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Use of this sheet
This is an indicative staff solution. Credit equivalent scientifically defensible approaches, provided assumptions are stated and calculations are internally consistent.

Key indicative numerical answers
	Quantity
	Indicative value
	Marker note

	Source activity on 15 Oct 2024
	≈ 1.6 TBq
	Accept about 1.55–1.60 TBq

	Dose rate at 1 m
	≈ 0.21 Sv h^-1
	Using Γ ≈ 0.13 mSv m² GBq^-1 h^-1

	Dose rate at 0.7 m
	≈ 0.42 Sv h^-1
	Inverse-square scaling

	Estimated effective dose for 5–6 min at 0.7 m
	≈ 35–42 mSv
	Central estimate around 38–40 mSv

	Recorded dosimetry
	EPD 27.0 mSv; TLD 35.6 mSv
	Calculated dose is broadly consistent



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: 
· decay correction, 
· use of a tabulated gamma constant, 
· inverse-square behaviour, 
· and the validity and limitations of a point-source approximation. 
· Numerical agreement with dosimetry does not need to be exact. The key issue is whether the estimate is of the correct order and is scientifically defended. 
· Better answers will recognise that the field near a source trapped within the guide tube close to the projector body may not be perfectly isotropic, so a hand calculation is necessarily an approximation. 

2. Worked scientific solution
2.1 Suitability of Iridium-192 for industrial radiography
· Ir-192 emits multiple gamma rays in the energy range suitable for industrial radiography, especially for weld inspection and pipework examination. The gamma energy is high enough to allow reasonable penetration with sufficient contrast- high energies such as cobalt-60 would reduce the contrast.
· Its half-life of about 73.8 days gives high specific activity, allowing a compact source that can be driven through guide tubes and exposure heads. A point source is needed for sharp images.
· It can be encapsulated in a robust sealed-source form suitable for repeated remote projection and retraction. 
· Sensible limitations may also be noted: the activity falls significantly over a matter of months, requiring regular source replacement and careful decay correction; and reliable source-return verification is critical because the source is used in mobile industrial environments. 
2.2 Decay-corrected activity on the incident date
Given:
· TBq on 01 August 2024 
· Incident date = 15 October 2024 
· days 
Elapsed time from 01 August to 15 October is about 75 days.
Use:

So the source activity on 15 October 2024 is about:

Accept about 1.55–1.60 TBq.

2.3 Unshielded dose-rate at 1 m
Using the Ir-192 gamma constant from the student guide:

Convert activity:

Then:

So the unshielded dose rate at 1 m is about 0.21 Sv h^-1.
A good report may comment that the point-source approximation is reasonable for a hand calculation, but that the actual field may be modified by guide-tube geometry, projector shielding and source position within the system.

2.4 Dose-rate at 0.7 m
The technician remained within approximately 0.7 m of the source position.
Using inverse-square scaling:

So a reasonable estimate is:


2.5 Effective dose estimate
Exposure duration is estimated as 5–6 minutes.
For 5 minutes:

For 6 minutes:

So a defensible dose band is:

A useful central estimate is around 38–40 mSv.

3. Comparison with recorded dosimetry
Recorded values were:
· EPD dose: 27.0 mSv 
· TLD dose: 35.6 mSv 
The calculated dose of about 35–42 mSv is broadly consistent with the recorded dosimetry.
This is a good point for discussion rather than over-precision. Credit discussion of:
· non-uniform field geometry, 
· possible partial shielding by the projector body and guide tube, 
· body orientation during dismantling, 
· difference between chest-mounted EPD and belt-mounted TLD, 
· movement during the exposure interval, 
· and uncertainty in the exact source-to-torso distance. 
The fact that the TLD is closer to the calculated range than the EPD is entirely plausible and should not be treated as a contradiction.
The best answers explain discrepancy qualitatively rather than forcing exact agreement.

4. Health implications
At doses in the range of tens of millisievert:
· deterministic whole-body effects would not normally be expected 
· the primary radiological consequence is increased stochastic risk 
· the event is significant in occupational radiological protection terms 
· formal investigation, dose reconstruction and occupational health follow-up are appropriate 
Students should avoid overstating acute radiation syndrome or prompt deterministic injury.
A balanced answer will note that this is a serious overexposure in regulatory and professional terms, even though it is not a deterministic-injury case.

5. IRR17 compliance issues likely to be discussed
Likely issues include:
· failure to maintain source-return arrangements and associated equipment in an efficient state and in good repair, given the progressive internal drive-cable wear and partial strand failure 
· inadequate confirmation of source return before dismantling commenced 
· failure adequately to restrict exposure so far as reasonably practicable once the true source position was unknown 
· weaknesses in operational verification, supervision, or procedural compliance 
· the need for formal dose investigation and regulatory communication following the event 
Better answers will apply IRR17 to the actual circumstances rather than quoting legislation at length.

6. ONR SAP evaluation – indicative points
Students are asked to evaluate the incident against EKP.5 Defence in Depth and two other SAPs of their choice. Award according to the SAPs they select, but likely themes include:
EKP.5 Defence in Depth
Multiple layers failed together:
· degraded internal drive cable, 
· misleading mechanical indication, 
· failure to identify the abnormal source position before close handling, 
· and insufficient radiological confirmation before dismantling. 
Engineering safety / source control
A good answer may note that position indication and return verification should be sufficiently robust that incomplete source return cannot readily be mistaken for a safe condition.
Human factors / procedures
The event shows the danger of interpreting a mechanical indicator as sufficient proof of source return without radiological confirmation. The technician’s reliance on an apparently normal end-stop condition is central to the incident.

7. Proportionate ALARP improvements
Credit any proportionate, risk-reducing improvements justified in practical ALARP terms. Indicative points include:
· strengthen inspection and preventive maintenance of drive cables and coupling arrangements 
· replace worn components before continued service 
· improve source-return verification procedures using both mechanical indication and radiation survey 
· require safe-condition confirmation before dismantling guide tubes and associated equipment 
· improve fault reporting, supervision and abnormal-condition escalation 
· review dosimeter alarms, worker response to elevated readings, and training in source-return anomalies 
Any proposed improvement should be justified in terms of meaningful risk reduction for modest engineering or administrative effort.

8. Marker guidance on common errors
	Common issue
	How to treat it

	Using TBq without converting to GBq
	Method should lose marks if units are mishandled, but credit structure where possible

	Using the wrong elapsed time
	Mark against numerical accuracy but credit the correct equation form

	Using the wrong gamma constant
	Credit method if internally consistent, but mark against the provided guide value where appropriate

	Treating the point-source model as exact
	Reward students who note its limitations

	Overclaiming deterministic injury
	Correct firmly if students infer acute radiation syndrome from this dose range



9. Indicative concluding judgement
A strong student conclusion would state that the incident arose from progressive wear and partial failure of the internal drive cable, misleading source-position indication, and inadequate verification of safe source return before dismantling began. The resulting exposure was significant and clearly above routine occupational expectations, but not expected to cause deterministic whole-body injury. Nevertheless, it represented a serious radiological protection failure and a breakdown in the engineering, procedural and supervisory controls that should govern industrial gamma radiography.
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