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Reminder

Delayed Neutron Production described as
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N: number of groups
6 (ENDF/JENDL) 
8 (Subgroup 6 of WPEC/JEFF)

αi: fractional abundance in group i
λi: decay constant in group i
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ENDF/B-VI

delayed neutron production rates obtained by fitting calculations of CINDER-10 
(England and Wilson 1993)

 Suffered from limited decay data, neutron emission probabilities, etc.

 Some issues were well-known in community:
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Jeff-3.0, ENDF/B-VI.8 
lead to a ~4% over 

prediction of βeff in LWR 
HTR type applications
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ENDF/B-VI
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PHYSOR2006
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WPEC-6 2002

 Recommended a new 8 group representation

 Provided recommended parameters and spectra for 30+ systems

 Eight group structure adopted by JEFF

 Modified back to six-group by JENDL
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ENDF/B-VII.0

2002 - Wilson & England published an article 
(Progress in Nuclear Energy 41 71 (2002))

Calculated new delayed neutron production rate parameters and <ν>
(no spectra) utilizing CINDER'90

with
Fission product set:  England & Ryder (1994)
ENDF/B-VI fission produce decay data
Pn data 

England and Brady 
Pfeiffer, Kratz and Moller (QRPA)

Methods discussed appear to be those used to populate ENDF/B-VII.

More on this in a minute
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ENDF/B-VII Benchmarking
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Benchmarking ENDF/B-VII.0
Steve C. van der Marck
NDS 107 12 (2006)
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Feedback
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Something major happened in group 6

“…pure sample of 235U … I get a lambda-6 of 8.63638 / sec with a 
corresponding half-life of 0.08026 s … GODIVA-4 I have lists a 
half-life of 0.181 +/- 0.0054 s 

(Brian Kiedrowski MCNP development team)

Group 6 does not contribute significantly to βeff
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Feedback
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Test Problem

Pu-239

R = 4.0 cm

ρ = 20 g/cc

Isotropic

1 MeV Neutron

Pt. Source

8 cm

Calculate time-
dependent neutron 

leakage current 
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Results – Entire Leakage Pulse
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Results – Delayed Leakage PulseNeutron Leakage Current Pulsed Source Pu-239 Sphere
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Results – Percent Difference
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ENDF/VII vs. JENDL-4
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ENDF/B-VII.0 vs. JENDL-4 (cont.)
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What’s Going On?

 New Calculations Correct?

 Possible Processing Error?

 Problems in methodology?
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λ 0.01249056 0.03182406 0.1093753 0.3169898 1.353983 8.636377

α 0.03197266 0.1663712 0.1613104 0.4596467 0.1334993 0.04719978



Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA

U N C L A S S I F I E D

LANL Project
Delayed Particle Production
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Nuclear structure
Complete level schemes - RIPL-3 
Beta decay Q-values

Qβ from MM mass model  (FRDM)
Beta decay transition probabilities

ENSDF (when available)
low-lying discrete states

FRDM + QRPA (Möller et al.)
Continuum
no ENSDF data

Nuclear De-excitation
Statistical Hauser-Feshbach model
All possible transitions from 
(A,Z+1) to (A-1,Z+1) are included

 Nuclear inventory 
calculation, by the CINDER 
code system
• ENDF/B fission product 

yields (England & Ryder)
• 3400 nuclei database 

(~3100 unstable)
• Time dependent inventories 

and activities

We can obtain

 β and γ heating after 
fission burst

 Delayed neutron spectra

 Delayed γ energy spectra 
for fission
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LANL Project
Delayed Particle Production
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Nuclear structure
Complete level schemes - RIPL-3 
Beta decay Q-values

Qβ from MM mass model  (FRDM)
Beta decay transition probabilities

ENSDF (when available)
low-lying discrete states

FRDM + QRPA (Möller et al.)
Continuum
no ENSDF data

Nuclear De-excitation
Statistical Hauser-Feshbach model
All possible transitions from 
(A,Z+1) to (A-1,Z+1) are included

 Nuclear inventory 
calculation, by the CINDER 
code system
• ENDF/B fission product 

yields (England & Ryder)
• 3400 nuclei database 

(~3100 unstable)
• Time dependent inventories 

and activities

We can obtain

 β and γ heating after 
fission burst

 Delayed neutron spectra

 Delayed γ energy spectra 
for fission

Find that QRPA tends to 
over populate high 

energy states

Over prediction of Pn?
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Path Forward?

 Keep what is there – more research
• might not be completed by VII.1 release

 Go back to ENDF/VI.8 
• know there were issues

 Adopt WPEC-6 8 group structure
• Decision previously made to not to this?

 Adopt JENDL’s interpretation of WPEC recommendations

 …
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