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3.2.3 IRERet
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¥TEDLORBEARLLED D, MR, EEEH, E2HEPI 27 AT 28T
BRERRLUZHROKAMER S NS, BEKEIEYRFERZREL. B, K. RKHOE -
ANWEBEHIZDOWTHETZ I EMNTES, BEXRCPHEKEL, StEBREEZH LENNE
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—KEAWEIZCRSMREL., XBRBEACHE T v F -5 BEED L IBEEAWE
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ETUUDTIMGEAROBECK - KAERSOBRKERE TS, HEKELEREFRNSX
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FEMNERED RHIBRA S ERIIBTT 5.
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B DBEANWRE BT, ERRMEBINCBRT o5, MBXUEHLFIRET S,
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FFBRETHS,

4. XREHMBADE VR
41 BSLRE
411 EBEANVWREHEBEE

AV EER. ERESHEE —ROROEIINT 2EANOEERE T OFMICHE
AENd. EBERBOBEYSZDOEANVERE BRI ER 71—~ 0.1mGy/BTH 5. BHK
HADEY T 0 DEANVWEREEERIL, BRI —7 0.02mGy A TH 5. ENVWEREBIERMFEI
DNTOERIT 1.41T7R7,

41.2 ADEBIBASKIEE TOER

NWERBET 2REE TOEEL. BREHNSENVEZEHTIDAOBHREZERE
FETOEBHITARETH D, ANSEANVNEEITOREREI 0.3m LLEERETS. ADNER
WETIRBOLEEICH ZBRBIZOVTIE. AOBHEBRZERE OMEIZKRNS 1.7Tm K
WMTHBEREL., —HFTRHEDEBIZDOWTIIERHFROEMNSD/2< EDH 0.5m A LD
PEP—BRIICZYTHD, F—AAT— a3 D PRAOSKEREORNZEE. BEEEAN
WED S NIVERFTE S 2RI E TOREBEIIN 2D &,

4.1.3 SHERK

HBHKIRITHT B EHERET. XHEVBHEINTHIRET, BABBAICHIIL UK
FOEHEIEE L TEHEINS. XREBZAKFRACERTIHEIC. SAERRIIHS
ADVERIZE L TESNICFORKIRICHE L& E0OBEY -0 OFELZEBROEIEZ WS, fi
A, HEREK 140 E LSS0 X B2HRBICBETIENARBIZDONTIE. XBE2HEH
LTWABRIRIZH B —MRARMNEFE T 1IHEBITIEERT. 140 EWIFREIT. $H17F
FOEME BAE Sl HER EMEERE,. XOFORWVWSERE) ITOAMEMRE
N, KEOBRNKIBICH U TIIHEERIZLZE2MTHS. KEOLHHEREKIL. 2 TOANHET
HEMOEEGEVNILVIEBULAFITREZBIT-ADADHET 2HMOBNATH 5.
E5IC. BERENATHIHERIC—APHETIMEELH 20, EOBALHIFEEE
T 50 B2 BATHETAZEIBVOTHERKINEDEY, FRRBADLEHK
B3, BRAOFHHHELCZOROHMBEDOADL D ITECOTHREER L M ZICHELRL
AEBHBETREINZBFRIZEAER., BRI TIWEROH B A &1L, HFOH
ERELIIBERROEADEERETHS. ARE EMNBEOZRICEATLIHE
KBWT, ~ADRY v 70EE 1 H47=0 4BREE TS84, SHREIT 12 &25,
BONDOEH T, BEINEEOBRBHALVOE XBEBZ2BREH T 25 EENLTH T
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ENBH D, —BEE—OOFT. BAMMO X BRERE CTREBRTHS. BRICEKIT
CTHANEITRYBETHELTVWBAEROT. FHTIRHAFIE-28B TONE
FICRETIHDICEDIRETH D, FlzIE. F-5 40 BREIZAEF &3, 5 HT. 8
BN 17 BETOSBEEE VD,

1RBOT #HERTHHE. —HUICEETIRKRICBIT 2 EHER — I WEBEET
BEBED S UT B BB ERERTILEND S,

EEARERIEBRTENRRREZEL TLAEANHZDOT. SERKICHEL TEYTH
EHREERETRETH S P4 BEAEVBAXCFTRREIS X 5 BB T,
EERKIZOEFORBRICEEEZIIEESS. £ 41 1RT EHEEIT. HERRICE
T LM A AT TERVEAO—BNIEHETH D I L2 RATILEND S, F
LWHRORET. BERBROEREMNIEHEL TS I E2EEL THBLEND D,
FzE. BICBETAEERBN CERBNIREENHZHE. BEOEANOZLEEH
RitTaIEk. REREEBTCEETLIENTE S,

X GRICEERET IR TR EOBERREIMCNE WEEREEZEATIHEAICE. +4
BEBIVSLETH D, BENVRIFOEBOBRRII. BTEMTSBRRE DD 2 @NHE
B ADEET ARBICH 5. HEREILEGTEANVRFORRIET 2BIC, BREKRE
T ATRAVENRH S,

HHBZEREEILEBOREEERRRTH D LREE NS, X BEEEVBET -2
BEOEBRETIIEARK 1 2ANTRITRETH S, HEHREHEEER L2NEMR
EFRRERORSID. FERKEE L TESTRETIRRN.

X B2HiREREOEE TRV X BRERICHET SBEROBVWERECREDON
HZefid. X SRR T AEEOEROL VKRB TRBOBEE EE T 5 MEENH
B, BEDERANBEL TVAREE L TERTRETHS (T=1). ZHISEHH
BENTRINZZOBEERICbERAINS, —H., NEVSERKEERT HRERY
DOEMHIIIEA L7z, ‘ :

TABLE 4.1—Suggested occupancy factors® (for use as a guide in planning
shielding where other occupancy data are not available).

. Occ
Location upancy

Factor (T')

Administrative or clerical offices; laboratories, 1
pharmacies and other work areas fully occupied by
an individual; receptionist areas, attended waiting
rooms, children's indoor play areas, adjacent x-ray
rooms, film reading areas, nurse’s stations, x-ray

- control rooms )

* Rooms used for patient examinations and treatments v2
Corridors, patient rooms, employee lounges, staff rest 1/5

_rooms

Corridor doors? . /8
Public toilets. unattended vending areas, storage 120
rooms, outdoor areas with seating, unattended
waiting rooms, patient holding areas

© Outdoor areas with only transient pedestrian or 1/40

vehicular traffic. unattended parking lots, vehicular
drop off areas (unattended), attics, stairways,
unattended elevators, janitor's closets

When using a low occupancy factor for a room immediately adjacent to an
x-ray room, care should be taken to also consider the areas further removed
from the x-ray room. These areas may have significantly higher occupancy fac-
tors than the adjacent room and may therefore be more important in shielding
design despite the larger distances involved.

bThe occupancy factor for the area just outside a corridor door can often be
reasonably assumed to be lower than the occupancy factor for the corridor.
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DEEBBEHR & L TCERLBEHAN (Wiom) 2EETAIEHBHATHS. Woom 121 X
BREZEEBER EOBMICH U THRARBBHREZSD., Wi &—EMHZ0DFEEBHK
(N) OEN—EBEH-0 ORBEAR (Ww) &£725.

Wioct=NWrnorm 4.1)

ZOLR—MERAINS 1ERMOBER (AAPM OFEN S, BHEDHZ D OEHBREHE
fii (Whorm) 1IZHDL) EHIXBEHRETERINIREREZKANTEBRIEETH S,
RE CIRFEDOXBRE TEOXIFERI— RELIIHEOREI—-RICL>TESE
END) 237, —ANOBENXBETHERZIN, 2 DL LOZER XBT—TIVA
ERERT v F—ROWA) MNESET M LN, JHUCK D EBFEEOBREAEHNZIERL
L. BBZEDBEEDH- D OEEBEATIT AAPM FAZE D Whorm BIZEWARIZH 5.
RETEIL. 1 EMOREREZIZBERE WS AE THRJEREIMER L - BBIAMmMCEYT
SERICONTIE, NEFEATEZZEIL@EYTRY (NKODBERBAEND) E0WH T EE3
HIRETHD. NEPFATERVWES, e XBETHEAINS N HEHIZSEIFHE
LTIt a OREIIRENS,

X BELEETIIMANOBRER. XBTFT—TNERETyF—OmbHE2ERL TREE2%Z
. BESZOOEHBEHAHR I 2 DOBRIRFPINTEE. INS5OEFXIT. AAPM #H

BETOEHWRBEICHL, XBTF—TNERET Y F—ELOMTORED D ORBEA
FiX sy (BEESMERR) 277, o T, WRBEE2ZT2BEHKENCALT ILE
Bz, XBT—TNELIIRE Ty F—TREEZZIIBHEORSEIZBB T LOBHE —
AL D OBFAMIIE > THHTELZDT. NEIEZRE T v F—E XBF—TINOHHD
SETHERAINSG, ZOHERKD, TOFROHBOETIZERAINS N HiLEHIZ X
RZEE W7y F—) OBBAFSHLFIATIE. BB TyF— (Thbb, U=1)
W 5 —KRBICH L TOREL - ERBROEAIFAHREEL RS, ZhSDE2TEY >
358&54 TEIAINS, .
FEOXBEEELERIIBVT, —KBICLAEZEDOFMEATOER N —<IIBE AR
IZIELHIT B,

EENDEANWHIETIX, REMNC 228 0WiRNS -0 REBAaMDE 2L 100kVp T
1,000 mA - min E VWO B—DEEBELETERINS EKRELTEZ. ZORER. BE
ﬁ%ﬁﬁmr@@mmﬁr%ﬁmquéam9$%éﬂﬁbfué FlZE, —mz X

BLEETIE. NEORE GEEREETERINILREROH 1/3) 134 50~60kVp T
WEERI N, BEIHEREIZH 70~80kVp. BIERREIX 100kVp AL TERENZH. EER
BrflfE (mA-min) 13072 D{EW,

EANEREH T, ﬁ«wW@ﬁ%%ﬁmmermﬁvawr BEEE kVp OBKELT
DEBBAHEKFIIBBAGORZZILIVBIDEETH S, A, Imm OHENWET
i n/zfloBERLAXNVIE, EEECLI> THEBAENICELLT S DIZHL
(60~100kVp T 3 F ¥ 12[E). BEIAMICE > TIXEHEMIIELT 2, XBEARMS DR

ZVHSEBRIE, BEEICX > TXOBAEREERL. 150~50kVp D& T 8 ¥ ¥ Lk
BLT 5,

Simpkin (1996a) = ﬁﬁhﬁﬁODM‘%rﬁ?ﬁé?ﬂﬂﬁTé%@m@@%%c‘: AAPM CkH
EEYHEFR) OZHA XBEELDI A7 7)) —T No.9 (AAPM TG9) Ick-> TIERE
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LEHDTH S,
REIN-EBREOBEHARN I RERBHEEROY 1 TIHARDBOTHZ, TNHD
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D BEE (2TOEANE) CRENWVEORIFERAZIND)
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@ #BEE KEIIZ0OMOENNEK)
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B
© FKmEEZ
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BEBEREBOMANRBEZNTNEEEEE VD,

TABLE 4.2—Operating potential (kVp) distribution of workload {mA min} normalized per patient, from survey conducted by
AAPM TGY tSimpkin, 1996a).

Radiography Hoom®

W' Qi toms @ ed Rom @{ Jad Boom Rrrme R ChesFom  METE Angioggaph Angrograps?
‘Gl barriers:  ichesf huckys ¢ Barriero 4 @ @ é gv é’ﬂﬂh

25 0 0 0 0 0 0 9.25 x 101 0 )

30 0 0 ] 0 ] 0 167 0 0

a5 0 0 0 0 o 0 1.10 0 0

40 1.38 x 10~ 0 1.38 % 101 0 0 ] 0 0 0

15 7.10 x 10 0 7.10 % 107 0 578 x 10 0 ] 0 0

50 8.48x 107 678 10°% 170 x 1073 0 7.65 % 1074 0 ] 3.40 x 101 894 x 1072

5% 1.09x 102 456 10" 1.04%10% 7.02x10% 7.26x 107 6 0 4.20 % 107 398 x 102

60 981 x 107 896 = 104 B9« 102 113x107 152102 0 0 1.96 6.99 x 107!

65 1.04 x 107" 342 x 107 700x 1072 187 x 107 2.52x 1072 0 o 455 1.50 x 10!

70 458« 107 725 % 10? 385x 107 145 x 1070 859« 107 202x 102 0 6.03 1.22 % 10}

K 501 x 1077 953 % 102 405 % 107 194 x 101 224 x 101 236« 103 0 802 1.53 » 10

80 560 % 107 140 x 1077 4.20 x 107 172 4.28 x 10 0 0 254 x 107 1.10 x 10}

85 3.15x 107 6.62x 102 2.49x 107! 219 248x 107 783 x (01 0 403x10 4.09
.80 176 %1070 141 % 107 1.62x 107 146 5.33 x 1072 0 0 2.10 x 10! 3.43

95 o 1.06 x 10 6.73 x 107

218 % 107 351~ 107 1.82x 102 145 4.89 « 102 0
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Radsography Room®
i Rad Ilnu_'.m Rad Rocrn p QI:::’:?::H
tal barriers) ichest bucky; * sarriere)

Fluaro, Tube, Rad Tube N Mammo. Cerdie Peripheral
R&EFmomSt  (R&FroomS R Rem g em Angiography  Angiogrophy

100 155 102 5.84 x 10° 146x 107 1.12 587 x 1077 301 % 1077 0 7.40 1.53
105 348 107 1.97x 109 151 x 10% 964 x 107 1.05x 102 0 0 7.02 9.27 x 102
110 105 % 102 991 x 103 551x 107 747x10" 646x 10?7 214x 10?2 0 - 6.59 305 x 102
115 4.10x 102 374x 10?7 369x10° 1.44 290x 102 936 x 1077 ] 1.38 x 10! 0
120 699 x 102 5.12x 102 187x102 937x107" 1.04x 107! 474 x 102 0 335 0
125 484 %107 481 x10? 347x101 138x 107 813x107 0 0 2.7 0
130 184 x 10 L71x 10 125x107' 153 x 107 4:46 %102 0 0 3.1 x 102 0
135 778 =109 7.73x 108 0 146 x 1077 947 % 103 0 0 0 0
140 0 0 0 192 x 102 4.268 %103 0 0 0 0
Total
workload:¢ 2.5 0.60 19 13 15 0.22 8.7 160 64
Patients
per woek:! 110 {Radiography Room) 18 2 210 47 19 21

2The AVp refers 1o the highest operating potential in the § kVp-wide bin.
three columns under Radiography Room tabulate the workload distribulion for all barriers in the room. for just the wall helding the
chest bucky, and for all other harriers exclusive of the wall with the chest bucky.
“R&F i3 a room that contains both radiographic and flusroscopic equipment.
data in this Tadle for Peripheral Angiography also apply to Neuroangiography.
"The total workload per patient (W) for the room type (in mA min patlent"‘;.
The number of patients por week is the mean value from the survey (Simpkin, 1996a;.

248
€ Lo
o
a3 .
- Workload distribution
< 12— . assuming afl exposures
B -4 ars made al 100 kvp
- “ /
-3 -
= -
z 0.8~
S 7] Radiogtaphic room workioad
; J  digtrbution for the floor
g _ {Simpkin, 1986a)
-2 4
0.4
3 R
Z .
.
RO N JLE S (LA (LN GRLEN NN AL LN LA
40 30 60 0 &0 W WU U0 120 13 140
kVp
Fig. 4.1. The workload distribution Rad Room {floor or other barriersi
obtained from the AAPM-TGY survey (Simpkin, 1996a) for the x-ray beam
directed at the floor of a radiographic room compared to the workload
distribution assuming all exposures are made at 100 kVp.

BEE (ZETOEANNE) 2R ELZBHAFIHIE. BRT7vF—SXBF—TIL %
B 5B EBEI R VEENR X BREZTHONSETORMIIH L. AAPM-TGY DO
& (Simpkin, 1996a) IZ& > THRIEE Nz, ZHEIWHT v F—HROADEEBARE. B
NDOZDMETDOENNEHRIOBBARMNERIEINS., ZN5D 2 DO HMICIEEE
IREVWAH S MEIZANOZOMDBEANESHRORBEE X, —RNICXDBESE
(LIXLIX 100kVp 282 %) #AWTHE Ty F—TEHEI NS, XBEREZOKEDOE
BEAIMHIL 100kVp KB TH 2 EICBBETILEND D, BEE (2TOEANNE) O
BEAAEINIE. XEBREETRETI2TORNEREBENZET., TNIBEE (W7
F—) LRER (KELRBTOMOEANE) Z28DE2bON5125, BEDORIITEK.
IORATF—TNRIDE, TOMDE~EEMEET,
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BEAKZEINS 2 DDOBHEDEANWVEI KT S ET. —REANWEH MO KRS
BRELBB/NOL O FERHFREIRTRTS. Lo T, —REOLLAWIHEIIH L TRE
£ (2TOEANE) OBRBAFRZERTILEIZL ; ZRENWVEROGRIZEAIND
I TH 5.

HED X BZEIICBIIEBORBARIIX 4.2 LI3RABEEAD, THhIIHRICK-
TREZY. AUERTHRAICL>TRESEAS, Lihl., FELVBSNZEYS4IT.
H—OEEEORLMEE XHFEADIVBRENIZETINERT. BBAAKIIBEH-DT
FHXNDOTREBHERICIIEGE V. 51, B—0EBEMED,. EBEDOEANWLMIZH
T55EAMHEBEEHITHENHE XHARY MVERRTHLDIZ. BHAHT A b HEE
AT MIVEEFRL, BREFERE OB RMR TR RINS. K 4.2 13, 100kVp THAE
THXBOBIIHT 2 REEBE. M4l TRENXBZSHE KELIZZTOMOEA
Vi) BEIAFSTOHRICHT 2 —KBERERT,

1
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NPT R By TN
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Rad Room (floor or other bamers) e \\
workload distribution \ N

Primary Beam Transmission
/
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Thickness of Lead (mm)

Fig. 4.2. The primary beam transmission through lead for x rays
produced at 100 kVp and also for the Rad Room (floor or other barriers)
workload distribution shown in Figure 4.1.

ERINDEANVEEL, BAVEHRIOANSFERHET 2RROBBRERN —IBEA
BEIZ LS THImEI N2 BEHZ DEAVREEE (T4bb. PT) 28BARBWVWESD, B
BAMAEEZANT, Im KBII2EBEEHD DEANNINTNRN—REZIZRERA
—3 (F-I3BEH-VOLREEHAN) NEHINS, XEZHEETRESNLIEHZODOD
BEKERD, FEEOY 2 R THET 5 ETANERBET SXBEOEAHEINTHAW
TBEH—INBOEND, TOREOEBEMIHIIHNT BEROBEANMIC K 5B ER
BFRETHIET, BEANINTWENEZRH—<% PIT OBEBE THD S ES5EANE
BERETEZ &mfééo_wtﬁ/a/&ﬁﬁk%éhﬁu_hbwﬁﬁéimTéw
WHERT—FEEATNS,

X 43 KRB Z2BHEREORRCZENZ IO, §<®ﬁﬁwxﬁ SRR TOHMBIK /S
%%ﬁéﬂé?é INSOMEIE. BERIIODWTOFMRERVAFETERVESIZAL
5N 5., LML, FEBREITE A3 ITREND Wiem EVNIBHEHZ 0 OEIXIFRED ST
HEMAH O ERIIREEBL TWIEBERRANB LN EIZBETILEND S,
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ZDLR—FTOINLDEDHERBTIE, X4.1EK43DEZFIAT S, LML, Wiorm
DOFHBIIEH., FEABENERTRETH 5. '

A"

tot

TABLE 4.3—Estimated total workloads in various medical x-ray imaging installations in clinics and hospitals. The total
workload values are for general guidance and are to be used only if the actual workloads are not available.
Total Workload Typical Number of Patients (V) Total Workload per Week (W)
Room Type (T P“‘f‘:”a‘ief"“ iper 40 h weeki {mA min week™11
Waern!
@ {mA min patient™ ) Average Busy Average Busy
Rad Room ichest bucky) 06 120 160 5 100
4

Rad Room (floor or other 1.9 120 160 240 320

barrierst ®

® .
Chest Room 0.22 200 400 30 100
7 .

Fluoroscopy Tube (R&F C8 mj 13 20 30 260 400
Rad Tube (R&F room) ® 15 25 40 40 60
Mammography Room 6.7 80 160 550 1075
Cardiac Angiography 160 20 30 3.200 4.800
Peripheral Angiography® 64 20 30 1,300 2,000

*As discussed in Section 4.1.4, values of Wy, given in this table can be modified by use of a multiplier term W,;, /W, . if necessary to
account for different workloads per patient at a particular site,

®The data in this Table for Peripheral Angiography also apply te Neuroangiography

4.1.5 (EARE

FREK (U) 1T, FEO—KENVWEHRO—KBOBBEAGHORETHS. U EIIT
v ZAREBOBECHREBDIEANWVERIKET 2. BEZLBE - ERETIE. XEN
EL<DRIZDE—LFMEEBTHLDOICITRINTNS D, EAWKIZK O ERAFREIT
Rizs. fIZE BEE BTy F—) 2HRELEBFARFIT. 2TEBICHEAMTISH
ST v F—AMTH D, TN, ZHREEMEOBRAFOBREIBEE WHETvF—) O
BAERFIINT S U=1 12D\ TI. ZRBDANMENDOEDMDENNVEKIZEFET 5, K. R
7. B (R F-ERELTNWBRELS) 283020MOENNEIL, BEE (K&t
DDIEANE) OBBEFON DHMD UL T—KENWVMEEL TOREZR/-T.
BEE (KEZTOMDEANE) OBBEFHEMIHL T, AAPM-TG9 OFZE (Simpkin,
1996a) IZk-> THIESI N/ —KBOFEAREKEER 4.4 1TR7. AEKREIL. EH LEARK
BERIZHLTIZRK 1. 7OAF—TNHOBIZH LTI 01 ELTHEALTHL N, X
HEBET T, BOIIBEZETIZRENNVGELTEET I LICEET AHEN
H5. AAPM-TGY D% (Simpkin, 1996a) Tld. ZNSDENWEIZHL TIZU=0&
Eolz. ABREEBOZBBMICBHEBD L1 3—KBREEMT5HZNH2DT.
INSORARIIHLTIHU=0 720, ZRBODIHEEBETIHLEND S,
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TABLE 4.4-Primary beam use factors (U) for a general radiographic room
determined from the survey of clinical sites (Simpkin, 1996a).*

Barrier Use Factor Apply o
upk Workload Distribution
Floor 0.89 Rad Room (floor or other barriers)
Cross-table wall 0.09 Rad Room (floor or other barriers)
Wall No. 3¢ 0.02 Rad Room (floor or other barriers)
Chest image receptor 1.00 Rad Room (chest bucky)

2Note that the Rad Room fall barriersi workload distribution is not listed in
thxs Table because it is only used for secondary barrier calculations.
bThe values for U represent the fraction of the workload from the particular
distribution that is directed at individual barriers.
“Wall No. 3 is an unspecified wall other than the cross-table wall or the wall
holding the upright image receptor (chest bucky).

4.1.6 —XREANME

~szEf\N2t&L1 EAWRGEHEMEET - RRERB B LDIIREGFITNDZIHOTH

—KREEEANNEL, —RBREE, WERAREERLVRE - BRBEEICA SN S,

~>ki&f\mztb:ti. FEDOH Y NN —FE-BBEE Ty F—B 2RO B8O —ZED.
—RBVEFLBFINZIECEZEE. K 4.3 13— RENWEIZHT 3 XBEEBEOIME
BRZEZBERL ., BENSEANNENAR 0.3m DEZAFETE—RKGFTMERSE d, -7 5,

—RAEHEBEZEECLOLE - KREOEEEEEBED LI &, AEREEEICBIIAEX
AR BRI T—RBEEKNT S ENERINSEDT (FDA, 2003c). ZNH5D
BRTIHEE I —REAWEZS ERN,

area, F Area 2

Fig. 4.3. A typical medical imaging x-ray room layout. For the
indicated tube orientation, the individual in Area 1 would nced to be
shielded from the primary beam, with the distance from the x-ray source
to the shielded area equal to dp. The person in Area 2 would need to be
shielded from scatlered and leakage radiations, with the indicated
scattered radiation distance dg and leakage radiation distance d;. The
primary x-ray beam has area ¥ at distance dy. It is assumed that
individuals in occupied areas reside 0.3 m beyond barrier walls, 1.7 m
above the floor below, and 0.5 m above occupied floor levels in rooms above
the imaging room. These distances are displayed in Figure 4.4
(Section 4.2.4).

41.6.1 EANZINTWVEW—-RETH—7 o
#4513, ﬁﬁ%%tV)O)ﬁ‘ﬁ@lﬁﬁ&ﬁfﬁlﬁﬁﬁﬁ;&@%%ﬁ\b 1m DEEETOERED

29



IZODEANEINTWENWERH—TEEZTRT BEZETCOELSZDORBEBEREN T
BHlE, ADNEBEETAXETOEYZDDEANINTNREV—REINT—< K(0)id
UFDEDICRTIENTES,

K, UN

K,(0)= (4.3)

P
ZIT didERNS APEHFET DREXTOERmM)TH S,

TABLE 4.5—Unshielded primary air kerma per patient | K :. (in mGy
patient™)] for the indicated workload [W .., (mA min patient™}j and
workload distribution, normalized to primary beam distance dp= 1 m.

t
Workload Distribution® Waorm Ke -
(mA min patient)>¢  (mGy patient™!/

Rad Room (chest bucky) 0.6 2.3
Rad Room (floor or other 19 52
barriers)

Rad Tube (R&F Room) 1.5 5.9
Chest Room 0.22 12

*The workload distributions are those surveyed by AAPM TG9 (Simpkin,

1996a) given in Table 4.2.
bAs discussed in Section 4.1.4, values of Woorm given in this Table can be mod-

ified by use of a multiplier term W,/ W, .1, if necessary to allow for different
workloads per patient at a particular site.

‘For the indicated clinical installations, W, ., is the average workload per
patient.

dThese values for primary air kerma ignore the attenuation available in the
radiographic table and image receptor.

4.1.6.2 FLEALE

—RKENNVEOFGFHETIE, BIHL THWRL—RKRIZI—KENVEZEZERT 2K ICAH
THERRNOSBEINTE 2, ERE. —KBOHEIIRE. ZBBBIUZHBOBRT
MICEDEIODIT+HITERET 5. LML, —RKBIIHSHTLUHBHICK > THEBEIN
WOT, —KBEO—BNBENSHNTHOAFRPEZICHL )y ROty FICEER
g95hblnsn, LhL, BEBEEREZERTIHE. CWRETIRETII—KBRO
HIHTERINICEEMLEN D, K-> T, BEAFICK2ENVWIEERRTFERS. BRBE
2PN FEEL T, BEAFILIEFHZ2EML. XEBREDOBGEHBESRICK
LBPDAHEEETHIETHS. Dixon (1994) & Dixon & Simpkin (1998) I3, @EYica
DA=bEN—KE. T4 NLhtyT. Uy R, BESBIVEIZHEAMTSNLHN
Ty bRV =X o TEANVKICAR TS —KRMmEEZFEEICEBI TS &R L,
CORGEIEREICL BT, BEANOWMEHEE L TERBEIN S, TVENOHEHEZ
Xpre & LTR L7z % 4.6 13 Xpre DR/NSERZR L . RES. BHAMIHEY MRS
— JUY RBIUAEYy FIMLTE 4.2 TEUTIBHAWMRICHERAINS,

FEBEQIINSOZBBNE—LTEPCHEETIEHRRBTEL ST, HEELEIND
RENWNVGRIEZ—RBVENNVECEEZETHERET DI ETEEEINE—REAN
EENS Xpre ZZE LIVl ZBHNTH LN,

UL LIBHS, TUEAWEOFERICBEL TIE. ZEPOEANNVKICEBRATESZ &%
ALY B-DICHEREVHEIZIMETNETH S, KARCEBARNTIRESATIE. 7L
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EAVWEOE AT —BRNICERATES (Sutton & Williams, 2000), L/ L, WS DHhDEHE
FITIR. TLEAWVAZERTSORBEEIZBENEV, FZE. ZOXF—TINTOM
HRETIE. XSREECHEY FRMLTHTLH ATV A—FINZL. B DHh
DN RZEFICBIREBRERZIHRR/R LR, £46 I RITETORE S v +—BIEES
ESERVEBEAMIILY ML —DABSKRD, £Z 3> 5 TOBHIL. TLEA
WD EIZ & D LEEAWEOHEHETT. TLEAWVEOBERIETN E S O HE
HEBRERETH S, HEAKREL. EOLORBETH - RENBHEDT v F—HEe
DNFNMC Lo TER TN IHEENAE NI L2 RETRETH 5.

TABLE 4.6—Equivalent thickness of primary beam preshielding (x,.,)
(Dixon, 1994).>%

Xpre (in mm)

Application
Lead Concrete Steel

Image receptor in radiographic table 0.85 72 7
or wall-mounted cassette holder

(attenuation by grid, cassette, and

image-receptor supporting structures)

Cross-table lateral (attenuation by 03 30 2
grid and cassette only)

2Since patient attenuation is ignored, potential variations in image-receptor
attenuation from different manufacturers is not a significant factor.
bCaveats for the use of preshielding are discussed in Section 4.1.6.2.

41.7 ZHREALME

TREANWEL, XBEENSBETOIHEIBRERBAVRICL DB —< 2 BY/REN
WEREHBEMLU TR LR TE2HDOTH 5. HELRORKRST L. —RXBE—LTERS,
BEFFIMOMEICL > THAINIHTFICE2HDOTH S, HEROBWEIL, HHE—
LDBELEHBEICHENEMT 5, BRAVBIIXBEETREL. SR —LBHENHOES
WEOAYA—F2FBTS. BEXFIRHLURICE > THRAVEE Im OBEETERI—<
0.876mGy/h (HH#HE 100mR/M) ICEXTHIERT 2 Z LAkD 515 (FDA, 2003a). Z0
BEHEADOETE. ERENXRBHRETRAEEELRAKEEREANVWTHESNS.

B 4.313. ZRBEAWERIZHT 2 XBIREBHEOBRERRL., ZRENWEORIZ
BETHIEHEZRI T EZERT 5.

41.7.1 BAVR

BAVRICEZZE -3, ERELOBAVEBEN—RREBEEL-RIDIILER
MRET D ZETHEENS, BEORAVBORESRGTHS 150kVp. 3.3mA T3,
RAVEZ FZORFBEETHOS T I ENERINIEAREIIS 2.3mmEICHYET S,
BRI BEAN 2 H OB BES B 2 BEFHERBATIL. LR OMGME THIS I N,
Im TOBREFYZDDOEANINTORENRANVERN - 2F 0K EIND. I
5%&%F4.7TIC7T. BRRKEEEN 150kVp LA FOEE TIXEABOMEM 2.3mm Ri§TH
50, EANINTVARNTREGH -, R4TOTF—FE2RAVTRESIND. BAWV
BRIEABICI> THEICHELIZSDT, BEANVWESB%IZ. SVEBTOHIEHE
(HVL) F/-i3f8& B DX B1 NS BONSHUTIEBRK e 2FALTERENS. D

* U%ﬁ@)ﬁ?ﬁﬁ_’ﬁ'@@ﬁ@lﬁﬁﬂii6%&5\.73—-7ﬁ\ BB e barrier TREE Xbarrier &
EBL, BAVRICE > TRBBZER I —<2HE LT 50IIKE TINS5,
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41.7.2 HEHB

HELBRIC LB =R — ?@k%éu BELAE. BEANO—RARNAEFIRINF—EHXT
¥, BEANOE—LDOME, BLUBEFOKRZILBROBEBTHS, BELBRDEEIIES
NEDEEIZBVWT—KGEBICHATIEEEIND. INSDONTA—FIIEHBIZE
n%hﬁ@%ﬁﬁbﬁﬁ#bmﬁﬁkifwﬁﬁ(Hm ELTHLSNS, #EREK (a)

. BEIZBITLS - XKEHEBEPONS Im OHEZERI N —T EERO —KEHFIIHT S5 X

ﬁm#b1m1®~£1mﬁ TORRELTERIND. BEBIIHTE2ERN—<IE—
REHREFEHHATLEHMESZND, JOFEERFHFOKRE ST, ERIIC SID 2B 55%#
BEEELTHSNS,
41.7.3 ZRBICLDETS

RATIT, BAWERN—VERAERN—<OE#EEZMNAEED ImE L TEKLEOB
BHEMMEMNIH L TERINZBEANINTOARVRANVWEG T —<., HELZERh—<Bk
VEZREZIH—< (LI, Klee £ 2) OEERT. —KBOKH dF (m) TO—KEROD
i (F) OHEBEBEAZEIN T DEZEIORERINSIBELZD ORBERBAG
(Woorm) 3% 4.7 I RSN 5,

BERNI ﬁbfﬁ%dwf@ﬁ«“éhfmmwdﬁﬁk BRI (Ksee(0)) 13X
LLFDOEDIZEREI NS,

K! N
d2
BEICED & COMBLRRBIRAVBREHERDOTNENOEE L & ds BEL VRS

DHBMED T EMNTED, deec ITINE 2DDHFEHOIBENWSHEFATSHZ LT 1 DORHR
ETH5D, MORRiEELTII5.30 54 IC8IT2EOb0MNEERAEL THERZIND.,

K,..(0)= (4.4)

TABLE 4.7—Unshielded leakage. scattered and total secondary air kermas ¢in mGy patient™'s for the indicated workload distri-
butions at dg = dy = I m. The workload distributions and totai workloads per patient (W, ., for the indicated clinical sites are
the average per patient surveved by AAPM TGS iSimpkin, 1996a), listed in Table 4.2. 7'he primary field size F tin e is known
at primary distance dy . Side-scattered radiation is calculated for 80 degree scatter. Forward- and backscattered radiations are
calculated for 135 degree scatter® Leakage radiation technigue foctors are 150 kVp at 3.3 mA to achieve 0.876 mGy k™!
1100 mR h~Y) for all tubes except mammography, which assumes leakage radiation technigue factors of 50 kVp at 5 mA.

Unshielded Air Kerma (mGy patient™at 1 m

Leakage
Waorm Sid e Forward and
Workload {mA win Foem®s at dp ion Leakage il an . or:hn Forward/
Distribution patient™s Seatter S;wu;rb Backscauter Backscatter
- : (K1 )¢
Rad Room 25 . 1,000 1.00 53x 107 84x10%7 34x10% 48x102  49x 107
tall barriers) . .
Rad Room 0.60 1.5354 1.83 39x 10 4.9 x 10 ) 53x10% 69x103 7.3 %10
{chest buckyi ] ‘ .
Rad Room (floor or 19 1,000 1.00 1.4%10%  23x10° 23x10* 33=x10*% 33x10°
other barriers) o ‘
Fluoroscopy Tube 13 730" 0.80 12 x 102 3.1x10 32x107% 44 x107! 4.6 x 10~}
IRRE rrnmi . -
Chest Room 0.22 1.5351 2.00 38x10% 23x107  27x10% 32x107 36x 107
Mammography 6.7 720% 0.58 11x10%  11x102 11x1027 49x10?7 49« 10?2
Room? i .
Cardiac Angiography 160 730° 0.90 88 x 107 26 27 . 3.7 38
Peripheral 64 730° 0.90 3.4 x 107 66x10' 66x107! 95x1077  95x 107!
Angiography® i

“To be conservatively safe. the somewhat higher values for backscattered radiation 1135 degrees) are used for both backseattered and

forward-scattered 130 degreesi radiations isee Figure C.11.
e total secondary air kerma from beth leakage and side-scattered radiations.

“The total secondary air kerma from both leakage and forward/ackscattered radintions.

¥The area of 2 36 » 43 cm 114 x 17 inches) field,

“The area of a 30.5 em {12 inches diameter image mwmlfer

{Calculations have shown that 3.6 x 192 mGy patient™ is a conservatively safe maximum vatue for K“\ for all barriers for a standard
four-vicw mammegraphic examination, when evaluated at 1 m from the isocenter of the mammography unit (8impkin. 10957 (Section 5.51.
The entries in Table 4.7 were evaluated 1 m from the x-ray tube and patient.

FThe area of a 24 x 30 cm casseite.

BThe data in this Table for Peripheral Angiography also apply to Neuroangiography.




4.2 BEANWFHEE
ZDETIE, BEANWEHFOREICAVWSHZ—RNLZEHRZ/HNML. ZhS5OBEE—
KRFEANWEB LV REANWEIZERT 5,

4.2.1 —BRHIEANVOES

BEANWGEOBMIE, ABNEREETOIRRTOERIN - %, BENVWEINIRKRDOE5F
BEICEDWBYE/Z 0 OBEANWREF BEEPTUTICT 20 +ARENNMVEREZRET
HZETH2, LOBEOBBERK Bx) 3. BEBEENVEIRWEESORCEFRTO
BEA—IRMT IEANHE x BBEOER/A—IDLELTERS NG, RFEZHLT
BEANWEE (xvarrier) 13, RWEROEBEEOBEE L TRT ZENTE S,

P) d&
B )= =|— 4.5)
(xbamer) (T) K] N ( ‘
ZZT. didBEEEANEANIZWSEA L ORIOERET, KUIRENS 1m OERETO
BELUZDDENNINTORNEYEZH—F T, NIIHRERIBEETOEL2OD
BREBERTHS. LV XBETOERRFEIINE A THEA/SI NS ZBMHEIMERENS;
NTA—% (a\ B. ) {3 Xbarrier J‘T'ﬁ‘éﬁﬁﬂﬁﬁ??ﬁ%jﬁbkj'é:ﬁj‘)l/t l/TL/TJJ\_F
IZRYS

—In (4.65

o« 1+E
o

xbarrier' =

EWEREOBB T A v T4 TNNTA—% (a, B. 1) iE. EWH, BEEBE. BBHEAN
RMHEKET DI ECEETINEND S,

4.2.2 —RENVMEICHT HEANVGEZE
Ko(0) (P8 dp TOEANZTNTVEN—KBICL BZEEN—<) & PTHEICETHST
DIZ+RITEANEDOBERE By 3. UFOREDEBESN S,

2
By (Xpurer + X, )=(%) K,dl"m (a.7)
1m%Mt%ﬁfm$%étD@E«mémfmmm—k”ﬁﬁ < KeliZxtd @)z fE
I3, % 4.5 OBK LOBBAFRPIREN D, TOMDNNT A—FIBIZERINTNWS .
Pidtr>al 14 & 411 THRRZENZDDENVERFBEEMETH S, TiIdY 3>
413 THRREEERKT, R41IKTOEEFRT. Uldtra 4.1.5 TRNZHERFREEK
THoD, dpldtr T a 412 & 4.1.6 TRRZERED S5 —KBENOVEIFNIC W D BRKICHK
E<T2EAETOEHETH 5. .

2 BENVMOSBEATEIINT 5 —KEDOE BRI [Bo(xvarren] IIEHEIN, T
NS EMEBIRT . CNSIXMEBOEANWVKEEZ BB L2 SEBEDEIN - E/RE L.
FNEEANVEDIRVWEEORERN—< TR TEHZ N, 88, 22 7U—F. A
B, AF—INBEIUHRA T AT 5 —KigEiEHR%ZK B.2~B.6 IZ/RT (& B). —X
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BT 2+ ELEEANEE (Xbarier) 13, BABEENVEE (Xbvariertxpre) ZRET S
CETEHINSN, TUEAWENBEATE 2BE8II3% 4.6 X0 TLVEANWEOEEE
Xpre 23R, ZOEZEZELFIK ZE T xvaner R EN S,

HH —DODHETH AR 4.8 1777 Xvarrier DICEIMRIKRIT, [ENEEDOZBIZHK U Archer
SOETFNVICEDEEHRINS ((TFA).

NTUK;’+B
1 Pd2 0
X parrier = — 1IN B — Xpre (4.8)
oy 1+ —
a

K EOBBEFHRAIICESNDE KR T v T4 2 INFA=F (a. B. 7) &
18 B D& B.1 IZ/REN 5.

TaBLE B.1—Fitting parameters for transmission of broad primary x-ray beams to Equation A.2 (thickness x is input in
millimeters).
Lead Concretet S\(I;m
Workload Distribution® :
ammY)  Pimm™) y atmm™’)  Punm™ Y aimm™)  Bimmy Y

Rad Rvom {all barriersi 2.348 1590~ 100 4082107 3626x10"2 1420x107) 48324107 1420%10°2 BIB1x 1072 Te4sx 107
Rad Room (chest bucky 2264 1308 x100  3600x 1070 3852x10°2 11771077 6007x 1077 1278x 1072 4848 x 1072 86095107
Rad Room ¢loor or other  2.681 1655 10! 45885x 107 3994 x102 14481077 423121077 1679102 6.124x10F 7.386x 307
barriern

Fluaroxeopy Tube (R&F 2.347 1287100 6149107 3616%10°% 8.721x 107 5186% 107 1340x 1072 £283x107% 3796x 107
roocm’

Rud Tube (R&F roam) 2.29% 1800x107  8578x1070 3549% 107 1.164x 1071 B4 <1077 13005107 4778x10F Bassx 107
Chest Rovo 2.283 1074 % 100 6370x10°1 3622x10-2 7356 1072 5404 %107} 1286x102 2508x10-2 9356x 107
Mammography Room 2060x 107  1.776x%107 3308»1070 2577x10! 1768 3644%107) 9.148% 1072 70801071 3450x 107}
Cardioc Angicgraphy 2.389 1426 10" 50481077 2717x107% 1087x 1070 4579107 140951072 4814x107% 419107
Periphora! Angiography® 2728 1852 %100 4614x 1070 42921072 15381070 4236107 1774x 1072 4491072 7.188x 107

Steel Plate Glass Waood
Workload Distribution®
amm™) Bmm™) 7 aimm™)  Bmm) y a@mm™?) Pmm™?) y

Rad Room (all barriers) 2163x 107 2101 BI45x 1071 3907102 1.069x10! 5940%10") 7616x103 7670x107' 1027

Rad Room fchest bucky) 2179x 107 2677 7200x 107 3762102 97515107 78671070 7.142x107 2080x10~ L6147

Rad Room (floor orother ~ 2.536% 101 2.740 4297Tx1071 4361102 108210 5463-10"! 7915x102 8.3800x104 9.790x 107}
barriers} )
nuu;zmp_v Tuhe R&F ~ 2223x1071 2190 6509% 10~ 3901 <1072 8588102 B.081x10"! 7089x102 4T40x10~' 1580

reom .
Rad Tube tR&F room 2126x 107 2568 6788x107} 3778 <1072 9365<102 7483 <107 7.162x1077  4.110x107% 1841

Cheat Room 2500x 107! 1989 7721x 107! 3866102 7721107 9843x10) 7650x107? _9.500x10°¢ 8083x10°%
Mammography Room 5.998 4201x100 3927x107) 2467x10"' 1654 3.6%4~100 1914x10°2  4188x102 2858x 107}
Cardiac Angiography 2533x 1071 2461 6243x10°0 4025102 9482102 7523x107) 7303x10® 7220x107* 1204
Peripheral Angiography®  3.670x 107 .3.260 5036 x 107! 4642-102 1203~107 6.763x10") 8.103x103 8.440x107 9754 x 107}

*The workload distributions are those surveyed by AAPM TG9 (Simpkin, 1996a), listed in Table 4.2.
bNote that the fitting parameters for concrete assume standard-weight concrete.
“The data in this Table for Peripheral Angiography also apply to Neuroangiography.
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4.2.3 ZREANVMEICHT HEANWHEZE

TRBICH LU TEANNWRSBEB PIT UL TIZESE D Kee(0) (FEE dsee TOEANINT
WEWTRBIZEDZEZN—7) 2EBHIEZ-DDOEANVEOBEBEZE [Bsec(Xbarrier)] 13
RRTRENS. |

P\ d..
B... (xbam.e,)- (T) KT N (4.9)
IMODEHETORELZDDEANVNZINTWIENREZN —T Kl iI2X T 2872 #IX.
% 4.7 DK FOBEBEFRKFHITRENDS, MDO/NFTA—FIZDOWTIREICERINTYL
2:PlItral14& 411 TRREZBEYZ0DENVRGBEETHS. TEEY T 3
> 413 THRRIEHEHRET, K41 ZZDEERT, dsecldt 32 4.1.7.83 THRRZZ
KBBEDS ZKEAWVEANICWZBRICHEIESTI2BAZTTOHEETHS. R 4.9 Z2iF/-
FIEE Xparier 1. 18 C ORI C2~K C.7 ZAVWTREINS,

AR FARIZ, Xbarrier DIVEBMBIETHEHAIEETH 5, KB DEB [Bsec(Xbarrier)] 1.
HECDECILIZFRTIAYTA VINTA=FERVTHREADR AL & A3 DT/
H5EOBHEI R, K49 D [Bsec(Xbarrir)] ZRASICRATEEUTDOLIIC/RD,

NTK,. ), B
1 Pdfcc a
xbarricl' = ln B (410)
(XY 1+—
a
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TABLE C.1—Fitting parameters of the broad-beam secondary transmission to Equation A.2 (thickness x is inputin

millimeters).®

Lead Concrete® Gypsum Wallboard

Workload Distribution®

amm™) Bmm) y amm™ BmmhH Y amm™?) Bmm™) Y
30kVp $879x10' 1800x108 3.560x10°1 3.174~107 1725 3705- 107" 1.198x107 7.137x1077 3.703x 107!
50kVp 8.801 2728 x10' 2987~ 1077 9030102 171210 2.324. 107 3.880x1072 8730x10? 5.105x 107
70kVp 5369 2348x10' E5883x107! 5090102 1697107 3.849-10" 2300x102 7.160x102 7.300x 107}
100 kVp 2507 1533x10' 9.124x107 3950> 1072 8440102 5191107 1.470x102 4.000x 102 9.752x 10~}
125 kVp 2233 7.888 7296x107! 351041072 66001072 7.832-10"! 1.200x102 2670x 102 1.079
150 kVp 1.791 5.478 5678x 107! 3240102 7.750.1072 1.566 1040x 1072 2020~107% 1135
Rad Room (all barriers)  2.298 1.738x10' 6.193x10 3610 102 143310 5600~ 1077 1.380x10"2 6.700x 102 7.937Tx10"! -
Rad Room (chest buckv) 2256 1380x 10! B8.837x107' 35601072 1.079x10"' 7.705- 107" 1.270x10°2 4.450x 107 1.049
Rad Room (floor or other 2513 1.734x 10!  4.994x 10! 3920102 1464-10" 4.486-10"' 1640x102 6.080x10°% 7.472x 10~}
barriers) ]
Fluoroscopy Tube (R&F 2322 1291 x 10! 7676x10 3630-102 9360x107 59556107 1330x102 4.100x102 9.566x 107}
room}
Rad Tube (R&F room) 2272 1360x10!  7.184x 107! 3560102 1.114x10! 6.620- 107" 1.290x10°% 4.570x 10 9.355x 10~}
Chest Room 2.288 9848 1.054 364021072 6590102 7.543« 107! L300x102 2970x10? 1.195
Mammography Room 2991 x10'  1844x10* 3.550x107' 2539> 107" 18411 3924~ 10" B830x10% 7.526x 107 -8.786x 107
Cardiac Angiography 2354 1494x10' 7.481x 107 3710x102 106710 5.733-10") 1.390x10? 4640x10°? 9.185x 107!
Peripheral Angiographyd 2661 1.954x10! B5084x10) 4219102 1559~10"! 4472107 L747x102 6422x10-2 7.299x 10"}

Steel Plate Glass Wood®

Worklead Distribution®

ammh  BmmY) b4 amm?y  Bramh Y aimm™)  BummY) y
30kVp 7.408 4249x10°  4.081x10"1 3.060- 10T 1620 379351071 2.159x107¢ 3971 <107 2.852x 107"
30kVp 1817 4840 4021x1070 972151072 1799107 4912101 1.076x 102 1862x10° 1170
70kVp 7149 %107 3798 5381x 107! 5791 ~107% 1357.107! 5968x107! 85501073 5300~107 1.194
100 kVp 3.424 < 10! 2456 0388x 107} 4279107 §945.10% 1028 7230 %10° 894010 1316
125 kVp 2138x 107! 1.690 1.086 3.654-1072 E790~10°7 1,003 65871072 -1140x 16~ 1.172
150 kVp 1511« 1070 1,124 1151 3267102 4.074-107 1.134 8027 x1073 -1.630x10-% 1.440
Rod Room tall barriers)y  2.191x 10™!  3.490 7.388x 107! 3.873~1077 1.054- 107! 6307107 1552x10° 7.370-107 1.044
Rod Room ichest bucky)  2.211x 107! 2.836 1123 33491072 8710+ 10 90861077 7.038x1077 2200x10% 1.875
Rad Room «flvor or other 244051071 3012 5019x 107} 4299, 102 1070 <107 5338 107! 7.887x10°3 8770x10°%  9.800x 107
barriersi
Fluoroscapy Tube R&EF 2331 x 107} 2213 8051107 3886-107 8091102 8520x 10" 7057x10"° 422010 1664
room’
Rod Tube iR&F roomy 2.149= 107 2,695 8768:1070 37621072 £857x107 8087107 7.102x102 3450x 10~ 1.698
Chest Room 2518= 10" 1.829 1.273 3866x102 £270x10°% 1128 7.485x 109 8100210 9.459x1072
Mamnugraphy Room 5.798 4412100 4124x1071 24041070 1.709 3918x107 1888x10"2 4172x102 2903 x 107}
Cardine Angiography 2530« 107 2592 7.999x1071 4.001-10"2 9030~ 162 8019-10" 7.266x109 6740x10~ 1235
Peripheral Angiogrophy® 3579 107! 3466 56001070 4.612-1072 118851070 5907-167! 807T9x 1072 8470x 10 97424107

*The approprinteness of the fits should not be assumed for barrier thicknesses beyond thase plotted in Figures C.2 through C.7.
bThe 30 kVp and Mammography Room data are for molvbdenum-anode x-ruy tubes. All other data are for tungsten-anode tubes.

“The fitting parameters (Q. B and y for concrete assume standard-woight concrete.
data in this Table for Prripheral Anplography also apply to Newroangivgraphy.
*Additional fitting parameters (&0, fand  for 25 and 33 kVp molybdenum.anode x-ray tube secondary transmission curves for wood are (2 200 % 102,
4.341 % 1072 and 1.937 ~ 1071 for 25 kV'p and {1.862x 1072, 3578 x 1072, and 3.825 « 10773 for 35 kVp.

4.2 4 KRRMLTBEZELCEBE - BRBICHTA4MBAE
BEAWGEEOEHIZH T RO AT, MREARFEBLREOBRN FRMNEE SN/
XBEZATZHREL. C 7T LMBEREBLR EOZRKBOANHRERIEBEETHH
BICIHBEICERATES. LMLANS, MEREIRY  BHEOLIRERO XBEEE
THERET, EROMBESMEHBICEZAS I ENTESEBICHT 2 EHEOESS
3 AROBHSEELOEMZHOICT S, FlxE. BEETOYORT—TIVITENEE
EEZTHD. ZOENNVET 3 DORGHBIE. DF0/0XAF—TIBEICEZ—KE,
FT=INOTANCRETIEGOHEABERAVE. WBT v F—BEICLZkBIcx
EEESME NS ORIFEFIEREOZRMEIC L VBN

LCH#EZ Ltz s irun,
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COREEEMLT 52012, BEROK. EROFMEME. BBAGKS. ERAKRES
KIEREEDEBLA 7Y ML TRENREINDS. K44 TRENDBEEEZT
B - BREOMAEANETFHREFRYT. —KEHMIZIT. BEBERYISHRZT TR,
BEBSFMCBIIHBAMTISNBWE Ty F—HRANH 5. ZORBOENVEEL, —KKE
ERTOZRGENSDBRALEZ N —<DEEZ PTELUTICMZZLEND S,

PSRN —KENFEERRFBETH L2 ER/ESINTEZ—FH T, BL—REBAR L/
MERBREOEAWEIZH L TR ZDRERLSTIIESWEAS S, 44 ITRTBEED

AT, ZRBRICEZ2EEBORENVWIEIZENTH S, ZOHED BB Z Iz
B, RENZBEHAFGRKD EEAREREAVWTREHIN/Z. BEE (KEX/LEZZ0MD
BEAVE) OBBHEAN (Wiorm ; 1.9 mA-73/8H) Z2RELEHINZINS DEANNVEE
1. %5 (SID 100cm) X BT 5 BHBFEFE 1000cm2 & L22&¥\/AHME, JORAT—T
IV TOMERZICHN L TR UCBHEFRBEOZHREBHmE L7z,

ZOBBETIT. 89% NRE A LN, 2%V T v F—DRMBIDEEH @, FD D 9% A
POAF—TINBECLIBARICEEZHOTHS, G TREEZ BWRTyF—-) OBE
BHT (Whorm ; 0.6 mA-53/EB3#H) 1T X 2B, BTy F—2#H83 (SID 1.83m. HHE
& 1,535cm2) HRITH 5.

®G

Ceiling Standard Room

Floor

[+

Fig. 4.4. Elevation (left) and-plan (right) views of a representative radiographic (or radiographic and fluoroscopic) room.
Points A, B, C, D and E represent a distance of 0.3 m from the respective walls. Point F is 1.7 m above the floor below. Point G 5,
is taken at 0.5 m above the floor of the room above. %

BOBARBEAVEICHTIHPIL 7Y — FOSERL, KB 45 &KX 4.6 IZRTEBD
NT/Pdz DRE%E LTHEBINS, choDF I 71BN T. PIBEYA0DIUJ/LA. N
DAL D ORBEEER, EHdIIA—MLTEINS, 45 LR 4.6 ICBITHEANE
it ZOBBOMBEANVKICEYSR dEEAVS IS TRESICEAINS, Eltdid
ADEBEIET 2RBOEZH — IR OF ST HHREN S OEE L HEICHRIRTNETH
B, —RKEAVEIZHL TR, d Z— KB %EBHT 2EROMBED S5 EDOENWEE TRE
TRETHD. BARERMIBICLSZ kﬁ«m%fﬁ ﬁ%n@*%#bdéﬂﬁ?é@
MZYTHD,

FIHkIC, RERITBE - ﬁ@ﬁ«@ﬁ«mg#é%xfa5 rerﬁbtﬁ%imw
BEAXXELA—OBRICIE. BEAOPRIEIC LI (SID 0.8m. 2R 730cm?) 1%
%, BEXBEOEST BREBSOEREMS 0.5mETICH 2 EKET 2. B X MR
BEM X BE (BE - BHE) OBBEAH (Wi ; 13 mA-2/EH) 12/ EEKE L.
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BEREIZ. BEAXBEOBHAN (Wirn; 1.5 mA-73/8BE) 2V, BESHMICE

HETBERELE. BE - BRET. —BNCEERBICMA TRENBZEOADBHF I
LTHEREINS, RENZBE - BHETIE. 3 H0REDOADBHENZIT2REIIERR
ZEEZEGUVLETORBFICMLUTEBINS ERESNTELL, BENVWEHIZOESORE
I <L 72V, NT/Pd2 1,800mGy/4EIZ LT, B84 2: 1EXTHS T I ETH2%
EANWEELSBNL, B8% 4 1IHOTIETEANWERI 2%BPT 5. BERA X &
EOBRBARMT. RENTREZECTREINDIDHBDEFRUTHS. BE - BREOHKL ILE
AVMEIZHT BHET 7Y — F OSHEEANNEIZ, NT/PA2 OB E L TR 4.7 K481
REND, B2, PIEY%=0OIN /1. NISHAORE - BHEETOLRERENK (&
a3l 4.14).dm)iBEHBOBENS ANERBET SRBEE TOREMNREAEIND,

AF—=). 8. TL—bHIAIHT2RENZREZLBE - ERETOEANNVWEE
HiZ. M4.5~48DHEI V- DTS5 TMSHESIND, NS5 DRD—KENWE
KL TTF—2Z2ENT20CBAINEAREIIR. 244 E20EI2a OO
KR EN S,

% 4813, BEYLESLEXAF—) (HLLIZEE. V—-bITRX, FLE3BEROIY)
— N BEZEHRTIEEGIC. LEH (o rV—b) BRIRUAHEERYT. Zhb
DFEBIILLANTI->THD ., BEDHEROAIEAINS. flZE, K46 LDESE 8mm
OERERI V) — MEANVWERBBEEREET 5. AFEANWETII 3.2X8mm=26mm
E., ¥/~137 1L — b HS AEANETIT 1.2X8mm=9.6mm ETEHZ#/=7,

TABLE 4.8—Barrier thickness requirements for steel, gypsum wallboard,
and plate glass determined from lead and concrete requirements utilizing
the shielding graphs in Figures 4.5 to 4.8 for both the representative
radiographic and R&F rooms.?

Steel thickness requirement 8 times the lead thickness
requirement

Gypsum wallboard thickness 3.2 times the standard-weight

requirement concrete thickness requirement

Plate glass thickness requirement 1.2 times the standard-weight
concrete thickness requirement

Light-weight concrete thickness 1.3 times the standard-weight
requirement concrete thickness requirement

3This Table is only applicable for conversion of a barrier thickness determined
with the NT/Pd?2 model given in Figures 4.5 through 4.8.
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WTBBET2, LALRS, BHREERRL. FETREIBARNEERETE LK
HOREDHERTEIIICER L TVWARTRAENVI LEBFHTLIENEETH D,
OB ERERRICHERTELLDOTH DI ENGAHI NS, AEBEFIZLDHEMH/H
BEAS, FRGHERE I L BRI AR/ D B RE) - BEMICERIND I L ERAT
L=, B DRGFHEERTERINS.

BEANVEERE EBREOZYHICDOVTORKFMEIL. AMEZOE 6 HiCiEEn
Tuémmbt FEOBSEERAEICE DL, BEREEAIIEEREN TOBYLEA

DA EEERIT DI, BEEAETHIENRDLENS, b LRAIZK D XK
%Eéht%é\E«u@ﬁMit@%ﬁ%?&@%Eﬁﬁb%ﬂéo%wiﬁmk%
ERTAEDICEBRBEIT ALARA OFAZEETILENH D, BUREAWVIIBENT
BEIZZ2AOT7 TO0—F 2T HHEND D, BEBRNOEAWEKEMZIMNEER
1. TEOVHIBEETITD LD BAFEHLAN D,

EAWESEZRET 0, AEAKEEZYR-—FT2b0E L THEAREZ TOEANNE
WiEDBELNEER S 1 IRT. BEANVDORSEODPHEENY —NVELT. ZNS5DF
FD%Z<IE | DOBEDEANVESZRET EHEZ 2 DUEST. fIAE K45~
4.8 BBREBLIBEY BHREOZEL TLEEINZBEANVWEEEZ R WS 2 OEER
HEFILRELTWDS, ZOFICFELTVNEEIIZ. N5 DEAWKITHT 2 EIRROF
B, RROHEFEICLAMEB ECORERANTELNDS, INSOFHEFEIIL
M - REMEEELECLERERTOHRIRICHAINS, BERNIZINS OFHEFROEK
%ﬁ§7t§ih67—9%%$m.3>E:—5Kié§%§f§%tmm6:tﬁ
TZ5,

%m®%Tm;wkE«mwéﬁTéi YBETEHEBRRNINIEEE2E X 5. k4
RAMZXEBHINIEEO XBEND LB . MEBLBRE -BERETEZD.

39



5.6 CTBEOEVHEHOZRT,
oo EMIL, FRRTIIEETIEVOTEBT S,

TABLE 5. 1-~Summary guide to resources in this Report.
Room Barricr Type of Unshielded Transmission Data
Designation Radiation Air-Kerma Data Lead Concrete Other Materials
Radiographic Floor under x-ray Primary Table 4.5 Figure 4.5a, Figure 4.6a, Table 4.8,
room table, cross-table, Figure 4.5b, Figure 4.6b, Figures B4 ~
other primary walls. Figure B2, Figure B.3, B6,
chest-bucky wall Table B.1 Table B.1 Table B.1
Ceiling, secondary Secondary Table 4.7 Figure 4.5¢, Figure 4.6¢, Table 4.8,
part of floor, walls Figure C.2, Figure C.3, Figures C4 -
Table C.1 Table C.1 C1
Table C.1
R&F room Floor under x-ray Primary Table 4.5 Figure 4.7a, Figure 4.8a, Table 4.8,
table, cress-table. Figure 4.7b. Figure 4.8b, Figures B4 -
other primary wails, Figure B.2, Figure B3, BS§. ‘
chest-bucky wall Table B.1 Table B.1 Table B.1
- Ceiling, secondary Secondary Table 4.7 Figure 4.7¢, Figure 4.8¢, Table 4.8,
part of floor. walls ’ Figure C.2, Figure C.3. Figures C.4 -
Table C.1 Table C.1 c1.
Table C.1
Dedicated chest  Chest-bucky wall Primary Table 4.5 Fiyure B2, Figure B.3, Figures B.4 -
room Table B.1 Table B.1 BS,
Table B.1
All other barriers Secondary Table 4.7 Figure C2, Figure C.3. Figures C.4 -
Table C.1 Table C.1 C1,
Table C.1
Cardiac All barriers Secondary Table 4.7 Figure C.2, Figure (.3, Figures C.4 -
Angiography . Table C.1 Table C.1 C1.
Table C.1
Peripheral All barriers Secondary Table 4.7 Figure C.2, - Figure €.3, Figures C.4 -
angiography™ : Table C.1 Table C.1 c1,
Table C.1
Mammeography  All barriers Secondary Table 4.7 Figure C.2, Figure C.3, Figures C.4 -
. Section 5.5 Table C.1 Table C1 7,
Table C.1
Computed All barriers Secondary Section 5.6 Figure A.2 Figure A3 —
tomography

“In this Table. the resources cited for peripheral angiography also apply to neuroangiography.
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