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 We have implemented a new production environment. We

q wrote a new module in NJOY (code name DRAGR) in order to build a 
cross-section library containing the depletion and isotopic information.

q wrote a python script (code name PyNjoy) to facilitate the production of 
isotopes and the construction of a Draglib.

q produced a 172-group (XMAS) cross-section library.
q implement consistent capabilities in DRAGON Version 4.0 (alpha).
q use MCNP5 and Tripoli4 as reference tools for validation.

The Production Environment
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Draglib production

DRAGLIB

GENDF

PENDF

ENDF/B

RECONRBROADR

UNRESR

GROUPR

DRAGR

THERMR

RECONRRECONR

self.pendf()

self.gendf()

self.dragr()
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Characteristics of an advanced lattice code

1. Resonance self-shielding calculation with
• Distributed self-shielding model
• Mutual resonance shielding model

2. Leakage models with space-dependent isotropic and anisotropic 
streaming

3. Availability of the characteristics method. Interoperability with
• Self-shielding calculation
• Flux calculation, including leakage model
• Equivalence-theory model

4. Extended burnup calculations with
• Detailed isotope representation
• Explicit decay and nuclear reaction energy release
• No pseudo fission products

5. Transport of gamma rays and gamma energy deposition



5May 3, 2005 Workshop on NJOY-2005

Lattice calculation
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Distributed Self-Shielding
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The Mutual Self-Shielding Effect
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1. The physical probability table is obtained as the RMS fit (Businger-Golub 
QR algorithm) of dilution-dependent self-shielded cross sections

2. ~20 dilutions values are required (GROUPR is limited to 10)

The fit leads to

Helios-type self-shielding data
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where αn(g) and Σe,n(g) are the weights and base
points for the rational approximation of the fuel-to-
fuel reduced CP in group g.

It is a remarkable fact that any group average
useful to our self-shielding model can be reduced to
the typical integration found in the right hand side of
Eq. (3). This integral is characterized by an arbitrary
resonant numerator and by a denominator which is al-
ways the sum of Σ∗

f (u) and a constant. We will replace
the Riemann integration in Eq. (3) by a Lebesgue in-
tegration in which the microscopic total cross sections
of the resonant isotopes are used as the integration
variable.

Let us first assume that the fuel consists of a
unique resonant isotope with concentration N ∗. Then,
Σ∗

f (u) = N∗σ(u) and the Lebesgue integral is written
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=
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N∗σ + Σe,n
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where Π(σ) is the probability density for the micro-
scopic total cross section σ(u). Π(σ)dσ is the proba-
bility of the microscopic total cross section of the res-
onant isotope having a value between σ and σ + dσ.
As might be expected, the probability density Π(σ) is
normalized to unity.

The integration in Eq. (4) will be replaced by a
Gauss-Legendre quadrature, in spite of the fact that
the probability densities exhibit highly irregular be-
havior. This is justified by the fact that we can re-
strict our numerical approach to expressions similar to
Eq. (3). The set of base points and weights is called
a probability table. The probability density Π(σ) is
first represented by a series of K Dirac distributions
centered at discrete values σk of the microscopic total
cross section for the resonant isotope. Each discrete
level is called a subgroup and is also characterized by
a discrete weight ωk. This approach leads to

Π(σ) =
K∑

k=1

δ(σ − σk) ωk (5)

This procedure is equivalent to replacing the actual
lethargy variation of the microscopic total cross section
by a stepwise continuous curve with constant elevation

steps. After substitution of Eq. (5) into Eq. (4), we
obtain the following quadrature:〈

σ

Σ∗
f + Σe,n

〉
g

=
K∑

k=1

σk ωk

N∗σk + Σe,n
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for the total (or principal) cross section and where

K∑
k=1

ωk = 1 . (7)

Similar expressions can be written for each partial
cross section σρ.

The probability table corresponding to the total
cross section is computed so as to match the numerical
integration results with the tabulated values for spe-
cific values of the microscopic dilution cross section σe

to a given accuracy:
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with the microscopic infinite-dilution total cross sec-
tion defined as
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A. The Padé Collocation Technique

Determination of the probability table coefficients
in Eq. (5) can be carried out in a straightforward way
using the Padé collocation method of Ref. 7. A table
containing M finite dilutions can be written as

σe,1 σe,2 . . . σe,M ∞
σ̄1 σ̄2 . . . σ̄M σ̄M+1

(10)

where M is set to an even integer value.

The first step consists of building the table of in-
verse differences corresponding to the table represented
in Eq. (10). The inverse differences are defined recur-
sively as follows:

∆σ̄(σe,i, σe,j) =
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 Autolib data is required with some self-shielding models:
q Entended Ribon model
q Sanchez-Coste model
q Stamm’ler model with Riemann integration method

U-238 autolib data
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 1. Steady state fission spectrum and               are transcripted to the 
DRAGLIB file using

    where                       and              are recovered from MF=6 and MT=18 of 
the GENDF file.

 2. Delayed fission spectra and                       are transcripted to the 
DRAGLIB file using

    
    
    
    
    where                 is recovered from MF=5 and MT=455

Prompt and delayed neutron data
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1. The lumping process allow the elimination of short-living isotopes and the 
reduction from N  ≈ 1000 to N  ≈ 200, where N   is the number of isotopes 
in the Draglib. These isotopes are selected by the user of DRAGR.

2. All the isotopes can produce energy by decay or by neutron-induced 
reaction.

Burnup data: lumping isotopes
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1. Instantiating an object

2. Defining instance variables

2.

2.

3.

3. Invoking a method:

The PyNjoy script

from PyNjoy import *
jef2p2 = PyNjoy()

jef2p2.evaluationName = "Jef2.2"
jef2p2.execDir = "../" + uname()[0]
jef2p2.legendre = 1
jef2p2.hmat = "U238"
jef2p2.mat = 9237
jef2p2.evaluationFile = "$HOME/evaluations/Jef2.2/tape7"
jef2p2.fission = 2 # fission with delayed neutrons
jef2p2.ss = (2.76792, 1.22773e5)
jef2p2.potential = 11.1710
jef2p2.dilutions = ( 1.e10, 94.5, 56.3, 33.6, 20.0, \
11.9, 7.1, 4.2, 2.6, 1.5 )

jef2p2.pendf()
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1. Los Alamos updates up1 tp up90

2. Cadarache update by J. C. Sublet
 • group structures and dimension increases

3. WLUP updates by A. Trkov

4. Updates proposed by M. Mattes (IKE)

5. Updates proposed by the ENEA-Bologna Nuclear Data Group

6. Updates by Ecole Polytechnique
 • normalization of Bondarenko XS in PURR
 • file positioning in findf
 • bug in n-body phase-space distribution (GROUPR)
 • introduction of DRAGR

Updates used with NJOY 99
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 DRAGR and PyNjoy were implemented:

q in NJOY Version 99, in the programming style of NJOY 99.
q under a LGPL license.
q DRAGR features a simple database for storing the DRAGLIB
v direct access binary format (big-endian or little-endian)

v “associative table” type of access

v automatic export/import to ascii (no need for a utility code)

v access in “read-only” mode by the lattice code

 Possible improvements:

q Recover gamma interaction data in DRAGR
q Improve the method self.acer() in PyNjoy
q Upgrade to NJOY-2005

Conclusions - Perspectives


