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Taking it on the chest….  when 
planning assumptions change

Mike Holubinka
Radiological Sciences Group

Portsmouth Hospitals Medical Physics Service

• Conversion of chest room to CT suite

• Original design & alterations

• Assessment of environmental protection 

• Assessment of environmental doses

• Legal requirements under IRR 1999
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Original design specifications – whole department

Internal walls 190mm dense concrete 2000 kg/m3

PbE ~2mm (? Energy)

External walls 190mm aerated concrete 850 kg/m3

PbE ~0.8mm (? Energy)

100mm red brick 1850 kg/m3

PbE ~0.7mm (? Energy)

Windows Pilkington X-ray glass 5-7mm

(above 2.1m) PbE ~1.5mm 100-150 kV
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PbE ~2mm

PbE ~1.5mm

PbE 1.5mm

Design
specifications
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Commissioning of Radiodiagnostic Block 1990

37 GBq 241-Am (special form)
J.M. Hewitt NRPB

A self-contained method for assessing the lead
equivalence of protective barriers in diagnostic

X-ray departments
Journal of the Society of Radiation Protection Vol 2 1982
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Survey findings from 
RD block 

commissioning 1990
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Useful for:

Sampling PbE of structures

Assessing spot PbE

Verifying PbE post repair

Internal walls >2mm PbE
(241-Am energy)
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– March 2001 –

Siemens Plus 4 Volume Zoom 
(Sensation 4)

Combined Diagnostic & Oncology

?  Shielding
requirements
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Planning constraint
300 �Sv/year
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PbE ~2mm

PbE ~1.5mm

PbE 1.5mm

Existing & adequate ?

New construction

? PbE
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Doses in air �Gy/mAs
(gantry centre height)

32 cm PMMA phantom
16 cm length
140 kV
20 mm slice
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PbE ~2mm

PbE ~1.5mm

PbE 1.5mm

Existing & adequate ?

New construction

? PbE

2m

4m

0.6 �Gy/100mAs

2.5 �Gy/100mAs
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Workload assumptions !
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SOMATOM Volume Zoom Application Guide

Routine protocols Software version A20

Oncology patients 5-10 each a.m. (Chest/Abd/Pelvis)

Diagnostic patients 10-15 each p.m. (mixed)

Assume 20 patients/day,   All Abdomens at 140 kV !
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Area Corridor Corridor
Dose at barrier (�Gy/100mAs) 2.5 2.5
Effective mAs 120 120
Scanned length (mm) 250 250
Rotations 25 25
mAs per Abdomen 3000 3000
Patients per day 20 40
mAs per day 60000 120000
mAs per year 3000000 6000000
Occupancy 0.5 0.5
Dose at barrier/year (�Gy) 37500 75000
Planning constraint (�Sv/yr) 300 300
Transmission 0.008 0.004
Lead thickness (mm) 1.3 1.5
Concrete thickness (mm) 95 100

Assumed 10 mm increment for 20 mm scatter data

Worst case calculation of shielding requirements

Wall thickness (>2mm PbE) 190 mm (dense)
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Spectral considerations

Primary beam

Increase in effective energy

Siemens Somatom DR series
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Applied kV (CP waveform)

Pb
E 

m
m

Disparity between PbE (241-Am) vs PbE X-rays

J.M. Hewitt
Journal of the Society of Radiation Protection Vol 2 1982
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References:

An analysis of the assumptions and their significance in the determination of 
required shielding of CT installations
Michael D Harpen
Medical Physics 25 (2) February 1998

Secondary Shielding barriers for diagnostic X-ray facilities: Scatter and leakage 
revisited
Douglas J Simpkin & Robert L Dixon
Health Physics Vol 74 (3) 1998

Radiation shielding for Diagnostic X-rays
Report of a joint BIR/IPEM working Party
Edited by D.G. Sutton & J R Williams
BIR 2000
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Glass 1.5mm PbE 
>> than required
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Heads & Cills ?

Vertical section
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Mullions
& Jambs ?

Horizontal section
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effectively NIL

?
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Siemens Plus 4 Volume Zoom 
commissioned March 2001
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Anderson Rando phantom 
used as a source of scatter

Carry out an environmental survey
(critical examination)
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Measurement of ambient dose rates

PDM1 Energy response

Time constant
~1 to 10 sec
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Measurement of ambient dose rates

Szintomat 6134
Energy response

Time constant
~1 sec

CT scattered doses : Variation with collimation
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Radcal 180cc
Integrated dose 10 �Sv-10Sv
Energy response 30 keV-10MeV

Ct scans 140 kV
500 mAs, 1.5 sec
X-ray collimation 2, 10 & 20 mm
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Measurement of ambient dose for
‘worst case procedure’

Mike Holubinka, CT Users Group – Nottingham 7th November 2002 Mike Holubinka, CT Users Group – Nottingham 7th November 2002



7

Mike Holubinka, CT Users Group – Nottingham 7th November 2002

COURTYARD

CORRIDOR

C
O

R
R

ID
O

R

PATIENT WAITING

CHEST ROOM

STORE 20 �Sv
Integrated dose in air for
Chest/Abdomen/pelvis

Verify dose constraint
300 �Sv/year

BUT….transmission
1.5 mm Pb = 0.4%
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Measurement of ambient dose rates

• Stable radiation field
• Instrument response not a limitation
• Survey whole area in the time available
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Measurement of ambient dose rates

• Static geometry provides constant 
radiation field intensity

• Identify maximum rate within an area
• High internal reference dose rate
• Clinical beam quality
• Instrument temporal response eliminated
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Results:  All data �Sv/hr
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Dose rate(Env)

Dose rate(window)

Casemix Dose(Env)

Casemix Dose(window)

=

Workload assumptions !
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CT Scan workload
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Derivation of annual mAs

Projected scan sec  = 82,000

Assumed mA              = 400

Annual mAs          = 32,800,000

145 Days for same 
workload at QAH

(83,000,000 for QAH workload)

Projected 
workload at SMH
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Casemix Dose(window)

Chst/Abd/Pelv mAs

Chst/Abd/Pelv Dose(window) Annual mAsx=

10,000

20 32,800,000x=

= 65,600   �Sv

= 66   mSv

Derivation of Casemix Dose(window)
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Results:  All data �Sv/yr
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IDR
>7.5 Controlled Area

Supervised AreaNon-designated Area

TADR
>0.5

TADR
2000
>0.15

TADR
2000
>0.5

Controlled Area

is ?

is ?

Yes

Yes

Yes

No

No

No

All dose rates 
�Sv/hr

IDR Instantaneous Dose Rate averaged over 1 minute
TADR Time Averaged Dose Rate averaged 8 hrs (worst case assumptions)
TADR2000 TADR averaged over 2000 hrs (taking workload & occupancy into account)

Designation of areas - Public
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TADR
2000
<0.15

TADR
2000
>0.3

Controlled Area

Supervised Area ?

Non-designated Area
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� Conversion of chest room to CT suite

� Original design & alterations

� Assessment of environmental protection

� Assessment of environmental doses

� Legal requirements under IRR 1999

Mike Holubinka, CT Users Group – Nottingham 7th November 2002

THE END
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