OFFICIAL
NSEDA Assignment H – 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 on 17 Jan 2025
	≈ 58–61 TBq
	Accept reasonable rounding

	Unshielded dose rate at 1 m
	≈ 20–21 Sv h⁻¹
	Using Γ ≈ 0.35 mSv m² GBq⁻¹ h⁻¹

	Initial access phase (~1.8 m)
	≈ 0.50–0.91 Sv h⁻¹
	8–14% of nominal

	Close inspection phase (~0.8 m)
	≈ 3.8–5.9 Sv h⁻¹
	12–18% of nominal

	Total effective dose
	≈ 20–49 mSv
	Central estimate around 32–40 mSv

	Recorded dosimetry
	EPD 34 mSv; TLD 46 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 isolated calculations.
Students should justify:
· decay correction of source activity 
· use of a tabulated gamma constant 
· inverse-square scaling 
· the use of attenuation fractions for the two phases 
· the strengths and limitations of the point-source approximation 
Better answers will recognise that the real radiation field depends strongly on shielding geometry, access path, source-carrier seating, and technician movement. A point-source model is acceptable for a hand calculation, but the true field would be more accurately estimated by detailed geometry modelling or segmented-source treatment. 

2. Worked scientific solution
2.1 Suitability of cobalt-60
Cobalt-60 is suitable for irradiator applications because it emits two penetrating gamma rays of approximately 1.17 MeV and 1.33 MeV, making it effective for delivering intense gamma fields in industrial and research irradiation facilities.
It can be fabricated into doubly encapsulated sealed source pencils and arranged into a source rack capable of producing a high dose rate when raised into the irradiation position. Its half-life of about 5.27 years is long enough for practical operation while still maintaining high activity. 

2.2 Decay-corrected activity on the incident date
Given:
· Initial activity = 140 TBq on 4 April 2019 
· Incident date = 17 January 2025 
· Half-life of Co-60 ≈ 5.27 years 
Elapsed time is approximately 5.79 years.
Use:

Using slightly different elapsed-time rounding gives a result in the high-50s to low-60s TBq range. A reasonable indicative value is:

Accept approximately 58–61 TBq depending on rounding convention.
For gamma-constant calculations:


2.3 Unshielded dose rate at 1 m
Using the gamma-constant method:

Take for Co-60:

At 1 m:

So the unshielded dose rate at 1 m is approximately:

A good answer should comment that this is a hand-calculation approximation. The true source is an extended cylindrical rack, and more accurate estimation would require explicit geometry and attenuation modelling. 

2.4 Initial access phase
The RPA reconstruction states that during the initial access phase:
· the technician remained inside the vestibule for approximately 70–100 s 
· the torso was approximately 1.8 m from the effective source position 
· the field was approximately 8–14% of the nominal unshielded field at that distance 
First calculate the nominal unshielded field at 1.8 m:

Apply attenuation:

So a reasonable estimate for the initial access phase dose rate is:

Dose over 70–100 s:
Lower-bound combination:

Upper-bound combination:

A representative mid-case, for example Sv h for 85 s, gives:

So a useful indicative dose from this phase is of order 10–25 mSv, with a representative value around 15–18 mSv.

2.5 Close inspection phase
The reconstruction states that during the close inspection phase:
· the technician leaned toward an inspection hatch for approximately 8–12 s 
· the torso was approximately 0.8 m from the effective source position 
· the field was approximately 12–18% of the nominal unshielded field at that distance 
First calculate the nominal unshielded field at 0.8 m:

Apply attenuation:

So a reasonable estimate for the close inspection phase dose rate is:

Dose over 8–12 s:
Lower-bound combination:

Upper-bound combination:

A representative mid-case, for example Sv h for 10 s, gives:

So a useful indicative dose from this phase is of order 8–20 mSv, with a representative value around 12–15 mSv.

2.6 Estimated effective dose
Combining the two phases:
· Initial access phase: typically about 15–18 mSv 
· Close inspection phase: typically about 12–15 mSv 
This gives a representative total dose of approximately:

A broader defensible overall band is:

This range overlaps the measured dosimetry and is therefore a reasonable reconstruction.

3. Comparison with dosimetry
Recorded dosimetry:
· EPD dose = 34 mSv 
· EPD peak dose rate = 3.2 Sv h⁻¹ 
· TLD dose = 46 mSv 
The hand-calculated total dose range is broadly consistent with the recorded dosimetry. A representative central estimate of about 32–40 mSv lies close to the EPD result and below, but not inconsistent with, the TLD result.
The calculated close-phase dose rate of about 3.8–5.9 Sv h⁻¹ is somewhat above the recorded EPD peak dose rate of 3.2 Sv h⁻¹. This is acceptable and can be explained by:
· uncertainty in the actual working position 
· uncertainty in the actual attenuation fraction 
· non-uniformity of the field 
· source geometry effects 
· body movement during the close inspection phase 
· the fact that the EPD may not have been optimally aligned with the most intense local shine path 
The best answers will discuss these differences qualitatively rather than trying to force exact agreement.

4. Health implications
At a whole-body effective dose of order 30–50 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 requires formal investigation and follow-up 
The technician’s difficulty hearing the EPD alarm because of a blocked ear is operationally relevant, but it does not alter the radiological interpretation of the dose.
Students should avoid claiming acute radiation syndrome or deterministic whole-body injury at this dose level.

5. IRR17 compliance issues likely to be discussed
Likely issues include:
· failure to ensure the source carrier had reached a genuinely safe parked state before access 
· inappropriate continuation of operation with the system remaining in maintenance test mode 
· weaknesses in management of plant configuration and handback after test activities 
· failure to recognise the significance of altered permissives and fault presentation 
· insufficient restriction of exposure once uncertainty existed over the true source position 
· need for formal dose investigation and statutory reporting following the overexposure 
The strongest answers will apply IRR17 principles directly to the facts of the incident rather than listing regulations in the abstract.

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 according to the quality of argument, but likely themes include the following.
EKP.5 Defence in Depth
Multiple safety layers failed or were weakened:
· the source carrier did not fully seat in the shielded position 
· the system remained in maintenance test mode after handback 
· altered fault presentation reduced challenge to unsafe access 
· the low survey result at the threshold was misinterpreted as evidence of a safe condition 
· the technician moved deeper into a region with a substantially higher field 
A strong answer will recognise that defence in depth requires independent and reliable protection layers, not dependence on a single permissive or superficial measurement.
Engineering safety / configuration control
A good answer may note that plant configuration should be tightly controlled, especially where maintenance modes alter interlock logic or fault presentation. Failure to return the control system to normal operating configuration is a significant engineering and management weakness.
Human factors / procedures
The event also demonstrates weakness in interpretation of evidence and alarm response. The EPD alarmed, but the technician initially did not identify the cause and began work. Good answers may link this to situational awareness, alarm response training, and the need for immediate withdrawal procedures.
1. ESS.8 – Automatic Safety Actions (Interlocks)
This is the "smoking gun" for this incident.
· The Link: The SAP states that safety systems should be automatic and not require manual intervention to reach a safe state.
· The Failure: The "Maintenance Test Mode" effectively bypassed or altered the automatic interlock logic. If the system allows access when the source is not "fully seated" (regardless of the mode), the interlock has failed its primary safety function.
· Student Argument: A good answer will argue that the "Safe State" (source seated) should be a hard-wired permissive that cannot be overridden by a software-based "test mode" during routine maintenance entries.
2. EIT.1 – Provision for Maintenance, Inspection, and Testing
This addresses the "why" behind the incident.
· The Link: This SAP requires that facilities be designed so that maintenance and testing can be carried out safely without exposing personnel to "unnecessary" risk.
· The Failure: The system was designed such that "Functional Testing" (Maintenance Mode) created a latent trap for subsequent users. The "altered fault presentation" mentioned in your dossier is a direct violation of the principle that testing should not degrade the safety of the plant for the next person.
· Student Argument: They should identify that the "hand-back" process (moving from Test Mode to Service) was a weak point in the safety lifecycle of the equipment.
Alternative "High-Mark" Choice:
· EHF.1 – Proof of Concept (Human Factors): If a student chooses this, they are thinking like a professional. It links the blocked ear and the supervisor's misinterpretation of the display.
· The Argument: The user interface (UI) failed to clearly distinguish between "Routine Indication" and "Abnormal Unsafe State." Under EHF.1, the "Maintenance Mode" display should have been so visually distinct (e.g., flashing red vs. steady amber) that the supervisor could not have "interpreted" it as a routine state.


7. Proportionate ALARP improvements
Credit any practical, proportionate improvements clearly linked to risk reduction. Indicative points include:
· strengthen configuration control and formal handback following maintenance test mode 
· improve source-carrier return reliability and preventive maintenance 
· require independent confirmation of safe parked condition before access 
· improve management of altered permissives in engineering test modes 
· reinforce immediate withdrawal requirements on any abnormal EPD alarm or flashing warning 
· improve training in recognition of local shielding effects and dose gradients inside access areas 
· review alarm design and visibility/audibility arrangements where hearing impairment or noisy environments may reduce response 
Any proposed improvement should be justified in ALARP terms, i.e. meaningful reduction in risk for proportionate effort.

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

	Incorrect decay correction
	Penalise numerical accuracy, but credit correct method

	Ignoring attenuation fractions
	Major loss of interpretation marks

	Treating threshold survey as representative of the deeper working position
	Better answers should explain why this is unsafe

	Overstating health effects
	Correct firmly if deterministic injury is inferred

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

	Failing to discuss maintenance test mode
	Lose marks for safety and systems interpretation



9. Indicative concluding judgement
A strong student conclusion would state that the incident arose from incomplete seating of the cobalt-60 source carrier combined with poor configuration control, specifically the unintended retention of maintenance test mode, which altered the presentation of unsafe conditions and weakened access protection. The technician then entered a vestibule in which the local field deeper inside was much higher than indicated by the outer-threshold survey result.
The resulting exposure was significant and clearly above routine occupational expectations, though not expected to cause deterministic whole-body injury. The event represents a serious radiological protection failure and a breakdown in defence in depth spanning engineering reliability, plant configuration control, alarm response, and operational judgement.
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