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This formula can be converted into a two-point interpolation scheme using

R S (0.2)

and

A= exp L (71E1 (03)

E-T

where E;, 01 and E;, 0; are two consecutive points in the cross-section tabulation.

This interpolation method should only be used for E close to T. At higher energies, non-
exponential behavior will normally begin to appear, and linear-linear interpolation is more
suitable.

Next consider an energy distribution represented as a two-dimensional function of E and E”
f(E,E). Using a simple Cartesian interpolation, the function is represented by a series of
tabulated functions f(E,E’). The simple "graph paper" rules are used for interpolating for f(E ) at
each El. An additional interpolation table is given for interpolation between these values to get
the result at E.

Distributions usually show ridges that cut diagonally across the lines of E and E” An
interpolation scheme is required that merges smoothly between adjacent distributions without
generating the spurious bumps often seen when interpolation along the Cartesian axes E and E “is
used.

The first non-Cartesian scheme allowed is the method of corresponding points. Given
distributions for two adjacent incident energies, f(Ei,E i) and f(E;,E j), the interpolation takes
place along the line joining the k™ points in the two functions. When the E’ grids are different
and the grid points are well chosen, this interpolation scheme is analogous to following the
contours on a map. Of course, if the E’grids are the same for E; and Ej, this method is exactly
equivalent to Cartesian interpolation. The method of corresponding points is selected by using
INT=11-15, where the transformed values follow the interpolation laws INT=1-5, respectively.

The second non-Cartesian interpolation scheme allowed is unit-base interpolation. The
spectra at Ej and Ej+1 are transformed onto a unit energy scale by dividing each secondary energy
by the respective maximum energy. The interpolation is then performed as in the Cartesian
method, and the resulting intermediate spectrum is expanded using the maximum energy
obtained by interpolating between the end points of the original spectra. The unit-base option is
selected by using INT=21-25, where the transformed values follow the interpolation laws
INT=1-5, respectively.
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Figure 0.1
Interpolation of a Tabulated One-dimensional Function
Illustrated for the Case NP=10, NR=3

NBT(1)=3 NBT(2)=7 NBT(3)=10
RANGE 1 RANGE 2 .l « RANGE 3
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0.6.2.1 Two Dimensional Interpolation Schemes

Three schemes are provided for two-dimensional interpolation: 1) simple Cartesian
interpolation, wherein one simply interpolates the function values along constant lines of initial
and final energy values, 2) a method called unit-base transform, and 3) the method or
corresponding energies.

Figure 0.2
Interpolation between Two-Dimensional Panels

f
/\/\ Secondary
Energy
E;
I
E’ [\
Ein1
Initial Energy
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Consider Figure 0.2. Here E is the initial energy and there are panels at E,and E,,,. The

panels describe the probabilities of scattering from these energies to other energies; e.g.,
f(E;,E")and are generally probability distributions that will integrate to unity, when they are

integrated over all E’. These panels will be presented using the usual tabular schemes for
arrays, or may be given in the form of an analytic expression.

For the case of simple Cartesian interpolation, intermediate values are determined by
interpolating along lines of constant E and E’ as noted earlier. Assume that all interpolation
schemes are linear-linear in energy and that one wants to determine a value for a distribution at
E (E;,E.,). The equation for this is:

E-E
f(E.E)=f(E.E)+ —— [f(E.E)- 1(E.E)] (0.4)
i+1 i
An examination of the above figure illustrates the major problem with Cartesian interpolation;
viz., that the panel at E will have features from the lower panel at the low end, and from the
upper panel at the high end. This, of course, is reasonable, but the resulting function will tend to
have artificial peaks when the distributions shift as a function of energy, as is usually the case.
The unit-base transform was devised to try to reduce the non-physical characteristics of
Cartesian interpolation. In this case, the data at the two panels surrounding E are transformed to
a unit base where the new functions vary according to a variable X that ranges from 0 to 1.
E'-E/(1)
E/(N)-E/(D
In this case, E/(1)is the energy of the first sink energy in the panel at E,and E/(N)is the last

X = (0.5)

point. An exactly analogous equation is used to define the value of xat E,, and at E. From

here, the interpolation is made using an expression such as shown in Eq. (0.7) except that it is
made at a constant value of X. Special care must be taken to properly account for the integrals
of the panel; i.e.,
j'dE' f(E") = j'dx g(x) (0.6)
dE’
dx
is required for the transformation to the unit-base space and is determined from Eq. (0.8). In
other words, when Eqn. (0.7) is used, the interpolation is made at constant values of X and the
function values must be multiplied by the Jacobians for the respective panels.
Two things can be noted about unit-base transform interpolation: 1) if the end points of two
panels are the same, unit-base transform is exactly equivalent to Cartesian interpolation, and 2)

the same interpolations can be made without transforming to unit-base space and transforming to
the energy space at E. The low energy value of the intermediate panel is simply

E-E
Eow(B) = E{()+ —— - [EL, (D - E{(D)] 0.7)

A similar expression gives the high energy of the intermediate panel, and simply substitutes the
top energies for the two panels in place of the bottom energies.

Er o (E) = E/(N) +%{E:H<M )~ E/(N)] 0.8)

which requires f(E")dE" = g(x)dx, or g(x) = f(E") . The latter radical is the Jacobian that

i+l
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Here we have assumed the upper panel has M points. The Jacobian that should be used with the
dE'(E))
dE’'(E)
The secondary energy at E, that corresponds to an E"atE is calculated from

E'-E,/
E/(E") = E/() + ——=[E[(N) ~ E/(1)] 0.9)

high ~ =low
Here we have dropped the (E) arguments from the E’ values at E for clarity. An analogous

value from the bottom panel is , and is determined from Eqn (0.12) shown below.

expression determines the secondary energy at the upper panel, and also the Jacobian for this
panel. When the two values are interpolated at these two secondary energies and multiplied by
their respective Jacobians, the values are simply interpolated using Eqn. (0.7) (or other
appropriate expression, if the interpolation scheme is not linear in energy).

The Method of Corresponding Energies (MCE) is a scheme that was designed to circumvent
one of the major problems associated with the unit-base transform approach; viz., that the unit-
base transform depends directly on the way the end points of the successive distributions are
taken. The MCE approach splits the integrals of distributions into equal integral bins and then
interpolates linearly between corresponding bins. (The limits of these bins are the
“corresponding energies”.) This is a more physical approach than either Cartesian or unit-base
transform interpolation and tends to emphasize the significant portions of the distributions.
Perhaps a better way of saying this is that it tends to de-emphasize the insignificant portions of
the distributions. For example, if 10 equal integral bins are to be used for the interpolation, the
energies where the panels integrate to a tenth of the total integral are determined. Then the
energies where the panels integrate to two-tenths of the total integral are determined, etc., until
10 sets of energy boundaries are defined for the bins in all panels. The interpolations between
corresponding bins of successive panels are then performed using the unit-base transform
approach.

It is important to note that that unit-base transform and MCE will require Jacobians to
multiply the function values at successive panels, because a variable transformation is involved,
while Cartesian interpolation is all done in real energy space, so that the unmodified function
values are used.

0.7. General Description of Data Formats

An ENDF "tape" is built up from a small number of basic structures called "records," such as
TPID, TEND, CONT, TABI, and so on. These "records" normally consist of one or more 80-
character FORTRAN records. It is also possible to use binary mode, where each of the basic
structures is implemented as a FORTRAN logical record. The advantage of using these basic
ENDF "records" is that a small library of utility subroutines can be used to read and write the
records in a uniform way.

0.7.1. Structure of an ENDF Data Tape

The structure of an ENDF data tape (file) is illustrated schematically in Fig. 0.3. The tape
contains a single record at the beginning that identifies the tape. The major subdivision between
these records is by material. The data for a material is divided into files, and each file (MF
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number) contains the data for a certain class of information. A file is subdivided into sections,
each one containing data for a particular reaction type (MT number). Finally, a section is
divided into records. Every record on a tape contains three identification numbers: MAT, MF,
and MT. These numbers are always in increasing numerical order, and the hierarchy is MAT,
MF, MT. The end of a section, file, or material is signaled by special records called SEND,
FEND, and MEND, respectively.

Figure 0.3
Structure of an ENDF data tape
Tape Ident First file First section First record
(TPID) (HEAD)
First Second file Second Second
material section record
/_\_/ a/_\_/ /_\_/ /_\_/
L ~—_—] L~ L ~~—_— L ~—_—
Material File (MF) Section Record
(MAT) (MT) (MR)
L ~—_— L ~~—_ L ~—_ — L ~~—_—
L ~~—_—] L~ L ~~—_— L ~—_—
Last Last file Last section Last record
Material
Tape end Material File end Section end
(TEND) end (FEND (SEND)
(MEND)

0.7.2. Format Nomenclature

An attempt has been made to use an internally consistent notation based on the following
rules.

a) Symbols starting with the letter I, J, K, L, M, or N are integers. All other symbols refer

to floating-point (real numbers).

b) The letter I or a symbol starting with I refers to an interpolation code (see Section 0.6.2).

c) Letters J, K, L, M, or N when used alone are indices.

d) A symbol starting with M is a control number. Examples are MAT, MF, MT.

e) A symbol starting with L is a test number.

A symbol starting with N is a count of items.

All numbers are given in fields of 11 columns. In character mode, floating-point numbers
should be entered in one of the following forms:

+1.234567£n

+1.23456£nn, where nn < 38
depending on the size of the exponent. Both of these forms can be read by the "E11.0" format
specification of FORTRAN. However, a special subroutine available to the NNDC must be used
to output numbers in the above format. If evaluations are produced using numbers written by
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"1PE11.5" (that is, 1.2345E+nn), the numbers will be standardized into 6 or 7 digit form, but the
real precision will remain at the 5 digit level.

0.7.3. Types of Records

All records on an ENDF tape are one of six possible types, denoted by TEXT, CONT, LIST,
TABI1, TAB2, and INTG. The CONT record has six special cases called DIR, HEAD, SEND,
FEND, MEND, and TEND. The TEXT record has the special case TPID. Every record contains
the basic control numbers MAT, MF, and MT, as well as a sequence number. The definitions of
the other fields in each record will depend on its usage as described below.

0.7.4. TEXT Records
This record is used either as the first entry on an ENDF tape (TPID), or to give the comments

in File 1. It is indicated by the following shorthand notation:
[MAT, MF, MT/ HL] TEXT

where HL is 66 characters of text information. The TEXT record can be read with the
following FORTRAN statements:
READ(LIB,10)HL ,MAT ,MF,MT,NS
10 FORMAT(A66,14,12,13,15)
where NS is the sequence number."® For a normal TEXT record, MF = 1 and MT = 451. For
a TPID record, MAT contains the tape number NTAPE, and MF and MT are both zero.

0.7.5. Control Records

0.7.5.1. CONT Records

The smallest possible record is a control (CONT) record. For convenience, a CONT record
is denoted by

[MAT ,MF,MT/C1,C2,L1,L2,N1,N2]JCONT

The CONT record can be read with the following FORTRAN statements:

READ(LIB,10)C1,C2,L1,L2,N1,N2,MAT ,MF,MT,NS

10 FORMAT(2E11.0,4111,14,12,13,15).

The actual parameters stored in the six fields C1, C2, L1, L2, N1, and N2 will depend on the
application for the CONT record.

0.7.5.2. HEAD Records
The HEAD record is the first in a section and has the same form as CONT, except that the C1
and C2 fields always contain ZA and AWR, respectively.

0.7.5.3. END Records

The SEND, FEND, MEND, and TEND records use only the three control integers, which
signal the end of a section, file, material, or tape, respectively. In binary mode, the six standard
fields are all zero. In character mode, the six are all zero as follows:

[MAT ,MF,99999/ 0.0, 0.0, o, o, o, 0] SEND*

[MAT, O, o/ 0.0, 0.0, o, 0, 0, 0] FEND
[ O, O, o/ 0.0, 0.0, o, o, o, 01 MEND

13 Records are sequentially numbered within a given MAT/MF/MT.
' The SEND record has the sequence number 99999.
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[ -1, O, o/ 0.0, 0.0, O, O, 0, 0] TEND

0.7.5.4. DIR Records

The DIR records are described in more detail in Section 1.1.1. The only difference between
a DIR record and a standard CONT record is that the first two fields in the DIR record are blank
in character mode.

0.7.6. LIST Records
This type of record is used to list a series of numbers B1, B2, B3, etc. The values are given
in an array B(n), and there are NPL of them. The shorthand notation for the LIST record is
[MAT ,MF,MT/ C1, C2, L1, L2, NPL, N2/ B,] LIST
The LIST record can be read with the following FORTRAN statements:
READ(LIB,10)C1,C2,L1,L2,NPL,N2,MAT ,MF,MT,NS
10 FORMAT(2E11.0,4111,14,12,13,15)
READ(LIB,20) (B(N) ,N=1,NPL)
20 FORMAT(6E11.0)
The maximum for NPL varies with use (see Appendix G).

0.7.7. TAB1 Records

These records are used for one-dimensional tabulated functions such as y(X). The data
needed to specify a one-dimensional tabulated function are the interpolation tables NBT(N) and
INT(N) for each of the NR ranges, and the NP tabulated pairs of x(n) and y(n). The shorthand

representation is
[MAT,MF,MT/ C1, C2, L1, L2, NR, NP/xint/y(x)]TAB1

The TABI1 record can be read with the following FORTRAN statements:
READ(LIB,10)C1,C2,L1,L2,NR,NP,MAT ,MF,MT,NS

10 FORMAT(2E11.0,4111,14,12,13,15)
READ(LIB,20) (NBT(N), INT(N) ,N=1,NR)

20 FORMAT(6111)
READ(LIB,30) (X(N),Y(N) ,N=1,NP)

30 FORMAT(6E11.0)

The limits on NR and NP vary with use (see Appendix G). The limits must be strictly
observed in primary evaluations in order to protect processing codes that use the simple binary
format. However, these limits can be relaxed in derived libraries in which resonance parameters
have been converted into detailed tabulations of cross section versus energy. Such derived
libraries can be written in character mode or a non-standard blocked-binary mode.

0.7.8. TAB2 Records

The last record type is the TAB2 record, which is used to control the tabulation of a two-
dimensional function y(x,z). It specifies how many values of z are to be given and how to
interpolate between the successive values of z. Tabulated values of y|(X) at each value of z; are
given in TAB1 or LIST records following the TAB2 record, with the appropriate value of z in the
field designated as C2. The shorthand notation for TAB2 is

[MAT,MF,MT/ C1, C2, L1, L2, NR, NZ/ Zin]TAB2,

The TAB2 record can be read with the following FORTRAN statements:
READ(LIB,10)C1,C2,L1,L2,NR,NZ,MAT ,MF,MT,NS
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10 FORMAT(2E11.0,4111,14,12,13,15)
READ(LIB,20) (NBT(N), INT(N),N=1,NR)
20 FORMAT(6111)

For example, a TAB2 record is used in specifying angular distribution data in File 4. In this
case, NZ in the TAB2 record specifies the number of incident energies at which angular
distributions are given. Each distribution is given in a LIST or TABI record.

0.7.9 INTG records
INTG, or INTeGer, records are used to store a correlation matrix in integer format. The
shorthand notation is
[MAT, MF, MT /7 11, JJ, KIJ ] INTG
where II and JJ are position locators, and KI1J is an array of dimension 18.

The INTG record can be read with the following FORTRAN statements:

DIMENSION KIJ(18)
READ (LIB,10) II, JJ, KIJ, MAT, MF, MT, NS
10 FORMAT (2I5, 1X, 1813, 1X, 1I4, 12, I3, 1I5)

See File 32, LCOMP = 2, for details regarding the use of this format.
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