

Hold a master's or doctors degree in physrcs b10phys1cs radlologrcal physics, or

health physics, ‘and have' comipleted' 1 year of full time' training in therapeutic

~ radiological physrcs and also 1 year of full time work experience under the

,,,,,

“supervision of a Radiation Therapy Physrcrst at‘a medlcal institution. " To meet this

requircment, the individual’ shall have performed the tasks lrsted in X. 4a.,’X. 6p. X, Tt
and X.6q./X.7u. under the supervision 'of 4 Radiation Therapy Physicist during the
year of work experience.

X3
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Vi, Notwithstanding the provisions of X.3d.v., certification pursuant X.3d.ii., X.3d.iii.,
and/or X.3d.iv. shall be required on or before December 31, 1999, for all persons
currently qualifying as a Radiation Therapy Physicist pursuant to X.3d.v.}”

[e. Qualifications of Operators.

i. Indmduals who will be operatmg a therapeutlc radlatlon machine for medical use
shall be Amencan Registry of “Radiologic Technologists (ARRT) Registered
Radiation Therapy Technologists. Individuals who are not ARRT Registered
Radiation Therapy Technologists shall submit evidence that they have satisfactorily
.completed ‘a radiation therapy technologlst training program . that comphes with the
requrrements of the Joint Review Committee on Educatlon in Radiologic
Technology.

ii. The names and training of all personnel currently operating a therapeutic radiation
machine shall be kept on file at the facility. Information on former operators shall be

" retained for a penod of at least 2 years beyond the last date they were authorized to
operate a therapeutlc radiation machine at that facrhty ]J e

f. . Written safety procedures and rules shall be developed by. a Radiation Therapy Physicist and
shall be available in: the control area of a-therapeutic. radlatlon machine, .including any
restrictions requrred for the safe operation of the particular therapeutlc radiation machine.
The operator shall be able to demonstrate familiarity with these rules.

g Individuals shall not be exposed to the useful beam except for medical therapy purposes and
unless such exposure has been ordered in writing by a licensed practitioner of the healing arts
who is specifically, identified on the:Certificate of Registration. This provision specifically
prohibits. deliberate exposure of an. mdlvxdual for training, - demonstration or other
-non-healmg-arts purposes. G e

h. Visiting Authonzed User Notw1thstandmg the prowsron., of X. 3g | reglstrant may permit
any physician to act as a visiting authorized user under the term of.the registrant's Certificate
of Registration for up to 60 days per calendar year under the followmg conditions:

i The_v151t1ng authonzed user has the prior wntten perrmsswn of the “régistrant's
management and, if the use occurs on behalf of an institution, the institution's
Radiation Safety Committee; and

ii. The visiting authorized user meets the reqﬁirerhehts .estebl'ished for authorized user(s)
in X.3c.i. and X.3c.ii.; and :

"V ngssentials and Guzdelmes of an Accredited Educanonal Program Jor the Radtanon Iherapy Technologist”, Joint
Revzew Committee on Education in Radzologtc Technology, 1988.
Statutory lariguage may be required to implement these sections of the regulation.

X9
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iii. The registrant mamtams coples of all records spemﬁed by X: 3h for 5 years from the

date of the last visit.
1. All individuals associated with the operatlon of a therapeutic tadiation machine shall be

instructed in and shall comply with the provisions of the registrant's quahty management
program. ‘In addition to the requirements of Part X, these individuals are also subJect to the
requlrements of Parts D.201,D. 205 and D. 502 of these regulatlons :
j; ' - Information and Mainténance Record 4nd Associatéd - Inforifiation. ~The registrant shall
“--maintain the followrng information in'a separate ﬁle or package for' each therapeutlc radiation
machifie, for mspectlon by the Agency: "'

i. Report of acceptance testing; _ |
-"'fii; ~“Records ‘of ‘all surveys, calibrations;- and penodlc quallty assurance checks of the
: therapéutic radlatlon machine requlred by Part X as well as the name(s) of person(s)
who performed such act1v1t1es T ERE
Rt Records of i malntenance and/or modlﬁcatlons performed ‘ofi 'the therapeutlc radiation

< machme after [INSERT EFFECTIVE DATE OF THESE REGULATIONS] as well

é
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iv. Slgnature of person authonzmg the retum of therapeutxc radlatlon machlne to clinical

]

SRESE useafte‘serwce repalr orupgrade T T T

k.t Records Reténtion, All records requlred by Part X shall: be retalned “until' disposal is
authorized by the’ Agency unless another reténtion penod 1s specrﬁcally authorized in Part X.

All required records shall be retained in an active file from’at least the time of generation

until the next Agency 1nspectlon Any required record- generated pnor to the last Agency

R mspectron may be microfilied or'othérwise archived as long as'#’ complete copy of said
record can be retneved unt11 such timeas the Agency authonzes ﬁnal dlsposal

LM :

.

Sec. X 4 - General Techmcal Requrrements for Famhtles Usmg Theraneutlc Radlatlon Machines.

P

.. . . . . . A e, - P
? " ¢! . . ‘ : Vi SDaNC LR

a. Protectlon Survevs t

.,-', -
- b4 Y

i. " The registrant shall ensure that radiation protectlon surveys of all new facilities, and
' existing facilities not prev10usly surveyed ‘are performed w1th an operable radiation

- measurement’ survey instrument ‘calibrated int accordance with*X:8." The radiation’
protection ‘survey shall be performed by, or under the 'direction’ of, ‘a Radiation

_ Therapy Physxcrst or a quahﬁed expert and shall verlfy that, with the- therapeutlc

.....

treatment field and- w1th a scattenng phantom in the useful beam of radtatron

"~ (1) Radiation levels in restncted areas are not likely to cause personnel exposures
in excess of the limits specified in Part D.201a. of these regulations.; and

X10
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(2)  Radiation levels in unrestricted areas do not exceed the limits specified in
Parts D.301a. and D.301b of these regulations.

ii. In addition to the requirements of X.4a.i., a radiation protection survey shall also be
performed prior to any subsequent medical use and:

| (1) After making any change in the treatment room shielding';

(2)  After making any change in the location of the therapeutic radiation machine
within the treatment room;

' 3) Aﬂerreldcating the therapeutic radiation machine; or . |

€)) Before usmg the therapeutrc radxatlon machme in a manner that could result in
.- increased radiation levels. in areas outsrde the external beam radlatlon therapy
treatment room.

iii. The survey record shall 1nd1cate all mstances where the facxhty, in the opinion of the

Radiation Therapy Physrcrst or a qualified expert, is in violation of applicable

. regulations. The survey record shall also include: the date of the measurements; the

reason the survey is required; the manufacturer's name; model number and serial

number of the therapeutic radiation machine; the instrument(s) used to measure

radiation levels; a plan of the areas surrounding the treatment room that were

surveyed the - measured dose rate at several points in each area expressed in

microsieverts or millirems per hour; the calculated maximum level of radiation over a

period of 1 week for each restricted and unrestricted area; and the 51gnature of the
individual responsrblc for conducting the survey; .

iv. If the results' of t_he surveys requlred by X._4a.1., or X.4a.ii. indicate any radiation levels
in excess;of the respective limit specified .in X.4a.i., the registrant. shall lock the
control in the "OFF" position and not use the unit: <

(1)  Except as may be necessary to repair, replace, or test the therapeutic radiation
machine, the therapeutic radiation machine shielding, or the treatment room
-shielding; or '

.(2) - -Until the registrarlt has received a specific exernption from the Agency.

: Modiﬁcatiorl of: Raaiaticn Therapy Unit or Rcom‘Before Beginhing a Treatment Program. If
the survey required by X.4a. indicates that an individual in an unrestricted area may be
exposed to levels of radiation greater than those _permitted by Parts D.301a. and D.301b.of
these regulations, before beginning the treatment program the registrant shall:

i. Either equip the unit with. beam direction interlocks or add.additional radiation
shielding to ensure comphance with Parts D.301a. and D.301b. of. these regulatlons
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ii.  "Perform the survey requrred by X.4a. agam, and ' _

. s
1ii. Include in the report requ1red by X.4d. the results of the initial survey, a description of
~ the modlﬁcatlon made to comply w1th X 4b i, and the results of the second survey; or

!

iv. Request and receive a reglstratron amendment under Part D:301c. of these regulatlons '
- that authorizes radiation lévels in unreéstricted areas greater than those perrmtted by
Parts D:3014. and D.301b. of these regulations. ' SR

C el . Cor L e e v T R
. [N NS Lo el ,”l., P N N PP Y AN

c.!"" ' "Dosimetry Equipniént.” - -

L dSLTLEY L ey

i. The registrant shall have a calibrated dosimetry system available for use. The system
shall have been-calibrated by the National ‘Institute for* Stahdards and Technology
(NIST) or by an American Association of Physmsts in Medlclne (AAPM) Accredited
D051metry Calibtation Laboratory (ADCL) “The* cahbratlon shall have been
performed ‘Within the- previous 24 moriths and “aftér' any- semcmg that may have
affected system calibration. An Independent survcy $hall-bé'€onducted by a qualified
expert or radiation therapy physicist other that the person performing the original
survey pnm to the equlpmcnt bemg used except as descnbed inX.4a.iv.
PRV AR R S BERE ST 2% YY) e ) .
SEUE “(1) ‘For beams’ w1th energies greater than’ 1 MV (1 MeV), the d051metry system
IRIREEREER 'shall have been cahbrated for Coba]t-60 R

ooete ‘. “ o ,l
L8 L UPAPFERENEIR ) ' : R4

R (2) For beams w1th energies equal to or less than 1 MV a MeV) ‘the dosimetry
R system shall havebeen calibrated at an energy (encrgy range) appropnate for
SRR LT -he radlatlon bemgmeasured L e e

- e ¢ A S TR P T Y T RARL j oot :
ii. The registrant shall have -available for use a dosrmetry system for quality assurance
check measurements. To meet this requirement, the system may be compared with a
T System: that ‘has been callbrated 1n accordance With X.4ci.- This- COmpanson shall
“ " have been performed-within' the prevxous 12 months and after’ each setvicing that may
have affected system- calibration. ’ “The quahty assurance’ chcck system may be the
same system used to meet the requlrement in X.4c 1 L

L c et e o
L} . '4. . ‘ '_

il - 'The reglstrant shall ‘maintain a ‘tecord" of ‘éach’ d051metry system calibration,

intercomparison, and comparison for the duration of-the'license and/or registration.

For each calibration, intercomparison, or comparison, the record shall include: the

- "l /date; the ‘model: ‘numbers ‘and serial ‘numbérs of thé instraments that ‘Were calibrated,

* inter-compared, or compared as required by X4cdi. and X.4c.ii.; the correction factors

TUizliL that were determined; “the ‘nanies ‘of thé individuals who. pcrformed ‘thie “calibration,

-~ intercomparison,  or comparison; 'and - evidence ° that the’ intercomparison was

“performed 'by, or undér ‘the’ difect” supemsmn "and"in the physrcal ‘presence of, a
Radlatlon 'I'herapy Physmst - :

d. Rgmrts of External ‘Beam Radiation Therapy Surveﬁ and Measurements The registrant for
*  any-therapeutic radiation machine subject to X.6 or X:7 shall furnish a copy of the records
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required in X.4a. and X.4b. to the Agency within 30 days following completion of the action
that initiated the record requirement.

Sec. X.5 - Quahtv Management Program %Haeﬂ*ty—shaﬂ—mplemﬁ—a—qaah&yﬁmmaemem

fQ"QWI ng specific ggjectlvc_si

Written Directives;

1) A written directive must be dated and signed bv an authorized user prior to the
administration of radiation, .

w1th1n 48 h Q sQf th gral rev1§19

The_written directive must contain the patient or human_research subiject’

name, the type and energy of" the beam, the total dose, dose per fraction,
. treatment site, and number of fractions,

A written revision to an existing written directive mav be made provided tha
the revision is dated and_si an_authorized user pri e
administration of the external beam dose, or the next fractional dose,

(4) The registrant shall retain a copy of the written directive for 3 years,

‘ i, Procedures for Administrations . The registrant shall develop, implement, and
intain wri ' ide high confidence that;

(1) Prior to the administration of each course of radiation treatinents, the patient’s

or human research subject’s identity is verified by more than one method as
the individual named i written directive:

(2) Each administration is in accordance with the written directive.;

(3) External beam radiation therapy final plans of treatment and related
calculations are in accordance with the respective written directives by:
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Checkm b th manual and com Autcr : enerated dose calcu]atlons to

transjerred into the consoles gf auth(_) ed thcra eutic mcdlc'n units:

endec latlQn from the wri
and appropriate a mgn_Ls_aLeg, -and -

An unintende d

tten d rectlvc isi d_entiﬁed cva]uated :

5 e registrant retains a ¢ h_e ce' ure r' dr ini_s_Lr_atiQ'nsffc_)r‘ the
duration of the registration.

b. eg rts 'md Notlﬁcanons of Mlsadmlmstratlons

L A reg;_s_trant shall rgggg g g gvent resy Il g from mtegegtlgn gf a Qatlent or human
research subject in which the administration of external beam radiation results, or will

- result in; unintended permanent functional damage to an organ or a physiological

_§¥§tema§dete_n_m_ed bggggxg gg SRR

ii, chemhauvems__hat_result_frgm ;ntervent;gn bx a gatlent or h man research
~ subject, a registrant shall report any event in which the administration of an external

beam radiation therapy dose results in; = - =y o0
1) e i escribed dose by more than
effective dgse equivalent, Q,ﬁ Sievert (50 rem) to-an grgan or tissue, or 0.5

iev allow dose equivalent to the skin; and either:

Lo : : vP@_Lojgldgsgdelyereg_dffersﬁg 111" scribe d"e
S osLotermoreior o - .

g'gg N 'fhe fchtignéfed dos e de]ivéred diffeg frgm -i}ie gl re§ cribed dose fora
.- - single gactxm], by 50 Q:c__Ice_rLI_Q_r_mgLe T

(2 _that ex_eeds Q,Q,S S;eve em) effective dose e ui? | ievert
: rem) to-an organ or ti 0 ievert (50 rem) shallow dose equivalent
IQ_th_,S_Mn_ﬁQ_m_elithJhef | .
n adminis ratlo the wrong treatme dality:

A
‘‘‘‘‘

o 1nd‘v'dual or human xesearc

n_administration to the \ﬂon

(3)___A dose to the skin or an organ or Iiiéue_o_thef than 1hé tr_é:atméﬁt site that
- exceeds b ievert rem) to an organ or tissue and S0 percent or more
of the dose expected from the administration defined in the written directive,
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hscoveg gf ami sad mlstratlon The wntten [egort must mclude,

4D)] The registrant’s name;

(2) The name of the prescribing physician;
1(3) A brief degcrigtign of the event;
4) Why the __t_Q_ccu red;

The effect, if an

n the individua who received the adm inistration;

Y

(6) égtigng, if any, that have been takgn, or.arc thned, tg grgvent recurrence;

T, . . -

(WA C.ertiﬁcatlon that the registran th_tJf ed the mdmdu r

he individual’s

responsible relative or guardian), and if not, why n

v. __ There contain the individual’s name or an
lead to the1 entlﬁcangn of the mdmdual.

The regl_strant shall ggvule ngtlﬁcatlgn Qf ¢ event tg the ;efemng physician and
ifv the individual who is the subject
ours after its discovery, unless the referring ghzsig’_an Qer_s_ogallx informs the
un_t_el_hel_h_t e o she w;lL_nﬁqmmL_mdleuaLQr_hq a ed on medical

required gg

4
( e reached within 24 hours the registrant
shall n 't' : indivigug |.as soon.as: i ereafter, The registrant may not dela
any app ~Qpnat megi;gg! ca e th the md1v1dual, ggcludlgg gny_ necg§§ag remedia! _Q

w |t mgeic ifr ucsted,

vii. Aside from the notification L_“ i)
duties of registrants and ph
IL_rxwdmmjjl_qt_QnLgnm_th.at md;yndugls,rgﬁ
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. Tl_ g,lstrant h ll ctam arccord _gf a mlsadmml_stm_tlon in s accmdance with X,5.c. A
copy of the record required sha hysician if other than

all be provided to the referrin
the rcglstr'mt within lLdays after dlscgveg of the mlgadmmlstratlon

C. Re_cgr_d_sg Mlsadm mstratlon A _Lemstrant shajl ctain a rec

ord of m1 32 d__w nis tratigns

1. The regx_str_an 1t’s name and the _names gf the mdmd

ii. The soc 1al security numb_er or cher 1dent1ﬁc ation number, 1f one bs as been assigned,
Qf the individual whg is the §gb1ect of the mlsadmmlstratlon! '

Sec. X. 6 - _Therapeutic Radlatlon Machines of Less Than 500 kV. -

a. Leakape Radlatlon When the ng-ray tube is operated at 1ts maximum rated tube current for
.,the maximum kV, the leakage air. kerma rate shall not exceed the value specified at the
dlstance spe01ﬁed for that classification of therapeutic radlatlon machme ~

i .- 5 50 kV Svstems The leakage air kerma rate measured at any posrtlon 5 centimeters
.~ - - from the tube housmg assembly shall not exceed 1 mGy (100 mrad) in any one hour.
"‘ n >50 and <500 kV Svstems The leakage air kerma rate measured at a dlstance of 1

... meter from the target in any direction shall not exceed 1 cGy (1 rad) in any 1 hour.

-y - This air kerma rate measurement may. “be averaged ‘over, areas no larger. than 100

.. square centimeters.. In addition, the air kerma rate at a distance of 5 centimeters from
.. the surface of the tube housmg assembly shall not exceed 30 cGy (30 rad) per hour.

§ii.* - For each therapeutic radxatlon machme the reglstrant shall determme oor obtain from
-the manufacturer, the leakage radiation existing at the posxtlons.spec_lﬁed in X.6ai.
and X.6a.ii. for the specified operating conditions. Records on leakage radiation
measurements shall be mamtamed at the mstallatmn for mspectlon by the Agency.

b. .- Permanent Beam L1m1tmg Devxces Pexmanent dlaphragrns or cones used for limiting the
..~ useful beam shall provide at least the same degree of attenuatlon as- requlred for the tube
housmg assembly S C

c. Adjus table or Removable Beam leltmgLDewces

T X16
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i All adjustable or removable beam limiting devices, diaphragms, cones or blocks shall
not transmit more than 5 percent of the useful beam for the most penetrating beam
used;

ii. ‘When adjustable beam limiting devices are used, the position and shape of the

radiation field shall be indicated by a light beam.

Filter System. The filter system shall bé so designed thaf:

-~ i Filters éan ‘not be écéi‘dentally dispfaced at:any possib'lé tube oﬁentatidn;

ii.  For equipment installed after [INSERT EFFECTIVE DATE OF THESE
REGULATIONS], an interlock system prevents irradiation if the proper filter is not in

place;

iii. The air kerma rate escaping from the filter slot shall not exceed: 1 cGy (1 rad) per hour
at 1 meter under any operating conditions; and -

iv. Each filter shall be marked as to its material of construction andits thickness.

Tube Immobilization.

i The Xx-ray tube shall be SO mounted that it can not accxdentally turn or shde with
respect to the housing aperture; and - :

il. The tube housing assembly shall be capable of being immobilized for stationary portal
treatments.

Source Marking. The fube housiﬁg' assembly shall be so marked that it is poséible to
determine the location of the source to within 5 millimeters, and such marking shall be
readily accessible for use during calibration procedures.

Beam Blbck Contact thérépy tube housing assemblies shall havé'z-i removable shield of
material, equivalent in attenuation to 0.5 millimeters of.lead at 100 kV, which.can be
positioned over the entire useful beam exit port during periods when the beam is not in use.

Timer. A sultable 1rrad1at10n control device shall be provided to terminate the irradiation
. after a pre-set time interval.
i A timer with a display shall be provided at the treatment control pé.nel. The timer
shall have a pre-set time selector and an elapsed time or time remaining indicator;

ii. The timer shall be a cumulative timer that activates with an indication of
"BEAM-ON" and retains its reading after irradiation is interrupted or terminated.
After irradiation is terminated and before irradiation can be reinitiated, it shall be
necessary to reset the elapsed time indicator;
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Vil

i.

iii.

iv.

Theé timer shall terminate 1rrad1at10n when a pre-selected time has elapsed if any dose

- monitoring system present has not prevrously termmated 1rrad1at10n

The timer shall perm1t accurate pre—settmg and deterrmnatron of exposure times as
short as 1 second; E SR .

I

The timer shall not permit an exposure if set at zero;

L -, 4 T AP .- v

The timer shall not activate until the shutter is opened when 1rrad1atron is controlled

by @ 'shuttér"mechani$m "unless - cahbratlon ‘includes -a" timer error correctron to
- compensate for mechanlcal lag; and

3 O .4" . R PO !

Timér shall be accurate” to wrthm 1 percent 'of ' the" selected value or 1 second,

‘whichever is greater.

Control Panel ‘Fuinctions.” The control panel ‘in’ addrtron to’ the dlsplays requ1red by other

prov1$1ons in X.6, shall have: X R

i

ii.

iii.

iv.

Multrgle Tubes When a control panel may energlze more than one Xx-ray tube

i.

P

i

BN N

e

k.

ST

actrvated and

- ' e

- ~“An indication' of Whether electrrcal power is avallable at’ the Control panel and if
actlvatron of the Xx-ray tube is possrble

An mdrcatron of whether ng-rays are bemg produced

N IR AT !

A means for mdrcatmg Xx-ray tube potentlal and current;'

# ‘The meari for tefminating &l éxpésure'at any tiiné} <+ £7'5-" -1

YE e e

A locking devrce Wthh w111 prevent unauthonzed use of the therapeutrc radiation

'-.-machme and~ - ¢ _- ‘ A ”f:f. P

. - - A A L.
i ot ! . e Loy f P . FH '

For therapeutrc radiation machifies manufactured after’ [lNSERT EFF ECTIVE DATE

_ OF THESE REGULATIONS] a posrtrve drsplay of specrﬁc ﬁlter(s) in the beam

Cad U

It shall be p0551ble to actrvate only one Xx-ray tube at any time;

L e e STl I PP -..r,"

There shall be an indication at the control panel 1dent1fy1ng whrch Xx_-ray tube is

o R T [ B S ety Sy fe
. LTS AR PSS PO PP ll_.' L de esa '.J L P 2

- There shall'be an 1nd1catron at thie tube’ housmg assembly when that tube is energized.

‘Target-to-Skin Distance . There shall be a means of determining the central axis TSD

to -within 1- centrmeter and of reproducmg thls measurement fo  within 2 millimeters
-thereafter. = - - :

X18



DRAFT SSRCR Volume I - Februcrv-1999 {ygust 2004

Shutters. Unless it is possible to bring the Xx-ray output to the prescribed exposure
parameters within 5 seconds after the Xx-ray "ON" switch is energized, the beam shall be
attenuated by a shutter having a lead equivalency not less than that of the tube housing
assembly. In addition, after the unit is at operating parameters, the shutter shall be controlled
by the operator from the control panel. An indication of shutter position shall appear at the
control panel.

Low Filtration X-ray Tubes. Each therapeutic radiation machine equipped with a beryllium
or other low-filtration window shall be clearly labeled as such upon the tube housing
assembly and shall be provided with a permanent warning device on the control panel that is
activated when no additional filtration is present, to indicate that the dose rate is very high.

Facility Design Requirements for Therapeutic. Radiation Machines Capable of Operating in
the Range 50 kV to 500.kV. In addition to shielding adequate.to meet requirements of X.9,
the treatment room shall meet the following design requirements:

i. Aural Communication.. Provision shall be made for continuous two-way aural
communication between the patient and the operator at the control panel;

ii. Viewing Systems. Provision shall be made to permit continuous observation of the
patient during irradiation and the viewing system shall be so located that the operator
can observe the patient from the control panel. The therapeutic radiation machine
shall not be used for patient irradiation unless at least one viewing system is
operational. : :

Additional Requirements. Treatment rooms that contain a therapeutic radiation machine
capable of operating above 150 kV shall meet the following additional requirements:

i. . All protective barriers shall be fixed except for éntr;mce doors or beam interceptors;

ii. The c’onti'o'l.' pahel shall be located outside the treatment room or in a totally enclosed
booth, which has a ceiling, inside the room;

i, Interlocks shall be provided such that all entrance doors, mcludmg doors to any
interior booths, shall be closed before treatment-can.be initiated or continued. If the
radiation beam is interrupted by any door opening, it shall not be possible to restore
the machine to operation without closing the door and reinitiating irradiation by
manual action at the control panel; and

iv. When any;dobr réfen_*ed to in X.60.iii. is opened while the XX-ray tube is activated,

the air kerma rate. at a distance of 1 meter from the source shall be reduced to less
than 1 mGy (100 mrad) per hour.
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p. Full Cahbratron Measurements o :
. . ch Ve R e :
i. Full calibration of a therapeutrc radlatlon machine subject to X.6 shall be performed

by, or under the dlrect supemswn of a Radlatlon Therapy Physwlst

€)) Before the first medlcal use followxng installation or reinstallation of the
therapeutlc radtatlon machine;

. i e . . . .
ST N T A A S L TR T

cel(2) AL 1ntervals not exceedmg 1 year, and A'v';- e

s . L cep . - . Yoo .
': .. . P ] A 2P

R ) B Before medrcal use under the 'followmg condltlons ot

v n e ¢ ).+ . Whenever: quallty assurance .check measurements indicate -that the-
et et raidiation output differs by more than’s percent from thé value obtained
S “at thé 1ast full cahbratlon and the drﬁ"erence cannot bereconciled; and

. "-'i‘-’(h)' ER Followmg any component replacement, major repalr, or modification
Lo “of components ‘that could srgmﬁcantly affect the characteristics of the
radlatlon beam

- cayiep . N . s 5 e
[T S TS S AL A ‘A . LY L. H S t 4 0

L) Notmthstandmg the requlrements of X’6p 1. (3)

'. - T e C -

Teel R (@) Full cahbi'atron of - therapeutlc radlatlon machmes ‘with multi-energy
C " capabilities is required only for those modes and/or -energies that are
- not within thelr acceptable range and’ :

- T . . L "'. "\ itds ';‘ o

N O S ¢ the repair,’ rep]acement or rnodlﬁcatlon does‘not aﬁ'ect a11 energres,

full calibration shall be performed on the -affected energy that is in

* most fréquent' clinical use‘at the facility, 'Thé temaining energies may

C -+ be validated with" quahty assurance check procedures against the
seeodeo "cntena1nX6p1(3)(a) R LR PR I L '

N R L IRt

ii. To satisfy the requirement of X. 6p i, full cahbratlon shall include all measurements

- ' 2 recommended for anfual‘calibration by NCRP Report 69, "Dosrmetry of X-Ray and

" o tGarmma Ray Beams for Radlatlon Therapy m the Energy Range 10°'keV to 50 MeV"

SR (1981) i IRV

ST SRS DR N ST R R RIS P ST S
ii. The reglstrant shall malntam a record of each cahbratlon forthe’ duratlon of the
o ‘registration. 'I'he record shall mclude the’ date of the cahbratlon, the manufacturer's
** “'name, model number, and 'sérial number for both-the’ therapeutlc radiation machine
" v and thé XxX-ray tube; the model numbers and serial numbers of the instruments used to
calibrate’ the  therapeittic “radiation miaching: and “the signature of the Radiation

Therapy Physicist responsible for performing the calibration. *

q. Periodic Quality Assurance Checks.
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ix.
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Periodic quality assurance checks shall be performed on therapeutic radiation

machines subject to X.6, which are capable of operation at greater than or equal to 50
kV.

To satisfy the requirement of X.6q.i.,, quality assurance checks shall meet the
following requirements:

1) The registrant shall perform quality assurance checks in accordance with
written procedures established by the Radiation Therapy Physicist.; and

(2)  The quality assurance check procedures shall specify the frequency at which
tests or measurements are to. be performed. The quality assurance check
procedures shall specify that the quality assurance check. shall be performed
during the calibration specified in X.6p.i. The acceptable: tolerance for each
parameter measured in. the quality assurance check, when compared to the
value for that parameter determined in the calibration specified in X.6p.i.,
shall be stated.

The cause for a parameter exceeding a tolerance set by the Radiation Therapy

. Physicist shall be investigated and corrected before the system'is used for patient

irradiation; SR Co -
Whenever a quality assurance check indicates a significant change in the operating
characteristics of a system, as specified in the Radiation Therapy Physicist's quality
assurance check procedures, the system shall be recalibrated as required in X.6p.i.;

The registrant shall use the dosimetry system described in X.4c.ii. to make the quality
assurance check required in X.6q.ii.;

The régi_strant sh'all. have the Radiation Tﬁerapy' Physicist review and sign the results
of each radiation output quality assurance check within 1 month of the date that the
check was performed;

The registrant shall ensure that safety quality assurance checks of therapeutic
radiation machines subject to X.6 are performed at intervals not to exceed 1 month;

_ Notwithstanding the requirements of X.6q.vi and X.6q.vii., the registrant shall ensure

that no therapeutic radiation machine is used to administer radiation to humans unless
the-quality assurance checks required by X.6q.vi. and X.6q.vii. have been performed
within the 30 day period immediately prior to said administration;

To satisfy the requirement of X.6q.vii., safety quality assurance checks shall ensure
proper operation of:

(1)  Electrical interlocks at each external beam radiation therapy room entrance;

2) The "BEAM-ON" and termination switches;
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I. QQMgPro_wiu&s_

i,
i,

iv.

3) Beain condition indicator lrghts on the access "door(s), control console and in
the radiation therapy room,

@) - ViewingsystemS' R S

(5)  If applicable, electrically: operated treatment room doors from ms1de and

out51de the treatrnent room

SR L ) v 20N ( S S SNV o S RO

_The registrant shall maintain a record of each quality assurance check required by

" X.6q.ix‘and " X:6q.vii. for 3 yeats’: The record ‘shall include: the date of the quality
- assurance check; the mafiufacturet's ‘name, 'modél fiumber, ‘and serial number of the

therapeutic radiation machine;- the” manufacturer‘s name; -model number and serial

- number fof the iristrument(s) used: 0 measure ‘the Tadiation - ‘Gutput of the therapeutic
* . radiation' machine;- and the 51gnature of the mdlwdual who performed the penodlc
'-quahtyassurance check, - © - Tl e et

O ot mETLIT LN
‘ “ R S B LR L . W,

*The therapeutlc radlatlon machlne shall not bé used for 1rrad1at10n of patlents unless

the reqmrcments of X. 6p and X. 6q have been met;

i Therapeutlc radratlon machmes shall not be left unattended unless secured pursuant to
X 61 v S - Ce

. .
A I S SRR

IR A R N

. When a patlent must be held in posmon for radlatton therapy, mechamcal supporting
- or restrammg devxces shall be used BT et

U I A SR PT A TR

The tube housmg assembly shall not be held by an individual during operatlon unless

_-the assembly‘is desxgned fo require such holding and the*peak tube potential of the
‘ system does not ‘exceed 50 kV- -In such casés, the holder shall‘wear protectlve gloves

and apron of not less than 0 5 mrlhmeters lead equxvalency at 100 kV;:

A’copy of the currént operatmg and emergency procedures shall be mamtamed at the

'therapeutlc radxatlon machme control console and ERTI

. ¢ *"No individual other'than th'e»-'patient shall be in -t_he' freatnient room during exposures
- from therapeutic'radiation machines operating above'150 kV: "At energies less than or
: equal to 150 kV, any individual; other than the- patrent ‘in'the treatment room shall be

protected -by a barrier sufﬁcmnt to meet the requlrements of Part D 201 of these
regulatlons i . . : :

s. Possession of Survev Instrument(s). ‘Each facility location authorized ‘to use a therapeutic

radiation machine in accordance with X.6 shall possess appropriately calibrated portable
. «monitoring equipment. ‘As a minimum, such equipment shall include a portable radiation
measurement survey instrument capable of measuring dose rates over the range 10 uSv (1
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mrem) per hour to 10 mSv (1000 mrem) per hour. The survey instrument(s) shall be operable
and calibrated in accordance with X.8.

Sec. X.7 - Therapeutic Radiation Machines - Photon Therapy Systems (500 kV and Above) and

Electron Therapy Systems (500 keV and Above).

Possession of Survey Instrument(s). Each facility location authorized to use a therapeutic

radiation machine in accordance with X.7 shall possess appropriately calibrated portable
monitoring equipment. As a minimum, such equipment shall include a portable radiation
measurement survey instrument capable of measuring dose rates over the range 10 uSv (1
mrem) per hour to 10 mSv (1000 mrem) per hour. The survey instrument(s) shall be operable
and calibrated in accordance with X.8.

b. . Léa@ge Radiation Oufsfde-thé. Maximum Useful Beam in. Photon_and Electron Modes.

i.

ii.

iii.

The absorbed dose due to leakage radiation (excluding neutrons) at any point outside
the maximum sized useful beam, but within a circular plane of radius 2 meters which
is perpendicular to and centered on the central axis of the useful beam at the nominal
treatment distance (i.e. patient plane), shall not exceed a maximum of 0.2 percent and
an average of 0.1 percent of the absorbed dose on.the central axis of the beam at the
nominal treatment distance. .Measurements shall be averaged over an area not
exceeding 100 square centimeters at a minimum of 16 points uniformly distributed in
the plane; -, . 4 :

Except for the area defined in X.7b.i., the absorbed dose due to leakage radiation
(excluding neutrons) at 1 meter from the electron path between the electron source
and the target or electron window shall not exceed 0.5 percent of the absorbed dose
on the central axis of the beam at the nominal treatment distance. Measurements shall
be averaged over an area not exceeding 100 square centimeters;

For equipment manufactured after [INSERT .EFFECTIVE. DATE OF THESE
REGULATIONS], the neutron absorbed dose outside the useful beam shall be in
compliance with International Electrotechnical Commission (IEC) Document 601-2-1
(most current revision); and :

iv. For each therapeutic radiation machine, the registrant shall determine, or obtain from
.the manufacturer, the leakage radiation existing at the positions specified in X.7b.i.
through X.7b.iii. for the specified operating cenditions. Records on leakage radiation
measurements shall be maintained at the installation for inspection by the Agency.
c. Leakage Radiation Through Beam Limiting Devices. -

i.

Photon Radiation. All adjustable or interchangeable beam limiting devices shall
attenuate the useful beam such that at the nominal treatment distance, the maximum
absorbed dose anywhere in- the area shielded by the beam limiting device(s) shall not
exceed 2 percent of the maximum absorbed dose on the central axis of the useful
beam measured in a 10 centimeters by 10 centimeters radiation field;

X23



SSRCR Volume I - Februetrv-999 dugnisl 2004, DRAFT
ii.  Electron Radiation/*"All adjustable or- in'terchangéab'le\electron ‘applicators shall
attenuate the radiation, including but not limited to photon radiation generated by
-electrons incident on the beam limiting device and electron applicator ¢ and other patts

of the radiation head, such’ that the.absorbed .dose in a plane perpeiidicular to the

central axrs of the useful beam at the nommal treatment dlstance shall not exceed
S [ l.

(1) - ’A maximum of 2 percent and average of 0.5 percent of the absorbed ‘dose on

... 0T v o the ‘central axis of the uSeful beai at the nominal ‘treatfhent distance. This

' " -+ limit shall apply beyond" a lme T centlmeters outsrde the penphery of the

R "{usefulbeam, and A s . R :

- (2) A maximum'of 10 percent of the absorbed dose on the central axis of the

v+ | -useful beam at the nomirial tréatment distance. <This limit shail apply beyond a
]me 2 centlmeters outsrde the penphery of the useful beam.

L “-‘(-. DoasaTi v, PRCAT l_‘{.,-.»_‘~

R R Measurement ofLeakage Radlatron TN LT T e
BT LRI M At W O RS IR I B S

(1) “’Photon Radlatlon Measurements of 1éakage” radratron through the beam

"7 - linditing devices shall be made with the bearn limiting devices closed and any

Yoo it iw ' reSidual ‘aperture blocked b}f at leasf 2 tenth valiie’ layers ‘of surtable absorbing

et imatétall - In the éasé of - overldpping beam~11m1t1ng ‘devices, the leakage

- radiation- through "each set 'shall be measured’ 1ndependently at the depth of

. '~ maximum ‘dose. Measurements shall be made usmg a radratlon detector of
PLomew ’area not exceedlng 10 square centrmeters At T

e g - i B . ] - L TR i A
PR : co A AR . Ny FER I oSS M R +

L' .. 1i(2): " Electron Radiation. Measurernents ‘of leakage ‘fadiation” through the electron
SR applrcators shall be‘madé with the' électron ‘beam " directéd 'into” the air and
using a radlatlon ‘detector of aréa-up to but not exceeding'1'sqiiare centimeter
suitably protected against radlatron which has been’scattered from material
beyond -the- radratlon 'detector. Measurernents shall be made using 1
""‘centrmeter of water equlvalent burld up matenal Tt U

Tvel oy
Jeope M SON L T PR ..l P . l»' Yo

d Fllters/Wedges : e S . ::;,-.':', TP SRR

% - Each wedge filter that is rernovable from the _system shall ‘be clearly marked with an
"0 jdentification number - For removable wedge ﬁlters, the nominal ‘wedge angle shall
-+ Vi appear on the wedge or wedge tray (if permanently mounted to the' tray). If the wedge
. or wedge- tray is significantly. damaged, ‘thie” wedgé "transniission factor shall be
redetermined; - .
ii. If the absorbed dose rate information required by X.7i. relates exclusively to operation
-+ with a‘field flattening fi lter or beam scattenng forl in place such foxl or filter shall be
o “-"removable only by the use of tools L . .
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iii. For equipment manufactured after [INSERT EFFECTIVE DATE OF THESE
REGULATIONS] which utilizes wedge filters, interchangeable field flattening filters,
or interchangeable beam scattering foils:

(1)  TIrradiation shall not be possible until a selection of a filter or a positive
selection to use "no filter" has been made at the treatment control panel, either
manually or automatically;

(2)  An interlock system shall be~pro§/ided to prevent irradiation if the filter
selected is not in the correct position;

(3) . A display shall be provided at the treatment control panel showing the wedge
filter(s), interchangeable field flattening filter(s), and/or interchangeable beam
scattering foil(s) in use; and

(4)  An interlock shall be provided to prevent irradiation if any filter and/or beam
scattering foil selection operation carried out in the treatment room does not
agree with the filter and/or beam scattering foil selection operation carried out
at the treatment control panel. .

Stray Radiation in the Useful Beam. For equipment manufactured after [INSERT
EFFECTIVE DATE OF THESE.REGULATIONS], the registrant shall determine during
acceptance testing, or obtain from the manufacturer, data sufficient to ensure that Xx-ray
stray radiation .in the useful electron beam, absorbed dose at the surface during Xx-ray
irradiation and stray neutron radiation in the useful Xx-ray beam are in compliance with
International Electrotechnical Commission (IEC) Document 601-2-1 (most current revision).

Beam Monitors. All .t'herépeutic radiation maéhines subject to X.7 shall be provided with
redundant beam monitoring systems. The sensors for these systems shall be fixed in the
useful beam during treatment to indicate the dose monitor unit rate.

i Equipment manufactured after [INSERT EFFECTIVE DATE OF THESE
REGULATIONS] shall be provided with at least 2 independently powered integrating
dose meters. Alternatively, common elements may be used if the production of
radiation is terminated upon failure of any common element.

ii. Equipment manufactured on or before [INSERT EFFECTIVE DATE OF THESE
REGULATIONS] shall be provided with at least 1 radiation detector. This detector
shall be incorporated into a useful beam monitoring system;

iii.  The detector and the system into which that detector is incorporated shall meet the
following requirements:

(1)  Each detector shall be removable only with tools and, if movable, shall be
interlocked to prevent incorrect positioning;
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(2) ° Each detector ‘shall form part of ‘a beam’ ‘monitoring system from whose
- readings in dose*monitor units the absorbed dose at a reference point can be
calculated

3) -Each beam ‘monitoring - system shall be capable of independently monitoring,

- intérrupting, and termmatlng 1rrad1at10n and

(4)  For equ1pment manufactured after [INSERT EFFECTIVE DATE OF THESE

- REGULATIONS], the desrgn of the bearn momtonng systems shall ensure
that the: ‘

b -(a) ** +Malfunctioning of one system shall not aﬁ'ect the correct functioning
-* .t "o of the other system(s);- and B -

= ‘.‘....""'_ AL

*(b) -~ Failure of either system shall- termmate 1rradxat10n or prevent the
"-'rmtlatxonofradlatlon O :

N ‘ 3 .'1\5 \'.“‘ '.,‘, ,.-.. 1', 4->.,:--

() - :Each bearn momtonng system Hall have ‘a leglble dlsplay at the treatment

control panel. For equipment manufacturéd ‘after [INSERT EFFECTIVE
DATE OF THESE REGULATIONS], each dlsplay shall

W

(a) Marntalnareadmg until 1ntent10nally reset j' N
" o B ‘. [ Wl n-.. . . :',-'~ ': ’

“-factors, T T R A AT
st g .

N 4 s .. . B H .“- TR T
L R S AR . A W L. s it

4.2 (b) - Have only one scale and o electrrcal or mechamcal scale multiplying

© Utlhze a design such that 1ncreasmg dose is dlsplayed by increasing
o numbers,and . P o
; U S F ST ST AUPAIE DES LSS AN TRS SUELNNA S .
@ - ?In the 'event of power fallure ‘the “beam " rionitoring " information
' requrred in X.7£.ii.(5)(c) displayed at the control panel at the time of
 failare shall be retnevable in at least one system for a 20 minute period

R Oftlme -:‘ ' PR ’ ......-... .u‘.'-\-‘
g BeamSmmem e o Gt ‘
i JBent-beam linear accelerators sub_]ect to X 7 shall be provrded w1th auxiliary
-+ .device(s) to momtorbeam symmetry; o j’-, RE .
. ,tl,‘ v Lt e L8 Vol o
ii. The dev1ce(s) referenced in X 7g i shall be able to detect ﬁeld asymmetry greater than
+* -1 10 percent;-and ¢ B R &
The device(s) referenced in X.7g.. shall be conﬁgured to terrmnate 1rrad1atron if the

iii.

" 'specifications in X.7g.ii. can not be mamtarned

Selection and Display of Dose Momtor Units.
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Irradiation shall not be possible until a new selection of a number of dose monitor
units has been made at the treatment control panel;

The pre-selected number. of dose monitor units shall be displayed at the treatment
control panel until reset manually for the next irradiation;

After termination of irradiation, it shall be necessary to reset the dosimeter display
before subsequent treatment can be initiated; and

For equipment ,manufactured after [INSERT EFFECTIVE DATE -OF THESE
REGULATIONS], after termination of irradiation; it shall be necessary for the
operator to reset the pre-selected dose monitor units before irradiation can be
initiated.

i Air_Kerma_Rate/Absorbed .Dose Rate.- For- equipnﬁent_ manufactured after [INSERT

EFFECTIVE DATE OF THESE REGULATIONS], a.system shall be provided from whose
readings the air kerma rate or-absorbed dose rate at a reference point can be calculated. [The
_ radiation detectors specified in X.7f. may form part of this system ] In addmon

i

ii.

iii.

The dose monitor unit rate shall be displayed at the treatment control panel

If the equlpment can dehver under any condmons an air kerma ratc or absorbed dose
rate at the nominal treatment distance more than twice the maximum value specified
by the manufacturer, a device shall be provided which terminates irradiation when the
air kerma rate or absorbed dose rate exceeds a value twice the specified maximum.
The dose rate at which the irradiation will be terminated shall be a record maintained
by the reglstrant - i

If the equipment can deliver under any fault condition(s) an air kerma rate or absorbed
dose rate at the nominal treatment distance more than ten (10) times the maximum
value specified by the manufacturer, a device shall be provided to prevent the air
kerma rate or absorbed dose rate anywhere in the radiation field from exceeding twice
the specified maximum value and to terminate irradiation if the excess absorbed dose
at the nominal treatment distance exceeds 4 Gy (400 rad) and

For each therapeutlc radiation machine, the reglstrant shall determme or obtam from

iv.
the manufacturer, the maximum value(s) specified in X.7i.ii. and X.7iiii. for the
specified operating conditions. Records of these maximum value(s) shall be
maintained at the installation for inspection by the Agency.
j- " Termination of Irradiation by the Beam Monitoring System or Systems During Stationary

Beam Radiation Therapy.

i.

Each primary system shall terminate irradiation when the pre-selected number of dose
monitor units has been detected by the system;
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k.

L

m.

ii. If the .original de51gn of the equipment iricludéd a secondary dose monitoring system,
that system shall bé capable of terminating irradiation when ‘not more than 15 percent
or 40 dose monitor units above the pre-selected number of dose monitor units set at

- the'control panel has been detected by the secondary dose momtonng system and

iii. For equipment manufactured after [INSERT EFFECT IVE DATE OF THESE
- - 'REGULATIONS], an indicator on’ ‘the control panel shall show whlch monitoring
system has terminated irradiation. + -

Termmatlon of Irradnatxon It shall be. poss1ble to termmate 1rrad1atlon and equipment

.....

" operator's position at the treatment control panel. = = ¢ Lt

Interruption of Irradiation. If a therapeutic radlatlon machine has an mterrupt mode, it shall
be possible to interrupt irradiation and- eqmpment movementsat any time from the treatment
.. control panel. Followmg an mterruptlon it shall be p0531ble to ‘restart irradiation by operator
action- without -any reselection ‘of operatmg ‘conditions: If “any ‘change is made of a
pre-selected’value during an 1nterrupt10n, 1rrad1atlon and" equlpment movements shall be

automatlcally terminated. o . _
T I IECR  R N N e Y R L

T1mer A suitable irradiation control dev1ce shall be prov1ded to terminate the irradiation

aﬁerapre-settlmeinterval R SIS N T I

' it ' RIS B AL R LR TN TR

BD WO A timer’ shall be. prov1ded which has a d1splay ‘at” the treatment control panel. The

tlmer shall have a: pre-set tlme selector and an elapsed time mdlcator
: . . . A A

ii. The timer shall be ‘a cumulatlve timer that actlvates w1th ‘an” indication of
"BEAM-ON" and retains its reading after irradiation is interrupted or terminated.

oo i“After irradiation is terminated ‘and before irradiation: can )be rexmtlated it shall be

n.

L vnecessaryto reset the elapsed tlme mdlcator, T NI T L L

,. - v IR -
' sl TR ,' v ERE A H : PR s FRTR

‘,iii. s .The tlmer shall termmate 1rrad1at10n when a pre—selected time has elapsed if the dose

Co momtonng systems have not prewously tenmnated 1rrad1at10n

‘;" ,,. r""l‘,"g"'

Selection of Radxatlon Tvpe Eqmpment capable of both ng—ray therapy and electron therapy

shall meet the followmg addltxonal requ1rements R
i Irradxatlon sh”all not be’ possxble unt11~a selectlon of radlatlon type (Xx-rays or
electrons) has been made at the treatment control'panely . or *r.i.r

114 0 - The radiation’ type selected” shall be dlsplayed at the treatment control panel before

and during irradiation;”

-jii." - . An interlock system shall be provided to ensure that the equlprnent can principally

emit only the radiation type that has been selected
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iv. An interlock system shall be provided to prevent irradiation with Xx-rays, except to
- obtain an image, when electron applicators are fitted;

V. An interlock system shall be provided to prevent irradiation with electrons when
accessories specific for Xx-ray therapy are fitted; and

vi. . An interlock system shall be provided to pfevent irradiation if any selected operations
carried out in the treatment room do not agree with the selected operations carried out
at the treatment control panel.

Selection of Energy. Equipinent lcapable of generating radiation beams of different energies
shall meet the following requirements:

i Irradiation shall not be-possible until a selection of energy has been made at the
treatment contro! panel; : .

ii. The nominal energy value selected shall be disgplayed at the treatment control panel
until reset manually.for the next irradiaticn. After termination of irradiation, it shall
be necessary to reset the nominal energy value selected befere subsequent treatment
can be initiated;

ii. -Irradia'tion shall not be ﬁc;ssible until the appropriaté.ﬂattening filter oc scattering foil
for the selected energy is in its proper location; and

iv. For equipment manufactured after [INSERT EFFECTIVE DATE OF THESE
REGULATIONS], the selection of energy shall be in compliance with International
Electrotechnical Commission (IEC) Document 601-2-1 (most current revision).

Selection_of Statlonarv Beam Radlatlon Therapy or Movmg_Beam Radiation Therapy.
Therapeutic radiation machines capable of both stationary beam radiation therapy and
moving beam radiation therapy shall meet the following requirements:

i. . Irradiation shall not be possible until a selection of stationary beam radiation therapy
or moving beam radiation therzpy has been made at the treatment control panel

ii. The mode of operation shall be displayed at the treatment contfol panel;

iil. An interlock system shall be provided to ensure that the equipment can opefate only
in the mode that has been selected;

iv.  Aninterlock sysfeni shall be provided to prevent irradiation if any.selected pafameter

in the treatment room does not agree with the selected parameter at the treatment
control panel; :
V. Moyving beam radiation therapy shall be controlled to obtain the selected relationships

between incremental dose monitor units and incremental movement. For equipment
manufactured after [INSERT EFFECTIVE DATE OF THESE REGULATIONS]:
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(1) An interlock "system shall be provided to 'terfhlrfate irradiation if the number of
dose monitor units delivered in any 10 degrees of rotation or 1 cm of linear
motion differs by more than 20 peréent from the selected value;

(2) Where angle terminates the irradiation in moving beam radiation therapy, the
' " dose monitor units delivered shall differ by less than 5 percent from the dose
#* - monitor unit value selected T :

A R WA ’.".'f-' AR LI b I
(3 An interlock shall be provided to prevent motion of more than 5 degrees orl

" . ‘cm beyond the selectéd lirnits dlfr'mg movmg bearn radlatlon therapy;
a=t Ly, L

“(49)°  Aninterlock shall be prov1ded to require that a selectron of drrectron be made
e s sat gt flie treatment control panel in‘all units which are capable of both clockwise

B " and counter-clockwise movmg beam radlatron therap}, .

(5) “Moving beam radiation therapy shall be controlled with both primary position
"I i“senSors and secondary position* Serisors {0 ‘obtain’the* ‘selected relationships
PeTe A between'mcremental dose momtor umts and mcremental movement
vi. Where the beam monitor system terminates the irradiation in moving beam radiation
therapy, the termmatlon of 1rradxatron shall be as requrred by X. 7_] and'

oo S SELIPNECRLIS Iyt ST

.a.-.. L

vii.  For equipment manufactured aﬂer [INSERT EFFECTNE DATE OF THESE
ot REGULATIG)NS], an mterlock systcm “shall be provrded to termmate irradiation if
: movement ) R ‘_
. . . cx e . . 'l.."_"") "'..,rl
(1) Occurs durmg statronary beam radratron therapy; or

Ia S ne

".. LICREN e

-,
“p .
(A ISR O P ’- IR

LT ’(2) Does not start ‘or’ stops durmg moving beam radratlon therapy unless such
' stoppageis apre—planned functlon SRR T T dtg e '

q.  Facility Design Requirements for Theraneutlc Radratron Machmes Operatm;.Labove 500 kV.
In*addition-to" -shielding - adequate to meet requ1rements of X9 the followmg design
requlrements are made

L . . e . ay e ,.,_".' .
P l., IORTA L r N v 1. b i m

1. Protectxve Barners All protectlve barners shall be fixed, except for access doors to
' the treatment room or movable beam mterceptors, LR ST :
ORI S M D R A 1T
ii. Control Panel In addmon to other requlrements specrﬁed in Part X, the control panel
- ~sha11 also e S TR S “

. . . v".v.‘(-"..,.- Wt R R R v
, PR N f

(1) Be located outsrde the treatmentToom; * © - G it s

(2) 12 Provide an indication of whether electrical power is avarlable at the control
S e panel and 1f activation of the radlatron is possrble

)
. s [
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3) Provide an indication of whether radiation is being produced; and

(4)  Include an access control (locking) device that will prevent unauthorized use
of the therapeutic radiation machine;

Viewing Systems. Windows, mirrors, closed-circuit television or an equivalent

. viewing system shall be provided to permit continuous observation of the patient

following positioning and during irradiation and shall be so located that the operator
may observe the patient from the treatment control panel. The therapeutic radiation
machine shall not be used for patient irradiation unless at least one viewing system is
operational; '

Aural Communications. Provision shall be made for continuous two-way aural
communication between the patient and the operator at the control panel. The
therapeutic radiation machine shall not be used.for irradiation of patients unless
continuous two-way aural communication is possible;

Room Entrances. Treatment room entrances shall be provided with warning lights in
a readily observable position near the outside of all access doors, which will indicate

“when the useful beam is "ON" and when it is "OFF";

Entrance Interlocks. . Interlocks shall be provided such that all access controls are

activated before treatment can be initiated or continued. If the radiation beam is
interrupted by any access control, it shall not be possible to restore the machine to
operation without resetting the access control and relmtxatmg irradiation by manual
action at the control panel; : :

Beam Interceptor Interlocks. If the shielding material in any protective barrier
requires the presence of a beam interceptor to ensure compliance with Parts D.301a.
and D.301b. of these regulations, interlocks shall be provided -to prevent the
production of radiation, unless the beam interceptor is in place whenever the useful
beam is directed at the designated barrier(s); . - »

Emergency Cutoﬂ' watches. At least 1 emergency power cutoff switch shall be
located in the radiation therapy room and- shall-terminate all equipment electrical
power including radiation and mechanical motion. This switch is in addition to the
termination switch required by X.7k. All emergency power cutoff switches shall
include a manual reset so that the therapeutic radiation machine cannot be restarted
from the unit's control console without resetting the emergency cutoff switch;

Safety .Interlocks. = All safety interlocks shall be designed so that- any defect or
component failure in the safety interlock system prevents or terminates operation of
the therapeutic radiation machine; and

Surveys for Residual Radiation. Surveys for residual activity shall be conducted on
all therapeutic radiation machines capable of generating photon and electron energies
above 10 MV prior to machining, removing, or working on therapeutic radiation
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‘machine components’ ‘which may have become actrvated due to photo-neutron
productton ' '

I. Radiation Therapy thsicist' Subport

te .’»‘4'

i ‘The services of a Radiation Therapy Physicist shall -be required .in facilities having
: " “therapeutic radiation:machines” ‘with enérgies of 500 kV and above “The Radiation
' Therapy Physrcrst shall be responsrble for BECRENE e it

s

et 1) Full callbratlon(s) requlred by X. 7t and protectlon surveys quUII'Cd by X.4a,;

2 Superv151on and rev1ew of doslmetry,

. L N R ey - P
B R . -.'-I B s RN - . '-..'..l..... S

(3 Beam data acqulsltron and transfer for computenzed dosmetry, and
SRR superwsronofnsuse I Rt

PRI
AN

- .
Tea .b:

S o 24 T ,‘s‘v.:-n‘)';t.-..;.-- N

) Quahty assurance including - quality assurance check review required by
AN ” X7hV ’:' "--31"'1'-"3!','-' “‘-.::'-l l ’:".'.‘ ‘J:-'.‘. :' sh .

. ot e .. COI . R
et e . S DEREEEE T L B R R S B et wron .t
‘ R L "--.'--‘ [ LN sy T "'-J.—l P L T

5) Consu]tatxon wrth the authonzed user in treatment planmng, as needed and

©) Perform calculatlons/assessments regardmg mlsadmnustratrons
P o Leohov et TV L, g en :
‘i, -~ If-the’ Radratlo‘l Therapy Physrcrst is not a full-time’ employee of the registrant, the
"~ -.operating procedures required by -X.7s." shall “also *specifically-address how the
Radiation Therapy Physicist is to be contacted:for problems or emergencies, as well
as the specific actlons 1f any, to be taken unt11 the Radlatron Therapy Phys1c1st can be

o contacted .o o St 2.”,-_"_ i'- K
« R .'--\:' M R . . :'l..-'.-'.'.' L - '.: Y .!‘. '. . \’;’HY ...;. e .. ‘./ . L .’v‘."J-',n./r_- vt '
s. ODeratmg Procedures. - cir el b Last Tn ;.;‘;; 'J-f'

oo ; T L N T L S LA H

i No individual, other than the patient, sha]l beé'in the treatment room-during treatment
or durmg any n'radlatlon for testlng or cahbratlon purposes,

e R N

nn St AUt Jin
i Therapeutlc radratlon machmes shall not‘be made avarlable for medlcal use unless the
L requlrements of X.4a:; X7t andX7u have been met SR A
1ii: Therapeutlc radiation’ machlnes, when not in’ operatlon 'shall be secured to prevent

‘unauthorized-use; = ="t T e e TS T LRI e S
"*iv.* * When adjustable- beam limiting’ dewces are used the posmon and shape of the
T radratxon ﬁeld shall be mdrcated byahght ﬁeld RIS

. ‘.
o v

v. If a patient must be held in posmon dunng treatment, mechamcal supporting or
Sl rest:ammg dewces shall be used and ERE ST B

’ ,r'.'
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A copy of the current operating and emergency procedures shall be maintained at the
therapeutic radiation machine control console.

Acceptance Testing, Commissioning and Full Calibration. Measurements.

ii. .

iii.

iv.

: Accepiance testing, commissioning and full calibration of a therapeutic radiation

machine subject to X.7 shall be performed by, or under the direct supervision of, a
Radiation Therapy Physicist.

Acceptance testing and commissioning shall be performed in accordance with
"AAPM Code of Practice for Radiotherapy Accelerators: Report.of AAPM Radiation
Therapy- Task Group 45" and shall be conducted before -the first medical use
following installation or reinstallation of the therapeutic radiation machine.

Full calibration shall include measurement of all parameters required by Table II of
"Comprehensive QA for Radiation Oncology: Report-of AAPM Radiation Therapy
Committee Task Group 40" and shall be performed in accordance with "AAPM Code
of Practice for Radiotherapy: Accelerators: Report of AAPM .Radiation Therapy Task
Group 45". Although it shall not be necessary to complete all elements of a full
calibration at the same time, all, parameters (for, all: energies) .shall be completed at
intervals not exceeding 12 calendar months, unless a more frequent interval is
required in Table IL.

The Radiation Therapy Physicist shall perform all eleme'rllts, of a full calibration
necessary to determine that all parameters are within acceptable limits:

(1)  Whenever quality assurance check measurements indicate that the radiation
output differs by more than 5 percent from the value obtained at the last full
calibration and the difference cannot be recenciled. . Therapeutic radiation
machines with multi-energy and/or multi-mode capabilities shall only require
measurements for those modes and/or energies that are not within their
acceptable range; and .

(2) Following any component replacement, major repair, or modification of

components that could significantly affect the characteristics of the radiation

“beam. If the repair, replacement or modification does not affect all modes

. and/or - energies, measurements shall be performed on the -effected

mode/energy that is in most frequent clinical use at the facility. The remaining

energies/modes may be validated with quality assurance check procedures
against the criteria in X.7t.iv.(1).

The registrant shall maintain a record of each calibration in an auditable form for the
duration of the registration. The record shall include: the date of the calibration; the
manufacturer's name, model number and serial number for the therapeutic radiation
machine; the model numbers and serial numbers of the instruments used to calibrate
the therapeutic radiation machine; and the signature of the Radiation Therapy
Physicist responsible for performing the calibration.
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u.

Periodic Quality Assurance Checks. - R -

i.

ii.

' ii.

- iV.‘

V.

Periodic quality assurance checks shall bé' performed on all therapéutic radiation-
machines subject to X.7 at intervals not to exceed those specified in "Comprehensive
QA for Radiation Oncology Report of AAPM Radlatlon Therapy Committee Task
‘Group 40";"

To satisfy the requirement of X.7u.i.,, quality assurance checks “shall include
- determination of- central -axis radiation output -and"a’ representatlve sampling of
- periodic’ quality ‘assurance chécks’contained in "Comprchenere QA for Radiation
- - Oncology:- Report of "AAPM Radlatlon Therapy™ “Committee. Task Group 40".

Representatlve sampling shall include all referericed periodic quality assurance checks

in an interval not to’exceed 12 consecutive calendar months; -

REE T O T T T TS U NN
T A R ST LI » San tie e 4 trow .
‘

"*The registrant shall use a dosrmetry system that has been mter-compared within the

~ previous-12- months with- the- dositetry-systerii’ descrrbed m X4c1 to make the

oe
e W

P

e

vii. o

~

penodlc quality assurancc checks requlred in X 7w - -

R .':‘ ,f Rt L ) \,‘,. I. ',' ",.:.“ N

The reglstrant shall perform penodlc quahty aséuirance chécks requlred by X.7u.i. in
accordance with procedures estabhshed by the Radlatlon Therapy Physrcrst

The regrstrant shall review the' results of each penodlc radlatlon output check
accordmg to thefollowmgprocedures IR R

. Ve, A
PR S

1) The authonzed user and Radlatlon Therapy Phy51c1st shall be immediately

notified “if ‘any “parameter -is"not - ~within :'it§*» -acceptable tolerance. The
' therapeutlc radiation ‘machine shall not be:made” ‘available for subsequent
_medfcal use until the’Radiation’ Thetapy : Physrcrst thas determined that all
' parameters are w1th1n their acceptable to]erances R :

9° . FEERTY

@ If all quahty assurance check parameters appedr to’ be Wwithin therr acceptable

range, the quality assurance check shall be reviewed and signed by either the
authonzed user or Radlatron Therapy Physrcrst w1thm 3 treatment 'days; and

PR o

- (3) The Radlatlon Therapy Physlcrst shall -review and sign the results of each
o radlatlon output quahty assurance check at mtervals not to exceed 1 month.

R [T PN

- Therapeutic radiation machines’ subject to X 7 shall have safety quality assurance
checks listed in "Comprehensive QA for Radiation Oncology: Report of AAPM
Radiation Therapy Commlttee Task Group 40" performed at 1ntervals not to exceed 1
week : . B

- . .- JOR T DUV Y AR N . s
To satlsfy the requrrement of X 7u vi., safety quahty assurance checks shall ensure
proper operationof: ~ . . cRTE e

(1) Electrical interlocks at each external beam radlatlon therapy room entrance;
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(2)  Proper operation of the "BEAM-ON", interrupt and termination switches;

(3)  Beam condition indicator lights on the access doors, contro! console, and in
the radiation therapy room;

(4)  Viewing systems;

(5)  Electrically operated treatment room door(s) from. inside and outside the
treatment room;

(6) At least one emergency power cutoff switch. If more than one emergency
power cutoff switch is installed and not all switches are tested at once, each
switch shall be tested on a rotating basis. Safety quality assurance checks of
the emergency power cutoff switches may be conducted at the end of the
treatment day in order to minimize possible. stability problems with the
therapeutic radiation machine.

viii.  The registrant shall promptly repair any uystem identified in X7u vii. that is not
. operating properly; and |

ix. The registrant shall maintain a record of each quality assurance check required by
X.7u.i. and X.7u.vii. for 3 years. The record shall include: . the date of the quality
assurance check; the manufacturer's name, model number, and serial number of the
therapeutic radiation machine; the manufacturer’s name, model number and serial
number for the instrument(s) used to measure the radiation output of the therapeutic
radiation machine; and the signature of the individual who performed the periodic
quality assurance check.

Séc. X.8 - Calibraﬁon of Survey Instruments.

a. .

The registrant shall eﬁshre that the survey instruments us,éd- to show ,ccmpliané,e with Part X

have been calibrated before first use, at intervals not to exceed .12 months, and following

repair.

To satisfy the requirements of X.8a., the registrant shall:

i. Calibrate all required scale readings up to 10 mSv (1000 mrem) per hour with an
appropriate radiation source that is traceable to the National Institute of Standards and
Technology (NIST);

ii. Calibrate at least two (2) points on each scale to be calibrated. These points should be
at approximately 1/3 and 2/3 of full-scale; and

To satisfy the requirements of X.8b., the registrant shall:
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i. Consider a point as calibrated if the indicated dose rate dlffers from the calculated
dose rate by not miore than 10 percent; and =~ V7

ii. Consider a point as calibrated if the indicated dose rate differs from the calculated
dose rate by not more than 20 percent if a correction factor or graph is conspicuously
attached to the instrument.

.. 'The registrant shall retain a record of each cahbratron requlred in X 8a. for 3 years. The
" record shall include: = i+ .

i, A descnptlon of the cahbratron procedure and

. v
B .- L )

Cenil o A descnptlon of the source used ‘and ‘the’ certlﬁed dose rates from the source, and the

“* -+ 1 rates indicated by the instrument being calibrated, the-correction factors deduced from

o ‘7. v thé calibration data,'the srgnature of the 1nd1v1dual who performed the cahbratlon, and

..‘the date of cahbratron ool . T .
: T .’-':s UERTHUES TSN RPN

The registrant may obtam the services of individuals lrcensed by the Agency, the US Nuclear

* Regulatory Commission; an Agreément State; or a Licefising’ State'to perform calibrations of

survey instruments. Records of calibrations that contain‘information required by X.8d. shall
be mamtamed by the reglstrant

.....

. . o . AN £t vy . T e s . ’
[} . ‘.';/I A LTt . . A Lo 'I JAS. L .'..‘_a...,!.-': e cor T

Sec X 9 Shleldmg and SafetvDesrgn Requrrements ‘- N

a.

. . .
ST " AR <

Each ‘therapeutnc radlatxon machine subject to X:6 or X 7 shall be provrded with such primary

and/or secondary barriers as are necessary to ensure comphance with Parts D.201 and D.301
s 'oftheseregulatrons T I T RO TSI NN LR,

‘-_'l“;’:‘_ R "'-'"v

- .Facility design mformatron for all new 1nstallat10ns of a: therapeutlc radxatlon machine or

installations of a therapeutic radiation machine of higher energy.into a:room not-previously.
approved for that energy shall be submitted for Agency approval prior to actual installation of
the: therapeutrc radiation' machine. * The minimum- facrhty desrgn mformatlon that must be

1

submitted 5 contained ifi Appendix A to PartX IR BRI
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PART X

APPENDIX A

INFORMATION ON RADIATION SHIELDING REQUIRED FOR PLAN REVIEWS

All Therapcutic Radiation Machines.

A. Basic facility information including: name, telephone number and Agency registration
number of the individual responsible for preparation of the shielding plan; name and
telephone number -of the facility supervisor; and the street address [including room
number] of the therapeutic radiation machine facility. The plan should also indicate
whether this is a new structure or a modification to existing structure(s).

B. All wail, Aﬂoor, and ceiling areas struck' by the useful bé;lm shall have primary
barriers.

C. Secondary barriers shall be prov1ded in all wall ﬂoor and cexlmg areas not havmg
pnmary barriers. ~ :

Therapeutic Radiation Machines up to 150 Kv (photons only).

In addition to the requirements listed in Section I above, therapeutic radiation machine
facilities which produce only photons with a maximum energy less than or equal to 150 kV
shall submit shleldmg plans which contain, as a minimum, the following additional
information: v : -

A. Equipment specifications, including the manufacturer and model number of the
therapeutic radiation machine, as well as the maximum techmque factors;

B. Maximum de31gn workload for the facility mcludmg total weekly radiation output,
[expressed in gray (rad) or air kerma at 1 meter], total beam-on time per day or week,
the average treatment time per patient, along with the anticipated number of patients
to be treated per day or week;

C. .. A facility blueprint/drawing indicating: scale [0.25 inch = 1 foot is typical]; direction
. of North; normal location of the therapeutic radiation machine's radiation port(s); the
port's travel and traverse limits; general direction(s) of the useful beam; locations of
any windows and doors; and the location of the therapeutic radiation machine control
panel. If the control panel is located inside the therapeutic radiation machine
treatment room, the location of the operator's booth shall be noted on the plan and the
operator's station at the control panel shall be behind a protective barrier sufficient to

ensure compliance with Part D.201 of these regulations;
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D. The structural coinposition and thickness or lead/concrete equrvalent of all walls,
doors, partitions, floor, and ceiling of the room(s) ‘concerned; °

“E.” * The type of occupancy of all adjacent areas inclusive of space above and below the
. room(s) concerned. If there is an éxterior wall, show distance to the closest area(s)
* 'where it is likely that individuals may be present; and
“F. - Afleast one example calculation whlchshowsthe miethodology uséd to determine the
amount of shielding required for "each’ physical condition [i.e.: primary and
secondary/leakage barriers, restricted and’ unrestrlcted areas, “entry door(s)] and
l shreldmg matenal in the facxhty ' '
R Rl U IR NIRRT I .
'1.: o If commercral software is used to generate shleldrng requrrements please also
T 1dent1fy the soﬁware used and the versron/ rewsron date

2.0 I the soﬁware used to 'generate slueldmg requrrements is not in the open
literature, please also submit quality control sample calculatrons to verify the

Lo .result obtamed wrth the soﬂware IR P

.
. - ]

LR

II. Theraneutrc Radratron Machmes Over 150 kV
In addltlon to the requrrements hsted in Sectron I above therapeutlc radlatron machine
facilities that produce photons with a maximum energy in excess of 150 kV and/or electrons
shall submit shielding plans whlch contam, as'a mlmmum, the followrng additional
1nformatlon o - : S :

oot el ‘
AR NPT ARSI TL TE BRI VRS S

A. Equrpment spemﬁcatlons 1nc1ud1ng the - manufacturer and" model number of the
rtherapeutrc radiation machine, and gray (rad) at the isocenter and the energy(s) and
* type(s) of radiation produced [i.e.: photon, electron]. The target to 1socenter distance
shall be specrﬁed
B. Maxrmum desrgn workload for the facility- mcludmg total weeldy radratron output
' [expressed in gray (rad) at 1 meter], total beam-on time per day or week, the average
"treatment time per patrent along w1th the antlcrpated nurnber of patrents to be treated
per day or week; I . e
C. - Facility bluepnnt/drawmg [1nc1ud1ng both ﬂoor plan'and elevatron views] indicating
- relative orientation of the’ therapeutlc radratron machine, scale [0.25 inch = 1 foot is
. “typical], type(s), thickness and minimuin density 6f shielding material(s), direction of
-+ North, . the-locations: and size ‘of -all penetrations through:éach’ shielding barrier
,[cerlmg, walls and ﬂoor], as well ‘as detarls of the door(s) and maze;
D. . The structural composrtron and thlckness or concrete equrvalent of all walls, doors,
. partitions, floor, and ceiling of the room(s) concerned; - :
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E. The type of occupancy of all adjacent areas inclusive of space above and below the
room(s) concerned. If there is an exterior wall, show distance to the closest area(s)
where it is likely that individuals may be present;

F. Description of all assumptions that were in shielding calculations including, but not
limited to, design energy [i.e.: room may be designed for 6 MV unit although only a 4
MYV unit is currently proposed], work-load, presence of integral beam-stop in unit,
occupancy and use(s) of adjacent areas, fraction of time that useful beam will
intercept each permanent barrier [walls, floor and ceiling] and "allowed" radiation

. exposure in both restricted and unrestricted areas; and

G. At least one example calculation which shows the methodology used to determine the

- amount of shielding required for each physical condition [i.e.: primary and

secondary/leakage barriers, restricted and unrestricted areas, small angle scatter, entry
door(s) and maze] and shielding material in the facility:

(1) If commercial software is used to generate shie.l.c.iing ‘requirements, also
identify the software used and the version/ revision date; and

(2) If the software used to generate shielding requirements is not in the open
literature, also submit quality control sample calculations to verify the result
obtained with the software.

IV. Neutron Shielding

In addition to the requirements listed in Section III above, therapeutic radiation machine
facilities that are capable of operating above 10 MV shall submit shielding plans which
contain, as a minimum, the following additional information:

A. The structural composition, thickness, minimum density and location of all neutron
shielding material;

B. Description of all assumptions that were used in neutron shielding calculations
including, but not limited to, neutron spectra as a function of energy, neutron fluence
rate, absorbed dose and dose equivalent (due to neutrons) in both restricted and
unrestricted areas;

C. At least one example calculation which shows the methodology used to determine the
amount of neutron shielding required for each physical condition [i.e.: restricted and
unrestricted areas, entry door(s) and maze] and neutron shielding material utilized in
the facility:

(1) If commercial software is used to generate shielding requirements, also
identify the software used and the version/ revision date; and
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(2) If the software used to generaté shielding requirements is not in the open
literature, ‘also submit quality control sample calculatlons to verify the result
obtained with the software.” - =

D..  The method(s) and instrumentation that will be used to’ verlfy the adequacy of all
neutron shleldmg 1nstalled in the facﬂlty o .

V. ‘:Re:.ferencesw "o L% e -' -
A. NCRP Report 49, "Structural Shielding Design ‘and Evaluation‘for Medical Use of X
' R 'Rays and Gamma Rays of Energles Up to 10 MeV" (1976) -

b B. - NCRP Report 51, "Radlatlon Protectlon DéSlgn Guldelmes for 0 1- 100 MeV Partlcle
CTE T AcceleratorFac:htxes" (1977) TR KL

C. NCRP Report 79, "Neutron Contammatxon from Med1ca1 Electron Accelerators”
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2004 Rationale

Part X
Therapeutic Radiation Machines

Introduction

Part X of the Suggested State Regulations for Control of Radiation (SSRCR) is concemned with the
requirements for use of linear accelerators, and superficial and orthovoltage X-ray units in the
admjinistration of radiation therapy Part X has been revised to be consistent with 10 CFR Part 35
and SSRCR Part G regarding the quahty management program.

Specific Provisions

Sec. X.2 - Definitions. The definitions of "misadministration", "prescribed dose”, and "written
directive" have been added. These definitions are essentially identical to 10 CFR Part 35 and SSRCR
Part G definitions specific to teletherapy.

"Misadminstration” The NRC deleted the term "misadministration” and included the definition
under "medical event". SR-G retailed the term "misadministration” because it is clearer and more

appropriate. The committee has also retained this terminology. This definition is equivalent to
35.3045 and G.119.a.

"Prescribed dose" Essentially identical to 35.2 and G.2. In addition for clarification purposes, SR-X
retailed the supplemental definition developed in the 1999 revision.

"Written directive" Essentially identical to 35.2 and G.2. and includes specific required information
as 35.40(a)(1) and G.22.

Sec. X.5 - Quality Management Program.

The committee added this section to incorporate the requirements for written directives, procedures
for administrations requiring written directives, and reports and notifications of medical events into a
single section.

Sec. X.5a. Essentially identical to 35.2040 and 35.41, and G. 22, G.23 and G.92.

Sec. X.5b. Essentially identical to 35.4045 and G.119.

Sec. X.5c. Essentially identical to G.93. There is no equivalent requirement in 10 CFR Part 35.
Appendix B - Quality Management Program.

This appendix has been deleted. It has been replaced by new definitions included in Sec. X.2 and
Sec. X.5. i

-1-



2004 Rationale for Part X DRAFT

Appendix C - Alternate Quality Management Program.

This appendix has been deleted. It has been replaced by new definitions included in Sec. X.2 and
Sec. X.5.

Matters for Future Consideration

At this time thé committee has no’ outstanding “charges -from CRCPD. The committe¢ has had
prehmmary discussions ‘via telephone regardmg’matters of futire consideration, ‘but no actions have ‘
been taken regarding ‘the'ideéntified matters.” It'is probabie ihat the commlttee will address issues
associated with computer-controlled linear ‘accelérators, comiputer “programs used ‘to plan’ and/or
control administrations with linear accelerators, and Intensity Modulated Radiation Therapy (IMRT).



