
Chapter 17

External Dose Evaluation  
and Reconstruction

HRTD
Human Resources
Training & Development
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DOSE
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RECONSTRUCTION



Develop skills to perform a simple dose 
reconstruction and estimate the dose received

Summarize the procedures used to assess, 

Objectives
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reconstruct and assign external doses received 
by individuals and calculate the external dose 
when provided appropriate source, distance or 
comparable dose data



Some International
Dose Reconstruction Scenarios
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137Cs Contamination
In Brazil (9/87)
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Category IV
Pool Type Irradiator
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(Source Rack)



Category IV Irradiator Sources
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USA - Georgia (1988)

Category IV - 1.2 MCi Cesium-137
No injuries & no doses
Contaminated Pool Water (1 Leaking Capsule out of 252)

U.S. Irradiator Accidents
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Decontamination Completed 1992

USA - Puerto Rico (2004)

Category IV - 4 MCi Cobalt-60
Doses - 2.8 & 4.4 rem in a few seconds
Injuries - none



source

NRC AIT - Stuck 2MCi 60Co Source
Entry into Pool Irradiator (2004)
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Product Path



source
in pool

~11:30 AM - walk from product Exit Door
to “A” to “B” to “C”
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Worker Path



source
exposed

~  1:00 PM - walk from product Exit Door
to “A” to “B” stop and return to Exit Door
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Worker Path



source
exposed

~  1:00 PM - intended path from product Exit Door
to “A” to “B” to “C” 

13 rad/sec

NOTE:  Dose rates calculated for second entry with one 
source rack unshielded (2,000,000 Ci 60Co)

- Slide 12 -H-201 - Health Physics Technology

Worker path
30 rad/sec19 rad/sec Proposed path



Dose Reconstruction

Health Physics Skills
+

I ti ti Skill
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Investigative Skills

(CSI - NRC)



Dose Reconstruction Can Be as
Detailed as You Want (or Need)

“Back of the envelope” (estimate)

Routine (calculate)
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Routine (calculate)

Meticulous (expert consultant)



Riverside Methodist
Hospital OH (75)

Incorrect Decay Chart

Teletherapy Accident
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y
400 patients overexposed
(10%-40%)



Some NRC Dose Reconstructions
Incident Investigation Team Reports
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(8/90)



Radiography Source 
Changer similar to the one

involved in the Korea 

Source Shipment
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Shipment Incident



Readings in mrem/hr
Source Shipment

Fig 8.1: Radiation profile of Model SU-508 
Source Changer Without a Source 



Source Shipment
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TVL      HVL

Source Data

Γ
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decay Equation

G C t t

Equations
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Point Source  Equation

Gamma Constant



Source Shipment
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Source Shipment
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Source Shipment
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Source Shipment
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Source Shipment
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Loss of Control of Source
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Loss of Control of Source



High Dose Rate Remote
Afterloading (HDR)
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Source travels from unit, through 
catheter (plastic guide tube) into 
patient



HDR Unit 
and 

Catheter 
System



HDR Catheter
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(0.6 mm)

HDR 
Source

(0.34 mm)



192Ir Decay Scheme
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192Ir Decay Scheme

yield or abundance



Calculations
Decay Equation

Rule of Thumb for Γ

Point source equation



LAC = MAC x ρ

Calculations

Buildup equation



Patient Waiting to be Picked 
Up at Treatment Center
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Patient Transported to 
Nursing Home
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Patient at Nursing Home
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Dose Rate in Adjacent
Nursing Home Rooms
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Source in Trash
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Dose Rate in Adjacent Areas
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Source Transported to 
Waste Disposal Site
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Route of Travel
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Source Detected at SiteSource Detected at Site
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Route of Travel

Sent Back
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Source Isolated
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Human 
Tragedy



Internal Dose
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END OF
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DOSE
RECONSTRUCTION



END OF
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