OFFICIAL
Assignment J Solution Sheet

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 well-defended reasoning are the key assessment criteria.

Key indicative numerical answers
	Quantity
	Indicative value
	Marker note

	Source activity (19 Dec 2024)
	≈ 5.0–5.3 TBq
	Accept reasonable rounding

	Dose rate at 1 m
	≈ 0.65–0.70 Sv h⁻¹
	Γ ≈ 0.13 mSv m² GBq⁻¹ h⁻¹

	Approach phase (0.7 m)
	≈ 0.40–0.60 Sv h⁻¹
	30–45% of nominal

	Close phase (0.18 m)
	≈ 15–19 Sv h⁻¹
	75–95% of nominal

	Total effective dose
	≈ 100–130 mSv
	Accept ~80–160 mSv



1. Framing expected from a good report
The strongest submissions will present a coherent reconstruction of the exposure scenario rather than a sequence of isolated calculations.
Students should justify:
· decay correction of source activity 
· use of a tabulated gamma constant 
· inverse-square behaviour 
· assumptions regarding shielding fractions and geometry 
Recognition that the radiation field is highly non-uniform, particularly at very short distances, is essential.

2. Worked scientific solution

2.1 Decay-corrected activity
Given:
· Initial activity = 18 TBq 
· Elapsed time ≈ 135 days 
· Half-life (Ir-192) = 73.8 days 

Accept values in the range 5.0–5.3 TBq.

2.2 Unshielded dose rate at 1 m
Using:

Convert activity:

A good answer may note that this assumes a point source and does not account for shielding or geometry.

2.3 Dose rate at 8 m (contextual check)

The reported measurement of >1 mSv/h should be interpreted as a lower-bound field indication, not a precise measurement. Differences may arise from:
· shielding and obstruction 
· measurement location 
· instrument limitations 
This value is not inconsistent with the calculation.

2.4 Approach phase
Distance ≈ 0.7 m
Nominal unshielded field:

Apply attenuation (30–45%):

Estimated dose (representative exposure):


2.5 Close inspection phase
Distance ≈ 0.18 m
Nominal field:

Apply attenuation (75–95%):

Estimated dose:

A strong answer will recognise that at such short distances:
· the point-source approximation becomes less reliable 
· small positional changes significantly affect dose 
· exposure is highly localised and non-uniform 

2.6 Total effective dose
Combining phases:

Accept a broader range of ~80–160 mSv if well justified.

3. Comparison with dosimetry
Reported value:
· TLD ≈ 138 mSv 
The calculated dose is consistent with the measured value, particularly considering:
· non-uniform radiation field 
· very steep spatial dose gradients at short range 
· body orientation during exposure 
· differences between localised and whole-body dose 
Agreement at this level is strong evidence of a valid reconstruction.

4. Health implications
At doses of order 100 mSv:
· deterministic whole-body effects are unlikely 
· the primary consequence is increased stochastic risk 
· this represents a serious occupational overexposure 
If localised exposure occurred (e.g. hands), higher tissue doses may be possible and should be acknowledged.
Students should avoid overstating acute radiation syndrome.

5. IRR17 compliance
Likely issues include:
· failure to adequately restrict exposure under abnormal conditions 
· inadequate verification of source position 
· failure to identify abnormal radiation fields before close approach 
· insufficient use of radiation monitoring equipment 
· deficiencies in training, supervision, or procedural compliance 
Better answers will apply the regulations directly to the incident rather than listing them.
Dose greatly exceeds dose limits and so Regulation 26 applies.

6. ONR SAP evaluation (indicative)
EKP.5 Defence in Depth
Multiple layers failed:
· mechanical failure or incomplete source return 
· failure to detect abnormal radiation field 
· unsafe close approach without verification 
· absence or misuse of dosimetry 
Engineering safety / source control
Source position should be unambiguous and verifiable.
Human factors / procedures
The incident reflects reliance on assumption rather than radiological confirmation.

7. ALARP improvements
Credit proportionate and justified improvements, such as:
· improved source-return verification procedures 
· mandatory radiological survey before approach 
· enhanced maintenance and inspection of drive systems 
· improved training in abnormal condition recognition 
· improved use and availability of personal dosimetry 
Improvements should clearly reduce risk with reasonable effort.

8. Marker guidance on common errors
	Issue
	Treatment

	Failure to convert TBq → GBq
	Penalise units, not method

	Incorrect inverse-square use
	Penalise accuracy but credit structure

	Ignoring shielding factors
	Lose interpretation marks

	Overstating health effects
	Correct firmly

	Treating calculation as exact
	Reward recognition of uncertainty



9. Indicative concluding judgement
A strong conclusion would identify the incident as arising from failure to correctly identify the true source position and radiation field, leading to a close-range exposure in a highly non-uniform field.
The resulting dose is significant and clearly above normal occupational limits, though not expected to cause deterministic whole-body injury.
The event represents a failure of engineering controls, procedural discipline, and radiological verification, and highlights the importance of robust defence in depth in industrial radiography operations.

