OFFICIAL
NSEDA Assignment F – Staff Solution
Use of this sheet
This is an indicative staff solution. Credit equivalent scientifically defensible approaches, provided assumptions are stated and calculations are internally consistent. The assignment concerns an Ir-192 industrial radiography source-return incident on 22 November 2024, involving a source with an original activity of 16 TBq certified on 11 July 2024.

Key indicative numerical answers
	Quantity
	Indicative value
	Marker note

	Source activity on 22 Nov 2024
	≈ 4.4–4.6 TBq
	Accept reasonable rounding

	Dose rate at 1 m
	≈ 0.58–0.60 Sv h^-1
	Γ ≈ 0.13 mSv m² GBq^-1 h^-1

	Initial phase (0.8 m)
	≈ 0.18–0.28 Sv h^-1
	20–30% of nominal

	Close phase (0.5 m)
	≈ 0.94–1.42 Sv h^-1
	40–60% of nominal

	Whole-body dose
	~8–10 mSv (typical)
	Accept ~6–13 mSv



1. Framing expected from a good report
· The strongest submissions will read as a single scientific investigation rather than a sequence of short answers. 
· Students should justify assumptions, including: 
· point-source approximation 
· inverse-square behaviour 
· use of a tabulated gamma constant 
· representative attenuation factors 
· Numerical agreement with dosimetry does not need to be exact; order-of-magnitude correctness and sound reasoning are key. 
· Recognition of a non-uniform radiation field is essential, particularly due to guide-tube geometry and partial shielding. 

2. Worked scientific solution
2.1 Suitability of Iridium-192
· Ir-192 emits gamma radiation suitable for industrial radiography, providing sufficient penetration for weld inspection. 
· The half-life (~73.8 days) allows high specific activity and a compact source. 
· It can be incorporated into sealed sources suitable for remote projection systems. 
· Limitations include rapid decay requiring regular replacement and the need for strict control of source return. 

2.2 Decay-corrected activity
Given:
· TBq on 11 July 2024 
· Incident date = 22 November 2024 
· days 
· days 

So:


2.3 Dose rate at 1 m
Using:


2.4 Initial recovery phase
Distance: 0.8 m

Apply 20–30%:

Dose (60–90 s):


2.5 Hands-on intervention phase
Distance: 0.5 m

Apply 40–60%:

Dose (10–15 s):


2.6 Total effective dose
Representative estimate:
· Phase 1: 75 s at 0.23 Sv h^-1 → 4.8 mSv 
· Phase 2: 12 s at 1.15 Sv h^-1 → 3.8 mSv 


3. Comparison with dosimetry
Measured values:
· EPD: 8.6 mSv 
· Peak EPD dose rate: 1.2 Sv h^-1 
· TLD: 11.4 mSv 
The estimated close-phase dose rate (~1.15 Sv h⁻¹) is in excellent agreement with the recorded peak EPD dose rate of 1.2 Sv h⁻¹, providing strong validation of the reconstruction
The higher TLD value can be explained by:
· non-uniform field distribution 
· dosimeter position (waist vs chest) 
· body orientation during exposure 
· integration of dose over the whole body compared with localised peak exposure 
The peak dose rate is consistent with the close-phase estimate (~1.15 Sv h^-1).

4. Health implications
At doses of order 10 mSv:
· no deterministic whole-body effects are expected 
· the primary consequence is increased stochastic risk 
· the exposure is significant in an occupational context and requires investigation 
Symptoms such as nausea are unlikely to be radiation-induced at this dose and may be attributed to stress or situational factors.

5. IRR17 compliance
Likely issues include:
· failure to maintain equipment in efficient working order 
· inadequate control of guide-tube routing 
· failure to confirm source return before intervention 
· insufficient restriction of exposure under abnormal conditions 
· weaknesses in supervision and procedural compliance 

6. ONR SAP evaluation
EKP.5 Defence in Depth
Multiple layers failed:
· degraded drive performance 
· adverse guide-tube geometry 
· incorrect assumption of source return 
· premature close intervention 
Engineering safety
Return verification systems should prevent ambiguity in source position.
Human factors / procedures
The incident reflects reliance on assumption rather than verification under abnormal conditions.

7. ALARP improvements
· improve maintenance of drive and guide-tube systems 
· control guide-tube routing to avoid excessive curvature 
· strengthen source-return verification procedures 
· require withdrawal under uncertainty 
· review dosimetry and alarm arrangements 
· reinforce supervision and procedural discipline 

8. Marker guidance
	Issue
	Treatment

	Unit errors
	Penalise units, not method

	Gamma constant variation
	Accept if consistent

	Attenuation variation
	Accept justified values

	Ignoring geometry
	Lose judgement marks

	Overstating health effects
	Correct



9. Indicative conclusion
The incident resulted from degraded equipment performance, poor configuration of the guide tube, and unsafe intervention under uncertain source-return conditions. The resulting exposure was significant but not sufficient to cause deterministic injury. It represents a clear failure of radiological protection controls and highlights the need for stronger engineering, procedural and supervisory barriers.
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