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Nuclear Criticality Safety Program (NCSP) Task IP&D-5: Goal

Use available data from Health Physics Research Reactor (HPRR) operation 

to create a benchmark report for inclusion in the International Criticality 

Safety Benchmark Evaluation Project (ICSBEP) Handbook as a Criticality 

Accident Alarm System (CAAS) shielding benchmark
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The Health Physics Research Reactor

• The HPRR, or Fast Burst Reactor (FBR), 
designed and built at ORNL in 1961

• Part of the Dosimetry Application Research 
(DOSAR) facility at ORNL from 1963 to 1987

• Operated for thousands of hours; achieved 
criticality 10,000 times

• Numerous relevant studies and publications on 
dosimetry, plant radiobiology, radiation alarms, 
teaching, and training

• Decommissioned in 1987

Facts about the HPRR DOSAR Facility, A History of Research Reactors Division (1987)
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The Health Physics Research Reactor

A History of Research Reactors Division (1987) Phantom setup inside of HPRR building, August 7, 1970
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The Health Physics Research Reactor

Health Physics Research Reactor Reference 
Dosimetry, ORNL-6240 (1987)

SCALE model
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Evaluation contents and status

Planned evaluation contents 

1. Total neutron fluence from steady-state operation of the 
HPRR measured by Bonner sphere spectrometry, shielded 
and unshielded (Version 1)

2. Derived neutron kerma results from step 1 (Version 1)

3. Sulfur pellet activation at different distances from an 
HPRR pulse, shielded and unshielded (to be added in 
Version 2)

4. Gamma dose from an HPRR pulse measured by Geiger-
Müller (G-M) counter and thermoluminescent dosimeter 
(TLD) (to be added in Version 2)

Front page of evaluation, to be released
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Evaluation contents and status

Overview of HPRR SINBAD evaluation 

Shield Neutron 
fluence Neutron kerma Sulfur foil 

activation Gamma dose

Bare   ! X

Steel   ! X

Lucite   X X

: Included in initial release
!  : Done before, will be updated in Version 2
X : Needs full evaluation, will be added in Version 2
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Evaluation contents and status

Status of the evaluation at the end of FY24
• Version 1 ready with neutron fluence and kerma with bare, steel, and Lucite shields (6 configurations)
• Passed internal and independent reviews
• Gitlab repo with everything related to the evaluation (input/output files, references, data in excel format)
• In queue for SINBAD taskforce review
• To be released to NEA through RSICC in FY25
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Evaluation contents and status

SINBAD taskforce new process
• SINBAD maturity level: 4
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Evaluation contents and status

SINBAD taskforce new process
• SINBAD scientific relevance: **
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Benchmark and sample calculation results

Neutron fluence at 3 m from 1017 fissions of the HPRR

Expected
Calculated 

(SCALE 6.3.1 MAVRIC 
with ENDF/B-VIII.0)

Calculated 
(COG 11.3 

with ENDF/B-VIII.0)

Configuration Neutron fluence 
(cm-2)

Relative 
standard 

uncertainty (%)

Neutron 
fluence (cm-2)

Relative 
standard 

uncertainty 
(%)

C/E Neutron 
fluence (cm-2)

Relative 
standard 

uncertainty 
(%)

C/E

Bare 1.64E+11 20.40 2.33E + 11 0.07 1.42 2.16E + 11 0.12 1.32

Steel shield 9.08E+10 21.28 1.14E + 11 0.16 1.26 1.08E + 10 0.34 1.19

Lucite shield 3.55E+10 28.92 3.89E + 10 0.27 1.10 3.52E + 10 0.55 0.99
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Bare configuration comparison

Benchmark and SCALE MAVRIC sample calculation results
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Bare configuration comparison

Benchmark and SCALE MAVRIC sample calculation results

Potential Bonner 
sphere counting 

artifact

Excellent agreement 
above 1 MeV

Bad agreement at 
low energy
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Steel-shielded configuration comparison

Benchmark and SCALE MAVRIC sample calculation results
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Potential Bonner 
sphere counting 

artifact

Very good agreement 
above 1 MeV

Bad agreement at 
low energy

Benchmark and SCALE MAVRIC sample calculation results

Steel-shielded configuration comparison
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Lucite-shielded configuration comparison

Benchmark and SCALE MAVRIC sample calculation results
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Lucite-shielded configuration comparison

Benchmark and SCALE MAVRIC sample calculation results

Potential Bonner 
sphere counting 

artifact

Excellent 
agreement at low 
and “high” energy
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Benchmark and sample calculation results

Neutron kerma at 3 m from 1017 fissions of the HPRR

Expected
Calculated 

(SCALE 6.3.1 MAVRIC 
with ENDF/B-VIII.0)

Calculated 
(COG 11.3

with ENDF/B-VIII.0)

Configuration Neutron kerma 
(Gy)

Relative 
Standard 

Uncertainty (%)

Neutron 
kerma (Gy)

Relative 
standard 

uncertainty (%)
C/E Neutron 

kerma (Gy)

Relative 
standard 

uncertainty (%)
C/E

Bare 3.364 19.78 4.518 0.07 1.34 4.100 0.12 1.22

Steel shield 1.478 21.34 1.729 0.15 1.17 1.564 0.38 1.06

Lucite shield 0.561 29.62 0.680 0.26 1.21 0.581 0.55 1.04
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Conclusions

• The SINBAD evaluation of legacy HPRR experiments, Version 1, will be 
released in SINBAD after taskforce review

• The evaluation will include neutron fluence and kerma with no shield, 
with a steel shield, and with a Lucite shield (6 cases)

• Sample calculation results are mostly good, with notable artifacts 
resulting from Bonner sphere unfolding imprecisions that seem hard to 
be solved

• Version 2 will include sulfur pellet neutron activation and gamma dose 
results with the same shield configurations; fast results may be included 
if there is interest
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This presentation was supported by the Nuclear 
Criticality Safety Program, funded and managed by the 

National Nuclear Security Administration for the 
US Department of Energy
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Questions?

ORNL News Photo - bus lost in front of the Melton Valley Complex, August 1966 
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