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DESIGMNDESENZ

o General public areas P=1.0 mSv/yr
e Controlled areas P = 5.0 mSv/yr




Radi ation X-Ray Clinic
Wor ker

P=5mSvy
T=1

X-Ray Clinic Waiting Area

Receptionist = Visitor = Member of the
General Employee  General Public
P=1mSvy-1l P=025mSry-?

T=1 T= 1/40

al:

L awyer’s Office (not associated with X-Ray Clinic)

Members of the Public
P=025mSvy-1
T=1




Cectiezriey Fecior, T

o Traditionally, shielding designers have
allowed for partial occupancy in shielded
areas, with T the “occupancy” factor

e Tisthefraction of the beam-on time a
shielded areais occupied by an individual

e Shieldingtask: a barrier isacceptable if
It decr easesthe radiation dose behind the
barrier to P/T




=ffect of Qecligainey Felcior <

e |ncreases “full-time” doseto P/T




RECOMIMENCEINOCEUREREA=ZCIOISIN
Unieoriirollee] Arezisy Ney FHegori

T=1
— Secretarial office, shops, living quarters, kids

play area, laundry, dark room, attended waiting
room

T=1/2
e Nurses station, exam & treatment room
'=1/5 corridors

" = 1/8 employee lounge, doors




RECOMIMEICEINOCEUREREA=ZEIOISIN
Unieoriirollec) Areziss Ney FHegori

e T=1/20

— Tollets, vending areas, storage rooms, outdoor
area with seating

e T=1/40
— minimal occupancy areas, transient traffic,
attics, unattended waiting & dressing rooms, ...

— sziifsiles rrebd atingl ol closa feiie of 0,02 sy
1) ztn)y L iplaitis




Wlerelrl a2 gcctigliec) zirezicle
VoL ezl clllzie ifie closey

To the closest 0.3m=1ft
sensitive organ!

1.7m=>5.5ft




Wrlett 15 Blagset [r) Spllelellnlef?

e In S, assume dose (or kerma) in air of 1
MGy yields an effective dose of 1 mSv.

— Conservative by ~ 2 for mammaos
— ~Reasonable for most other situations




JA-rey Beainn) Trepisrmlssorn

« For agivenx-ray  Rediation D(0)

Source
gronm e+
ransmission, B, Dose

through a barrier of

detector

thickness x IS the ratio
of doseswith & - D(X)

without the barrier
<




Sollfess of Frepispflesion) Peiizl

 Measured or calculated B(x) data of modern
three phase /constant potential beams:

— Archer et al. (1994) for Pb, gypsum wallboard,
stedl, plate glass

— Léegaréet al. (1977) / Ross (1997) for concrete
— Simpkin (1987) for mammography
e Transmission datafor awide variety of

materials were interpolated to yield B(X)
every 5 kVp (Simpkin 1995)




AVCHEREGUENGRNCIRINEHSTIISSICRNCHAES

e Thiscan beinverted to solve for x




Weorklezel WY

W is ameasure of the x-ray tube’ s use
W = the time integral of the tube current
Units: mA"'min per wk (= mAs/60)

W 1 # electrons hitting x-ray tube anode

To be useful, must know or assume the

operating potential (kVp) at which the
workload occurs




Worlklezel VY

e At agiven x-ray tube accelerating potential,
the magnitude of W determines the radiation
dose generated by the tube

The kVp distribution of W determines both

ne dose and the transmission of the beam
through the barrier.

— Primary beam dosein air D p kVp?

— Dose transmitted through typical shielding

parriers increases by factors of hundreds going
from 60 kVpto 120 kVp




Werideazel Stpyey

e Found total W to be far different from the 1000
MA ' min/wk blindly assumed

— Radiographic Rooms. 277 mA 'min/wk
— Chest Rooms: 45 mA " min/wk

— Cardiac Angio Rooms: 3050 mA "min/wk

* Found kVp distribution of workloads to be at
potentials significantly below the single kVp
operating value usually assumed




Weridezel Dlisirlotiian, W(i/o)

e e.g. Cardiac Angio Lab

— W, = 3047 mA 'min /wk for N = 20 patients/wk
Cardiac Angio Bm
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Weridezel Dlisirlotiian, W(i/o)

* General Radiographic Room; all barriersin room
— W, = 277 mA 'min /patient for N = 112 patients/wk

Workload [mA min/wk) Radicg Rm (Tot Workload)

&0 4|J7
| Total Workload =

hO
2¥7 mAmin/wk
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Gierlerel Feecligejraigriie FHaorm
Weridezel Dlisirlotiian, Wi/o!

e But thisis composed of radiographic views taken
against the wall-mounted “ Chest Bucky”

— W, = 67. 9 mA mln/patlent for N = 112 patients/wk

Chest Wall: Radiog Rm

Tuta:;:hfﬂur::ac!: ) NOte: hlgh kVp
' content of workload
against chest bucky

0 10 20 30 40 50 60D E_EI'_ 80 90 100 110120 130 140 150
p




Gierlerel Feecligejraigriie FHaorm
Weridezel Dlisirlotiian, Wi/o!

« And radiographic views taken against all other
barriers (floor, other walls, etc)

— W, = 209 mA 'min/patient for N = 112 patients/wk

S arkdoadk mey mingvik] Rad BRm: floorfother barriers

Note: very little high
e kVp content of

wor kload against

anything but chest

bucky

0 10 20 30 40 50 60 E_EI'_ 80 90 100 110 120 130 140 150
p




Transmission
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=silprletie Dlosefrors) ,C=rey Unlfis

e The dosein the occupied area may have
contributions from

— primary radiation

— scatter radiation

— |leakageradiation
o from multiple x-ray sources (or tube positions)

e With x-ray tubes operating over ranges of
potentials (“workload distribution”)

} Secondary radiation




Frlnnery, Seziier, airicl L ezicicfe

Must protect
from primary
radiation

Must protect from
scatter & leakage
radiation




Prinnlelry Relelleiilon

 In primary beam,
know dose per
workload at 1 m,
D(kVp) , for 3
phase units (data
of Archer et al.
1994)




Dlose Beqllriel el Prlnnery Belrrler

e Dose behind a primary barrier of transmission
B(x, kVp)

e For the whole distribution of workloads, total
doseis




Pringelny feiellziior)
T2 Qe aele
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4»47

PR

Barrier of thickness x decreasesraw
primary radiation to P/T




Pripnrery meielleiifor):
A Hezllsile W ocle

~ Grid, cassette,
supporting structures

| patient
O«

I>©

L l—=

)

Primary radiation is significantly
attenuated beforereaching barrier

PR




Prinpeny feiellzilor)
A Coplservaive Hezllstlie \voele

- Grid, cassette,
supporting structures

£>@

Primary radiation is still significantly
attenuated beforereaching barrier




Frlnntelry, Reelellziil o)
A Corlserveilye Rezlfsilic \Viels

Grid, cassette,

supporting structures

| :[ No patient!
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.
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-«
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X
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X } Xiot — X T Xpre

4»47

Assume primary beam attenuation in image receptor isdueto a
pseudo-barrier whose equivalent thickness X, gives same
transmission as that seen for actual image receptors.




Jope LOF FeCllaefrEidrlic Haopy
Weridezel Dlsirlgutl oS

e Grid + cassette:
— 0.3 mm Pb
— 3 Cm concrete

— 9 cm gypsum wallboard

« Grid + cassette + table/chest bucky supports:
— 0.85 mm Pb
— /.2 cm concrete
— 23 cm gypsum wallboard




Celeulaiion of Friflery Dlose

o Same as model In NCRP49 except

— account for workload distribution in kVp
— account for image receptor attenuation X,

o Transmitted primary dose is then




Seaitier Rzieljzi)on

()

I




Sezlecl Norprzllzeel Seatier Srzciof

/? .

1m

1 cm? area
primary beam
alm




Secleel Nerrrielizee] Secicier SEreeilon




Seaitier Heellzion

o Same theory as NCRP-49

— with reevaluated scatter fraction

— pri beam area F (cm2) measured at pri distance d-
conveniently taken as image receptor area @ SID

— explicitly show kVp dependence and sum over
workload distribution to yield shielded scatter
dose




L eakage Radiation

Radiation originating from x-
ray tube focal spot but not
emanating from the tube

portal <« |

/

~




I ezlcaic/e i)zl on

 Intensity can’t exceed L = 100 mR/hr at 1 m
when tube Is operated at its |eakage
technique factors

— maximum potential for continuous operation
KVP,o (typicaly 135-150 kVp, or 50 kVp for
mammography)

— | .o 1S the maximum continuous tube current
possible at kVp,,.. (NCRPA49 suggests 3.3 mA

at 150 kVp, 4 mA at 125 kVp, 5mA at 100
KVp; remain fairly typical today)




I ezlicaic/a raiellzitl o

e Because of heavy filtering by the tube housing,
only the highest energy photons exist in the
|leakage beam

o Leakage intensity isinversaly proportional to
the square of the distance from the tube, d;

* Transmission of |leakage radiation is
exponential, with the “hard” HVL at that kVp

for the barrier material




‘et BV

The “hard” HVL isthe half value layer at high attenuation (i.e., after
the beam has been maximally hardened.

The “hard” HVL is appropriate for predicting the transmission of
leakage radiation in a shielding barrier.

NCRP-49




Newy Eeziczele Viaels

 For tube operating at techniques (kVp, |) with
transmission through the tube housing
Brousing: @sume leakage doserateat 1 m
through tube housing is

* Assume worst case scenario: leakage dose
rate = limit L for tube operation at leakage
technique factors (conservative by factors of
2 t0 ~20)




1931 mGy/hr

Im

A\ 4

Newy Eeziczele Viaels

» Estimate thickness of tube housing by using primary beam
output at |eakage technique factors as model for unhoused
|eakage radiation.

Tube operated at
150 kVp, 3.3 mA

“unhoused”
tube

1931 mGy/hr

Im

y

100 mR/hr = 0.873 mGy/hr

A

Tube housing
=2.32mm Pb
thick

\

4

1931 mGy/hr




Newy Eeziczele Viaels

o Writeratio of leakage dose rates at any kVp
toL at kVp, .,

« and knowing that at a given kVp, workload
W(kVp) isthetime integral of the tube

current:

 then unshielded leakage dose D, (at 1 m) at
that kVpis




Newy Eeziczele Viaels

* Applying inverse square to distance d, from
tube to shielded area,

 and putting a barrier with transmission exp(—
IN(2)x/HVL) between tube & areayields




rlows feir off |5 NCRP-AY s [eziccle rigele)?

150 kVp
[ TTTI T T T

Leakage dose as function of kVp
transmitted through x-ray tube
housing of 2.32 mm Pb compared
to that at 150 kVp

Leakage technique factors:
150 kVp, 3.3 mA for 100 mR/hr
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TrieShnnaolevViiriclec] Gerlerel Serlenfle

 Inthe occupied area, know the

— permitted dose, P, and occupancy factor, T
— (Need to shield to dose P/T)

 Estimate the unshielded dose, D,

— primary, scatter, & leakage from all tubes
— distance, workload, operating potentials used

» Calculate transmission B = (P/T) / D,
e Look up barrier thickness x that yields B




InrGerlerel, Neesel A
Nugrierieel/Greancel Saluiion

e Using the models of primary, scatter, and
leakage radiation, calculate all dose
contributions from all tubes in the room

o lteratively find the thickness x that causes
D(X) = P/T

o cf. http://www.execpc.com/~dsimpkin/ for
shareware




[i e tser Iswyilline) to secei inle
AARMSTEY Woridazse] elisiflguiloris

« Keep it Smple, Supid: For each clinical
workload distribution, of total workload

W ., per patient, for both primary and
secondary barriers, can pre-calculate:
— D1, thedose per patient at 1 m distance

— B, thetransmission of theradiation
generated by thisworkload distribution for
primary or secondary barriers




Triesrilelclric) Chore Sharlollfles

e The unshielded dose for
— N patient procedures, or, equivaently
— total workload W, ; (where workload/pat = W, )

e |Sthen

— (where U isreplaced by 1 for secondary barriers)

 (For multiple tubes, can sum these unshielded
doses to yield the total unshielded dose)




Triesrilelclric) Chore Sharlollfles

* Pre-calculate data based on TG9 survey
results

— tables of primary and secondary dose/patient, D!

— average N patients per wk, or, equivaently total
workload W,

— transmission curves for

 secondary beams for
— constant kKVp
— workload distributions

 primary beams for workload distributions




REGUINEINNERSHIISSIEN

e Ratio of P/T to D, Isthe required transmission

— (again, U isreplaced by 1 for secondary barriers)

e Transmission B is now afunction of
— barrier material and thickness
— workload distribution
— primary or secondary




Cardiac Cath Lab




Ceiin) L zlo) =cinrioles YWel

e Assumed=4 m, P =0.02 mSv wk*, T=1, 12
=30.5 cm diameter image intensifier, 90°
scatter, N=25 patients wk-

* Look up secondary dose at 1 m per patient for

cath lab distribution: D* = 2.7 mSv patient !
e Total unshielded dose is then




Ceiin) L zlo) =cinrioles YWel

e Required transmission Is

e Look on graph for transmission curve for
secondary radiation from Cardiac
Angiography Lab ® Regquires 1.2 mm Pb.

e (vs. 1.88 mm Pb requirement of NCRP-49)







ViDluelEsEREVAIINIES PSS iGIS
(Coriservzila Agarazen)

e Sum the unshielded doses from each tube or
position

o Taketheratio of P/T to the total unshielded
dose as the required transmission

e Estimate the barrier thickness by using the
transmission curve for the most penetrating
workload distribution













Floor- Primary Beam










Subtract x....from calculated thickness to

pre

get net concrete thickness required in
floor




Fre-celetllzis Barfler Heeltifenrienis
for et Sizpiclaife] Heopr)

KEEPI

REALLY SIMPLE, ST

"UPID

~or a complicated assemblage of x-ray tubes/
nositions/ workload distributions, can pre-

calculate the barrier thickness requirements for
an assumed.:

— conservatively small room layout
e assures contribution from all sources is maximal

— distribution of the kinds of exposures made
amongst the tubes/positions




Sielpicleif e Feiellgejrzionle Haoons

Cross-table
L ateral Position

Rad R :
ad Room U=9%

Chest Bucky

Overtable Position
U=89% shooting down
| at flopr

| \Hl Rad Room: floor/
(Another primary wall gets () gther barriers applies
Uz2_% of_ th_efloqr/ other to Overtable and
barrl_er distribution; assume Crosstable positions
tubeis centered overtable)




Standard Radiographic Room

Cross-table
Secondary Barrier L\(ateral/‘WaII

AN primaryy
|

Chest

Bucky

Sl e U=2%

primary ?ir’nary

w@ll

wall secondary
™~

Chest Bucky

N
Secondary Barrier




M ezistif e cllsizirics e frarm ey itoge
gosltlon fleWvinlel et arlrelry corltrlgltion

pd

— Crosstable

/ L ateral
N/

Chest /
Bucky/

(or measur e secondary
d from center of table)

Overtable v




“Sitzirlelzire] R E Hojenn)

e Also assume a“ Standard R& F room”

— Has same layout as “ Standard Radiographic Room
except an undertable fluoro x-ray tube and image
Intensifier are added, centered over table

— Doesfluoro as well as standard radiographic work,
with table and chest buckies and crosstable work

e Assume
— 75% of patients imaged as if in radiographic room
— 25% of patients imaged by fluoroscopy tube




“Sirapelzirel & E Rejopg)

Overtable
( ( > Rad tube

Chest Rad

/ tube
[l | mage
|ntensifier

e

ﬁosst Ie
L ateral Rad

Tube |

Undertable Fluoro 'I:ube




“Sizipiclzirel Roopns)
BEERREINIEHES

e Glven barrier transmission reguirement

 the barrier thickness requirement must scale
as.




~_1/16inch
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Cardiac Angiography
Shielding Barrier Requirements
Lead
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Ceiir) Lzig =crpole YWel

Assume d=4 m, P = 0.02 mSv wk?, T=1,
12" =30.5 cm diameter image intensifier,

N=25 patients wk*
hen

L ook up Pb barrier requirement on graph




Cardiac Angiography
Shielding Barrier Requirements
Lead

10.0 100.0 1000.0
NT/Pd“(mSv'm™)




Ceiir) Lzio) Bicirmoler Flaos

Assume d=3 m, P =0.02 mSv wk?, T=1,
12"=30.5 cm diameter image intensifier,

e N=25 patients wk

e Then

L ook up concrete barrier requirement on
graph
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Corieltslons
e Design dose values, P:
— Controlled areas = 0.1 mSv/wk
— Uncontrolled areas = 0.02 mSv/wk

* Reasonable occupancy factors, T:
— for individuals in uncontrolled areas

— effect Isto Increase doseto P/T
e Transmission, B, Isratio of doses with and
without shielding

— fits exist to Archer equation
— “hard” HVL results from beam hardening




Conclusions ||
e Workload, W

— measures tube usage
—at agiven kVp, dosesarepu W

— W distributed over range of kVp; determines
 unshielded dose

e transmission

— surveyed workload
e total workload 1 1000 mA " min/wk
o radiographic rooms. ~300 mA min/wk
o cardiac angiography: ~3000 mA min/wk
— In radiographic room, chest bucky gets ~all the
high kVp exposures




Concltzions ||
Primary radiation
Secondary radiation
— scatter
— leakage
Models for each radiation type

— NCRP-49

— NCRP rewrite committee
 Full theory (requiring numerical solution)

e Manual calcs assuming TG-9 workload survey
— unshielded dose per patient
— NT/Pd?formalism for “standard” rad & R& F rooms

1/16 inch Pb remains as standard wall




Copelisions |\

e 1/16 inch Pb remains as standard wall
barrier

o |f cassette/grid/table attenuation Is assumed,
typical standard density concrete floors
suffice

 Mammography
— standard construction gypsum wallboard walls
— solid core wood doors




Copelieions V/

e CT
— unshielded dose

e manufacturer’s 1soexposure curves
» Shearer’ s scatter fraction applied to CTDI

 workload
— 100-200 patients/wk
— typically 200 mm heads, 600 mm bodies imaged

— transmission from Simpkin (1990) or hard HVL
— results

e 1/16 inch Pb remains as standard wall barrier
* floors/callings may need attention




