OFFICIAL
NSEDA Assignment I – STAFF SOLUTION
Isotope: Cs-137 | Equipment: Self-Shielded Blood Irradiator
1. CHOICE OF ISOTOPE (Cs-137)
· Energy: Emits 662 keV gamma (via Ba-137m). Penetrating enough for blood bags but easier to shield with lead than Co-60.
· Half-life: Approx 30.17 years. Long-term stable output reduces source replacement costs and simplifies daily decay corrections.
· Physical form: High specific activity allows for compact sealed "pencils" in rotating carousels.
2. STEP-BY-STEP HAND CALCULATIONS
2.1 Source Activity (3 Feb 2025)
· Initial Activity (A0) = 240 TBq (12 May 1994)
· Time Elapsed (t) = 30.73 years
· Half-life (T1/2) = 30.17 years
· Formula: A = A0 * 2^(-t / T1/2)
· Calculation: A = 240 * 2^(-30.73 / 30.17) = 240 * 0.4936
· Result: A = 118.5 TBq (or 118,500 GBq)
2.2 Nominal Unshielded Dose Rate at 1 m
· Gamma Constant (Gamma) = 0.08 mSv.m2 / GBq.h
· Formula: Rate = (Gamma * Activity) / d^2
· Calculation: (0.08 * 118,500) / 1^2 = 9,480 mSv/h
· Result: 9.48 Sv/h (This is the anchor for all subsequent steps).
2.3 Initial Inspection Phase (0.9 m)
· Unshielded rate at 0.9m: 9.48 / (0.9^2) = 11.70 Sv/h
· Attenuated rate (15% to 30%): 1.76 Sv/h to 3.51 Sv/h
· Duration: 75s to 105s
· Lower Dose: 1.76 * (75/3600) = 0.0367 Sv = 36.7 mSv
· Upper Dose: 3.51 * (105/3600) = 0.1024 Sv = 102.4 mSv
2.4 Close Inspection Phase (0.5 m)
· Unshielded rate at 0.5m: 9.48 / (0.5^2) = 37.92 Sv/h
· Attenuated rate (35% to 50%): 13.27 Sv/h to 18.96 Sv/h
· Duration: 12s to 20s
· Lower Dose: 13.27 * (12/3600) = 0.0442 Sv = 44.2 mSv
· Upper Dose: 18.96 * (20/3600) = 0.1053 Sv = 105.3 mSv
3. DOSIMETRY COMPARISON & HEALTH
· Calculated Total (Lower Bounds): 36.7 + 44.2 = 80.9 mSv
· Measured TLD: 58 mSv
· The Discrepancy: The literal sum of the lower bounds (80.9 mSv) is still higher than the measured TLD (58 mSv).
· Physical Explanation: The dossier now confirms a non-uniform field and that the entire torso was not exposed at once.
· Critical Thinking: Students should conclude that the "effective dose" (calculated) assumes the whole body is in the beam. In reality, only parts of the operator were in the "shine path" at any given time, leading to a lower whole-body TLD/EPD reading than the peak field suggests.
4 4. Health Implications
· Deterministic: The "mild erythema" on fingers confirms a local dose of >2-3 Gy. This shows the fingers were in the most intense part of the non-uniform field.
· Whole Body: 58 mSv is below the threshold for ARS. Headache/dizziness are noted as psychosomatic/stress-related.
· Increased cancer risk from the whole body of the order of 58 x10-3 5% = 0.3 %
5. IRR17 Compliance Assessment
· Reg 11: Failure of engineering controls (shutter mechanism) due to lack of effective maintenance.
· Reg 12: Failure to restrict exposure using engineering controls; the secondary shutter was ineffective.
· Reg 13: Potential training/supervision failure in investigating mechanical resistance without a radiation survey.
6. ONR Safety Assessment Principles (SAPs)
1. EKP.5 (Defence in Depth): Level 2 failed. The system relied on "rotor position" rather than monitoring the actual safety barrier (shutter).
2. EIT.1 (Maintenance): Failure to record/perform a functional check of the safety-critical shutter closure after lubrication work.
3. ESS.8 (Interlocks): The interlock logic permitted drawer access despite a compromised radiation path.
7. Proportionate Improvements (ALARP)
· Engineering: Install a direct position-indicator switch on the secondary shutter mechanism.
· Procedural: Mandate a "Post-Maintenance Functional Check" (PMFC) involving a radiation survey before return to service.


2

