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Maze Calculation Categories

m Scatter Mechanisms
— Wall Scatter
— Patient Scatter

. . — Leakage Scatter
Maze Calculations / Door Design -

m Direct Leakage

Melissa C. Martin, M.S., FACR, FAAPM — Conventional secondary barrier calculation

2007 Summer School: Shielding Methods for Medical Facilities:

= High Energy Accelerator Mechanisms
American Association of Physicists in Medicine )
— Neutrons

— Capture Gammas

July 29, 2007

Topics Wall Scatter

Specific calculations described in NCRP 151 for each of the

= Unshielded dose rate
maze mechanisms

f WU @, Ao, A,
Two Detailed Examples

' k Target
— Long maze at 6 MV

p Isocenter

» lllustrates the scatter mechanism calculations = where
— Long maze at 18 MV

f = patient transmission (0.25)
» lllustrates neutron / capture gamma calculations o, = first reflection coefficient

» NCRP 151 Table B.8a vs. MV
Four Less-Detailed Examples » 75°angle of reflection typical

— Short maze Ao = beam area (m?) at wall Use factor adjustment

a, = 2nd reflection coefficient — U=0.25 applicable for above gantry
— Maze with axis of rotation perpendicular to maze » 0.5MViatZSEipiee e it

. 5 2 Total dose rate is 2.64 times the dose
— Maze with primary barrier instead of direct leakage azelcrosslseee i) rate for this gantry angle

— Maze with additional bend

» W, x maze height

Beam Area at Wall Reflection Coefficient for Concrete
Tables B.8a and B.8b)
= Beam area at wall (A,) depends on distance fro

Table B.8a Wall reflection coefficient for concrete, 0° Incidence
— AU =F (dH /1 m)i (metersz) = Angle of reflection measured from normal
— F= Maximum field size at isocenter (1 m from target) £

— d, = Distance from target to wall (also in meters)

m Traditional field size assumption
— F=0.40mx040m = 0.16 m?

T . f Wall reflection coefficient for concrete, 45° Incidence
— NCRP 151 recommends traditional field size A latrehachonmeasiredifornormal

0° 30° 45° 75°

= Alternative field size assumption with IMRT - oS e
— With IMRT, maximum field typically 15 cm x 15 cm, or 0.0225 m? 0.0085 0.0090
0.0071 0.0073
— Maximum field size 0.16 m? without IMRT 0.0057 0.0058
0.0046 0.0046
— F= (1-% IMRT) x 0.16 + % IMRT x 0.0225 0.0050 0.0049

= Reflection coefficient for steel or lead is 2x these values




Patient Scatter Patient Scatter Fraction for 400 cm? Field
(NCRP 15 able B.4)

= Unshielded dose rate
m Scatter fraction increases as angle decreases
H. . awu (F/400) a, A, Targer
= dZ 42 g2 1 |y orional m Scatter fraction vs MV may increase or decrease
sca Usec Uz
) ] X Tt — Tends to increase with MV at small scatter angles
= where . s;g) Isocenter o .
_ a, is reflection coefficient — Decreases with increasing MV at large scatter angles
» NCRP 151 Table B.8b with
0.5 MV energy
» 0°angle of reflection > 77E.03
— A, is maze wall area seen from door 1.04 b 2.77E-03
— Other constants as before, e.g., 3.18E-03
N » Use factor adjustment 51 ! 2. 77E-03
» a=patient scatter fraction — U= 0.25 applicable for above gantry } X 2.53E-03
= See NCRP 151 Table B.4 orientation with highest dose rate J N 2.59E-03
Total dose rate is 2.64 times the dose b L 2.71E-03
rate for this gantry angle

» F=field size in cm?
» h =room height
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Leakage Scatter Direct Leakage
= Unshielded dose rate
Target 10° W, UB

10°W, U 2, A, [ e He = —— 5 — .
HS = 5 k Target d L e
3 k Target
I Isocenter
D Isocenter
Same as standard secondary
where photon leakage calculation
— 102 = head-leakage radiation ratio A — Bis leakage transmission
— « is reflection coefficient through wall
» NCRP 151 Table B.8b with .
MV = 1.4 at 6 MV, 1.5 at 10 MV. ) Use factor adjustment
§ = Use factor adjustment
» 0°angle of reflection — NCRP 151 recommends same — NCRP 151 recommends the same adjustment as patient and wall
— A, is maze wall area seen from door adjustment as patient and wall scatter scatter

U = 1 with/ no adjustment is assumed . . N N . .
0672 e clsuEons hors = 'U =1 with no adjustment is assumedin the example calculations
here

» with d,,. measured from isocenter

= Unshielded dose rate

measured from isocenter
» Isocenter is average target location
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Tenth-Value Layers for Maze Calculation Broad Beam Equilibrium TVLs
(NCRP 151 Figure A.1)
m Patient and wall scatter TVLs based on 0.2 MV beam
transmission 100000
— TVL read from NCRP 151 Figure A.1
— Low energy since two bounces L — —

T
Concrete density 2.2 glem?

Leakage scatter TVLs based on 0.3 MV broadbeam JEa —concres
transmission '
— 0.3 MV average energy cited in McGinley p. 49

» Single bounce vs. two bounces for patient & wall scatter
” Concrete Steel
. ™ H:Tvu TV eq| VLT [TV eq | TVL [TVieq| ViV eq
0z 5 5 [ [ ® % |z

Maze scaiter tenth-value layers (mm)

| 322
03 8 8 | 160 160 | 39 30 [ 306 s

— TVL read from NCRP 151 Figure A.1

Concrete density 2.35 glcm?
;

Leakage TVL for direct leakage )

— Note that door may not shield direct leakage for short maze 1.00 10.00
MV
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Example 1la: Patient Scatter

=

Room
height
10 ft (h)

ge 15 Page 16

Example 1: P/T and Average Field Size Calculation : Example la: Patient Scatter Unshielded Dose Rate

P Calculation
m Protected location is in a controlled area (P= 0.1 msv/wk) i S —
ymbo arameter

— NCRP 151 occupancy T=1/8 for extremely low traffic location MV Machine X-ray Energy
— Higher occupancy appropriate if close proximity to control area W Workload

dsca Distance from target to isocenter

» e.g., 1=0.5 or T=1 (T=1 is assumed in example) s o e (o o e e T measured
— Maximum shielded dose rate (P/T) is 0.1 mSv/wk for T=1 end - 4703048
measured
f*0.3048
measured

Distance from wall at maze end to door

= NCRP 151 examples uses 40 x 40 cm? field area for scatter
— Weighted average field area with /without IMRT also valid Wl widih seen from door h+ 03048

measured
j*0.3048

» Caution: Safety survey often performed without IMRT Scatter area 93 ik

Patient scatter fraction NCRP 151 Table B.4 (459)

Value (400 cm” field) 139E-03 Function of MV

» e.g., especially useful for existing vault door calculations Room height

Parameter wlo IMRT | with IMRT Calculation Reflection Coefficient 220E-02 | Table B.8b, 0.5 MV, 0°

Max Field Size Average field area 9125 See above
Fraction of Workload Use Factor 025 Orientation with highest

Effective Field Area b,*ar2+b,* a2
. ) 1000"m*b*p*(0/400)°L
Effective Field Size ) Patient scatter unshielded dose rate 142E-02 I(ch2 *en2+ gn2)
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Example 1b: Wall Scatter Example 1b: Wall Scatter Unshielded Dose Rate
Calculation

Symbol Parameter Calculation

MV Machine X-ray Energy
w Workload

f Patient transmission 0.25if MV £ 10

Distance from target to primary barrier measured
oiell d*03048

Distance from primary barrier wall to measured
maze inside opening T+ 03018

Distance from maze inside opening to measured
h +0.3048
measured
j*0.3048
measured
L +0.3048

Table B 8a with 6 MV

75° scatter angle
Effective field size 302 see above
Beam area at first reflection 143 (e *0/1001°2

T . N Table B.6a with 05 MV
. [ e g 5 So0ao | Tl BBawith O
Maze Entrance CZ—= B l[ 2nd bounce scatter fraction /m 75° scatter angle

Maze cross section 65 il
Orientation with highest

Maze width

Room height

1sr reflection coefficient 0.0027

Use Factor 025

Wall scatter unshielded dose rate 17iE0a | 100N L
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Example 1c: Leakage Scatter Example 1c: Leakage Scatter Unshielded Dose
Rate Calculation

Parameter Calculation

Machine X-ray Energy
Workload
Leakage Fraction

IMRT Factor

measured
d*0.3048
measured
1+0.3048
measured
h+0.3048
measured
SRR ) j*0.3048
| A Table B.8b with 1.4 MV
] 73 1st reflection coefficient
. I 0° Reflection angle
Scatter area ok
Calculation does not
depend on orientation
1000*b*o*c*d*m*n
/("2 h"2)

Distance from target to wall at maze

Distance from wall at maze end to door

Wall width seen from door

Room height

]

s

EN)
Maze Entrance | Use Factor

Leakage scatter unshielded dose rate | mSviwk | 3.10E-02

d... measured from isocenter (the average target location)

sec
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Example 1d: Direct Leakage ple 1d: Dire eakage elded Dose
Rate Ca atio
Line Parameter Units Value Calculation
Machine X-ray Energy MV 6
b Workload (W) GyWk 450
3 Use Factor Ratio 1
d Leakage Fraction % 0.10%
e IMRT Factor 2
f Isocenter to Protected ft 310
9 Point Distance m 94 +0.3048
h Unshielded Dose Rate_ | _mSviwk_| LOIE+0L | _1000%b*c'de/g"2
i Wall Transmission 7.86E-05 see below
1] Inside of Door Dose Rate mSviwk 7.92E-04 h*i
Thckatss | Trckngss patten Sctter | 00
. v ) Barrier inches mm Material | TVL1 (mm)|TVLe (mm)| Trans.
R : inside Layer 40 1240 Concrete 340 200 | 7.86E05
T = Layer #2 1.00E+00
Maze Entrance | ! Outside Layer 1.00E+00
Slant Angle: 35 deg [ Total:] 7.86E-05
ple aze Doo a 0 a atio ample aze Doo elded Dose Rate
Maze Patient Scatter Transmission for Door
o] mita RSB Photon Maze Direct Leakage Transmission for Door
Barrier inches mm Material [ TVLL (mm)[ TvLe (mm) rans.
inside Layer 0.25 6 Lead 5( : 5( : 537E-02 Tmacl:::;s Thﬁ:‘::;ss ClEBleEm Photon
Layer 22 T00E+00 Barrier inches mm Material | TVL1 (mm)| TVLe (mm)| Trans.
Outside Layer L00E00 Inside Layer 025 6 Lead 57 57 7.74E-01
Slant Angle: 0 deg 0.2 MV Total:| 5.37E-02 Layer #2 1.00E+00
Outside Layer 1.00E+00
Maze Wall Scatter Transmission for Door Stant Angle. 0 des =] =l
Material Slant Wall Scatter
Thickness | Thickness Photon
Barrier inches mm Material [ TVLL (mm)[ TVLe (mm)| Trans. Maze Shielded Dose at Door
Inside Layer 0.25 6 Lead 5 5 5.376-02 Patient Wall Leakage Direct
Layer #2 1.00E+00 Line Parameter Units Scatter Scatter Scatter Leakage Calculation
Outside Layer 1.00E+00 a Calc. Unshielded Dose Rate | mSviwk 1.42E-02 1.71E-04 3.10E-02 7.92E-04
Slant Angle: 0 deg 02 MV Total:| 537E-02 b Total / Calc. Dose Rate 264 264 1 1 NCRP 151 p. 37
c__ | Total Unshielded Dose Rate| mSviwk | 3.76E-02 | 452E-04 | 3.10E-02 | 7.92E-04 a*h
Maze Leakage Scatter Z:;m\ swcnsﬁlz:‘:)cm 3 T w 02 02 03 50
Thickness | Thickness Leakage Seatter | pnoton e Transmission 537602 | 537E-02 | L61E-0L | 7.74E01 see above
Barrier inches mm Material TVLL (mm)|TVLe (mm)| Trans. f Shielded Dose Rate mSviwk 0.00202 0.00002 0.00499 0.00061 c*e
InsidelCayery .25 g Eaad S S L61E .0 9 Total Shielded Dose Rate | mSviwk 0.0076 Sum Row f
Layer #2 100E+00
Outside Layer 1005100 0.0076 mSviwk s less than
Slant Angle: 0 deg 03 MV Total:| 161E-01 BITE=0.100SV/W




ample all A e 0 e Doo e all Adjace 0 Maze Doo elded
o R QA
a 0 a 0 Do a
Maze Patient Scatter Transmission for Wall Adjacent to Door Maze Direct Leakage Transmission for Wall Adjacent to Door
Vateral | Siant
Tokness | Tiness pelen Sestet | phion Thitntes | Thiskmess Patient Scater | phogon
Barrier inches mm Material _[TVLL (mm)[TVLe (nm)| _ Trans. fns
Inside Layer 6 152 Concrete 130 130 6.73E-02 Eainer) nches mm [T IVE(0m ) i Eelmm) _
Toyaie 100100 Inside Layer 6 152 Concrete 340 200 | 2.98E-01
Outside Layer 100E+00 Layer #2 1.00E+00
Slant Angle:__0deg 02V Towl| 67302 Outside Layer 1.00E+00
Maze Wall Scatter Transmission for Wall Adjacent to Door Slantingle Uldeg) Gl jTotal:[2-96E:08
Viateral | Siant
Thickness | Thickness Pl EEE Photon
Barrier inches mm Material  [TVLT (mm)[Tvie mm)| Trans.
Maze Shielded Dose at Wall Adjacent to Door
nside Layer 6 152 Concrete 130 10| 673E02 -
e u B win | &0 | ot | S8 ]| %0 | cwn
Outside Layer 1.00E+00 e LD alis !
TmE 0T T e NeTe0 a Calc. Unshielded Dose Rate| msSviwk | 142602 | 171E-04 | 310E-02 | 7.92E-04
b Total / Calc. Dose Rate 2.64 2.64 1 1 NCRP 151 p. 37
oz Lenage SO0 ‘E'J::i;“s - 'Smaxx/au Sdjacentto ooy c Total Unshielded Dose Rate | mSviwk 3.76E-02 4.52E-04 3.10E-02 7.92E-04 a*b
Thickness | Thickness B Eari Photon d Energy for TVL MV 0.2 0.2 03 6.0
ari in m ater m Trans.
Bafrion ches (@ et M V- Gnin Ve (nin) e Transmission 6.73E-02 | 6.73E-02 | 112E-01 | 2.98E-01 see above
inside Layer 5 152 Conerete 160 160 | 112601
f Shielded Dose Rate msviwk | 00025 | 00000 | 00035 | 00002 cre
Layer #2 T00E+00
Outside Layer T00E+00 g Total Shielded Dose Rate | mSviwk 00063 Sum Row f
Slant Angle: 0 deg 0.3 MV Total:| 1.12E-01
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Maze Calculations for High Energy Maze Neutron and Capture Gammas

Accelerators First step: Calculate neutron

= Neutrons and capture gammas dominate the shielded dose fluence at point A

) L Second step: Calculate
= Direct leakage may also be significant unshielded capture gamma

— Particularly with thinimaze wall dose rate at door
— Uses neutron fluence at point A

m Scatter mechanisms continue to apply Third st o
hird step: Calculate

— But are invariably negligible for MV > 10 Unshieldednenonnoes
equivalent rate at door
— Uses neutron fluence at point A

Fourth step: Calculate
attenuation of maze neutrons
& capture gammas by the door

Page 30

Neutron Fluence Calculation Total Neutron Source Strength (Q,,)
NCRP 151 (Table B.9)

= Neutrons / m2/ Gy workload

Vendor

5.4 3
B Q,, + B QH + 1.3 Qn Varian T22E+12
2 2 ) Varian 7.60E+11
4rd; 27 Sy 27 S, Varian 6.00E+10
Varian 9.60E+11
) Varian 9.50E+11
— 1st term: Direct neutrons Varian 7.70E+11
. Siemens 9.20E+11
— 2nd term: Scattered neutrons e 8.80E+11
— 3rd Term: Thermal neutrons SIS acyzl
Siemens 8.00E+10
Siemens Primus 2.00E+10
where Siemens | Primus 210E+11
- ialdi . o Philips sL25 2.37E+12
B = head shielding transmission factor Philips aL20 6.90E+11
=1.0for lead, 0.85 for tungsten Philips SL20 4.60E+11
Ny . . Philips sL25 4.60E+11
d, = Distance from isocenter to point A Sr: 2(d, d+ hd,+ h d,) Saturned1 2.40E+11

= Saturne4l 4.70E+11
Q,, = Neutron source strength (TabIeVB.Q) Pl e
S, = Treatment room surface area (m?)

where h is vault height Saturne43 2.40E+12
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Maze Capture Gamma Unshielded Dose
Rate Calculation

= Capture gamma dose at door
workload at isocenter (Sv/Gy)

d, /TVD)

m where

— K =ratio of capture gamma dose at
point A to neutron fluence = Weekly capture gamma
dose rate at door

— d, =distance from point A to door .

5 : Hy = Wi b,

— TVD = tenth-value distance (m)

= 5.4 for 18-24 MV, 3.9 for 15 MV.

=6.9 x 1016 Vv / neutron

— W, , is neutron leakage
workload
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Maze Door Neutron Shielding TVL

m 45 mm TVL, for borated polyethylene

— “maze door shielding, a conservatively safe recommendation is
that a TVL of 4.5 cm be used in calculating the borated
polyethylene (BPE) thickness requirement” [NCRP 151 p. 46]

m 161 TVL, for concrete wall adjacent to door

— “ the average neutr rgy at the maze ent
reported to be ~100 keV” [also NCRP 151 p. 46]

— NCRP 79 TVL,, for concrete with 0.1 MV neutron energy

» TVL, = 155 + 56 * 0.1 = 161 mm
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Maze Capture Neutron and Gamma TV
Summary

Maze Neutron tenth-value layers (mm

Concrete | Steel | Borated Pol:
MV_ [TVLI[TVLeq| TVL1|TVLeq| TVL1TVLeq| TVL1 TVLeq
) 161161 | NA ___NA

mma tenth-value layers (mm)

Lead Concrete Steel Borated Pol Distance Pt. A
TVL1 [TVieq| TVL1 |TVieq| TVL1 | TVieq| TVL1 TVLeq to Door

61 61 330 330 95 95 817 817 dz>5m
61 61 390 350 103 103 965 866 |25m<d,;<5m
61 61 410 370 110 110 d;< 25m

m Mechanisms included in door
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Maze Neutron Unshielded Dose Rate
Calculation

m Maze neutron dose-equivalent at door per neutron leakage
workload at isocenter (Sv/Gy)

: -d, / TVD))
= 24x100 @, x SEPARIE)

= where

— S,/ S =ratio of inner maze entrance.
cross-section area (S, = dg h) to:
maze cross-section area (S = dy, h)

— d, =distance from point A to door

= tenth-value dist. = 2.06 S¥/2

m Weekly neutron dose-equivalent
at door w

w Hip

Maze Capture Gamma TVL

NCRP 151

— “for very short mazes ... alead TVL of 6.1 cm may be required”
— “mazes longer than 5 m ...TVL of only about 0.6 cm lead”
Reading between the lines
— Use 61 mm TVL for lead (NCRP 79) regardless of maze length
— “The average energy of neutron capture gamma rays is 3.6 MeV”
» Assumed to apply to long mazes (d, > 5 m)
» Use NCRP 151 Figure A.1 TVLs at 3.6 MV for concrete / steel
“can range as high as 10 MeV” for very short mazes
» Short maze assumed to be d,<2.5m
» Use primary 10 MV TVLs (except 61 mm for lead vs. 57 mm 10 MV TVL)

“conservatively safe if one assumes that all neutron captures result in 7.2
MeV gamma rays” for direct-shielded doors

» Assumed to be conservatively safe for 2.5 m <d, <5 m maze also
» Interpolate NCRP 151 Table B.2 TVLs at 7.2 MV for concrete / steel
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Example 2: Conventional Maze, 18 MV

= Same maze layout as Example 1

— Conventional maze similar to
examples in NCRP 151

calculation

— Neutron mechanisms

dominate shielded dose
— Direct leakage must be calculated

» With door also contributing to attenuation of direct leakage
— Scatter mechanisms need not be calculated

» Calculations are included to illustrate that scatter is negligible

Door: 1" lead, 3" borated polyethylene with 0.25” steel covers
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Example 2e: Maze with Secondary Leakage Example 2e: Maze Neutron Fluence Calculation
Through Door — Maze Neutrons

Symbol Parameter Calculation
MV Machine X-ray Energy’ 18
Vendor
Neutron IMRT Factor 1

 vaur2

fs » Head Transmisson Factor 1| et
25 ft (dy) / 9

7 % Distance from Isocenter to maze 25 measured
opening (Point A) 762 ©*0.3048
32 measured
975 0703048
23 measured
701 103048
10 measured
305 k* 0.3048
Vault Surface Area 2389 2+ (hj+heL+jL)
Neutron Source Strenth n/Gy | 9.60E+11 Function of a & b
cnF [ A4 72) +

Vault Average Length

Vault Average Width

Vault Average Height

Neutron Fluence at Point A per Gy | n/m?Gy | 5.60E+09

Examples 2a to 2d (patient scatter, wall scatter, leakage
scatter, direct leakage) follow 2e (neutrons / capture gammas)
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Example 2e: Capture Gamma Unshielded Dose Example 2e: Maze Neutron Unshielded
Rate Calculation Dose Rate Calculation

Symbol Parameter Units Calculation Parameter Units Value Calculation
MV Machine X-ray Energy My Workload Gyhwk 450
\ Workload Gy/wk Neutron Fluence at Point A per Gy n/m?Gy | 5.60E+09 See above

'R Neutron Fluence at Point Aper Gy | n/m’Gy | 5.60E+09 see above Distance from maze opening (Point A) 19 measured
to door

Distance from maze opening (Point A) | __ft 19 measured 579 c*03048

m 5.79 d+0.3048 9 measured

Inner Maze Entrance Width

TVD Tenth-Value Distance m 54 | 39ifa<l8 5.4 otherwise 274 03048

Ratio Capture Gamma Dose-Equivalent 0 measured
to Neutron Fluence 69816 CLEE Inner Maze Entrance Height

305 g " 0.3048

Capture Gamma Unshielded Dose at
Door per Dose at Isocenter Inner Maze Cross-Sectional Area 8.36 th

dz

SviGy | 3.27E-07 g*c*10%(e/f)

Capture Gamma Unshielded Dose Rate| mSviwk | 1.47E-01 1000*a*h Maze Width Y measured
213 j*03048
10 measured
305 L *0.3048
Maze Cross-Sectional Area 650 i*m
Maze Neutron Tenth-Value Distance 525 2.06* sqrt( n)
Neutron Unshielded Dose-Equivalent at 123506 | 24157 bEsart(/m) *
Door per Dose at Isocenter [1.64*10° (-d/1.9)+10" (-d/o)]
Neutron Unshielded Dose-Equivalent
Rate at Door

Average Height Along Maze

5.52E-01 1000*a*p
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Example 2a: Maze with Secondary Leakage Example 2a: Patient Scatter Unshielded Dose Rate
Through Door — Patient Scatter Calculation

Symbol Parameter Calculation

MV Machine X-ray Energy
_10ft (w;) _ S w Workload
: dyca Distance from target to isocenter

Distance from isocenter to wall at maze i measured
) d+0.3048
measured
103048
measured
h+0.3048
measured
*03048
Scatter area 03 ik
e rreor [T
2nd bounce scatter fraction / m 220602 | Table B.8b, 0.5 MV, 0°
Average field area 0125 See above
Orientation with highest
dose rate
1000m*b*p*(0/400)"L
/(cr2*en2*gn2)

Distance from wall at maze end to door

Wall width seen from door

Room height

Use Factor 0.25

Patient scatter unshielded dose rate 8.86E-03
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Example 2b: Maze with Secondary Leakage Example 2b: Wall Scatter Unshielded Dose Rate
Through Door — Wall Scatter Calculation

Parameter Calculation
Machine X-ray Energy
Workload

Patient 0.27if MV > 10

Distance from target to primary barrier measured
sl d*0.3048

Distance from primary barrier wall to measured
maze inside opening T+0308

Distance from maze inside opening to measured
door h*0.3048
measured
703048
measured
L*0.3048

Table B.8a with 18 MV

75° scatter angle

Effective field size see above

Maze width

Room height

1sr reflection coefficient

H R R Beam area at first reflection (e * 0l100y'2

bl Table B.8a with 0.5 MV
- | H 2 ‘able B.8a wil
Maze Entrance IL‘L " l | 2nd bounce scatter fraction / m o aamter ange

Maze cross section 65 i*L
Orientation with highest

Use Factor 025

Wall scatter unshielded dose rate 110E-04

1000°M*b"S*(0/400)" L
/(2% gh2*in,
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Example 2c: Maze with Secondary Leakage Example 2c: Leakage Scatter Unshielded Dose
Through Door — Leakage Scatter Rate Calculation
Symbol Parameter Calculation

MV Machine X-ray Energy
Workload

Leakage Fraction
IMRT Factor

measured
d*0.3048
measured
1+0.3048
measured
h*0.3048

Distance from target to wall at maze end|

Distance from wall at maze end to door

Wall width seen from door

measured
j*0.3048
Table 8b with 15 MV
: ¥ -~ 0° Reflection angle
8 : 3 4 Scatter area ik
ER t ————— ﬁ ‘l — Calculation does not
Maze Entrance | A depend on orientation
1000*b *0 *c *d *m *n
/(i2*h"2)

Room height

1sr reflection coefficient

Leakage scatter unshielded dose rate | mSviwk | 3.03€-02
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Example 2d: Maze with Secondary Leakage ample 2d: Direct Leakage e Dose
Through Door — Direct Leakage Rate Ca atio

Line Parameter Units Value Calculation
a Machine X-ray Energy % 18
b Workload (W) Gy/MWk 450
c Use Factor Ratio 1
d Leakage Fraction % 0.10%
e IMRT Factor 2
f Isocenter to Protected ft 310
g Point Distance m 9.4 %0.3048
h Unshielded Dose mSviwk 1.01E+01 1000*b*c*d*e / "2
i Wall T 2.58E-04 see below
j Dose at Inside of Door mSviwk 2.60E-03 h*i
Thekness | hckness DrsctLeakage | pygion
Barrier inches mm Material TVL1 (mm)|TVLe (mm)| Trans.
Inside Layer 40 1240 Concrete 360 340 2.58E-04
Layer #2 1.00E+00
Outside Layer 1.00E+00
Slant Angle: 35 deg 18 MV Total:| 2.58E-04




ample aze Doo 0 a atio
0 Maze Paifent Scatter Transmission for oo
ateral | Sart
Thickness | Thickness Patient Scatter Photon
Barrier inches mm| Material [ TVLL (mm)[TVLe (nm)| Trans.
nside Layer_|_025 B Steet % % | sseor
e 3 76| Boredroy |32 w22 | ssoeor
Cayer 3 i 3 Lead 5 5 [ sazos
Gutside Layer | _025 5 Sreel = 75| sseos
et Angle._04e Sowv | o] 150506
Viaze all Scatter Transmission for Door
el TSt
Thickness | Thickness Vel Sty Photon
Barrer inches Waterial _[TVLL )] TVie | _Trans
inside Layer | 075 3 Steet 3 7 | soreas
Cayer 72 3 76| Borearoy |32 w2 | ssoeor
e i % Toad 5 5 |eaxos
Outside Layer | 025 © Sreel = % | sores
Siant Angle._0deg Sowv | o] 150505
Maze Leakage Scatter Transmission for Door
aiena [ Srant
Thickness | Thickness L SR Photon
Barrier inches. mm Material | TVL1 (mm)[ TvLe (mm)| Trans.
rode Layer | 025 5 Steel B % | eoreor
Cayer 72 3 76| Boraedroy | 3% 35| oazeor
yerra 1 3 Cead s s oo
Gutside Layer | 025 G Sieel ) EEE
Slant Angle: 0 deg 0.3 MV Total:| 2.03E-04

Example 2:

Maze Door Shielded Dose Rate
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Patient Leakage | Direct | o 1 Capture
Line Parameter Units | Scatter | Scatter | Scater | Leakage Gammas | _Calculation
a Calc. Unshield Dose Rate | mSvik | 886E-03 | 110E-04 | 303E-02 | 260E-03 | 552601 | 147E-01
b Total / Calc. Dose Rate 264 264 1 1 1 1 NCRP 151 £q. 2.14
c Total Unshield Dose Rate | mSviwk | 2.34E-02 | 289E-04 | 303E02 | 260E-03 | 552601 | 147E:01 a'b
d Energy for TVL M 02 02 03 180 o1 36
e Transmission 157E-06 | 157606 | 203E:04 | 223E:01 | 203E:02 | 227601 see above
[ Shielded DoseRate | mSviwk | 00000 | 00000 | 00000 | 00006 00112 0.0335 ce
Total Shielded Dose Rate | mSviwk 00452 Sum Row f

Shielded dose typically dominated by neutrons and

capture gammas

Direct leakage may be significant or not, depending on

maze wall width (not very large in this case)

m Scatter is negligible for high energy

— Scatter calculation not really required for. greater than 10/ MV

ple all Ad 0 Maze Doo a 0
0 Maze Direct Leakage Transmission for Wall Adjacent to Door
Vaterar | STant
Thickness | Thickness el Photon
Barrier inches mm Material | TVL1 (mm)| TVLe (mm)| Trans.
e Layer = 305 | Conorete |_ow0 | _sw0 | 1ereor
Layer 2 Lo0Ew00
Cayer 73 TooEw00
Gutside Layer TooEw00
St Angle. 009 Tow | Tow| 1ereor
Neutron Transmission for Wall Adjacent o Door
Vatera ] STant
Thickness | Thickness (FEICOEEELS Neutron
Barrier inches Material _[TVL1 (mm)| TVLe (mm)| Trans.
nside Layer 2 w5 | Cowew | o1 | e | izeE0
e TooEw00
Cayerra 00w
Gutside Layer To0Ev00
St Ange. 09e Siw | o] Leeeer
Capture Gamma Transmission for Wall Adjacent to Door
ateral [ Stant
Thickness | Thickness FEL S Photon
Barrier inches mm Material [ TVL1 (mm)[TvLe (nm)| Trans.
nside Layer 2 w5 | Comree | w0 | sw | tweos
Cayer 72 To0Ew0
e TooEw00
Gutside Layer To0Ew00
Sant Angle._0deq Towv | Tow twEor

a e e Doo a 0 a atio
0 Vaze Diect Leakage Transmission for Door
Vel St p—
Thickness | Thickness Photon
Barrier inches mm Material TVLL (mm)| TVLe (mm)| Trans.
inside Layer | 025 o Steel 110 10 | ereeor
Layer 2 3 76| Bomearoy | _s2 w2 | sueor
Cayer s P = Cead 5 5| ssseor
Guiside Layer | _025 o Sicel 110 10| s7eEor
Siant Angle: _0deg By Tow] 2oL
Neutron for Door
Vit | S pre—
Thickness | Thickness Neutron
Barrier inches mm Material TVLL (mm)| TVLe (mm)| Trans.
insideLayer | 025 3 Steel A WA | o000
Cayer 72 3 76| Bomearoy |4 s | 20e0
Layer 73 T 2 Lead A WA | 100Er00
Ouside Layer | 025 3 Steel A NA__| 10000
Sant Angle: _0deg [T Tow] 200z
Capture Gamma Transmission for Door
HIGHE ELT Capture Gamma
Thickness | Thickness Photon
Barrier inches mm Material | TVL1 (mm)] TvLe (mm)| Trans.
e Layer | 025 o Steel o % | sseol
Layer 72 3 76| Bowmearoly | 817 a7 | soreor
Cayerra P = Lead o o | smEor
Ouside Layer | 025 3 Sicel % %5 | ssens
Sant Angle: _0deg oMy Tow] 22re0r
ample all Aa 0 Maze Doo a 0
Maze Patient Scatter Transmission for Wall Adjacent to Doo
0 LT jay Patient Scatter
Thickness | Thickness Photon
Barrier inches Material | TVLL (mm) [ TVLe (mmy| _Trans
e Layer 2 305 | Conorere |10 0 | asem
Layer 72 T00Ev00
Layer 3 To0Er00
Guside Layer o000
Slant Angle: 0 deg 02MV Total:| 4.52E-03
Maze all Scater Transmission for Wall Adjacent to Door
paterel S Patient Scatter
Thickness | Thickness Photon
Barrier inches mm Material | TVL1 (mm)| TVLe (nm)| Trans.
Tside Layer = 305 | Concrere |10 0 | a5
Layer 72 L0000
Layer 13 o000
Gutside Layer Lo0E100
Siant Angie. _0deg (¥ Towm| 45203
Vaze Leakage Scatter Transmission for Wall Adjacent 10 Door
hiskness | Triciness patient Scalter | propon
Barrier inches Material [ TVL1 (mm)| TVLe (mm)| Trans.
nside Layer 2 305 | Concrete | 160 w0 | 120z
Layer#2 To0Er00
Layer 73 000
Gutside Layer Lo0E+00
St Agle._ 0deg [ Tow] 1202

Example 2: Wall Adjacent to Maze Door Shielded
Dose Rate

Parameter Units

Patient
Scatter

Leakage
Scatter

Neutrons

Capture
Gammas

Calculation

Calc. Unshield Dose Rate

mSviwk

8.86E-03

3.03E-02

5.52E-01

1.47E-01

Total / Calc. Dose Rate

1 1 1

1

NCRP 151 Eq. 2.14

Total Unshield Dose Rate

mSviwk

3.036-02 | 2.60E-03

5.52E-01

147E-01

a*b

Energy for TVL [

05 180

01

36

124E-02 | 127E-01

1.28E-02

119E-01

see above

Shielded Dose Rate

mSviwk

00004 | 00003

0.0071

00175

cre

Total Shielded Dose Rate | mSviwl

k

0.0254

Sum Row f



Radiation Therapy Offset Swing Door
(Isometric View) 2

Lead is placed outside the borated
polyethylene to attenuate low
energy capture gammas resulting
from neutron capture in BPE

Radiation Therapy Offset Swing Door
(Plan View)

*

cl

Lead is placed outside the borated
PRt S “las polyethylene to attenuate low

T energy capture gammas resulting
. from neutron capture in BPE

T
i

SAT DR

1/4" steel covers are
typical for neutron
doors

Borated polyethylene attenuates
captures gammas created by
neutron capture in maze
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Example 3: Short Maze

77| Maze Entrance

Door for short maze does not provide shielding for direct leakage
Door: 3" lead, 6” borated polyethylene with 0.25” steel covers

ple aze Doo a 0 a atio
0 e paen sater Tansmison o oo
caces | koess paent St | ppegan
Barrier inches mm Material | TVL1 mm)[TVie (mm)| Trans.
oo e | 05 | 5 | sed | » [ x [seem
wee | 15 | w | wew | 5 | 5 Tomew
wews |6 | 1w [ovmssemy] @ | [owen
e | 15 | ® | tw | s | s Jemew
Gusse e | 05 | o [ —see | | m [swen
o rge —oie o | el o
e wal scaer Transmission or oo
hcoess | mekiese vl Sater | ppoton
sarer [ ncnes | | watena [TV o[ 1vie Gum]_Trns
Tise e | 05 | o | sew | m | » [seen
were |15 | | ww [ 5 [ 5 [emem
wews | | 5 [oomesray] @ | omen
wew | 15 T o | ww | s | 5 Tewew
Gusse e | 0% | o | sea | | » [swenr
oo e 5o | o e
e Loa Tanemsion o ot
ot | Tcess Lesage st | o
Barrier inches mm Material | TVL1 (mm) | TVLe (mm)| _Trans.
e e | 05 |5 | sew | » [ w [ewen
ee |15 | w [ wew | o | & i
werrs | o | e [oomervy] e | % [emen
e | 15 | w | wa [ o [ s [imew
Gussetwer | 0% | o | ses | w» | w lewenr
oo —Dacs 55w | —ow seen

Example 3: Short Maze

orter maze than illustrated in NCRP
51 example
— Axis of rotation is parallel to maze
— Maze extends only part of vault length

Unshielded dose calculated the same
as for conventional maze

— 18 MV machine, so this includes neutrons
and capture gammas
Distances are shorter so unshielded dose
is higher
Higher capture gamma energy assumed

Key difference is direct leakage

— Door does not provide attenuation of
direct leakage

Page 60
amp a Doo a 0 a atio
0 Maze Diret Leakage Tansmission for Door
R
Thickness | Thickness Bl s Photon
Barrier inches mm Material [ TVLL (mm)[ TvLe (mm)| _Trans.
e Laver S | w0 | w0 | roew
T Cead & AT
Lern Soracaray | oz | w2 | rooeo
Laverm e 5 5 T rooewo
Guside Layer Seo | o | w0
Saage 0im Towy | Touk 1o0erao
e TS
Thickness | Thickness CLDRED Neutron
oaier | inches | mm| Mteral [TV gy [Tvis gumy| Tans _
e twer | o2 | s Seo | wa | wa [ zooeeoo JAIS ding
T s = e T T )
D aoo
Lern s w52 [ omearoy | | a5 | awew
Laerna = e T T )
ousiuerwe | oz | o ET T T )
S g o6 i | rom| anor
Capire Gamma Transmission or Door
e
Thickness | Thickness EEETTE Photon
oaier | inches || Mteral [TV g [Tvis qumy| _Trans
e twer | o2 | s Seo | mo | o [evesor
T 5w ] T )
e s 152 [ ormearoy | 1w | o | roseor
Cversa = ] o | & |ewen
Susiveroa | o5 | o Seo | mo | w0 [ eresor
S ange. i ow | Tom| soee




Example 3: Maze Door Shielded Dose Rate

Parameter

Units

Patient
Scatter

Leakage
Scatter

Direct
Leakage

Neutrons.

Capture
Gammas
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Example 4:

Calculation

Maze with Second Bend

Calc. Unshield Dose Rate

msviwk

6.07E-02

171E:01

7.97€-03)

3636400

7.55€-01

Total / Calc. Dose Rate

1

1

1

NCRP 151 Eq. 2.1

Total Unshield Dose Rate

msviwk

7.97E-03)

3636400

7.55E-01

a*b

Energy for TVL

[

180

01

100

1.00E+00

4.11E-04

3.06E-02

see above

Shielded Dose Rate

msviwk

00015

0.0231

cre

Total Shielded Dose Rate

mSviwk

Sum Row f

m Scatter negligible for high energy machine

= Usually dominated by fast neutrons and capture gammas

= Direct leakage may be significant or not, depending on

maze wall width (not very large in this case)

Example 4: Maze with Additional Bend

Conventional maze similar to
examples in NCRP 151

Maze includes additional bend

Less scatter since walls barely
visible from door

Neutron distance d, measured along
center line to door

Factor of three reduction in neutron
dose rate with extra bend

Maze

Entrance
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ong maze with extra bend reduces neutrons at door
Door: 1” lead, 1” borated polyethylene with 0.25” steel covers

» NCRP 151 wording is ambiguous
about Kersey vs. Modified Kersey

No comparable reduction for capture

gammas identified
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ample 4 aze Doo 0 a 0
0 Maze Patient Scatter Transmission for Doo
aterial | Siant
Thickness | Thickness CRIEBETEY Photon
Barier inches | mm | Material | TVLL (mm)[Tvie (mmy| Trans.
Inside Layer 0.25 6 Steel 25 25 5.57E-01
Layer 72 P 25| Bormed poly | 322 22| sasEol
Layer os 3 Lead B s [ 2ee0:
uiside Loyer | 025 5 Sice = % | soen
Siant Angle: 0 deg oz o Ta7E0R
Maze Wall Scatter Transmission for Door
Veterial | Siant
Thickness | Thickness pellisuelien Photon
Barrier inches mm Material TVL1 (mm)| TVLe (mm)| Trans.
nside Layer_|__025 ® Siee 3 %5 | se7e0L
Cayerrz T % | Bormedroy |22 322 | aseol
Loyerra o5 13 Lead 5 5 | 2ese0
Outside Leyer | 025 B Sice 3 % | sseoL
= 18 MV machine energy. Siant Angle: _0deg o2V Tow| 7a7E00
— Scatter calculations: Maze Leakage Scatter Transmission for Do
> ; Veterial | Slant e
included to illustrate 6 Thickness | Thickness Photon
MV calculati Barrier inches mm Material | TVL1 (mm)[TvLe (mm)| Trans.
calculations Inside Layer 0.25 6 Steel 39 39 6.87E-01
Layer 72 B 25| Boraeaoly | 3% 36| ssseor
Layer#3 05 B Lead s s 2w
Outside Layer 0.25 6 Steel 39 39 6.87E-01
Stant Angle: _0deg [ o 105E02
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Example 4: Maze Door Shielded Dose Rate

ple 4 aze Doo a 0 a atio
0 Maze Direct Leakage Transmission for Door
EEE Direct Leakage
Thickness | Thickness 20! Photon
Barrier inches mm Material | TvL1 (mm)] TvLe (mm)| Trans.
nside Layer | 025 s Steel o0 | 1o [eveeor
Cayerr2 1 %5 | bomedpoy | s | s | ssEor
Cayer s o5 5 e 5 5 [ seoeol
utside Layer | o025 © Steel 10 | 1o | eveeor
St Angie._0deg v Towr| 220E01
Neutron Transmission for Door
ateral | STaT —

Thickness | Thickness Neutron
Barrier inches mm Material [ TvL1 (mm)] TvLe (mm)| Trans.
oo Layer | 025 3 Steel wa | wa | ioew
Cayerr2 i % | Bomedroy |45 s | 2mEo
Cayer 3 o5 = ) nA | wa [ 1o
utside Layer | o025 3 Steel nA | wa | 1o
Sant Angle._0deg Siwv | Tow] 27eor

Capture Gamma Transmission for Door

Waieral | Siant
Thickness | Thickness CeptuECennal Photon
Barrier inches mm Material | TVLL (mm)[ TVLe (nm)| Trans,
osdo Layer | 025 3 Steel o o [ sseor
Layer 12 1 % | Bomedroy | s | ey | omEens
Cayer 13 o5 5 ) o 6 [owen
Gusidetayer | 025 G Sieel 3 o5 [ ssreor
St Angie._0deg Sowv | tow| czeor

Parameter

Units.

Patient
Scatter

Leakage
Scatter

Direct
Leakage

Neutrons

Capture
Gammas

Calculation

Calc. Unshield Dose Rate

mSviwk

B.81E-03

2.67E-02

4.76E-02

1.06E-01

B77E-02

Total / Calc. Dose Rate

264

1

1

1

1

NCRP 151 £q. 2.14

Total Unshield Dose Rate

mSviwk

2.33E-02

2.67E-02

4.76E-02

1.06E-01

B77E-02

a*b

Energy for VL

MV

02

03

180

01

36

7.81E-04)

1.05E-02

4.28E-01

2.73E-01

4.24E-01

see above

Shielded Dose Rate

0.0000

0.0003

00204

0.0283

00372

cre

Total Shielded Dose Rate

0.0867

Sum Row
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Example 5: Maze with Axis of Rotation
Perpendicular to Maze

Primary attenuation of wall
included in calculation

No shielding required for door
(extremely long maze with extra bend)
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Example 5: Long Maze with Axis of Rotation
Perpendicular to Maze

m |Length of maze makes patient and
leakage scatter negligible

= Wall scatter calculation different
— Calculated with beam toward maze
— Single bounce instead of two bounce

— Maze wall primary beam, mitigating the
reduced number of bounces

= Direct leakage applicable, but with
no door shielding

m Standard neutron and capture
gamma calculation

— Except factor of 3 reduction due to
additional bend in maze
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Example 6: Maze with Primary Barrier Contribution

<
Maze Entrance T

0 o

Door for short maze does not provide shielding for primary barrier
Door: 3" lead, 6” borated polyethylene with 0.25” steel covers

Wall Scatter with Axis of Rotation
Perpendicular to Maze

= Unshielded dose rate

Isocenter Target

du{“

dH

Target
patient transmission (0.25), Rt

reflection coefficient

NCRP 151 Table B.8a vs.
accelerator MV

= NCRP 151 does not specifically
ddress this situation
— Itis adapted based on the geometry

— Lacking other guidance, the same use:
factor adjustment is maintained

75° angle of reflection typical
A, = beam area (m?) at wall

B is primary beam transmission
through maze wall
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Example 5: Maze Door Shielded Dose Rate

Patient Wall | Leakage | Direct Maze Capture
Parameter Units Scatter | Scatter | Scatter | Secondary | Neutrons | Gammas Calculation

Calc. Unshield Dose Rate | mSviwk | 0.00E+00 | 3.54E-04 | 0.00E+00 | 806E-03 | 226E-02 | 5.99E-03

Total / Calc. Dose Rate. 264 1 1 1 1

Total Unshield Dose Rate | mSviwk | 0. .35E-04 | 0.00E+00 | B.06E-03 | 2.26E-02 | 5.99E-03 a‘b

Energy for TVL [ 03 150 01 36

Transmission K 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 | 1.00E+00 see above

Shielded Dose Rate mSviwk . 00009 | 0.0000 0.0081 0.0226 0.0060 cre

Total Shielded Dose Rate | mSviwk 0.0376 Sum Row f
No attenuation calculation since no door

Maze wall scatter dominates the scatter mechanisms, and
is different in form from typical maze

No door required since relatively thick walls and long maze
with additional bend
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Example 6: Maze with Primary Barrier
Contribution

Primary barrier calculation adds to
maze calculations instead of direct
leakage

— Note also that the door does not shield
primary radiation

Maze orientation impacts wall scatter
calculation

— Beam toward maze for patient scatter

— Beam away from maze for wall scatter

— Leakage scatter unchanged




ample 6 aze Doo 0 a atio a
O O
Maze Patient Sca“e’b};':‘;‘:;“"ss“’";l‘;’n?"" Maze Leakage Scatter Transmission for Door
Patient Scatter Waterial | Siant
s T’f‘Ckh"ess hicknes= waterial [T = Photon Thickness | Thickness Leakage Scalter | ppoon
arrien jncnes mm ey (mm) i el(mm) Barrier inches mm Material | TVL1 (mm)| TVLe (mm)| Trans.
insids|Cayen 025 8 Stesl 23] 25 S-STE00 Inside Layer 0.25 6 Steel 39 39 6.87E-01
Layer #2 15 38 Lead 5 5 2.40E-08 Layer #2 15 38 Lead 8 8 173605
Cayeipd S 15288 [Borsted(Roly] S22 222 2.36E 0 Layer #3 6 152 | Borated Poly | 396 396 212601
Cayeril LS SE) Cead) S 5! 210308 Layer 44 15 38 Lead 8 8 173605
OutsideLayer | 025 s Steel = 25 | SS7E0L Outside Layer | 025 6 Steel 39 39 | 687E0L
SiantiZng’e S0/Ceg] 92y iTotal: M6.01E; 17 Slant Angle: 0 deg 0.3 MV Total:| 581E-11
Maze Wall Scatter Transmission for Door
Waterial | Siant
Thickness | Thickness Wall Scatter Photon
Barrier inches mm Material TVL1 (mm)| TVLe (mm)| Trans.
Inside Layer 0.25 6 Steel 25 25 | 557601
Layer #2 15 76 Lead 5 5 5.75E-16
Layer #3 6 13 Borated Poly 322 322 9.13E-01
Layer #4 15 6 Lead 5 5 537602
Outside Layer 0.25 6 Steel 25 25 5.57E-01
Slant Angle: 0 deg 02 MV Total]] 8.76E-18
Page 76
ample 6: Maze Door Tra on Calculatio Example 6: Maze Door Shielded Dose Rate
O
Patient Wall Leakage | Primary Maze Capture
Neutron Transmission for Door Parameter Units Scatter Scatter Barrier | Neutrons | Gammas Calculation
Material | Stant Maze Neutrons Calc. Unshield Dose Rate | msviwk | 37401 | 7. 1.02E+00 | 443602 | 304E+00 | 5.43E-01 | |
Thickness | Thickness Neutron e T T a I |
Barrier inches mm Material | TVL1 (mm)| TvLe (mm)| Trans. Staljicerc Doss/Ralel = 22
Tota Unshied Dose rme | mevwwe | sareat | zowews | sz | sz | soen [sweo | ao i
inside Layer 025 6 Steel NIA NA__| L0OE+00
Layer #2 15 38 Lead NIA NA_| LOOE+00 EEOIAT L = oo
ayer ! Z ! . 17 [ avoets | seiedi | tooeroo | 4 sooez | seeaove i
COEKD U L5238 [oreted| Fol ]| IS S || HE Shielded Dose Rate _|_mSviwk 0.0000 00443 0.0165 cre | |
Cayeiiiy a5 35 Cead R DR || A= Total Shielded Dose Rate | mSviwk 0.0621 Sum Row 1
Outside Layer 0.25 6 Steel N/A N/A 1.00E+00
Slant Angle: 0 deg 0.1 MV Total:| 4.11E-04

Capture Gamma Transmission for Door

IEENE [ S Capture Gamma

Thickness | Thickness Photon

Barrier inches mm Material | TVLL (mm)[TVLe (mm)| Trans.
Inside Layer 0.25 6 Steel 110 110 8.76E-01
Layer #2 15 38 Lead 61 61 2.37E-01
Layer #3 6 152 | Borated Poly [ 1015 916 | 7.08E-01
Layer #4 15 38 Lead 61 61 2.37E-01
Outside Layer 025 6 Steel 110 110 | 876E-01
Slant Angle: 0 deg 10 MV Total:| 3.06E-02
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Contact Information

Melissa C. Martin, M.S., FACR, FAAPM
Certified Medical Physicist

Therapy Physics Inc

879 W 190th Street, Suite 419, Torrance, CA
Office Phone: 310-217-4114

Office Fax: ~ 310-217-4118

Cell Phone: 310-612-812

E-mail: melissa@therapyphysics.com
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NCRP 151 Table B.7: Leakage TVLs (mm)

NCRP 151 NCRP 15 Varian ratio Estimated by density vs. concrete
Primary TVL Table B.7  for steel leakage e=2.35g/cm3 [NCRP 151, p. 69]
Table B.2 TVL relative d cm? [NCRP 151, p. 72]
concrete g/cm® [NCRP 151, p. 1
Note: NCRP 51 Figure E.14 indicates lead TVL is maximum near 6 MeV, so using primary TVL
for leakage is reasonable
No data in NCRP 151 for steel leakage TVL (Primary TVL 100 mm at 6 MV, 110 mm at higher
energy). NCRP 51 Figure E.13 implies leakage TVL should be less than primary. Constant
steel TVL of 96 mm appears reasonable value based on ratio of concrete to steel leakage TVL
in Varian document #12004.
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Example 3: Short Maze

Shorter maze than illustrated in NCRP 1.
example

— Axis of rotation is parallel to maze

— Maze extends only part of vault length

Unshielded dose calculated the same as for
conventional maze
— 18 MV machine, so this includes neutrons
and capture gammas
Distances are shorter so unshielded dose is
higher
— Higher capture gamma energy assumed

Key difference is direct leakage
— Door does not provide attenuation of direct
leakage
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Example 3 P/T and Average Field Size Calculation

Parameter Units Calculation

Machine X-ray Energy | mSviwk
Workload/Patient wk | Gylpatient Table 3.1 Dual
Patients per Week patientiwk Table 3.2 Dual

Workload (W) Gy/Wk brc
Design Dose Limit (P) | mSviwk
Occupancy Factor (T)
PIT mSviwk

Value

Parameter wio IMRT | with IMRT Calculation
Max Field Size
Fraction of Workload
Effective Field Area bi*a"2+ b, a2
Effective Field Size sqrt (¢)
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Steel Leakage TVLs Rationale

. Steel TVLs Calculated from NCRP
Leakage TVLs in 151 Table B.7 Concrete Leakage
Varian Doc #12004 TVLs Using Varian Ratios

Steel Calculated Varian

el
83

Average calculated assuming 3 TVLs with TVL ave = (TVL1 + 2* TVLeq) /3

m Concrete Leakage TVLs reported in Varian Document
# 12004 at slightly less than NCRP 151 Table B.7

m Applying Varian ratios to NCRP 151 concrete TVLs yields
average steel TVLs ranging from 89 to 99 mm
— TVL should monotonically decrease with MV (NCRP 51 Figure E.13)
— 96 mm TVL appear reasonable upper bound for steel leakage

Example 3a: Maze with Leakage Not Shielded by =
Door — Patient Scatter

Maze Entrance
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Example 3a: Patient Scatter Unshielded Dose Rate
Calculation

Symbol Parameter Calculation

MV Machine X-ray Energy
w Workload
deca Distance from target to isocenter 1.00

measured
7.32 d*0.3048
155 measured
472 +0.3048

16 measured
4.88 h * 0.3048

10 measured
3.05 j*0.3048

Distance from isocenter to wall at maze

Distance from wall at maze end to door

Wall width seen from door

Room height

Scatter area 14.9 i*k
Patient scatter fraction NCRP 151 Table B.4 (45°)
(400 cm? field) BedE04 Function of MV
2nd bounce scatter fraction / m? 220E:02 | Table B.8b, 0.5 MV, 0°
Average field area 9125 See above.
T— s Orientation with highest
dose rate
Patient scatter unshielded dose rate | msviwk | 60702 | 1000 DTRY(0MA00L
/(ch2 % en2* gh2)
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Example 3b: Maze with Leakage Not Shielded by Example 3b: Wall Scatter Unshielded Dose Rate
Door — Wall Scatter Parameter Calcuation

Machine X-ray Energy
Workload
Patient transmission 027 MV > 10

Distance from target to primary barrier measured
wall d+0.3048

Distance from primary barrier wall to measured
maze inside opening 70,3048

Distance from maze inside opening to measured
h *0.3048

measured
i*03048
measured
L*0.3048
Table B.8a with 18 MV
75° scatter angle
Effective field size see above
Beam area at first reflection X (e * 012002
Table B.8a with 05 MV
75° scatter angle
Maze cross section 74 IPL
Grientation with highest

Maze width

Room height

1sr reflection coefficient

2nd bounce scatter fraction / m*

Use Factor 025

1000"m*b*s*(0/400)" L

Wall scatter unshielded dose 212603 [ (o2 g2 iv2)
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Example 3c: Maze with Leakage Not Shielded by Example 3c: Leakage Scatter Unshielded Dose
Door — Leakage Scatter Rate Calculation

Symbol Parameter Calculation
MV Machine X-ray Energy
Workload
Leakage Fraction
IMRT Factor

measured
d*0.3048
measured
1+03048
measured
h *0.3048
measured
*0.3048
Table B.8b with 1.5 MV
0° Reflection angle
Scatter area itk
Calculation does not
depend on orientation
1000*b*o*c*d*m*n
/("2 h"2)

Distance from target to wall at maze

Distance from wall at maze end to door

Wall width seen from door

| Maze Entrance Room height

1st reflection coefficient

Use Factor

Leakage scatter unshielded dose rate | mSviwk | 2.00E-01
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Example 3d: Maze with Leakage Not Shielded by ample 3d: Direct Leakage e e
Door — Direct Leakage Rate Ca atio
Line Parameter Units Value Calculation
a Machine X-ray Energy MV 18
b Workload (W) Gy/Wk 450
c Use Factor Ratio 1
d Leakage Fraction % 0.10%
e IMRT Factor 2
f Isocenter to Protected ft 190
g Point Distance m 58 +0.3048
h Unshielded Dose mSviwk 2.68E+01 1000*b*c*d*e / g"2
i ‘Wall Transmission 2.97E-04 see below
j Shielded Dose mSviwk 7.97E-03 h*i
i T:\\n\ac‘l?r:‘:s‘s 'rmS:::;ss CleslearR Photon
Barrier inches mm Material TVL1 (mm)|TVLe (mm)| Trans.
Inside Layer 48 1219 Concrete 360 340 2.97E-04
Layer #2 1.00E+00
Outside Layer 1.00E+00
Slant Angle: 0 deg 18 MV Total:| 2.97E-04

Door for short maze does not provide shielding for direct leakage
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Example 3e: Maze with Leakage Not Shielded by Example 3e: Maze Neutron Fluence Calculation
Door — Maze Neutrons

Symbol Parameter Value Calculation
MV Machine X-ray Energy 18

Vendor Varian
Neutron IMRT Factor 1

T for lead, 0.85 for

tungsten head shield

Distance from Isocenter to maze 21 measured
opening (Point A) 6.40 =+ 0.3048

22 measured

6.71 9703048

22 measured

6.71 i+03048

10 measured

Head Transmission Factor 1

Vault Average Length

Vault Average Width

Vault Average Height
Maze Entrance eoe felg 3.05 k *0.3048

Vault Surface Area 1717 2+ (h+hL+jL)
Neutron Source Strenth n/Gy | 9.60E+11 Function of a& b
o [ di( 4 172) +

)/(2*z*m’

Neutron Fluence at Point A per Gy n/m?Gy | 7.83E+09

Capture gamma Energy for short maze 10 MV vs 7.2 MV long maze
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Example 3e: Capture Gamma Unshielded Dose Example 3e: Maze Neutron Unshielded Dose Rate
Rate Calculation Calculation

Parameter Units Value Calculation
Symbol Parameter Calculation Workload Gyhwk 450
MV Machine X-ray Energy Neutron Fluence at Point A per Gy n/miGy | 7.83E+09 See above

w Workload Distance from maze opening (Point A) 9 measured
' Neutron Fluence at Point A per Gy 7.83E+09 see above 10 door 274 ©*0.3048

Distance from maze opening (Point A) 9 measured Freaetred
d; a Inner Maze Entrance Width
o 274 d *0.3048 & 0.3048
TVD Tenth-Value Distance 54 3.9if a<18, 5.4 otherwise measured
Ratio Capture Gamma Dose-Equivalent inegiizzelEntancellicioht B
K 6.90E-16 Constant m G008
to Neutron Fluence Inner Maze Cross-Sectional Area f*h
Capture Gamma Unshielded Dose at

' Door per Dose at Isocenter Gy || A T ) Viaze width measured

h,

i*0.3048
measured
L*0.3048
Maze Cross-Sectional Area 7.43 i*m
Maze Neutron Tenth-Value Distance 5.62 2.06 * sqrt( n)
Neutron Unshielded Dose-Equivalent | 806506 | 24E15*b *sart(i/m)*
or per Dose at Isocenter [1.64*107(-d/1.9)+10" (-d/o)]
Neutron Unshielded Dose-Equivalent
Rate at Door

Capture Gamma Unshielded Dose Rate | mSviwk | 7.55E-01 1000*a*h

Average Height Along Maze

3.63E+00 1000*a*p

P a Doo a 0 a atio amp a Doo a 0 a atio
aze Patent cate Transmissio for Door Maze Diret Leakage Tansmission for Door
0 el T Sanr p—s— 0 San Dot Loakage
Thickness | Thickness Photon Thickness | Thickness @9 Photon
Barrier inches. mm. Material [ TVL1 (mm)[Tvie (mm)| _Trans. Barrier inches' mm. Material [ TVLL (mm)[ TvLe (mm)| _Trans.
aive Layer |02 |6 Sl = % [ soeor e Laver S | w0 | w0 | roew
e s [ % Tead 5 s [ewew T Cead & AT
e s | i [owmsaroy| w2 | w2 | sweos Lern Somedpoy | sz | oz | 1o0wo
Toyerta o ) Toad 5 s [2mee Laverm e 5 5 T rooewo
Guside e | oz | s Soa % [ » |seeo Guside Layer Seo | o | w0
an Angle, 04 o | row| soer Saage 0im Towy | Touk 1o0erao
aze iall Scate Transmision for Daor Newtron Transmission for Door
e Tt e TS —
Thickness | Thickness ellcriey Photon Thickness | Thickness Maze Neutron: Neutron
Barrier inches mm Material _[TVLL (mm) [ TVLe (mm)| _Trans. Barrier inches mm Material | TVL1 (mm)[TVLe (nm)| Trans. 0 eld q
Inside Layer 025 0 Steel 25 25 5.57E01 Inside Layer 025 5 Steel NA WA | 100400
Layer #2 15 76 Lead 5) 5 5.756-16 Layer #2 15 38 Lead A NiA 1.00E+00 b doo
Layer #3 6 13 Borated Poly. 322 322 9.13E-01 Layer #3 6 152 Borated Poly 45 8 4.11E-04
Tayersa s 0 = s e Cayerta TR Cead T T )
Gusideaer | 025 |6 S % | % [sseo ousiuerwe | oz | o Seo | wa | wa [ioewo
S g 048 o | ow| sreem S pogle. ey rwy | Tom| anicor
—
azo Leak Transmission for Daor Capture Gamma Transmission fr Door
TG TS ——
Thickness | Thickness LeTapesiy Photon Thickness | Thickness EREs Photon
Barrier inches mm Material [ TVLL (mm)[TVLe (mm)| _Trans. Barrier inches mm Material | TVL1 (mm)[TVLe (nm)| Trans.
ki e [ G250 [ = = aetoe | oz | o S | 1o [ w0 [eveor
] s = 5 s T 5w Coad T )
Layer 13 6 152 | Borated Poly | 396 396 | 412601 Layer #3 6 152 | Borated Poly | 1015 916 7.08€-01
T 5o = 5 e i Cversa = Coad o | & |ewen
Taiia Toperl M= B =] T oo Susiveroa | o5 | o T T YO DY
Slant Angle: 0 deg 03MV. Total:| 5B1E-1L Slant Angle: 0 deg 10 MV Total.| 3.06E-02
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Example 3: Maze Door Shielded Dose Rate

Patient Leakage [ Direct | |~ Capture
Parameter Scatter Scatter | Leakage Gammas Calculation

Calc. Unshield Dose Rate 6.07E-02 2.00E01 | 7.97E:03 | 363E+00 | 7.55E-01

Total / Calc. Dose Rate 264 1 1 1 NCRP 151 £q. 2.14

Total Unshield Dose Rate 1.60E-01 . 00E 797603 | 363E+00 | 7.55E-01 a*b

Energy for TVL [ 02 ¥ 180 01 100

6.28E-17 2 100E+00 | 4.11E-04 | 3.06E-02 see above

Shielded Dose Rate msviwk | 0.0000 00080 0.0015 00231 cre

Total Shielded Dose Rate | mSviwk 0.0325 Sum Row

Scatter negligible for high energy machine
Usually dominated by fast neutrons and capture gammas

Direct leakage may be significant or not, depending on
maze wall width (not very large in this case)

ample Ad 0 Maze Doo a 0 a
0 Maze Direct Leakage Transmission for Wall Adjacent 1o Door
Vetertal | STant
Thickness | Thickness Patient Scatter Photon
Barrier inches mm Material _[TVL1 (mm)[ TVLe (mm)| Trans.
nside Layer Concrete |30 30| To0En00
Layer 72 00E+00
Cayerra L00E+00
Gutside Layer L00E+00
Siant Angle. __0deg eI Torm| L00E100
Neutron Transmission for Wall Adjacent to Daor
Watertal | STart
Thickness | Thickness FlBEEE Neutron
Barrier inches mm Material  [TVLL (mm)[ TVLe (mm)| Trans.
nside Layer 2 610 | Concrete | 161 61| toeos
Layer 72 L00E+00
Layer 73 00E+00
Gutside Layer Lo0E+00
Siant Angle. __0deg [T Towm:| Lo4E0t
Capture Gamma Transmission for Wall Adjacent to Door
Watertal | STant
Thickness | Thickness RelERET Photon
Barrier inches mm Material _[TVL1 (mm)[ TVLe (mm)| Trans.
nside Layer 2 60| Concrete | 410 30| 2sE0z
Layer vz L00E+00
Layer 13 L00E+00
Gutside Layer L00E+00
Slant Angle: 0 deg 10 MV Total:| 2.89E-02
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Example 4: Maze with Additional Bend

Conventional maze similar to
examples in NCRP 151

Maze includes additional bend

— Less scatter since walls barely
visible from door
Neutron distance d, measured along
center line to door
Factor of three reduction in neutron
dose rate with extra bend

8 MV machine energy

— Scatter calculations
included to illustrate 6
MV calculations

» NCRP 151 wording is ambiguous

about Kersey vs. Modified Kersey
No comparable reduction for capture
gammas identified

e all Adj. to Maze Doo 0
0 Maze Patient Scatter Transmission for Wall Adjacent to Doo
Witeral an
Thickness | Thickness Patient Scatier Photon
Barrier inches mm Material _[TVLL (mm)[TVLe (mm)] Trans.
inside Layer 2 610 | Conorete | 10 0| 2005
Layer#2 100E+00
Layer #3 100E+00
Outside Layer L00E+00
Siant Angle: _ 0deg I Toral| 205505
Maze Wall Scatter Transmission for Wall Adjacent to Door
Vateral | Siant
Thickness | Thickness el S Photon
Barrier inches mm Material _[TVLL (mm)[TVie (mm)| _Trans
inside Layer 2 50 | Conorete | 130 30| 20505
Layer #2 T00E+00
Layer 13 100E400
Outside Layer 100E+00
Siant Angle: __0deg 02V Toral| 205505
Maze Leakage Scatter Transmission for Wall Adjacent to Door
Wateral an
Thickness | Thickness RelEmREeTi Photon
Barrier inches. mm Material [ TVLL (mm)[TvLe (mm)| Trans.
inside Layer 2 610 | concrele | 160 160 | 155e04
Layer 2 100E+00
Layer#3 T00E+00
Outside Layer 100E+00
Slant Angle: 0deg 0.3 MV Total:| 155E-04

Example 3: Wall Adjacent to Maze Door Shielded
Dose Rate

d Dose at Wall Adjacent to Door
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Patient Leakage | Direct | oo T Capture
Parameter Units | Scatter Scatter | Leakage Gammas

Calculation

Calc. Unshield Dose Rate | mSviwk | 6.07E-02 171E-01 | 7.976-03 | 3.63E+00 | 7.55E-01

Total / Calc. Dose Rate 264 1 1 1 1

McGinley

Total Unshield Dose Rate | mSviwk | 1.60E-01 171E-01 | 7.976-03 | 3.63E+00 | 7.55€-01

a‘b

Energy for TVL My 02 X 03 18.0 01 100

Transmission 2.05E-05 155E-04 | 100E+00 | 1.64E-04 | 2.89E-02

see above

Shielded Dose Rate msviwk | 0.0000 00000 | 00080 | 00006 | 0.0218

cve

Total Shielded Dose Rate | mSviwk 0.0304

Example 4a: Maze with Second Bend
— Patient Scatter

Maze
Entrance

Sum Row f
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Example 4a: Patient Scatter Unshielded Dose Rate

Calculation

Parameter

Calculation

Machine X-ray Energy

18

Workload

450

Distance from target to isocenter

1.00

Distance from isocenter to wall at maze
end

23

measured

7.01

d*0.3048

Distance from wall at maze end to door

26

measured

7.92

£+0.3048

Wall width seen from door

6

measured

183

h *0.3048

Room height

10

measured

3.05

Scatter area

56

Patient scatter fraction
(400 cm” field)

8.64E-04

NCRP 151 Table B.4 (45°)
Function of MV

2nd bounce scatter fraction /m*

220E-02 | Table B.8b, 0.5 MV, 0°

Average field area

9125

See above

Use Factor

0.25

Orientation with highest
dose rate

Patient scatter unshielded dose rate

mSviwk

8.81E-03

1000*m*b*p*(0/400)"L.
/(cr2*er2* gr2)
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Example 4b: Wall Scatter Unshielded Dose Rate

Calculation

Parameter

Calculation

Machine X-ray Energy

Workload

Patient

027if MV >10

measured

Distance from target to primary barrier
wall

d+03048

Distance from primary barrier wall to

measured

maze inside opening

1+0.3048

Distance from maze inside opening to

measured

h*0.3048

Maze width

measured

03048

Room height

measured

L*0.3048

1sr reflection coefficient

Table B.8a with 18 MV
75° scatter angle

Effective field size

see above

Beam areaat first reflection

(e * 010012

2nd bounce scatter fraction / m*

Table B.8a with 0.5 MV
75° scatter angle

Maze cross section

it

Use Factor

Orientation with highest

dose rate

Wall scatter unshielded dose

1000°m*b*5*(0/400)" L
Jer2r

Example 4b: Maze with Second Bend

— Wall Scatter

Maze

Entrance 8]

Example 4c: Maze with Second Bend
— Leakage Scatter

Maze

Entrance
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Example 4d: Maze with Second Bend
— Direct Leakage

Example 4c: Leakage Scatter Unshielded Dose
Rate Calculation

Symbol Parameter Calculation

MV Machine X-ray Energy’
Workload
Leakage Fraction
IMRT Factor

Distance from target to wall at maze measured
cnd d*0.3048
measured
1+0.3048
measured
h * 0.3048
measured
j+03048
Table 8b with 1.4 MV
0° Reflection angle Maze
Scatter area 3 itk Entrance
Calculation does not
depend on orientation
1000*b*o*c*d*m*n
[ (i"2* hn2)

Distance from wall at maze end to door

Wall width seen from door

Room height

1sr reflection coefficient

Use Factor

Leakage scatter unshielded dose rate | mSviwk | 2.67E-02
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ample 4d: Dire eakage elded Dose Example 4e: Maze with Second Bend
Rate Ca atio — Maze Neutrons

Line Parameter Units Value Calculation
a Machine X-ray Energy MV 18
b Workload (W) GyWk 450
c Use Factor Ratio 1
d Leakage Fraction % 0.10%
e IMRT Factor 2
f Isocenter to Protected ft 28.0
9 Point Distance m 85 T+03028
h Unshielded Dose mSviwk | 124E+01 | 1000'b*c*de/gn2
i Wall T 3.85E-03 see below
j Dose at Inside of Door | mSviwk | 4.76€-02 hi
Thicknesh | igkness Direct Leakage | ppn
Barrier inches mm Material TVL1 (mm)| TVLe (mm)| Trans. Maze
Inside Layer 30 841 Concrete, 360 340 3.856-03 Entrance
Layer #2 1.00E+00
Outside Layer 1.00E+00
Slant Angle: 25 deg 18 MV Total:| 3.85E-03

Neutrons attenuated by factor of 3 due to extra bend in maze
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Example 4e: Maze Neutron Fluence Calculation Example 4e: Capture Gamma Unshielded Dose
Rate Calculation

Symbol Parameter Value Calculation
MV Machine X-ray Energy 18 Symbol Parameter Calculation
Vendor Varian MV Machine X-ray Energy 18
Neutron IMRT Factor 1 w Workload 450

Head Transmission Factor 1for lead, 0.85 for O Neutron Fluence at Point A per Gy 7.28E+09 see above
tungsten head shield

Distance from Isocenter to maze measured d,
opening (Point A) 03028

Distance from maze opening (Point A) 25 measured
7.62 d *0.3048
TVD Tenth-Value Distance 5.4 3.9if a<18, 5.4 otherwise
Vault Average Length messured | Raio Capture Gamma Dose-Equvalent
g *0.3048 to Neutron Fluence
measured h Capture Gamma Unshielded Dose at
13 Door per Dose at Isocenter

6.9E-16 Constant

Vault Average Width 1.95€-07 g*c*10%(e/f)

i*0.3048

measured Capture Gamma Unshielded Dose Rate 8.77E-02 1000+a*h

305 k*0.3048
Vault Surface Area 196.0 2+ (hj+hiL+jL)
Neutron Source Strenth n/Gy 9.60E+11 Functionof a&b
ot [dI( 4 172) +
(5.4%0+1.3)/(2'x*m)

Vault Average Height

Neutron Fluence at Point A per Gy n/m¥Gy | 7.28E+09

e de e Ne elde e Rate e a
ample 4 a 0 d Do a ample 4 a Doo a 0 a atio
Maze Patient Scatter Transmission for Dooy
c e E Material T stant Patient Scatter
Thickness | Thickness Photon
Line | Symbol Parameter Units Value Calculation ot rche=ll]| il Material |TVLL (mm)] VL (mmy| _ Trans.
w Workload Gyhwk 450 inside Layer 025 6 Steel 2 25 | ssre01
b Pa Neutron Fluence at Point A per Gy nim’Gy | 7-28E+09 See above Layer #2 1 25 Borated Poly 322 322 8.34E-01
c d Distance from maze opening (Point A) ft 25 measured oy xifd) 05| B Cead 8 5 268 03]
G 2 P p = SOETT Outside Layer | 025 6 Steel 2 25 | ss7e0L
Siant Angle: _0deg 020V Total:| 747604
B it o measured
do Inner Maze Entrance Width
f m 274 03048 Maze Wall Scatter Transmission for Door
Water Shant
it 10 measured Wall Scatter
9 h Inner Maze Entrance Height Thickness | Thickness e Photon
h m 3.05 g *0.3048 Barrier inches mm Material [ TVL1 (mm)[ TvLe (mm)| Trans.
i Sy Inner Maze Cross-Sectional Area m? 8.36 f*h Inside Layer 0.25 6 Steel 25 25 557E-01
i P ove wiath ft 7 et Layer #2 1 25 | Borawedpoly | 522 522 | saeEor
o laze Wi ~
= = 213 03088 Layer 13 05 18 Lead 5 5 | 288603
Outside Layer | 025 [ Steel 2 25 | ss7e0l
L ft 10 measured
hpy Average Height Along Maze Siant Angle: _0deg 020V Total| 747604
m m 3.05 L *0.3048
n S Maze Cross-Sectional Area m’ 6.50 i*m Maze Leakage Scatter Transmission for Door
- Wiaterial | Slant
o TVD, | Maze Neutron Tenth-Value Distance m 5.25 2.06 * sart(n) G Leakage Scatter | oy o
] Reduction due to added bend in maze C 3 Barrier inches | mm Material _[TVLL (mm)[ TVLe (mm)| Trans.
B - Neutron Unshielded Dose-Equivalentatl ™| B 12 4E-15+ b = sari( /) /p - inside Layer 025 [ Steel 39 3 | eerE0l
o Door per Dose at Isocenter [164°10° (-d/1.9)+107(-d/0)] Layer 12 1 25 | Borated Poly | 396 3% | 86aE01
. Neutron Unshielded Dose-Equivalent | o~/ " roneg oo = = Tees 5 Bl
Outside Layer | __0.25 6 Steel 39 35 | esreol
actor o O aue to ad onal nend CVAS Slant Angle: 0 deg 0.3 MV Total:| 1.05€-02
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ample 4: Maze Doo 0 a atio Example 4: Maze Door Shielded Dose Rate

Maze Direct Leakage Transmission for Door
0 Wiaterr Stant e r
e s irect Leakage fE— Patient Wall Leakage | Direct | oo T Capture
i T o Material [TVLL (mm)] TVLe (mm)| _Trans Parameter Units | Scatter Scatter | Leakage Gammas Calculation
s &= G = o o (e Calc. Unshield Dose Rate | mSviwk | 881E-03 267E:02 | 476E:02 | 106E-01 | 8.77E:02
Layer#2 f 25 | Borawed poly | 842 sz | omcoL Total / Calc. Dose Rate 264 1 1 1 1 NCRP 151 £q. 2.14
Layer 13 [ 1 Lead 57 57| sseeor Total Unshield Dose Rate | msviwk | 233E-02 267602 | 476E-02 | 106E-01 | 877602 a*bh
Outside Layer | 025 6 Steel 110 10| s7eE01 Energy for TVL My
Siant Angle: 0 deg 1MV Total| 428501 see above
Shielded Dose Rate mSviwk ce
Neutron Transmission for Door
Mater SE Total Shielded Dose Rate | mSviwk Sum Row f
Thickness | Thickness MazeNeutrons | neytron
Barier inches mm Material | TVLL (mm)] TvLe (mm)| _Trans.
inside Layer 025 6 Steel NA NA__| L00E+00
Layer 12 1 25 | BorawedPoly | 45 45| 2mse0r
Layer #3 05 13 Lead NA NA_ | L00E+00
OutsideLayer | 025 6 Steel NA NA__| L0oE+00
Slant Angle: _0deg 01mv. Total| 273E-01

Capture Gamma Transmission for Door
Material | Slant

Capture Gamma

Thickness | Thickness Photon
Barrier inches mm Material | TvL1 (mm)] TvLe (mm)| Trans.
nside Layer | 025 B Steel [ % | esieor
Layer 72 1 %5 | Boredpoly | _s17 o7 | smieor
Layer 73 os ) Lead o 61 | swEor
utside Layer | 025 3 Sicel % % | eseor
Siant Angle:_0deg Somy Totar] 2200
ample 4 Ad 0 Maze Doo a 0 a ample 4 all Aa 0 e Doo a 0
0 aze Paen eater Tansision o Wal Adacent 0 0o 0 aze Drest Leskage Tansnision o il Adaent 0 oot
Thickness | Thickness e S oo Photon Thickness | Thickness G Photon
Barrier inches Material  [TVLL (mm)[TvLe (nm)| Trans. Barrier inches. mm Material [TVLL (mm)[Tvie (mm)| Trans
nside Layer s 52| Concrete | 10 | o0z nside Layer s 52| Concrere |30 30| sseeor
Layer 72 L00E+00 Layer 72 L00E+00
Layer 3 00E+00 Layer T00E+00
Outside Layer 1.00E+00 Outside Layer 1.00E+00
Slant Angle: 0 deg 0.2MV Total:| 6.73E-02 Slant Angle: 0deg 18 MV Total:| 3.56E-01
Maze wal Scater Transmission for Wal Adjacent to Door Neutron Transmission for Wall Adjacent to Door
paterel £ Patient Scatter ared Em Patient Scatter
Thickness | Thickness Photon Thickness | Thickness Neutron
Barrier inches mm Material [ TVL1 (mm)| TVLe (nm)| Trans. Barrier inches mm Material [ TVL1 (mm) | TVLe (nm)| Trans.
nside Layer G 52| Concrete |10 ™ | e7E0z nside Layer B 52| Conorete | _ter o | 1o
Layer 72 100E+00 Layer#2 L00E+00
Layer 13 L00E+00 Layer 13 T00E700
Gutside Layer L00E+00 Outside Leyer Lo0E100
S Argle. 036 Sowv | Tow | ersece St arge._odeg [N oivv | ow] iweos
Capture Gamma Transmission for Wall Adjacent to Door
Maze Leakage Scatter Transmission for Wall Adjacent to Door
Thickness | Thickness Photon Barrier inches mm Material [ TVL1 (mm)|TVLe (mm)| Trans.
Barrier inches mm| Material [ TVL1 (mm)| TVLe (mm)| Trans. Inside Layer o 152 Concrete 330 330 345601
nside Layer © 52| Concrete | 160 w0 | 1ueor e oo T00
Layer72 00E+00 Y TooE0
Cey/8iiii3) LLO0E00) Outside Layer 1.00E+00
OuisidisLayes 1-00E:+00 Slant Angle: —0deg 36MV Total| 345€-01
Siant Angle. __0deg [T Tomr| 112601
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Example 4: Wall Adjacent to Maze Door Shielded Example 5: Long Maze with Axis of Rotation
Dose Rate Perpendicular to Maze

Maze Shielded Dose at Wall Adjacent to Door ™ Length Of maze makes patient and
Patient Leakage [ Direct | o T Capture

Parameter unis_|_scatter Scatter_| Leakage Gammas | calculation leakage scatter negligible

Calc. Unshield Dose Rate | _msviwk | 8.81E-03 267602 | 4.76E-02 | L0GE-OL | B.7E-02
Total / Calo. Dose Rate 264 1 T T 1 | NCRPI51Eq.2.14 . ]
Total Unshield Dose Rate | msviwk | 2.33£:02 | 6. 267602 | 476E02 | L06E0L | B77E02 ) = Wall scatter calculation different
Energy for TVL W 02 : 03 180 01 36
Transmission 673502 | 6. 112E01 | 356E.01 | L13E0L | 345E01 | seeabove
Shielded Dose Rate | msSviwk | 00016 00030 | 00170 | 00120 | 00303 ce Single bounce instead of two bounce
Total Shielded Dose Rate | _mSviwk 00638 Sum Row 1

Calculated with beam toward maze

Maze wall primary beam, mitigating the
reduced number of bounces

m Direct leakage applicable, but with
no door shielding

m Standard neutron and capture
gamma calculation

— Except factor of 3 reduction due to
additional bend in maze
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Example 5b: Maze with Axis of Rotation
Perpendicular to Maze — Wall Scatter

Example 5a: Maze with Axis of Rotation
Perpendicular to Maze — Patient Scatter

Primary attenuation of wall
included in calculation

Two bounce (patient, wall) scatter not directly visible from door . - ;
= No Contribution Maze wall attenuation added to wall scatter calculation
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Example 5b: Wall Scatter Unshielded Dose Rate ple a atte aze Wa
Calculation 0
Symbol Parameter Calculation Material Slant T e—
MV Machine X-ray Energy Thickness | Thickness 7 v Photon
W ‘Workload Barrier inches mm Material [ TVL1 (mm)[ TVLe (nm)| _Trans.
1 Pelenan e aer) 027 027 TMY> 10 Inside Layer 54 1372 Concrete 240 410 5.34E-04
4, |Distance from target to far side of maze 25 measured Layer #2 1.00E+00
° wall 762 403048 Layer #3 1.00E+00
Distance from far side of maze wall to 9 measured Outside Layer 1.00E+00
Siant Angle: 0 deg 15 MV Total:| 534E-04

d
* door 274 103048

o Reflection coefficient 00018 T?:‘fsiaat"t"e"’" ;ZIZV
Effective field size 302 see above
Beam area at far maze wall 5.30 (e*/100y°2
Maze Wall T 5.34E-04 see below
Orientation with highest

Use Factor 0.25

Wall scatter unshielded dose mSviwk | 354E-04
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Example 5d: Maze with Axis of Rotation

Example 5¢c: Maze with Axis of Rotation
Perpendicular to Maze — Direct Secondary

Perpendicular to Maze — Leakage Scatter

Leakage scatter not directly visible from door = No Contribution
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Example 5d: Direct Secondary Path - Scatter ample 5d: Dire econdary P
Fraction Calculation unts | Loakape | Seaten | caeutmion
Value a Workload/Patient wk | Gy/patient 15 15 Table 3.1 Dual
Parameter wlo IMRT | with IMRT Calculation b Patients per Week patientiwk | 30 30 Table 3.2 Dual
Max Field Size c Workload (W) Gy/Wk 450 450 a*b
Fraction of Workload d Use Factor Ratio 1 0.25
Effective Field Area bran2 + bya 2 e Fraction Ratio 10E-03 | 6.3E-03 Varian at 18 MV
Effective Field Size sart (c) i IMRT Factor 2 1
Scatter Angle ] Isocenter to Protected ft 230 23.0
Machine X-ray Energy h Golntpistnce m 7.0 7.0 9+0.3048
Scatter /400 cmn2 277603 Function of e & f i Unshielded Dose Rate | mSviwk | 183E+01 | 145E+01 1000*c*d*ef/hn2
‘Scatter Fraction 0.00632 9% /400 i Transmission 3.20E-04 | 1.526-04 see below
k Shielded Dose Rate mSviwk 0.006 0.002 i*j
m Don’t normally include scatter L | Total Shielded Dose Rate | mSviwk 0.008 Sum row k
— Negligible compared to direct leakage for most maze layouts haterialy | RSiant Photon Leakage Scatter
Thickness | Thickness
Barrier inches mm Material TVL1 (mm)| TVLe (mm) Trans. TVL1 (mm)| TVLe (mm) Trans.
Inside Layer 45 1183 Concrete 360 330 3.20E-04 310 310 1.52E-04
Layer #2 1.00E+00 1.00E+00
Layer #3 1.00E+00 1.00E+00
Outside Layer 1.00E+00 1.00E+00
Slant Angle: 15 deg 15 MV Total:| 3.20E-04 Total:| 152E-04
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Example 5e: Maze with Axis of Rotation Example 5e: Maze Neutron Fluence Calculation
Perpendicular to Maze — Maze Neutrons

Symbol Parameter Value Calculation
MV Machine X-ray Energy 15
Vendor Varian

Distance from maze
Neutron IMRT Factor

opening to door (33 ft) \ ) 1for lead, 0.85 for
measured along center line 3 Head Transmission Factor

tungsten head shield

Distance from Isocenter to maze measured
opening (Point A) o+ 03048

measured
g*03048
measured

Vault Average Length

Vault Average Width

i%0.3048

measured
305 k*0.3048
Vault Surface Area 150.8 2+ (hj+hL+jL)
Neutron Source Strenth n/Gy | 7.60E+11 Function of a& b
cne [di( 4 172) +
/(2

Vault Average Height

Neutron Fluence at Point A per Gy n/m?Gy | 7.326+09

Neutrons / capture gammas attenuated by additional factor of 3
since more than one bend in maze
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Example 5e: Capture Gamma Unshielded Dose Example 5e: Maze Neutron Unshielded Dose Rate
Rate Calculation Calculation

Parameter Value Calculation
Workload 450
Neutron Fluence at Point A per Gy 7.32E+09 See above

Parameter Calculation

Machine X-ray Energy 15

Workload 450
Distance from maze opening (Point A) 33 measured
Neutron Fluence at Point A per Gy 7.326+09 see above to door ©+03048

Distance from maze opening (Point A) 33 measured reasred
to door 1006 4703048 Inner Maze Entrance Width

©*0.3048

Tenth-Value Distance 39 3.9if a<18, 5.4 otherwise
Ratio Capture Gamma Dose-Equivalent
to Neutron Fluence

Capture Gamma Unshielded Dose at er inner Maze Cross-Sectional Area . t*h
Door per Dose at Isocenter Svicy | 133808 grcrioneeln

I M Ents Height measured
6.90E-16 Constant I DI SEEOLEE m g *0.3048

measured
Capture Gamma Unshielded Dose Rate| mSviwk | 5.99E-03 1000*a*h Maze Width +0.3048

10 measured

L *0.3048
Maze Cross-Sectional Area 557 itm

Maze Neutron Tenth-Value Distance 486 2.06* sqrt( n)

Average Height Along Maze

Reduction due to 2nd bend in maze 3
Neutron Unshielded Dose-Equivalent at| 01608 | Z4E-15 7D ¥ sqri(i /n)ip *
Door per Dose at Isocenter T [1.64*10"(-d/1.9)+10" (-d/0)]

Neutron Unshielded Dose-Equivalent .
e s 2.26E-02 1000*a*p
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Example 5: Maze Door Shielded Dose Rate Example 6d: Maze with Primary Barrier
Contribution — Primary Barrier

Patient Wall | Leakage | Direct Maze | Capture

Parameter Units | Scatter | Scatter | Scatter | Secondary | Neutrons | Gammas Calculation

Calc. Unshield Dose Rate | mSviwk | 0.00E+00 | 354E-04 | 0.00E+00 | 8.06E-03 | 226E-02 | 5.99E-03
Total / Calc. Dose Rate . 1 1

Total Unshield Dose Rate | mSviwk -04 | 0.00E+00 | 8.06E-03

= Primary barrier calculation
applicable instead of direct

Maze Entrance

Energy for TVL MV . 03 150 . leakage P

1.00E+00 | L0OE-00 | LOOE¥00
Shielded Dose Rate | msviwk | 0. 00009 | 00000 | 00081 X 5 Primary barrier photoneutrons
Total Shielded Dose Rate | mSviwk 0.0376 add to Shielded maze neutrons

No attenuation calculation since no door Note of entrance to control area
makes use of 0.125 occupancy.

Maze wall scatter dominates the scatter mechanisms, and for door inappropriate

is different in form from typical maze — Although calculation possibly.
made where technologists are

No door required since relatively thick walls and long maze seated vs. directly in front of
with additional bend door
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Example 6: Short Maze with' Axis of Example 6a: Maze with Primary Barrier
Rotation Perpendicular to Maze bution — Patient Scatter

m Orientation of maze relative axis of
rotation impacts scatter calculations
Beam toward maze for patient scatter
Beam away from maze for wall scatter
Leakage scatter unchanged

15 MV so scatter is negligible, but
included to illustrate calculations

m Other key difference is direct
leakage is not applicable
— Entrance is beyond primary barrier, so
primary barrier calculation instead of
direct leakage

— Door does not shield primary radiation
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Example 6a: Patient Scatter Unshielded Dose Rate Example 6b: Maze with Primary Barrier
Calculation Contribution — Wall Scatter

Parameter Calculation

Machine X-ray Energy’
Workload
Distance from target to isocenter

1.00 Maze Entrance

Distance from isocenter to wall at maze measured
end 488 d *0.3048
10 measured Pr——
305 1703048 ey
15 measured
457 10,3048
10 measured
305 i~ 03048
Scatter area 139 ik
T e [T
2nd bounce scatter fraction / m* 220602 | _Table B.8b, 0.5 MV, 0°
Average field area 9125 See above
Orientation with highest
e rate
1000 m b p*(0/400)"L
Lcr2er2e g2 Have to target this direction orient it this way because doesn’t make sense the other way

Distance from wall at maze end to door

Wall width seen from door

Room height

Use Factor 0.25

Patient scatter unshielded dose rate 3.74E-01
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Example 6b: Wall Scatter Unshielded Dose Rate

Calculation

Parameter

Calculation

Machine X-ray Energy

Workload

Patient

0.27if MV > 10

Distance from target to primary barrier

measured

d*0.3048

Distance from primary barrier wall to

measured

maze inside opening

1+0.3048

Distance from maze inside opening to

measured

h 03048

measured

Maze width

703048

measured

Room height

L 03048

1sr reflection coefficient

Table B.8a with 15 MV
75° scatter anale.

Effective field size

see above

Beam area at first reflection

(e 0/100°2

2nd bounce scatter fraction / m”

Table B.8a with 0.5 MV
75° scatter angle.

Maze cross section

it

Use Factor

Orientation with highest

rate

Wall scatter unshielded dose

1000 m*b*s*(0/400)* L
/(e°2+g"2*i"2)
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Example 6¢: Leakage Scatter Unshielded Dose

Rate Calcu

Symbol

lation

Parameter

Calculation

MV

Machine X-ray Energy

Workload

Leakage Fraction

IMRT Factor

measured

Distance from target to wall at maze

d*03048

Distance from wall at maze end to door

measured

1+0.3048

Wall width seen from door

measured

h *0.3048

Room height

measured

j703048

1sr reflection coefficient

Table B.8b with 1.5 MV
0° Reflection angle

Scatter area

itk

Use Factor

Calculation does not
depend on orientation

Leakage scatter unshielded dose rate

NCRP 151 Table B.2
Primary Barrier Photon TVLs (mm)

ble B.2

1.02E400

1000*b*o0*c*d*m*n
/ ("2 h"2)
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Est. by density vs. concrete

h density =1.5 g / cm? [

oncrete

ed poly

Example 6¢: Maze with Primary Barrier
Contribution — Leakage Scatter

= Target to wall distance

— Example in NCRP 151 shows it
measured from closest target
location

» With factor of 2.64 /4
applied

Leakage scatter explanation in
body of NCRP 151 shows it
measured from isocenter

= Reasonable to measure from
isocenter and not apply 2.64/4

Also reasonable to measure
from closest location and then
apply the 2.64/4 factor

Example 6d: Maze with Primary Barrier

Contribution — Primary Barrier

= Primary barrier calculation
applicable instead of direct
leakage

Maze Entrance

Primary barrier photoneutrons
add to shielded maze neutrons

£ borate poly
25 lead

Note of entrance to control area
makes use of 0.125 occupancy
for door inappropriate
— Although calculation possibly
made where technologists are
seated vs. directly in front of
door

ample 6d: P ary Barrie 0 butio
d O
Line Parameter Units Value Calculation
a Machine X-ray Energy [ 15
b Workload (W) GyWk 450
c Use Factor 025
d Target to Protected ft 19
e Point Distance m 5.79 d *0.3048
[ Unshielded Dose msviwk | 3.35E+03 | 1000*b*c/e2
g Photon Transmission 9.91E-06 see below
h Shielded Photon Dose Rate | msSviwk |  0.033 tg
i Photoneutron Dose Rate | mSviwk |  0.011 see next charts
i Total Shielded Dose Rate | mSviwk | 0.044 h+i
Material Thickness X-Ray Primary Photon
Barrier inches mm Material TVLL (mm)|TVLe (mm)| Trans.
Inside Layer 13 330 Concrete 440 410 1.78E-01
Layer #2 10 254 Steel 110 110 491E-03
Layer #3 13 330 Concrete 440 410 1.57E-01
Layer #4 25 64 Lead 57 57 7.69E-02
Outside Layer 1 25 Borated Poly | 1089 1015 | 9.44E-01
15 MV Total:| 9.91E-06
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Example 6d: Primary Barrier Contribution ample 6d: P Barrie 0 butio
Calculation — First Metal Layer Photoneutrons a atio econd Me ayer Photoneutro
Material Thickness Photon Neutron Material Thickness Photon Neutron
Barrier inches mm Material TVL1 (mm)|TVLe (mm)| Trans. TVL (mm) Trans. Barrier inches mm Material TVLL(mm)|TVLe (mm)| Trans. TVL (mm) | Trans.
Inside Layer #1 13 330 Concrete 440 410 1.78E-01 Inside Layer #1 13 330 Concrete 440 410 1.78E-01
nside Layer 72 Lo0Er nsidetaveriz | 10 | oo | ses | 10 | 10 | oo
Inside Layer #3 1.00E+00 Inside Layer #3 13 330 Concrete 440 410 1.57E-01
Metal Layer Steel Metal Layer 25 64 Lead
Outside Layer #1 Concrete Outside Layer #1 1 25 Borated Poly 113 5.96E-01
Outside Layer #2 . Lead Outside Layer #2 1.00E+00
Outside Layer #3 Borated Poly . Outside Layer #3 1.00E+00!
15 MV Total (X):| 1.78E-01 Total (Y):] 15 MV Total (X):| 1.36E-04 Total (V):] 5.96E-01
Parameter Units Calculation Line Parameter Units. Value Calculation
Machine X-ray Energy MV a Machine X-ray Energy MV 15
Workload (W) Gy/Wk b Workload (W) GyMWk 450
Use Factor oz . Use Factor oz
Neutron Prod. Constant (R)| Sv/Gy/m*2| 7.90E-05 | Function of a & metal d leutron Prod. Constant (R] Sv/Gy/m*2| 8.87E-04 | Function of a & metal
Max Field Size (Fyqy) mh2 0.16 40 cm x 40 cm e Max Field Size (Fya,) m"2 0.16 40 cm x 40 cm
UWR Fpa 1.42E-03 b*c*d*e f UWR Fra 1.60E-02 b*c*d*e
tm/2 m 0.127 Metal layer / 2 g tm/2 m 0.032 Metal layer / 2
2 m 0.419 Total outside layers h 2 m 0.025 Total outside layers
Protoreuron Dose | movink | 0007|1000 XY 09 i Protoneutron Dose | movivk | 0004 | To0u v greo)
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Example 6e: Maze Neutron Fluence Calculation

Example 6e: Maze with Primary Barrier
Contribution — Maze Neutrons

Symbol Parameter Value Calculation
MV Machine X-ray Energy 15

Vendor Varian

Neutron IMRT Factor

1for lead, 0.85 for

Head Transmission Factor e te e TEiaid

Distance from Isocenter to maze measured

opening (Point A) ©*0.3048
measured
g *0.3048
measured

Vault Average Length

Vault Average Width
i*0.3048

measured
305 k*0.3048
Vault Surface Area 132.3 2+ (hj+hL+jL)
Neutron Source Strenth n/Gy | 7.60E+11 Function of a& b
cne [di( 4 172) +
/(2

Vault Average Height

Neutron Fluence at Point A per Gy n/m?Gy | 8.84E+09
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Example 6e: Capture Gamma Unshielded Dose
Rate Calculation

Example 6e: Maze Neutron Unshielded Dose Rate
Calculation

Parameter Value Calculation
Workload 450
Neutron Fluence at Point A per Gy 8.84E+09) See above

Parameter Calculation

Machine X-ray Energy 15
Workload 450
Neutron Fluence at Point A per Gy 8.84E+09 see above

Distance from maze opening (Point A) 9 measured
to door 2.74 ©*0.3048
55 measured
168 e*0.3048
10 measured
305 9703048
Inner Maze Cross-Sectional Area 511 t*h

Inner Maze Entrance Width

Distance from maze opening (Point A) 9 measured
foldoon 274 d*0.3048

Tenth-Value Distance 39 | 39ifa<1s, 5.4 otherwise
Ratio Capture Gamma Dose-Equivalent
to Neutron Fluence
Capture Gamma Unshielded Dose at
Door per Dose at Isocenter

Inner Maze Entrance Height

6.90E-16 Constant

SviGy | 1.21E-06 g*cr10n(e/f) 65 measured
198 j* 03048
10 measured

3.05 L *0.3048

Maze Width

Capture Gamma Unshielded Dose Rate| mSviwk | 5.43€-01 1000*a*h

Average Height Along Maze

Maze Cross-Sectional Area 6.04 itm
Maze Neutron Tenth-Value Distance 5.06 206 * sart(n)
Neutron Unshielded Dose-Equivalent at 675506 | 24E-15 b sant(i/n)*
Door per Dose at Isocenter g [L64°10° (-011.9)+10°(-dJ0)]
Neutron Unshielded Dose-Equivalent
Rate at Door

3.04E+00 1000*a*p




6 aze Doo 0 a atio a e b aze Doo 0 a 0

O
R R o T Maze Leakage Scatter Transmission for Door

(Bl nches) min Material | TVL1 (mm)| TVLe (mm)| Trans Barrier inches mm Material__[TVLL (mm)| TVLe (mm)| _Trans.
Inside Layer 0.25 6 Steel 2 25| 557601 TrsideTayer o 5 = 5 5 o
Layer #2 15 38 Lead 5 5 2.40E-08 Layer #2 15 38 Lead 8 8 1.73E-05
Layer #3 6 152 | Borated Poly | 322 322 | 336E01 e 5 = o = = |anem
Cayeri, 5| £ Cead 5 5 20508 Layer #4 15 38 Lead 8 8 173605
Outsidellayerill[N0225 S Steel 25 & S 51501 Outside Layer 0.25 6 Steel 39 39 6.87E-01
Siant Angle: 0 deg 020V, Total:| 6.01E-17 ShnUAnge B0 ey B =

Maze Wall Scatter Transmission for Door

Waterial | Siant
Thickness | Thickness Wall Scatter Photon
Barrier inches mm Material TVL1 (mm)| TVLe (mm)| Trans.
Inside Layer 0.25 6 Steel 25 25 5.576-01
Layer #2 15 76 Lead 5 5 5.756-16
Layer #3 6 13 | Borated Poly | 322 322 | 91301
Layer #4 15 6 Lead 5 5 537602
Outside Layer | 025 6 Steel 25 25 5.57E-01
Slant Angle: 0 deg 02 MV Total:] 8.76E-18
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e 6: Maze Doo él 0 a atio Example 6: Maze Door Shielded Dose Rate
Patient | Wall | Leakage | Primary | Maze | Capture
Neutron Transmission for Door Parameter Units Scatter Scatter Barrier | Neutrons | Gammas Calculation
Material [ Slant Maze Neutrons Calc. Unshield Dose Rate | mSviwk | 3.74E-01 | 7. 1.02E+00 | 4.43E02 | 304E+00 | 5.43E-01
Thickness | Thickness Neutron ol ale Dose R T a g 1 [noreisiea i ff
Barrier inches mm Material | TVL1 (mm)| TvLe (mm)| Trans. Stallicale DoselRate = 22
Total Unshield Dose Rate | msviwk Y 102E+00 | 443602 | 3.04E+00 | 543801 ath
inside Layer 025 6 Steel NIA NA__| 1.0OE+00
Layer #2 15 38 Lead NIA NA | 1.00E+00 ECOIAT L > = oo |
+
2Yel - ca . T ; 581E-11 | LOOE+00 | 4. 306E:02 | seeabove
COEKD U 152388 [oreted! Fol ]| IS S || &E Shielded Dose Rate | _mSviwk 00000 | 00443 0,016 cre | |
e a5 35 Cead NI NIASN | RE00E 00 Total Shielded Dose Rate | mSviwk 0.0621 Sum Row 1
Outside Layer | 0.25 6 Steel NIA NA__| 1.00E+00
Slant Angle: __0 deg 0.1MV Total:] 4.11E-04

Capture Gamma Transmission for Door

Material Slant .
Thickness | Thickness i Photon
Barrier inches mm Material [ TVLL mm)[ TVLe (mm)| _Trans.
Inside Layer 0.25 6 Steel 110 110 8.76E-01
Layer #2 15 38 Lead 61 61 237E-01
Layer #3 6 152 | Borated Poly | _ 1015 916 | 7.08E-01
Layer #4 15 38 Lead 61 61 2.37E-01
Outside Layer | 025 5 Steel 110 110 | 876E-01
Slant Angle: 0 deg 10 MV Total:| 3.06E-02
e 6 all Adj. to Maze Doo a 0 a ample 6 all A 0 Maze Doo a 0 a
O
Maze Patient Scatter Transmission for Wall Adjacent to Doof
Waterial Stant
Thickness | Thickness (RIS Photon Maze Leakage Scatter Transmission for Wall Adjacent to Door
Barrier inches mm Material | TVL1 (mm)|TVLe (mm)| Trans. Material Slant
Tl ™ = v = = T Thickness | Thickness Patient Scatter Photon
nsiceleyen Oncrote a Barrier inches mm Material | TVL1 (mm)| TVLe (mm)| Trans.
Cayors2 E00EL00 Inside Layer 14 356 Concrete 160 160 5.99E-03
Cy/eiHS (L00ES00 Layer #2 1.00E+00
Layer #4 L00E+00 Layer #3 1.00E+00
Outside Layer 12 305 Concrete 130 130 | 452608 T Tooe00
Slant Angle: _ Odeg 0.2MV Total:) 8.32E-06 Outside Layer 12 305 Concrete 160 160 1.24E-02
lant Angle: MV Total:[ 7.46E-
Maze Wall Scatter Transmission for Wall Adjacent to Door SlantiangleM0/deg 0.3 o SECS|
Material Slant
Thickness | Thickness Patient Scatter Photon
Barrier inches mm Material _[TVLL (mm)[TVLe (mm)| Trans.
inside Layer 14 356 Concrete 130 130 | 184E03
Layer #2 1.00E+00
Layer #3 1.00E+00
Layer #4 1.00E+00
Outside Layer 12 305 Concrete 130 130 | 452E08
Slant Angle: 0deg 0.2 MV Total:| 8.32E-06




e b all A 0 Maze Doo a 0
Neutron Transmission for Wall Adjacent to Door
Thicknees | Thikness patient scater | oy gon
Barrier inches mm Material | TVL1 (mm)|TVLe (mm)| Trans.
Inside Layer 14 356 Concrete 161 161 6.18E-03
Layer #2 1.00E+00
Layer #3 1.00E+00
Layer #4 1.00E+00
Outside Layer 12 305 Concrete 161 161 1.28E-02
Slant Angle: 0deg 0.1 MV Total:| 7.91E-05
Capture Gamma Transmission for Wall Adjacent to Door
e S Capture Gamma
Thickness | Thickness Photon
Barrier inches mm Material | TVL1 (mm)|TVLe (mm)| Trans.
Inside Layer 14 356 Concrete 410 370 1.36E-01
Layer #2 1.00E+00
Layer #3 1.00E+00
Layer #4 1.00E+00
Outside Layer 12 305 Concrete 410 370 1.55E-01
Slant Angle: 0deg 10 MV Total:| 2.10E-02

Example 6: Wall Adjacent to Maze Door Shielded
Dose Rate

d Dose at Wall Adjacent to Door
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Parameter

Units

Patient
Scatter

Leakage
Scatter

Primary.
Barrier

Neutrons.

Capture
Gammas

Calculation

Calc. Unshielded Dose

mSviwk

3.74E-01

1.02E+00

4.436-02

3.04E+00

5.43E-01

Average / Calculated Dose

2.64

1

1

1

1

Average Unshielded Dose

mSviwk

9.87E-01

1.02E+00

443602

3.04E+00

5.43E-01

a‘b

Energy for TVL

[

02

03

15.0

01

100

Transmission

8.32E-06

7.46E-05

1.00E+00

7.91E-05

210E-02

see above

Shielded Dose

mSviwk

0.0000

0.0001

00443

0.0002

0.0114

|
NCRP 151 Eq. 2.14 [if
|
|
|

cre

Total Shielded Dose

mSviwk

0.0560

Sum Row f



