OFFICIAL
NSEDA Assignment C: Solution Sheet
Use of this sheet
This is an indicative staff solution. Credit equivalent scientifically defensible approaches, provided assumptions are clearly stated and calculations are internally consistent.
Order-of-magnitude correctness and well-supported reasoning are more important than exact numerical agreement.

Key indicative numerical answers
	Quantity
	Indicative value
	Marker note

	Source activity (02 Nov 2024)
	≈ 130–135 PBq
	Accept reasonable rounding

	Dose rate at 2 m
	≈ 10–12 Sv h⁻¹
	Point-source approximation

	Dose rate at first maze bend
	≈ 0.5–1 Sv h⁻¹
	Consistent with ~850 mSv/h

	Dose rate at maze entrance
	≈ 1–3 µSv h⁻¹
	After maze attenuation

	Estimated technician dose
	≈ 20–40 mSv
	Consistent with TLD 27.1 mSv



1. Framing expected from a good report
Strong submissions will:
· integrate source physics, shielding, and geometry 
· justify decay correction and point-source assumptions 
· recognise that the maze creates a highly non-uniform scattered field 
Students should explicitly state assumptions about:
· attenuation per maze bend 
· exposure time (~2 minutes) 
· technician position within the maze 

2. Worked scientific solution

2.1 Suitability of cobalt-60
Co-60 is suitable because:
· emits high-energy gamma rays (~1.17 and 1.33 MeV) 
· provides deep penetration for sterilisation 
· relatively long half-life (~5.27 years) allows sustained operation 
· can be fabricated into sealed, high-activity source pencils 
Very high activities are required to:
· deliver sterilisation doses (kGy range) 
· maintain throughput in industrial processing 

2.2 Decay-corrected activity
Given:
· Initial activity = 185 PBq (June 2022) 
· Time elapsed ≈ 2.4 years 
· Half-life = 5.27 years 

Accept 130–135 PBq.

2.3 Dose rate at 2 m
Using:

A good answer should note:
· the point-source approximation is crude 
· the real field is shaped by collimation and geometry 

2.4 Maze attenuation verification
Given:
· ~1000-fold reduction per 90° bend 
If:
· first bend ≈ 850 mSv/h 
· second bend ≈ 0.85 mSv/h 
· entrance ≈ 0.85 µSv/h 
This is consistent with:
· measured <1 µSv/h at entrance 
Thus, the attenuation assumption is reasonable.

2.5 Exposure reconstruction
Technician:
· time ≈ 2 minutes 
· likely position near first or second bend 
Using:
· ~0.85 Sv/h near first bend 

This is consistent with:
· TLD = 27.1 mSv 

2.6 Geometry and movement
The recorded dose can be explained by:
· movement into higher-dose regions near bends 
· scattered radiation dominating (no direct line of sight) 
· time spent closer to the first bend than initially assumed 
A strong answer will note:
· steep gradients within the maze 
· importance of position within the corridor 

3. Comparison with dosimetry
Measured:
· Technician: 27.1 mSv 
· Supervisor: 0.1 mSv 
The large difference is explained by:
· technician entering high-dose region 
· supervisor remaining near maze entrance 
· strong attenuation along maze length 
Agreement with calculation is good.

4. Health implications
At ~30 mSv:
· no deterministic effects expected 
· increased stochastic risk 
· medically significant occupational exposure 
Symptoms (nausea) are unlikely to be radiation-induced at this dose and may reflect stress.

5. IRR17 compliance
Likely failures include:
· override of interlock system 
· failure to heed radiation warning indicators 
· inadequate verification of safe source position 
· insufficient restriction of exposure 
Better answers will apply regulations to the scenario.

6. ONR SAP evaluation
EKP.5 Defence in Depth
Failures include:
· mechanical fault (source not fully lowered) 
· misleading indicators 
· interlock override 
· failure to act on radiation warning systems 
Engineering safety
Source position should be unambiguously verifiable.
Human factors
Clear evidence of unsafe decision-making under uncertainty.

7. ALARP improvements
· prohibit override without radiological confirmation 
· improve source position sensing redundancy 
· strengthen procedural controls for entry 
· reinforce training on warning systems 
· improve fault reporting and maintenance 

8. Marker guidance on common errors
	Issue
	Treatment

	Failure to handle PBq scale correctly
	Penalise units

	Ignoring maze attenuation
	Lose interpretation marks

	Treating field as uniform
	Penalise understanding

	Overstating health effects
	Correct

	Ignoring time reconstruction
	Lose marks



9. Indicative concluding judgement
The incident resulted from a combination of mechanical failure, misleading indication systems, and inappropriate override of engineered safety controls.
The technician entered a high-radiation maze environment while the source remained exposed, resulting in a significant but non-deterministic dose.
The event represents a breakdown of defence in depth, particularly in the interaction between engineering controls, procedural discipline, and human factors.
 in a high-activity industrial irradiation facility.
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