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Whisper Overview



Whisper Overview



Methodology
This numerical study explores how Whisper selects benchmark populations and determines the 
baseline USL for various loosely coupled systems.

The following steps outline the methodology of this study:

• Models of four distinct loosely-coupled systems were constructed

• A parametric study of five separating distances between assemblies was conducted for each model

• Region-wise and overall system sensitivity profiles are developed by MCNP6.2.0

• Whisper 1.1 selected benchmark populations for the sensitivity profiles and determines a baseline 
USL for the sensitivity profile

• Truncated benchmark profiles and baseline USL values are compared between the two regions 
and the overall system for each model



Bare Fast Metal Sphere Case Description

Assembly Material Energy Spectra Description Density [g/cc] Assembly Radius [cm] Calculated Regional keff

HEU Fast 18.74 8.7407 0.9998+/‐0.0001

Plutonium Fast 15.61 6.3849 1.0001+/‐ 0.0001



Bare Fast Metal Sphere Case Benchmark Rankings
Bare Fast Metal 
HEU Assembly

Separation 
Distance [cm]

 Benchmark 
Ranking 20 40 60 80 100

1 hmf-051-015.i hmf-051-015.i hmf-051-015.i hmf-051-015.i hmf-051-015.i
2 hmf-100-002.i hmf-100-002.i hmf-100-002.i hmf-100-002.i hmf-100-002.i
3 hmf-051-014.i hmf-051-014.i hmf-051-014.i hmf-051-014.i hmf-051-014.i
4 hmf-100-001.i hmf-100-001.i hmf-100-001.i hmf-100-001.i hmf-100-001.i
5 hmf-065-002.i hmf-065-002.i hmf-065-002.i hmf-065-002.i hmf-065-002.i
6 hmf-044-001.i hmf-044-001.i hmf-044-001.i hmf-044-001.i hmf-044-001.i
7 hmf-001-001.i hmf-001-001.i hmf-001-001.i hmf-001-001.i hmf-001-001.i
8 hmf-015-001.i hmf-015-001.i hmf-015-001.i hmf-015-001.i hmf-015-001.i
9 hmf-008-001.i hmf-008-001.i hmf-008-001.i hmf-008-001.i hmf-008-001.i
10 hmf-044-002.i hmf-044-002.i hmf-044-002.i hmf-044-002.i hmf-044-002.i

Bare Fast Metal 
Plutonium 
Assembly

Separation 
Distance [cm]

Benchmark 
Ranking 20 40 60 80 100

1 pmf-001-001.i pmf-001-001.i pmf-001-001.i pmf-001-001.i pmf-001-001.i
2 pmf-022-001.i pmf-022-001.i pmf-022-001.i pmf-022-001.i pmf-022-001.i
3 pmf-029-001.i pmf-029-001.i pmf-029-001.i pmf-029-001.i pmf-029-001.i
4 mmf-009-001.i mmf-009-001.i mmf-009-001.i mmf-009-001.i mmf-009-001.i
5 pmf-023-001.i pmf-023-001.i pmf-023-001.i pmf-023-001.i pmf-023-001.i
6 pmf-035-001.i pmf-035-001.i pmf-035-001.i pmf-035-001.i pmf-035-001.i
7 pmf-039-001.i pmf-039-001.i pmf-039-001.i pmf-039-001.i pmf-039-001.i
8 pmf-030-001.i pmf-030-001.i pmf-030-001.i pmf-030-001.i pmf-030-001.i
9 pmf-009-001.i pmf-009-001.i pmf-009-001.i pmf-009-001.i pmf-009-001.i
10 pmf-025-001.i pmf-025-001.i pmf-025-001.i pmf-025-001.i pmf-025-001.i

Bare Metal Fast 
System

Separation 
Distance [cm]

Ranked 
Benchmark 20 40 60 80 100

1 mmf-007-013.i mmf-007-013.i mmf-007-013.i mmf-007-013.i mmf-007-013.i
2 mmf-007-012.i mmf-007-012.i mmf-007-012.i mmf-007-012.i mmf-007-012.i
3 mmf-007-018.i mmf-007-018.i mmf-007-018.i mmf-007-018.i mmf-007-018.i
4 mmf-007-011.i mmf-007-011.i mmf-007-011.i mmf-007-011.i mmf-007-011.i
5 mmf-010-001.i mmf-010-001.i mmf-010-001.i mmf-010-001.i mmf-010-001.i
6 mmf-007-006.i mmf-007-006.i mmf-007-006.i mmf-007-006.i mmf-007-006.i
7 mmf-007-017.i mmf-007-017.i mmf-007-017.i mmf-007-017.i mmf-007-017.i
8 mmf-007-005.i mmf-007-005.i mmf-007-005.i mmf-007-005.i mmf-007-005.i
9 mmf-007-010.i mmf-007-010.i mmf-007-010.i mmf-007-010.i mmf-007-010.i
10 mmf-007-021.i mmf-007-021.i mmf-007-021.i mmf-007-021.i mmf-007-021.i



Water-Reflected Fast Metal Sphere Case Description

Assembly Material Energy Spectra Description Density [g/cc] Reflector Thickness [cm] Assembly Radius [cm] Calculated Regional keff
HEU Fast 19.74 25.400 8.7407 0.99406+/‐0.00011

Plutonium Fast 18.74 26.9180 6.3849 1.00014+/‐0.00011



Water-Reflected Fast Metal Sphere Case Benchmark 
Rankings

Reflected Fast 
Plutonium Assembly

Separation 
Distance [cm]

Benchmark Ranking 40 60 80 100 120

1 pmf-011-001.i pmf-011-001.i pmf-011-001.i pmf-011-001.i pmf-011-001.i
2 pmf-044-004.i pmf-042-001.i pmf-042-001.i pmf-044-004.i pmf-044-004.i
3 pmf-042-001.i pmf-044-004.i pmf-044-004.i pmf-042-001.i pmf-042-001.i
4 pmf-027-001.i pmf-027-001.i pmf-042-002.i pmf-027-001.i pmf-027-001.i
5 pmf-042-002.i pmf-042-002.i pmf-027-001.i pmf-042-002.i pmf-042-002.i
6 pmf-031-001.i pmf-031-001.i pmf-031-001.i pmf-031-001.i pmf-031-001.i
7 pmf-044-005.i pmf-044-005.i pmf-044-005.i pmf-044-005.i pmf-044-005.i
8 pmf-042-003.i pmf-042-003.i pmf-042-003.i pmf-042-003.i pmf-042-003.i
9 pmf-042-004.i pmf-042-004.i pmf-042-004.i pmf-042-004.i pmf-042-004.i
10 pmf-036-001.i pmf-036-001.i pmf-036-001.i pmf-036-001.i pmf-036-001.i

Reflected Fast HEU 
Assembly

Separation 
Distance [cm]

Benchmark Ranking 40 60 80 100 120

1 hmf-004-001.i hmf-004-001.i hmf-004-001.i hmf-004-001.i hmf-004-001.i
2 hmf-078-001.i hmf-078-001.i hmf-078-001.i hmf-078-001.i hmf-078-001.i
3 hmf-011-001.i hmf-011-001.i hmf-011-001.i hmf-007-035.i hmf-084-011.i
4 hmf-007-035.i hmf-084-011.i hmf-007-035.i hmf-011-001.i hmf-011-001.i
5 hmf-078-011.i hmf-007-035.i hmf-078-011.i hmf-091-001.i hmf-016-002.i
6 hmf-078-009.i hmf-016-002.i hmf-078-017.i hmf-078-011.i hmf-084-002.i
7 hmf-078-017.i hmf-091-001.i hmf-078-009.i hmf-078-017.i hmf-078-005.i
8 hmf-078-005.i hmf-078-005.i hmf-078-005.i hmf-078-009.i hmf-009-002.i
9 hmf-078-015.i hmf-078-017.i hmf-078-015.i hmf-078-005.i hmf-078-017.i
10 hmf-078-013.i hmf-078-011.i hmf-078-013.i hmf-078-015.i hmf-010-002.i

Reflected Fast Metal 
System

Separation 
Distance [cm]

Benchmark Ranking 40 60 80 100 120

1 pmf-011-001.i pmf-011-001.i pmf-011-001.i pmf-011-001.i pmf-011-001.i
2 pmf-042-001.i pmf-042-001.i pmf-042-001.i pmf-044-004.i pmf-042-001.i
3 pmf-044-004.i pmf-027-001.i pmf-027-001.i pmf-042-001.i pmf-044-004.i
4 pmf-027-001.i pmf-044-004.i pmf-044-004.i pmf-027-001.i pmf-027-001.i
5 pmf-042-002.i pmf-042-002.i pmf-042-002.i pmf-042-002.i pmf-042-002.i
6 pmf-031-001.i pmf-031-001.i pmf-031-001.i pmf-031-001.i pmf-031-001.i
7 pmf-044-005.i pmf-044-005.i pmf-044-005.i pmf-044-005.i pmf-044-005.i
8 pmf-042-003.i pmf-042-003.i pmf-042-003.i pmf-042-003.i pmf-042-003.i
9 pmf-042-004.i pmf-042-004.i pmf-042-004.i pmf-042-004.i pmf-042-004.i
10 pmf-036-001.i pmf-036-001.i pmf-036-001.i pmf-036-001.i pmf-036-001.i



Thermal Solution Case Description

Assembly
Material

Energy Spectra
Description

Density
[atoms/b‐cm]

Aluminum
Canister
Thickness [cm]

Reflector Thickness [cm] Inner Canister Radius [cm] Calculated
Regional keff

HEU
Solution

Thermal 9.82964005e‐2 0.1587 23.3236 11.5177 1.00578+/‐
0.00013

Plutonium
Solution

Thermal 1.0087e‐1 0.1245 30.0000 14.5151 0.99113+/‐
0.00015



Thermal Solution Case Benchmark Rankings
Thermal HEU Solution 

Assembly
Separation 

Distance [cm]

Benchmark Ranking 45 65 85 105 125

1 hst-050-010.i hst-050-010.i hst-050-010.i hst-050-010.i hst-050-010.i
2 hst-050-001.i hst-050-001.i hst-050-001.i hst-050-001.i hst-050-001.i
3 hst-050-008.i hst-050-008.i hst-050-008.i hst-050-008.i hst-050-008.i
4 hst-050-002.i hst-050-002.i hst-050-002.i hst-050-002.i hst-050-002.i
5 hst-050-004.i hst-050-004.i hst-050-004.i hst-050-004.i hst-050-004.i
6 hst-050-006.i hst-050-006.i hst-050-006.i hst-050-006.i hst-050-006.i
7 hst-009-001.i hst-009-001.i hst-009-001.i hst-009-001.i hst-009-001.i
8 hst-009-002.i hst-050-011.i hst-009-002.i hst-050-011.i hst-050-011.i
9 hst-050-011.i hst-009-002.i hst-050-011.i hst-009-002.i hst-009-002.i
10 hst-050-003.i hst-050-005.i hst-050-009.i hst-050-005.i hst-050-005.i

Thermal Plutonium 
Solution Assembly

Separation 
Distance [cm]

Benchmark Ranking 45 65 85 105 125

1 pst-001-001.i pst-001-001.i pst-001-001.i pst-001-001.i pst-001-001.i
2 pst-002-005.i pst-011-165.i pst-011-165.i pst-002-005.i pst-010-009.i
3 pst-010-009.i pst-010-009.i pst-010-009.i pst-010-009.i pst-002-005.i
4 pst-011-165.i pst-002-005.i pst-002-005.i pst-010-002.i pst-011-165.i
5 pst-010-002.i pst-010-002.i pst-010-002.i pst-011-165.i pst-010-002.i
6 pst-002-006.i pst-002-006.i pst-002-004.i pst-002-006.i pst-002-004.i
7 pst-002-007.i pst-002-004.i pst-002-006.i pst-002-007.i pst-002-006.i
8 pst-002-004.i pst-002-007.i pst-002-007.i pst-002-004.i pst-002-007.i
9 pst-002-003.i pst-002-003.i pst-002-003.i pst-002-003.i pst-002-003.i
10 pst-001-002.i pst-001-002.i pst-001-002.i pst-001-002.i pst-001-002.i

Thermal Solution 
System

Separation 
Distance [cm]

Benchmark Ranking 45 65 85 105 125

1 pst-001-001.i pst-001-001.i pst-001-001.i pst-001-001.i pst-001-001.i
2 pst-007-010.i pst-010-002.i pst-010-002.i pst-010-002.i pst-010-002.i
3 pst-010-002.i pst-007-010.i pst-007-010.i pst-007-010.i pst-007-010.i
4 pst-002-006.i pst-010-009.i pst-010-009.i pst-010-009.i pst-010-009.i
5 pst-010-009.i pst-002-006.i pst-002-006.i pst-002-006.i pst-002-006.i
6 pst-002-005.i pst-002-005.i pst-002-005.i pst-002-005.i pst-002-005.i
7 pst-007-005.i pst-007-005.i pst-002-004.i pst-002-004.i pst-007-005.i
8 pst-007-009.i pst-002-004.i pst-007-005.i pst-001-002.i pst-002-004.i
9 pst-001-002.i pst-001-002.i pst-001-002.i pst-007-005.i pst-001-002.i
10 pst-007-007.i pst-007-009.i pst-007-007.i pst-007-007.i pst-007-009.i



Mixed Plutonium Case Description

Assembly
Material

Energy
Spectra
Description

Density Canister
Thickness
[cm]

Reflector
Thickness [cm]

Assembly Radius [cm] Calculated Regional keff

Plutonium
Solution

Thermal 1.0087e‐1 [atoms/b‐
cm]

0.1245 25.4000 4.1217 1.00578+/‐0.00013

PlutoniumMetal Fast 19.74 [g/cc] N/A 30.0000 14.5151 1.00002+/‐0.00010



Mixed Plutonium Case Results
Fast Metal Plutonium 

Assembly
Separation 

Distance [cm]

Benchmark Ranking 50 70 90 110 130

1 pmf-044-004.i pmf-042-002.i pmf-044-004.i pmf-044-004.i pmf-044-004.i
2 pmf-044-005.i pmf-042-003.i pmf-044-005.i pmf-044-005.i pmf-044-005.i
3 pmf-024-001.i pmf-044-005.i pmf-042-002.i pmf-042-002.i pmf-031-001.i
4 pmf-036-001.i pmf-027-001.i pmf-042-001.i pmf-031-001.i pmf-024-001.i
5 pmf-031-001.i pmf-044-004.i pmf-031-001.i pmf-042-001.i pmf-036-001.i
6 pmf-044-003.i pmf-042-001.i pmf-042-003.i pmf-042-003.i pmf-042-001.i
7 pmf-042-002.i pmf-042-004.i pmf-027-001.i pmf-027-001.i pmf-044-003.i
8 pmf-042-001.i pmf-011-001.i pmf-011-001.i pmf-042-004.i pmf-042-002.i
9 pmf-027-001.i pmf-042-005.i pmf-042-004.i pmf-036-001.i pmf-027-001.i
10 pmf-042-004.i pmf-031-001.i pmf-036-001.i pmf-011-001.i pmf-011-001.i

Thermal Plutonium 
Solution Assembly

Separation 
Distance [cm]

Benchmark Ranking 50 70 90 110 130

1 pst-001-001.i pst-001-001.i pst-001-001.i pst-001-001.i pst-001-001.i
2 pst-010-009.i pst-011-165.i pst-011-165.i pst-011-165.i pst-011-165.i
3 pst-011-165.i pst-010-009.i pst-010-009.i pst-010-009.i pst-010-009.i
4 pst-010-002.i pst-002-005.i pst-002-005.i pst-002-005.i pst-002-005.i
5 pst-002-005.i pst-010-002.i pst-010-002.i pst-010-002.i pst-010-002.i
6 pst-002-004.i pst-002-004.i pst-002-006.i pst-002-004.i pst-002-004.i
7 pst-002-006.i pst-002-006.i pst-002-004.i pst-002-006.i pst-002-006.i
8 pst-002-007.i pst-002-007.i pst-002-007.i pst-002-003.i pst-002-003.i
9 pst-002-003.i pst-002-003.i pst-002-003.i pst-002-007.i pst-002-007.i
10 pst-001-002.i pst-001-002.i pst-001-002.i pst-011-163.i pst-011-163.i

Mixed Plutonium System Separation 
Distance [cm]

Benchmark Ranking 50 cm 70 cm 90 cm 110 cm 130 cm
1 pst-001-001.i pst-001-001.i pst-001-001.i pst-001-001.i pst-001-001.i
2 pst-010-002.i pst-010-002.i pst-010-002.i pst-010-002.i pst-010-002.i
3 pst-010-009.i pst-010-009.i pst-010-009.i pst-010-009.i pst-010-009.i
4 pst-002-006.i pst-002-005.i pst-002-006.i pst-002-005.i pst-002-005.i
5 pst-002-005.i pst-002-006.i pst-002-005.i pst-002-006.i pst-002-004.i
6 pst-007-010.i pst-002-004.i pst-007-010.i pst-002-004.i pst-002-006.i
7 pst-002-004.i pst-007-010.i pst-002-004.i pst-007-010.i pst-007-010.i
8 pst-001-002.i pst-001-002.i pst-001-002.i pst-002-003.i pst-002-003.i
9 pst-007-005.i pst-007-005.i pst-002-003.i pst-001-002.i pst-001-002.i
10 pst-002-003.i pst-002-003.i pst-002-007.i pst-002-007.i pst-007-005.i



Conclusions 

The results from the four numerical studies show that the coupled system
sensitivity profile are usually dominated by a single assembly. Whisper’s selected
benchmark profile then reflects only the dominant assembly and the determined
baseline USL is not necessarily conservative.

To insure that that the most conservative baseline USL is selected, it is
recommended to calculate the regional baseline USL values and choose the
more conservative value.



Current and Future Work

• Deriving theoretical definitions of loosely-coupled Sx,k and ck terms 
for individual regions and the overall application model for loosely-
coupled systems

• Using the MCNP-calculated fission matrix to implement these 
derived terms for loosely-coupled system

• Determining how benchmark rankings and calculated USL values 
can be developed using these derived loosely-coupled sensitivity 
profiles and ck values. 
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