OFFICIAL
Student Guide: Using Gamma Constants to Estimate Radiation Dose
Purpose
This short guide explains how to use the gamma constant method to estimate dose rates from sealed gamma sources. The method is commonly used in radiological protection to estimate dose from industrial radiography sources, irradiators, and similar sealed-source systems.
The Gamma Constant Method
The gamma constant relates source activity to the dose rate at a specified distance from the source.
Dose rate ≈ Γ × A / r²
Where:
Γ = gamma constant for the isotope (mSv·m² / (GBq·h))
A = source activity (GBq)
r = distance from the source (m)
Typical Gamma Constant Values
Cs‑137 ≈ 0.08 mSv·m² / (GBq·h)
Ir‑192 ≈ 0.13 mSv·m² / (GBq·h)
Co‑60 ≈ 0.35 mSv·m² / (GBq·h)
Se‑75 ≈ 0.21 mSv·m² / (GBq·h)
Step‑by‑Step Example
Example:
Ir‑192 source activity = 2.8 TBq
Distance from source = 1.2 m
Exposure time = 3 minutes
Step 1 – Convert activity to GBq
2.8 TBq = 2800 GBq
Step 2 – Calculate dose rate
Dose rate ≈ Γ × A / r²
≈ 0.13 × 2800 / (1.2²) = 253 mSv/h
Step 3 – Calculate dose for exposure time
Convert time to hours:
3 minutes = 0.05 hours
Dose ≈ Dose rate × time = 253 x 0.05 =12.6 mSv
Important Unit Conversions
1 TBq = 1000 GBq
1 PBq = 1000 TBq
Always check that the units in the gamma constant match the units you use for activity.
Common Mistakes to Avoid
Using TBq instead of GBq in the equation.
Forgetting to convert minutes or seconds to hours.
Ignoring the inverse‑square distance term.
Assuming the source is fully unshielded without explaining why.
Not commenting on uncertainty in distance or exposure time.
When This Method Is Appropriate
The gamma constant method is most appropriate when estimating dose from relatively small sealed gamma sources where the distance from the source and exposure time are known or can be reasonably estimated.
Limitations
This approach is an approximation. Real situations may involve shielding, scattering, partial shielding, or complex geometries that modify the dose rate. These effects should be discussed qualitatively in your analysis when you compare calculated and measured doses.
