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H1/HZ2 Scenarios

Design Basis for Radiation Safety
Summary

From simulation:
Maximum neutron current at bunker wall exit : 5.24x1070 n/s
Maximum neutron current at sample position : 1.0x109 n/s

15 H1 events identified — 11 taken forward for analysis
7 H2 events identified — 3 taken forward for analysis
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IIE. Instrument shutter is closed

NEEEERR Chopper 2 is closed

| H1-4 | Collimator jaws closed in beam

UV Gd in beam at sample position

m Water in beam at sample position

Fast shutter closed

Steel equipment in beam at sample position
Roof plug removed

Cd in beam at sample position

Cd in scattered beam within detector tank
Boron in beam within detector tank

Full beam on back wall of detector vessel
Strongly isotropic scattering sample left in beam
Misaligned/damaged snout
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H1 and H2 design scenarios for the LoKl Instrument
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Radiation Safety Report

Shielding Analysis

6.  ACCEPTANCE CRITERIA

The acceptance criteria are based on the different scenario hazard level and the area classifications
around the beam line as detailed in Guideline and rules for instrument shielding design [2].

Hence the shielding will be designed so that for all H1 conditions:

* "The dose rate on the outer surface of the instrument shall not exceed 3 pSv/h. To test for
compliance, the calculated dose rate needs to be averaged over a 20x20 cm? area and
multiplied by the appropriate safety factor.”

¢ The calculated area-average dose rate from any of the four vertical faces of the instrument
cave (consider each separately) does not exceed 0.5 pSv/h.

s The calculated area-average dose rate from any 10 m long section of guide shielding does
not exceed 0.5 uSv/h.

¢ The guide section roof may be given a higher designation as controlled area in which case
the upper dose rate limit averaged over 20 x 20 cm? area would be 25 pSv/h.

and for all H2 conditions:
s The dose does not exceed 1 mSv per event (which is expected to occur less than once per

year), otherwise the H1 criteria are used.

An appropriate safety factor is considered in all calculations reducing the acceptance criteria for the
simulation results. In the ESS guidance this safety factor is given as a factor of two from Monte Carlo
simulations [2]. This means that for the H1 scenarios the target dose rate outside the shielding
around the LoKl instrument is 1.5 pSv per hour.

Reference : ESS-0019931, “ESS Procedure for designing shielding for safety”
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Radiation Safety Report

Shielding Analysis

EUROPEAN Document Number ESS-4789085

shielding purposes e.g. around some penetrations. It is highly likely that for science and background
reduction purposes there will be more than considered in this analysis.
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14. CONCLUSIONS AND RECOMMENDATIONS
This report summarises the shielding considerations for the LoKl instrument at the ESS compared
against the H1 and H2 scenarios. LOKI RADIATION SAFETY REPORT
Consideration has been made of both highly scattering and highly absorbing scenarios which test
both the neutron and gamma shielding design. High energy and guide transported neutrons have
both been considered where relevant as has photo-neutrons from the prompt photons and prompt P ey i g
. . . e Steven Lilley 1515 Neutronics Group Leader B
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In each H1 scenario the shielding is sufficient to reduce the dose rates to below 1.5 uSw/h outside
of the shielding in the majority of locations.
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A few specific areas may need to have localised shielding or access restricted and a boron-based
beam stop has now been included to prevent direct irradiation of the steel tank.

A few small hotspots around the interfaces between the bunker wall, the sample area door and
smaller penetrations do exist but less than the 20 x 20 cm area. The majority of these hotspots are
due to the conservative nature of the calculations with maximum tolerance gaps included. The
installation process should ensure that the tolerance gaps are not larger than those specified. Some
scenarios are bounded by others and have not been investigated in detail or are an activation rather
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4. VERIFICATION OF DESIGN LOKI SHIELDING VERIFICATION REPORT
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R% Inspection report
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Analysis Report
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L oKl Bunker to cave shieldin

LoKI Instrument

« ESS-5723871 LoKI Shielding Bunker to Cave SAT T —
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LoKI Bunker to cave shielding =

LoKI Instrument

3. VERIFICATION OF GAPS BETWEEN BLOCKS AND AGAINST MAIN INTERFACES.

e ESS-5723871 LoKIl Shiel dmg Bunker to Cave SAT Ensure gaps between blocks are less than 10 mm and less than 50 mm against the bunker wall
Passing condition: Completed.
Achieved condition: Measurements done during installation and verified by RP personnel,

See ESS-5765648 LoKI shielding bunker to cave installation location
checklist signed. The figure 1 and 2 show the requirement values and,
Photo 1a, 1b and 2 with the achieved distance

[0 N/A X Pass O Fail CORemark:

'uu than 10 mm on gaps
b,
\

Photo 1a and 1b both si—&; o ;hiélding bunker to cave
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~Gaps less than 10mm | ¢
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Bunker to cave Installation

LoKI Instrument
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LOKI Cave Assembly shielding
RP representative: Ana Cintas Date: August 28/25
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« ESS-5768841 LoKI Cave Site Acceptance Test
« ESS-5768861 LoKI Cave Installation location Checklist
« ESS-1108664 Sub-System design description for End Station
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LoKI Bunker to cave shielding @

LoKI Instrument

Verification of Gaps between blocks and against
« ESS-5723871 LoKI Shielding Bunker to Cave SAT main interfaces




Cave Shielding installation

LoKI Instrument
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Radiation Safety Assessment

Implementation of Safety Functions

LoKl is within the radiation safety envelope of a
generic instrument as defined in SSM submissions

All relevant RSFs and WRSFs are satisfied.

8. CONCLUSIONS

From the conclusions in Chapter 7, the radiation safety requirements for LoKl are met.

With respect to the shielding, the underlying analysis utilizes a 5 MW beam which is the maximum
beam power possible and thus the shielding is sufficient for phases which has a lower beam power.
Hot spots will be treated as such and given clear indication to prevent workers from standing next
to them for a prolonged period of time.

The activation calculations have highlighted that sufficient cool down times are necessary before
access to caves or components such as the choppers or collimator (see Section 7.5.2 and Section
7.6.2).
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