OFFICIAL
Assignment K 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 a well-defended reconstruction are the key assessment criteria.

Key indicative numerical answers
	Quantity
	Indicative value
	Marker note

	Source activity on 14 Feb 2025
	≈ 0.32–0.34 PBq
	Accept reasonable rounding

	Unshielded dose rate at 1.5 m
	≈ 49–53 Sv h⁻¹
	Using Γ ≈ 0.35 mSv m² GBq⁻¹ h⁻¹

	Shielding reduction by 0.60 m water
	≈ factor 6
	About 2.6 HVLs

	Shielded dose rate at 1.5 m
	≈ 8.0–8.8 Sv h⁻¹
	Consistent with EPD peak

	Effective dose for 8–15 s
	≈ 18–37 mSv
	Central estimate around 28–33 mSv

	Recorded dosimetry
	EPD 27.6 mSv; TLD 33.4 mSv
	Broadly consistent



1. Framing expected from a good report
The strongest submissions will read as a coherent scientific reconstruction rather than a sequence of short answers.
Students should justify:
· decay correction of source activity 
· use of a tabulated gamma constant 
· inverse-square scaling 
· attenuation using the half-value layer of water 
· the strengths and limitations of the point-source approximation 
Better answers will recognise that the field is only approximately represented by a point-source model, because the real source is an extended cobalt-60 rack, the water path length may vary slightly with geometry, and even small movements of the technician can materially alter the instantaneous dose rate. 

2. Worked scientific solution
2.1 Suitability of cobalt-60
Cobalt-60 is suitable for industrial sterilisation because it emits two penetrating gamma rays of approximately 1.17 MeV and 1.33 MeV, which are well suited to delivering sterilising doses through packaged products and carrier materials. It can be manufactured in sealed source pencils with high specific activity and arranged in panoramic source racks to generate intense and relatively uniform irradiation fields around the product path.
Its half-life of about 5.27 years is long enough for practical industrial use, while still allowing a high gamma output. The assignment dossier also correctly notes that these gamma energies make cobalt-60 particularly suitable for industrial sterilisation work. 

2.2 Decay-corrected activity on the incident date
Given:
· Initial activity = 0.95 PBq on 22 June 2017 
· Incident date = 14 February 2025 
· Half-life of Co-60 ≈ 5.27 years 
Elapsed time is approximately 7.65 years.
Use:

Using a more exact elapsed time and rounding convention gives a value around 0.33–0.35 PBq. A reasonable indicative value is therefore:

Accept approximately 0.32–0.34 PBq depending on rounding method.
For gamma constant calculations:


2.3 Unshielded dose rate at 1.5 m
Using the gamma constant method:

Take for Co-60:

At 1.5 m, with GBq:

So the unshielded dose rate at 1.5 m is approximately:

A good answer should comment that the point-source assumption is acceptable for a hand calculation but does not exactly represent an extended source rack. A more rigorous treatment would model the source geometry and attenuation path in more detail. 

2.4 Dose rate at 1.5 m accounting for 0.60 m water shielding
The dossier states that approximately 0.60 m of intervening water lay between the source and the technician for most of the exposure, and that the half-value layer of water for Co-60 gamma radiation may be taken as 0.23 m. 
Number of HVLs:

Attenuation factor:

So the transmitted fraction is approximately:

Hence the shielded dose rate is:

So a reasonable hand-calculated shielded dose rate is:

This is in excellent agreement with the recorded EPD peak dose rate of 8.5 Sv h⁻¹, which strongly validates the reconstruction. 

2.5 Estimated effective dose
The post-incident reconstruction indicates:
· torso approximately 1.5 m from the effective source position 
· approximately 0.60 m of intervening water 
· exposure duration approximately 8–15 s 
Using a shielded dose rate of about 8.4 Sv h⁻¹:
For 8 s:

For 15 s:

So a reasonable dose band is:

A representative central estimate, for example using 12 s exposure, is:

So a useful central estimate is approximately:


3. Comparison with dosimetry
Recorded dosimetry:
· EPD dose = 27.6 mSv 
· EPD peak dose rate = 8.5 Sv h⁻¹ 
· TLD dose = 33.4 mSv 
The hand-calculated dose band of about 18–37 mSv is broadly consistent with the measured dosimetry. The central estimate lies close to the EPD reading, and the upper part of the range overlaps the TLD result.
The close agreement between the calculated shielded dose rate (~8.0–8.8 Sv h⁻¹) and the recorded EPD peak dose rate (8.5 Sv h⁻¹) is a strong validation point.
Plausible explanations for differences between calculated and measured values include:
· uncertainty in the actual exposure duration 
· variation in torso position during the intervention 
· differences in location between the chest-mounted EPD and waist-mounted TLD 
· non-uniformity of the field 
· local scatter and source geometry effects 
· slight variation in water path length during movement 
The best answers will explain these discrepancies qualitatively rather than forcing exact agreement.

4. Health implications
At a whole-body effective dose of order 30 mSv:
· deterministic whole-body effects would not normally be expected 
· the principal radiological consequence is increased stochastic risk 
· the exposure is serious in occupational radiological protection terms and clearly warrants formal investigation and follow-up 
The reported symptoms such as metallic taste, dizziness, nausea, headache and blurred vision are unlikely to be caused directly by radiation at this dose level and are more plausibly related to stress, anxiety, or the circumstances of the event. Good answers should note this cautiously and avoid overstating radiological injury.
Students should not infer acute radiation syndrome or deterministic whole-body effects from a dose in this range.

5. IRR17 compliance issues likely to be discussed
Likely issues include:
· failure to ensure the source rack had reached a genuinely safe parked condition before access 
· misinterpretation of plant indication and external dose-rate checks 
· inadequate response to the illuminated danger warning signs 
· weaknesses in defect reporting and maintenance of the hoist system 
· insufficient restriction of exposure once uncertainty existed over the source position 
· the need for formal dose investigation and regulatory notification following the overexposure 
The strongest answers will apply the principles of IRR17 directly to the circumstances of the incident rather than merely reproducing legislative text.

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. Credit the quality of the reasoning rather than choice of labels alone.
EKP.5 Defence in Depth
Several layers of protection failed or were ineffective:
· the hoist mechanism did not lower the source fully 
· the parked-source indication was interpreted as showing a safe state 
· the maze entrance interlock permitted access 
· the illuminated “Danger of Death” signs were not acted upon promptly 
· the technician entered into a region where a very high local dose rate still existed 
A strong answer will identify this as a classic breakdown of multiple independent protective barriers.
Engineering safety / source position control
A good answer may observe that source position should be reliably known before access is possible. A condition in which the source remains only partly shielded while personnel are permitted entry is a serious engineering and safety systems failure.
Human factors / procedures
The event also reflects failures in interpretation and response. The technician either failed to notice or failed to act on the warning signs, and the operator placed too much reliance on an apparently normal external survey reading without properly accounting for maze geometry and partial shielding.

7. Proportionate ALARP improvements
Credit any practical and proportionate improvements that clearly reduce risk. Indicative points include:
· improve hoist condition monitoring and preventive maintenance 
· introduce redundant and diverse confirmation of true parked-source position 
· require positive radiological confirmation before access, not reliance on a single indication 
· strengthen procedural controls around response to illuminated danger signs 
· improve staff training on maze-shielding effects and partially shielded source conditions 
· review EPD alarm settings and immediate withdrawal rules 
· improve abnormal-condition escalation and maintenance defect reporting 
Any proposed improvement should be explicitly justified in ALARP terms, i.e. a worthwhile reduction in risk for proportionate effort.

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

	Incorrect PBq to GBq conversion
	Penalise units and numerical accuracy, but credit method where possible

	Incorrect use of HVL attenuation
	Credit structure if scientifically defensible

	Ignoring the water shielding
	Major loss of judgement and interpretation marks

	Treating the external survey reading as proof of a safe internal condition
	Better answers should explain why this is unsafe

	Overstating health effects
	Correct firmly if deterministic injury is inferred from this dose range

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



9. Indicative concluding judgement
A strong student conclusion would state that the incident arose from incomplete lowering of the cobalt-60 source rack, combined with misleading interpretation of plant and survey information and failure to respond appropriately to active warning indicators. The maintenance technician entered while the source remained only partially shielded by water and received a significant occupational dose of the order of a few tens of millisievert in only a few seconds.
Although deterministic whole-body injury would not be expected, the event represents a serious radiological protection failure and a clear breakdown in defence in depth across engineering controls, operational verification, and human response to warning systems.
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