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SHIELDING DESIGN REQUIREMENTS
ESS-0057612 Rev 13 [2024/07/12]
Area Classification Design Requirements Document for D,E&G Buildings

ESS-0239718 Rev 14 [2024/09/05]
ESS Handbook for Radiation Protection Chapter 2: General Radiation Protection Rules

ESS-1108220 Rev 01 [2020/02/25]
Guideline and Rules for Instrument Shielding Design

ESS-0019931 Rev 07 [2024/12/05]
ESS Procedure for Designing Shielding for Safety



SUMMARY OF BIFROST CAVE NEUTRONIC SIMULATIONS
ESS-1417912 Rev 03 [2025/07/08]
H1 and H2 Scenarios for the Radiation Shielding of BIFROST

The Bragg peak contribution to the dose rate is well below 0.1 μSv/h.
Guide coating photons are added to other safety scenarios.
The cave is sufficient to shield from the unchopped beam (AUB) on the beamstop to below 1.5 μSv/h. An excess of radiation due to
neutron streaming through the labyrinths and chicanes is mitigated by borated lining.
The dose rate from Cd capture does not exceed 1.5 μSv/h at the walls and 12.5 μSv/h on the roof.
The cave is sufficient to shield from the 100% efficient isotropic scatterer to below 1.5 μSv/h. An excess of radiation due to neutron
streaming through the labyrinths and chicanes is mitigated by borated lining.
The dose rate from divergence jaws is more than 2 orders of magnitude below 1.5 μSv/h.

ESS-2495661 Rev 02 [2025/07/11]
BIFROST Cave Shielding Neutronics Simulations
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• ESS-5774902

• NIT-226: Gaps closer to sample 
position have had shims added. 4 
gaps of between 10-20 mm have 
been measured between roof 
beams and will be noted with an 
NIT.

• NIT-227: Not all handrails installed.

• NIT-264: Borated lining 
unfinished.

• NIT-228: Unfinished installations.

• NIT-248: Only on temporary power.

• NIT-263: Yes – in cave, no – north 
side.

• NIT-229: Handrails on E01 
shielding blocks installed and bolts 
torque check.

Test case Pass/Fail Note

1. Less than 10 mm gap between the roof beams or compliance with x10 rule (100 mm dogleg) Fail NIT-226

2. Less than 10 mm gap between the roof beams and cave wall or compliance with x10 rule (580 mm dogleg) Pass

3. Less than 10 mm gap between the upper labyrinth pre-cast blocks Pass

4. Less than 10 mm gap between the lower labyrinth pre-cast blocks Pass

5. Cave installed within 30 mm of stated nominal position Pass

6. Nuts torqued correctly on handrails on cave roof Fail NIT-227

7. Screws torqued correctly on sample platform base Pass

8. Screws torqued correctly on handrails on sample platform Pass

9. Screws torqued correctly on elevated access stairs Pass

10. Lower labyrinth entrance width: 1.6 m Pass

11. Elevated labyrinth entrance width: 1.4 m Pass

12. Borated polyethylene lining installed in lower cave labyrinth Pass

13. Borated polyethylene lining installed in upper cave labyrinth Pass

14. Two concrete service covers installed outside cave Pass NIT-264

15. Three lead service covers installed outside cave Fail NIT-228

16. Maximum 25 mm gap between the concrete part of the hatch and the cave roof in closed position Pass

17. Maximum 25 mm gap between the stainless steel base of the hatch and the concrete roof Pass

18. Hatch motion engages all limit switches after reinstallation Pass

19. Hatch moves smoothly from closed to open position after reinstallation Pass NIT-248

20. Permeability of materials used within 2.7 m of the sample position are less than 2.0 Pass

21. Density of concrete samples is greater than 2320 kg/m3 Pass

22. All floor tiles are in place and those within the cave are screwed down Fail NIT-263

23. All nuts torqued correctly on clamps securing the tank rotation Pass

24. Beam stop is assembled as per drawings and sits within cave wall Pass

25. Sample platform translate and engages limit switch Pass

26. Handrails on E01 shielding blocks installed and bolts torque check Fail NIT-229

27. Cave hatch cannot be moved without PSS Permit Pass

28. Cave hatch engages PSS switches when in closed position Pass
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System is not ready for hot commissioning—

• SAT passed conditionally to be resolved before BOT.

• Estimated time: 2025 Nov.

ESS Spallation Physics Group activities for hot commissioning—

• Support the instrument team with shielding-related issues if requested.

• Scientific support if requested.

Hot Commissioning
SAT BIFROST Cave



H1-4 BRAGG PEAKS
ESS-2495661 Rev 02 [2025/07/11]
BIFROST Cave Shielding Neutronics Simulations



H2-2 CD CAPTURE
ESS-2495661 Rev 02 [2025/07/11]
BIFROST Cave Shielding Neutronics Simulations



H2-1 UNCHOPPED BEAM ON BEAMSTOP
ESS-2495661 Rev 02 [2025/07/11]
BIFROST Cave Shielding Neutronics Simulations



H2-3 100% EFFICIENT ISOTROPIC SCATTERER
ESS-2495661 Rev 02 [2025/07/11]
BIFROST Cave Shielding Neutronics Simulations



H2-8 CLOSED DIVERGENCE JAWS
ESS-2495661 Rev 02 [2025/07/11]
BIFROST Cave Shielding Neutronics Simulations


