OFFICIAL
NSEDA Assignment D – 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.
Numerical agreement with dosimetry does not need to be exact. Order-of-magnitude correctness and a well-defended reconstruction are the key assessment criteria.

Key indicative numerical answers
	Quantity
	Indicative value
	Marker note

	Source activity (21 Oct 2024)
	≈ 55–60 TBq
	Accept reasonable rounding

	Unshielded dose rate at 1 m
	≈ 19–21 Sv h⁻¹
	Using Γ ≈ 0.35 mSv m² GBq⁻¹ h⁻¹

	Threshold phase (~2.5 m)
	≈ 0.12–0.27 Sv h⁻¹
	4–8% of nominal

	Close phase (~1.2 m)
	≈ 1.7–3.5 Sv h⁻¹
	12–20% of nominal

	Total effective dose
	≈ 12–25 mSv
	Central estimate ~16–20 mSv

	Recorded dosimetry
	EPD 14.8 mSv; TLD 18.9 mSv
	Broadly consistent



1. Framing expected from a good report
Strong submissions will:
· justify decay correction 
· apply the gamma constant method correctly 
· use inverse-square scaling appropriately 
· interpret attenuation fractions (4–8%, 12–20%) correctly 
Better answers will recognise:
· the radiation field is highly geometry-dependent 
· the vestibule provides partial shielding rather than full attenuation 
· the point-source approximation is acceptable but limited 

2. Worked scientific solution

2.1 Suitability of cobalt-60
Cobalt-60 is suitable for irradiator applications because:
· it emits high-energy gamma radiation (~1.17 and 1.33 MeV) 
· it provides deep penetration for irradiation processes 
· it can be fabricated into sealed, high-activity source pencils 
· it has a sufficiently long half-life (~5.27 years) for sustained operation 

2.2 Decay-corrected activity
Given:
· Initial activity = 95 TBq (6 June 2019) 
· Incident date = 21 October 2024 
· Half-life ≈ 5.27 years 
Elapsed time ≈ 5.37 years

Using reasonable rounding and date interpretation:

Accept ≈ 55–60 TBq as a working value.
Convert:


2.3 Unshielded dose rate at 1 m

So:


2.4 Threshold phase (~2.5 m)
Inverse-square scaling:

Apply attenuation (4–8%):

Accept:


2.5 Close inspection phase (~1.2 m)

Apply attenuation (12–20%):

Allow:


2.6 Estimated effective dose
Threshold phase (45–60 s):

Close phase (10–20 s):

Total:

Central estimate:


3. Comparison with dosimetry
Measured:
· EPD = 14.8 mSv 
· TLD = 18.9 mSv 
· Peak ≈ 1.25 Sv/h 
The calculated dose range is consistent with measured values.
The calculated close-phase dose rate (~2 Sv/h) is somewhat higher than the recorded peak (~1.25 Sv/h), which is reasonable given:
· conservative attenuation assumptions 
· positional uncertainty 
· shielding geometry effects 

4. Health implications
At doses of ~15–20 mSv:
· no harmful tissue reactions expected 
· increased probability of risk-based effects 
· significant occupational exposure 
Symptoms are unlikely to be radiation-induced at this level. Absence of erythema indicates skin doses less than 2 Gy to hands.

5. IRR17 compliance
Likely failures include:
· reliance on faulty radiation monitor 
· inadequate verification of source position 
· failure to detect incomplete source return 
· insufficient restriction of exposure 

6. ONR SAP evaluation
EKP.5 Defence in Depth
Failures include:
· degraded source return mechanism 
· unreliable radiation monitor 
· incorrect safe-state indication 
· entry under unsafe conditions 
Engineering safety
Source position should be unambiguous and independently verified.
Human factors
Over-reliance on administrative controls.

7. ALARP improvements
· restore redundant radiation monitoring 
· improve maintenance of source return systems 
· strengthen interlock independence 
· enforce radiological verification before entry 
· improve fault escalation 

8. Marker guidance
	Issue
	Treatment

	Incorrect decay handling
	Penalise accuracy

	Ignoring attenuation fractions
	Major loss

	Over-precision
	Accept reasonable ranges

	Overstating health effects
	Correct



9. Indicative concluding judgement
The incident resulted from incomplete source return combined with failure of independent radiation monitoring and over-reliance on administrative controls. The technician entered a partially shielded field and received a significant but non-deterministic dose. The event represents a breakdown in defence in depth across engineering systems, monitoring, and procedural controls.
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