(P& olow) 31 360 RS S5 g

(W) 990 91 50 Bl 059

S0150 g Lig.8 Cu pe




(o olew) ¥ g1 360 AaiS S i

ool SRS ¢ 4135 ol ¢« DLo! (5lgd gaio ¢ A 33 © 3O ¢ g Gao gl oS ol g3

S8 g O ¢ W1 ¢ 39 3> WD ¢ Sl ¢ i WO (sla 3 EVgil (Suat oS W o

Al Co ye8
Y dsdo PPRYH
f ain S g3 Chablous dlis b me
¥ amip 5 ol s Clblows 5 48 5l 4
V i 55 0 3 Lliul b e
A d=ip jﬂﬁ\jﬁbbﬂq’ﬁf\y
VY asins T JATSICH > RSP ST UIN
W dmios F5 & Gl 5 200 Bilbw oY 1 b
VF amio (s s ) Dlasia
VO asbp o Sleds
V0 dmio ]
\¥ doeap C.,.{,.ZJJJAJ:@JEJS
Y

AS Yy (@3a O piaus p39ha0 Hlgly syl (o Iyl (W9s 031 ED pioghtS (s 1 ST
AAWYYYAAYY @ 5isgpd jadwe YV — PEDVYYEEY )1 y90 Y'Y — VEDVYIY: o YEDYYIVA (yali
WWW.GMPSAFES.COM INFO@GMPSAFES.COM




(o olew) ¥ g1 360 AaiS S i

ool SRS ¢ 4135 ol ¢« DLo! (5lgd gaio ¢ A 33 © 3O ¢ g Gao gl oS ol g3

S8 g O ¢ W1 ¢ 39 3> WD ¢ Sl ¢ i WO (sla 3 EVgil (Suat oS W o

VY-
53 Gl 3,5 5 Chablons S (SSuls b ALs ) pdali A sl
CLgd o b L Sl ile ST st (ols andl 2 OISl ST o Lghoes
5 Sl it andl 26 Ol e 5 6,8 )15 Joee bl o lg)s ol 8 Slaasetes
Vo (5555 Gl Leps nl - s (oo il 5 (b (g the Sl 555 Gb
ol e 48 S B S L Ulg b ST 4 s 03 (GBS s Sl
Jb Las -l Ol 5o Gler lan, bl b Jgame ol oS US55 g
59,8 LNl 0L 55 Ol (oMl (5 e e S ol 2
D5 00l (gl atan (6551 sl 5 oslizal 3y 0 Y| 45T SY gams 03 )3
sy O Sae 55287 5l 50T el OISl 503 o o ol 35 al
Wy Cad plp ez 25de) okl plad Caad 0390 YU I OT Dlsly 5 035

I (g3laBl b o (kS Olea L S 5

AS Yy (@3a O piaus p39ha0 Hlgly syl (o Iyl (W9s 031 ED pioghtS (s 1 ST
AAWYYYAAYY @ 5isgpd jadwe YV — PEDVYYEEY )1 y90 Y'Y — VEDVYIY: o YEDYYIVA (yali
WWW.GMPSAFES.COM INFO@GMPSAFES.COM




(6 olow) v ) 360 AnZGT S8 gt
ool lad g 413 il ¢ Silel ledguind ¢ 4l 35 4 ¢ jomd Gaind £l gil OisS Al g

S8 g O ¢ W1 ¢ 39 3> WD ¢ Sl ¢ i WO (sla 3 EVgil (Suat oS W o

?‘x}glj)éc,&buﬂ\luéﬂ

e Db 53 &8 LSS 5131 1 Cliblons p o3 ( Sy ole 5 Caio 53 b £lsil 3505 4 4 5L
Sy SO andl il b el Jald b gy cpl iy o Bl s (5l (S o S 5 A
il o el 2 T (655 Dl 5 5 ge Jsb ) ST T e b

Radiation X-Ray Clinic X-Ray Clinic Waiting Area
Worker
Receptionist Visitor
PiSmny' P=1mGyy" P=1mGy y"!
T=1 _ 1 =1 T=1/20

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

Members of the Public
—~ P=1mGyy-!
Tr=1

1. kerma:
kinetic energy released per unit mass
(Gray = Gy = Joul/Kg)

2. Peak kiloVoltage (kVp)
Maximum voltage across a x-ray tube
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1. Primary surfaces:

2. Secondary surfaces:
At 5 gy s g G S e )3 ST (o o

Must protect
from primary
radiation

©

\| Must protect from
scatter & leakage
radiation
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NcRrIP

National Council on Radiation Protection & Measurements

National Council on Radiation Protection and Measurements

wmmone e | < Report No. 116 < Report No. 49 las ikl i, 8 0486
Jolo T 4w 2 &S” ol il &1l NCRP L 5 Report No. 147
SN | e £, i e 5l 11
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Wall Label Design Based on | Design Based on | Design Based on
NCRP No.49 NCRP No.116 NCRP No.147
Wall A - 2.3 mm Pb 3.1 mm Pb 1.2 mm Pb
Primary
Barrier
N4
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Chest wall

f A
Chest
Stand

Dark room
table
X-ray
— dooxr —_ o 3] tube D
]
Control door
room
c
door

Required thickness = NT/Pd?
where:

N = total no. of patients per week

T = Occupancy Factor

P = design goal (mGy/wk)

d = distance to occupied area (m)

Uncontrolled Areas

Annual: P =1 mGy per year
Weekly: P = 0.02 mGy per week

Controlled Areas

Annual: P =5 mGy per year
Weekly: P = 0.1 mGy per week
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Recommended Occupancy Factors
for Uncontrolled Areas:

I=1 Clerical offices, labs, fully occupied work
areas, kids’ play areas, receptionist areas,
film reading areas, attended waiting rooms,
adjacent x-ray rooms, nurses’ stations, x- ray
control rooms

Rooms used for patient examinations and
treatments

corridors, patient rooms, employee lounges,

staff rest rooms

corridor doors

Recommended Occupancy Factors
for Uncontrolled Areas:

7=1/20 public toilets, vending areas, storage
rooms, outdoor area with seating,
unattended waiting rooms, patient
holding areas

7=1/40 minimal occupancy areas; transient
traffic, attics, unattended parking lots,
stairways, janitor’s closets, unattended
elevators
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Radiation attenuation by lead and nonlead materials used
in radiation shielding garments

J. P. McCaffrey,? H. Shen, B. Downton, and E. Mainegra-Hing

lonizing Radiation Standards, National Research Council of Canada, Ottawa, Ontario KIA OR6 Canada

(Received 7 July 2006; revised 30 October 2006; accepted for publication 28 November 2006;
published 18 January 2007)

TasLE I. Elements incorporated into some commercial radiation-shielding garment materials.

ELEMENT ATOMIC NO. Density (g/cm?) K absorption edge (keV)
Cadmium (Cd) 48 8.65 26.7
Indium (In) 49 7.31 279
Tin (Sn) 50 7.30 29.2
Antimony (Sb) 51 6.69 30.5
Cesium (Cs) 55 1.87 36.0
Barium (Ba) 56 35 374
Cerium (Ce) 58 6.66 40.4
Gadolinium (Gd) 64 7.90 50.2
Tungsten (W) 74 19.3 69.5
Lead (Pb) 82 11.36 88.0
Bismuth (Bi) 83 9.75 90.5

TaBLE IV. Effective transmission (%) of the six radiation qualities used in
this study by different thicknesses of pure Pb.

60 80 100 120 N120  N250
kVp kVp kVp kVp kVp kVp

0.25 mm Pb 4.28% 11.95 16.73 20.16 30.11 77.52

0.5 mm Pb 0.42 2.55 4.96 6.31 10.05  60.50
1.0 mm Pb 0.01 0.27 0.86 1.09 1.63 37.13
2.0 mm Pb 0.00 0.01 0.05 0.06 0.16 14.20
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Steel thickness requirement:
8 x Pb thickness requirement

Gypsum wallboard thickness requirement:
3.2 X concrete thickness requirement

Plate Glass thickness requirement:
1.2 % concrete thickness requirement

Light- ht con thickn irement:
1.3 X std-weight concrete thickness requirement

Sl 3 Chablows o jlas (61 e o Slaseie U

QQ-L-201f

November 29, 1965

SUPERSEDING

Int. Fed. Spec. QQ-L-00291e (Navy-Ships)
December 10, 1962 and

Fed. Spec. QQ-L-291d

April 6, 1961

TABLE I---Chemical composition

T T T
| Grade B | Grade C | Grade D
[4] Element | percent | percent | percent
| maximum | maximum | maximum
| | |
| f T
Bl o o v e | [1] 99.50 [| 111 99.90 | [1] 99.85
Antimony, tin and | | |
arsenic (total)..| -—- | 0.002 | 0.002
TR o e e | -—- | .002 | .002
Bismuth........... | (2] | .025 | .025
ZANC. s s e, | e | .001 | .001
Copper............ | -—- [[(31. 040 to .080| [3] .040 to .080
Silver............ | -— | .02 | .020
Tellurium......... | -—- | -—- | 2] .085 to .060
! I |
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beam energy 200 MeV
beam current  15nA
frequency 1Hz
tunnel length 40 m
tunnel width x height 4mx3m
position of beam from floor 1 m
power 296 W
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Component Lateral wall Concrete Equivalent! Thickness [cm] Roof Concrete Equivalent! Thickness [cm]
Non-injection region 100 110
Linac downstream wall 220 110

100 cm + 15 cm (Pb)

" A density of 2.35 g/cm®is considered standard for concrete.
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