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ABSTRACT

Evaluations of neutron interaction and photon production cross sections
for sodium, magnesium, chlorine, potassium, and calcium have been translated
from a modified-UK format info ENDF/B format. The data have been reviewed
and revised fo a minor extent, and can be used by the LAPH code to generate
multigroup photon production cross section matrices. All data sets have
been fransmitted to the University of California, Los Alamos Scientific
Laboratory, to the National Neutron Cross Section Center at BNL, and to
the Radiation Shielding Information Center at ORNL. Several '"physics"
checks have been proposed for the photon data, and a FORTRAN 1V ccde,

PHOX, has been written to incorporate some of these checks.
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Introduction And Summary

As part of the ENDF/B(I) effort, a formaT(Z) was devised for storing

photon production and photon interaction data. |In order to de-bug the

photon production format, sodium data from a recent evaluation by Drake
gi_gi}B) were transiated from a modified UK Data File format into the

ENDF/B Data File format (cf. Ref. 2 for a listing of this translation).

The translation was performed by a special-purpose FORTRAN |V code called
LUTE. Because the entire sodium evaluation was of interest to the Shielding
Subcommittee of the Cross Section Evaluation Working Group (CSEWG), the
University of California, Los Alamos Scientific Laboratory undertook the
transiation of the neutron interaction data also. This latter +rans|a+ion(4)
was performed with the LATEX code, an extended version of the LATE code which

had been previously used for translations of 6Li and 7Li.(5) Later, the Los

Alamos Scientific Laboratory undertook the Translafion(4) of the calcium
evaluaTtion by Drake gi_gl?<3) as well as a preliminary analysis of the
translation procedures for chlorine, potassium and calcium,

This report describes in §2 the procedures and data revisions for
the franslations of Na, Mg, Cl, K, and Ca. Details of the revisions are
given in Appendices A and B. Proposals for "physics'" and internal consistency
checks which might, in part, be incorporated in a checking code are given
in §3. Particular emphasis is placed on checks which are applicable to the
photon data. A code called PHOX was writften to perform checks on the photon
data. It is described in detail in §4, and a listing is given in Appendix
C. The translation codes, LUTE and LATEX, are described in a separate re-
porT.(6) For purposes of the present report the modified and extended UK
Data File format used by Drake et al.will be referred to as simply the "UK

format'", and the entirety of their data as the "UK Data File".




2. Tréansilations Of Na, Mg, Cl, K, and Ca To ENDF/B Formaf

The materials which were franslated are identified on each UK-format
card image by a nuclide identification number (NIN), and on each ENDF/B-
format card image by a material number (MAT). Listed below in Table |

are the materials and their corresponding NIN and MAT numbers.

TABLE |

Material ldentifying Numbers

Material NIN(UK) MAT (ENDF/B)
Na 205 5001
Mg 206 ‘ 5002
Cl 22| 5004
K 227 5005
Ca 231 : 5006
2.1 Procedures

The translation procedure used was fo start with the materials on
data tapes in UK format, and attempt a run thru the LUTE and LATEX codes.
Several iferations were required for each material before the UK-format tape
had been corrected sufficiently to allow a successful fransiation. After
correcting as many errors as the translation codes codld detect (generally
clerical errors, mispunches, cards out of sequence or missing, etc.,), the
data in both listed and plotted form were scanned visually for any obvious
inconsistencies or other errors. Appendix A documents in minute detail
the corrections and alterations to the UK Data File which have been made
since July 1968. Appendix B documents similar information for the ENDF/B
Data File,



Construction of a corresponding ENDF/B Data File for each material
required several changes and additions (as opposed To corrections), which
are described in detail in reference 6. In summary, these primarily con-

sisted of the three changes described below.

2.1.1, Additions fto Files | and 3

A complete File | was created for each material, including a

table of contents and an index. A tabular section for the average cosine of
the angle of elastic scattering in the laboratory system was automatically
created by LATEX for File 3. This latter table of GiAB values was calculated
using the angular distributions of secondary neutrons from elastic scattering,
as given in File 4 (MF = 4, MT = 2). The values of ELAB were extended down
to the lowest energy for which an elastic scattering cross section is given

in File‘B (MF = 3, MT = 2), using a‘value ELAB = 3?K%ﬁ7'a+ this lowest

energy. This value was also used at 0.75 EB’ where E3 is The lowesT incident

neutron energy for which an angular distribution is given in File 4.

2.1.2. Transition Probability Arrays

' Because of an inherent difference between the allowable UK and
ENDF/B formats for photon production cross sections, the photon production
from inelastic scattering fo discrete levels was not translated completfely
by the code LUTE. The ENDF/B formaf(z) allows not only photon production
cross sections (slightly disguised) or yields, as in the UK format, but also
‘allows the alternate use of transition probability arrays when the level
energies are well established. Thus, these arrays were entered for all
levels up To the highest level for which the leve! energy and decay scheme
are well established. However, photon production data were often given in
the UK Data File for incident neutron energies above the energy of this
highest level (denoted Ed), so other provisions had to be made for storing
these data in ENDF/B format. The method chosen was to use photon production

cross sections for incident neutron energies above E , exactly as they are

d’
given in the UK format. In order to accomplish this conveniently, a new

reaction type number was defined for ENDF/B, as discussed in the next section.



2.1.3, Residual Photon Production (MT

]

110)

A new reaction type number, MT = |10, was defined and used

for residual photon production by incident neutrons with energies greater
than Ed. Any inelastic scattering reaction (MT = 5 thru [4 and 5! thru 80)

section with incident neutron energies greater than E, automatically has

the photon production cross sections above this energs translated by LUTE
To a subsection of photon production cross sections.within MT = |10, Also,
the first time this case is encountered by LUTE, an MT = |10 section for
File 3, with unit cross section, is generated. Thus, the photon production
cross sections appear in File |5 under the guise of yields, but processing
codes such as LAPH(7) will properly construct photon production cross

sections from the combined data of Files 3 and 15.

2.2, Major Modifications of the Data

Only the three major changes requiring discussion are given in
this section. These changes were made in converting to ENDF/B format, but
the UK Data File was not altered. Detailed minor corrections or alterations
To the UK Data File are given in Appendix A. Minor changes to the ENDF/B
Data File are given in Appendix B, and minor alterations for consistency

and format purposes are discussed in §2.3.

2.2.1. Photon Production from Inelastic Scattering by °'CI

Level excitation cross sections for reaction fypes 5 through
t4 and 51 through 53 are for the .22 MeV through 6.10 MeV levels, respectively,
of 35CI. However, photon production cross sections in the UK Data File are
given for the corresponding levels énly for reaction fypes up to 5l. Reaction
types 52 through 54 are used to present photon production cross sections for
three levels of 37Cl (viz., 1.728, 3.087 and 3.71 MeV). Since the fransition
probability arrays in the ENDF/B Data File for chlorine do not contain the
37CW levels, the photon production cross sections for these levels were in-
cluded in their entirety in the residual’ photon pfoduc+ion section (MT = {10},

That is; the parameter E, was zero for MT = 52, 53 and 54, Photon production

d



for incident neutron energies below 5.22 MeV (E, for 35CI) would thus be

given only for 35CI by the transition probabiliiy arrays and corresponding
excitation cross sections., Excitation cross sections for the levels of
37C| are not explicitly given in the UK Data File, but are included in the
section for total inelastic scattering, reaction type number (RTN) 1004,
They presumably are not included in the section for inelastic scattering

to the continuum, RTN = [0I5.

2.2.2. Photon Production by the (n,p) and (n,a) Reactions in Potassium

Photon production data for the (n,p) reaction in potassium are
identified in the UK Data File by reaction type numbers |312] and 13122,

39K; i.e., leaving

These RTN's are for the (n,p;) and (n,p,) reactions in
the residual 3gAr‘ nucleus in the first or second excited states, respectively.
Because neutron interaction cross section were given only for the total

(n,p) reaction, data for RTN = 1312} and 13122 were combined into one section
with MT = 103, This is the ENDF/B reaction type number for the total (n,p)
reaction. Angular distributions for these photons were |likewise assigned to

MT = 103 in File 14,

A similar case occurred for the (n,a;) reaction in 39K; i.e., to the
first excited state of 36CI. Photon production data for this reaction were
given in the UK Data File by RTN = [3141, and the angular distribution by
RTN = [1141. The data were placed in the ENDF/B Data File under MT = |07.

2.2.3. Photon Production by the (n,p) Reaction in Calcium

Photon production data for the (n,p) reaction in calcium are
identified in the UK Data File by reaction type numbers 13060, 13061, and
13062. These RTN's are for the (n,p1), (n,p2), and (n,p3) reactions in
4OCa; i.e., leaving the residual 4OK nucleus in one of ifts first three
excited states. Also, photon production data for inelastic scattering to the
continuum are given in RTN = 3015 for incident neutron energies from 6.0
to 20.0 MeV, whereas the corresponding excitation cross sections (RTN = 10i5)

are given for incident neutron energies from 9.0 to 20.0 MeV. Thus, after



consulting with Drake,(8) the photon production from 6.0 to 9.0 MeV was
assigned to the (n,p) reaction in ENDF/B (MT = 103). Also, as with
potassium, the neutron interaction cross sections were given in the UK Data
File only for the total (n,p) reaction, so the data in RTN = 13060, (3061,
and (3062 were included in the ENDF/B reaction type number for the (n,p)
reaction, MT = t03. In a similar manner, angular distributions of photons

from the (n,p1), (n,py), and (n,p3) reactions were assigned fo MT = |03,

2.3. Alferations to the Data During Translation to ENDF/B Format

All aITeraTiohs which were made to the data in UK format were also
carried through during franslation to ENDF/B format. Since the changes in
the UK Data File are documented in detail in Appendix A, they will not be
repeated here. There is, however, a class of changes which appears only
in the ENDF/B Data File, and those are the ones discussed here. Such changes
are typically ones of normalization, consistency between level energies
(Q values) and photon energies, etc. The details of the changes appear in
Appendix B.

In transiating neutron and photon angular distributions to ENDF/B format
it was assumed that a zero appearing in the second field of a one-card section
with a general classification number (GCN) of 2 or |l implies an isotropic
distribution. The isotropy is explicitly stated for most such cases |isted
in Tables 4 thru 8 of Reference 3. It was assumed and verified(s) that the

UK-format is consistent in this regard.

2.5.1. Normalizations

Data in the UK Data File were never altered to force normali-
zation of neutron and photon angular distributions, or of neutron secondary
energy distributions and photon energy distributions. However, all of these
data are required in the ENDF/B Data File fo be normalized fo probability
density functions. Thus, all of these normalizations were automatically
performed in the franslation procedure. Appendix A |lists an example of the

integrals of the phofon angular distributions as they were determined for the



UK Data File. These re-normalization constants are given for information
only; they were not used to alter the UK Data File. Assuming a |inear
interpolation between u (i.e., cos"9) values, the original distributions
were usually normalized to unity, within 1%. Re-normalizations constants
are not listed for the secondary neutron angular distributions, but they
were usually within about 1% of unity. Some, however, differed from unity
by up to about 15% (e.g., in RTN = 2002 for chlorine).

Figures | and 2 show typical plots of data for neutron angular dis-
tributions, where the value at 4 = 0.45 for an incident neutron energy of
4.8 E - | MeV apparently was in error. Correcting this error then introduced

a slight error in the normalization, which was in furn corrected.

2.3.2. Miscel laneous

Certain alterations listed in Appendix B were tailored for
the LAPH code.(7) They involve no substantive changes in the data, but are
necessary to satisfy the ENDF/B format requirements or to structure the data
in an optional form which is simpler or more convenient, Examples of fhis
type change are:

(1) Level energies or Q values in Files 3 and (5 (Option 2), prin-
cipally in sodium and magnesium, were made consistent with photon energies
in File 14. This is required to allow processing codes to correlate level
fransitions with the angular distributions of the corresponding photons.

Any changes of Q value in File 3 were for purely esthetic reasons. A
standardization on a particular value was not based upon any new physical
data or revelation concerning the correct value among conflicting data. In
no case was the difference between conflicting data significant for either
data file (i.e., for normal nuclear engineering purposes). In many cases
the PHQOX code. found threshold values lower than theoretically allowed by the
Q values, but the values were consistent to within three significant figures
so no changes were made in the UK Data File.

(2) In the magnesium data, section (MT) numbers 11, 12, and 13 cor-
respond to the 2.565, 2.736 and 2.803 MeV levels of 25Mg, for which the decay
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schemes are: not known. However, MT = (4 corresponds to the 2.94 MeV level

of 26Mg, and MT = 51 thru 55 correspond to the 4.12 thru 6.44 MeV levels

of ang, all of which have known decay schemes. In order not to preclude

the use of transition probability arrays for these latter levels (MT = |4

and 51 thru 55), the levels of 25Mg with unknown decay schemes were assigned
zero transition probabilities. Such unorthodox transition probability

arrays will be flagged by the photon "physics" checking code, PHRX, but will
be acceptable to LAPH. They allow a simple, accurate and concise representa-
tion of all photon production from well-known level decay schemes.

(3) In the calcium fransition probability arrays, MT = 6 corresponds
to the first level of 40Ca (3.35 MeV), which decays by electron-positron
emission. |In order to correctly compute the resulting annihilation photan
source, - the energy of this level is listed in File |5 as 0.5 MeV. and the
transition probability is assigned the value 2.0, These will be flagged
by PHQX as suspicious data. '

2.4, Unresolved-tnconsistencies

During review of the data several inconsistencies were noted
between the UK Data File and the documentation of the data in the Appendices
of GA-7829. Also, what seem To be clerical errors appear in these appendices.

No changes were made on either the UK or ENDF/B Data File where a question

concerning the correct data could not be resolved from the source.documentation.

However, the questionable data are noted below for possible future revision

when time permits,

2.4.1. Sodium
Angular distribution data for secondary neutrons from in-
elastic scattering to the second (2.08 MeV) level differiconsiderably
between the UK Data File and the documentation (GA-7829, Vol. |i, p. A-53).
This discrepancy occurs at 8.5 and 9.0 MeV incident neutron energies, where
the documentation lists angular distributions identical to that at 8.0 MeV,
The UK Data Fi{e (RTN = 2006), on the other hand, lists substantially



different distributions, peaking strongly and. irregularly about p = O,
Piots of the data indicate they are also irregular at 7.5 and 8.0 MeV,
Similarly, for the first excited state (0.4392 MeV level) the document
and the UK Data:File disagree at various incident energies between 6.0 and
9.0 MeV. Also, even where the data agree it appears from the plots that a
discrepancy may occur at u = -1.0. Though the data were not altered i+t
appears as if a simple exftrapolation of the smooth curves to u = -1.0 would

be satisfactory.

2.4.2. Magnesium

Plots of the angular distributions of secondary neutrons
from elastic scattering showed irregularities which were not obvious errors,
or which were apparently errors but did not seem to be rectifiable by a
simple linear interpolation between neighboring points. These occurred at
incident neutron energies of 0.19 and 0.68 MeV. A similar case existed at
0.2 MeV, but the data were smoothed for 0./ < u < 0.4. A comparison with
the original documentation in GA-7829, Vol. Ill, will show the alterations

performed.

2.4.3, Chlorine
A plot of the angular distribution of secondary neutrons
from elastic scattering shows .an irregularity at u = 1.0 for an incident
neutron energy of 15 MeV. At this point the probability density drops
abrnuptly, whereas at adjacent incident energies the probability rather

smoothly approaches a maximum at u = 1.0,

2.4.4. Potassium
Angular distributions for secondary neutrons from inelastic
scattering to the [0th through 17th levels (MT = 5|1 through 57) are not
given at all in the UK Data File. However, Vol. | of GA-7829 states in
Table 7, under "Remarks," That these are isotropic. Thus,isofropic angular
distributions were not created by LATEX because of no entry being present in
the UK Data File. |T may be desireable to add these distributions to both



data files in the tuture. There seems to be no distinction between isotropic
distributions which appear in the UK Data File in the form of a single-card
section and those which do not appear at ali. Secondary neutron angular
d’stributions at 9.5, 10, 10.5, and il.5 MeV show radical filuctuations at
around u = 0.36 [T was not obvious whether these are real or due to

ciericai errors, and the fiucTuations occur tor 2 To 3 consecutive data

points. Thus, the data were not alfered.

2.4.5. Caicium
Data ftor ineiastic level excitation cross sections tor the
first four ifevels seem to be displaced in energy between The Tabuiations in
the document and in the UK Data File. This displacement generally occurs

for energies above about 3.6 MeV

2.5, Distribution ot the Data

Copies of the corrected UK Data File were sent to the Radiation
Shieiding intormation Center (RSiC) at Oak Ridge National Laboratory (ORNLJ,
where a generai UK o= ENDF/B fransiation code is under consideration.
These data were aiso sent to the Los Alamos Scientific Laboratory (LASL) for
the Cross Section Data Library (Or. R, B. Lazarus). Copies ot the ENDF/B
Data Fiies were sent to the National Neufron Cross Section Center at Brook-
haven National Laboratory (BNL), in addition fo RSiC and the Reactor (K}
Division at LASL. At LASL Thé data will be used by the LAPH code(T) fo generate

muitigroup photon production cross section matrices.

2,6. Translation Codes: LUTE and LATEX
The ftwo codes, LUTE and LATEX, for transiation from UK to ENDF/B

tormat, are described in detafi e%sewhere.(6) Briefiy, LUTE fransiates the
photon production data insofar as possibie, and punches a data-card deck,
File | data for ENDF/B, as wei! as the transition probabitity arrays, must
be punched separately and used as input To LATEX. The LATEX code fhen reads
these input cards ajong with the LUTE output deck, fransiaTes the neufron

inferaction data, creates a Fiie 3 section for ELAB’ and then ouTputs a



complete ENDF/B tape for the material.

A listing of the translation codes Is given in +he‘documen+a+ion,(6)

and copies of the codes were sent To the Radiation Shielding Information
Center at ORNL, to the National Neufron Cross Section Center at BNL, and
to the Reactor (K) Division at LASL.



3. Proposed "Physics'" And internal Consistency Checks

3.1. inftroduction

Due To the difficulty ot creating an error-free ENDF/B data set,
with its inherent complexity and size, some systematic checking procedures
must be devised. - Any checking procedure shouid.begin with fests which can
be performed by a simple. computerized anaiysis of The data. Only tesTs
which require no interactive capabiliity between the computer and the
evaluator are considered here. These fests can be divided into Two Types. 5

)

Type | is consistency or format syntax tests similar to those in CHECKER,(
Some examplies of Type | are TesTs to see that dafa !ie within cerfain ranges,
to see that the proper- number of data points are present, and to defermine
that the data are in proper tormat. Type il s "physics' checks which wilii
hopeful Iy determine the physical realism and consistency of the datfa based
upon known faws of physics. This type may print out processed data or piots
for the program user to check against references or examine visuaily fo detect
questionabie points. Any inconsistency or suspected error would be fiagged
by a comment on the output [isting. Those checks which were incorporated
into the PHOX Code are summarized in 84,

The symbols used in the foiiowing section refer To The ENDF/B format

for neutron interaction, photon production, and photon interaction data.

3.2, File 3 Checks

Some ot the "physics" and consistency checks proposed tor File 3
are The foilowing:

i EI i-ETh’ the incident neutron energy tor a reaction should

be greater than or equa! to the threshoid energy ot that reaction. If

E? < E?h’ flag the suspected energy and continue processing. E+h is cal-
- , . _ AWR T B - .

cuiated by the formuia ETh = k——ﬁwﬁr—dt Q), for Q < 0. For Q > G,

th = 0.

2. Q < 0.0 for MT = 5 thru {4 and 51 thru 80. 1t Q - 0.0, fiag

the suspected Q value and attempt to continue processing.



3. IO”eV:_I Q1 <2x 107 for MT = 5 thru 14 and 51 thru 80.
If not in this range, flag the suspected value and continue processing.

4, Q = 0.0 for MT = |5 or 110, If not, flag the suspected Q
value, set Q = 0.0 and continue processing.

5. Q > 0.0 for MT = 102, If Q < 0.0, flag the suspected Q
valwe, set Q = 0.0 and continue processing.

6. 1.7 x 108eV < Q< 1.2 x 107eV for MT = 102 if Q # 0.0. If
Q is not in this range and # 0.0, flag the suspected valge, set Q = 0.0,
and continue processing.

7. For MT = |02, interpolate to find the 2200 m/sec cross section
and print it for the user to check against references.

8. There is some question as to the proper Q valuwes for the
elements. Consider, for example, the materials translated and reviewed
for this report. Except for sodium, which is monoisotopic, the other
elements have different Q values for their differing isotopes. The proper
weighting of the isotopic Q values (e.g. by abundance or product of abundance
and 2200 m/sec cross section) is indeterminable. Thus, Q is simply set
equal to zero.

9. o = 1.0 for MT = 110. By definition of this reaction type,

the cross section must be unity.

3.3. File 14 Checks

Some "physics" and consistency checks that are proposed for File

4 are the following:

. LTT should be either | or 2. If not, assume LTT = 2 and
attempt to continue processing under the assumption that angular distribu-
tions are given as tabulations vice Legendre coefficients.

2. LI should be either 0 or |I. If not, assume LI = 0 {(i.e.,

a non-isotropic distribution, and attempt to continue processing).

3. NC should be either 0 or |. If not, assume NC = 0 (j.e.,

no continuous photon energy specfra are given) and atfempt To continue

processing.



4, |If LI = |, test to see that the next card is a SEND card. If
not, then set LI = 0 and attempt to continue processing.

5. If LTT = 1, then use LEGCK(Q) to ftest the Legendre coefficients.
LEGCK is a computer code that checks Legendre coefficients for possibility
and positivity. Any unreasonable or negative coefficients are flagged.

6. NE > NR, the number of neufron energy points given must be

greater than the number of inferpolates. 1f not, flag the suspected
values, set NR = i, and attempt to continue processing.

7. NR > 0. [|f not, flag The suspected valve, set NR = | and
attempt fto continue processing.

8. INT(m) # INT(m-1). No two consecutive regions shouid have
the same interpolation scheme. |[f two regions have the same scheme, flag

the suspected region and attempt to confinue processing.

9. ES > 0. if ES < 0, flag the suspected value, set ES = 0
and continue processing.

10. EGi < ES when ES > 0. The ith discrefe photon energy is iess
than or equal! to the energy of the state excited o produce the photon
(when ES > 0). If not, flag the suspected value, set EGi = ES and continue
processing.

. EGi > 0, |If not, fest that ES = EGi = 0 and NC = i, if This
is not the case, tlag the suspected value and conTinue processing.

12. ES does not change within any MT number for ineiastic scatter-
ing to a discrete levei. (f ES does change, assume ES to have the first
value given, flag the inconsistency, and confinue processing.

I3, If ND > i, The EGi must change and must be in decreasing

order. 1f not, flag the suspected vailes and continue processing.
4. ES = |Q] for MT =5 thru i4 and 51 thru 80. [f not, tiag
the suspected valus, set ES = |Q| and continue processing.

i5, 10%ey < ES <2 x i07 eV for MT = 5 thru i4 and 51 thru 80,

If not, flag the suspected value and continue processing.



3.4, File |5 Checks

Some 'physics" and consistency checks that are proposed for File

I5> are the following:

|. The ES values must be the same as in File |4 for a given MT
number. |f not, flag The suspected value and continue processing.

2. All the tests for ES listed in File 14, Section 3.3 ailso
apply in File I5.

3. The EGi must have the same:values as in File |4 for a given
MT number., Under option 2 of File 15 all possibie EGi must be determined
from the cascade and matched to an EGi in Fite 14. The existence of a
particular value of EGI in File 14 requires a corresponding value in File
15, but not vice versa. |f values differ or a File 14 subsection has no
correspondent whatscever in File |5, flag the suspected values and continue
processing.

4. All the tests for EGi listed in File 14, Section 3,3 also
apply in File 15.

5. LO should be either | or 2. If not, flag the suspected value,
set LQ = | and attempt to continue processing with the assumption that data
are g{ven as photon production muitiplicities.

6. LF should be either | or 2. If not, flag the suspected value,
set LF = 2 and attempt to continue processing with the assumption that data
are given by discrete photon energies instead of by tabulated distributions.

7. NT < NS, the number of fransitions must be less than or equal
to the number of levels below the present level (includes ground state).

If not, flag the suspected values, set NT = NS and attempT To continue
processing.

8. Under option 2, NS = MT - 4 for MT = 5 thru |4 and NS = MI - 40
for MT = 51 thru 80, |If not, flag the suspected value, set NS = MT - 4
or MT - 40, as appropriate, and continue processing.

9. NR < NP is the same fest as listed in File |4, Section 3.3,

0. The sum of the probabilities in a cascade should add to
unity. If the sum differs from unity by more than IO—4, flag the suspected

cascade and continue processing.



. E+ < EC + Q for reactions in which the neutron disappears.
For neutron disappearance reactions, in which a compound nucieus is formed,
the total energy of the emitted photons, denoted Ey, is less fThan or equal
to the Q value plus the kinetic energy of the neutron, in the center of
mass system, denoted Ec' It is assumed that the tabulated neutron energy
in the laboratory system is a sufficiently accurate approximation of E_.
If By > (EC + Q), flag the suspected value and continue processing. This

can be calculated by the following:

_ _ o
[E, (B -y, (Ep) + ] (EG))

v L “y, (EPT <0+ Ey

K

where E& = deyg(EY < ED Ey, the yk(Ei) are fthe photon muitipiicities,
and the g(EV* %) are the probability density functions.

2. £, < |Q| for reactions in which the neutron does not disappear.

The tota! energy of the emitted photons, E,, should be less than or equal

s
to magnitude of the Q value. |f ET > |Q\,Tfiag the suspected value and
continue processing. This is cﬁicuiafed in the same manner as above.

13, If Lo =1, Y(E) =) y (E), the fotal photon yield should
equal the sum of the inTegralskg¢er the secondary energies. These values
should agree to within the fourth significant figure. |If not, flag the
suspected value and continue processing.

(4. For Lo= 1| and LF = |, the normaiization should be tested.
I = f g(EY < Ei)dEY, where g(EY < E{) is fhe normalized phofon energy
distribution (i.e., probability density function), then fthe normaiization
is tested by insuring |1} - | | i.|0—4- | not, flag The suspected normali-

zation value and continue processing.

3.5. File 23 Checks

The proposed "physics'" and consistency checks for File 23 are

the following:



[ OY = Gpe toto + Opp’ total photon cross section equals
the sum of the individual cross sections for photoelectric effect, Rayleigh
or coherent scattering, Compton scattering, and pair production. For
practical purposes the effects of the following are neglected: Delbruck or
potential scattering, Thomson scattering by the nucleus, photonuclear
reactions, and crystal scattering. The sum should agree with OY To within
the fourth significant figure. |f not, flag The suspected value and
continue processing.

2. The Compton scattering cross section is checked by the Klein-

Nishina formula

I
o = 2me’ Jlte [2—(—%—;—)—-—'-ln(l+2u)} +§|—ln(l+2a) S L
mozc“ 0’ o @ o (1+2a)2

where a = h\)/moc2 and e = an electron charge. The values should agree fo
within tThe second significant figure over most of the energies of practical
interest. If not, flag the suspected value and continue processing.

3. For pair production Ei > .02 MeV. If not, flag the suspected
value, ignore the corresponding cross section and continue processing.

4, For pair production, the fotal cross section should monotonically
increase with photon energy. f not, flag the suspected values and continue
processing.

5. The energy at which pair production contributes exactly one-
half the total cross section is computed, printed and checked by the user
against references.

6. Thé‘energy at which the photoelectric effect confributes
exactly one-half the fotal cross section is computed, printed and checked
by user against references.

7. The photoelectric effect for each shell has a threshold energy
below which the reaction can not take place. Therefore,the lowest energy present
in the file is found and printed for checking by the user against references
(electron binding energies).

8. For the photoelectric effect, the K-edge and all other dis-
confinuities are computed and printed for checking by the user against

references.



9. For the photoelectric effect, the cross section decreases:
monotonically with photon energy at the edges. Any discrepancy woulid

be picked up and flagged as an '"edge."

3.6, File 24 Checks

The proposed '"pnysics" and consistency checks for File 24 are the
following:

[. " LTT follows same checks as listed in File 14, Section 3.3.

2. LCT should be either | or 2. If not, flag the suspected value,
set LCT = | and attempt fo continue processing with the assumption that data
are given in the LAB system. Where the secondary particle is a photon,
the convention adopfed(Z) is that LCT = 1.

3. NormalizatTion is tested by the foliowing: fll du plu,Eq) = 1.
If the values do not agree te within the fourth significant figure, fiag

the suspected values and continue processing.

3.7. File 27 Checks

The proposed "physics" and consistency checks for File 27 are
the following:

. Incoherent form factors (sometimes called incoherent scattering
functions) should monotonically increase and approach unity as photon energy
increases. They should be within 3% of unity at | MeV.

2. Coherent form factors should decrease and approach zero as

photon energy increases.
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4, PHOX, A "Physics" Checking Code For Photon Data In The ENDF/B Data File

4.1. Introduction and Summary

Much work has been and is being done fo place data in the ENDF/B Data
File format. In the process of this work there are naturally many errors which
occur and which might pass undetected in a visual review of these data. There-
fore, a code called CHECKER(Q) was written by BNL to check the mechanics (i.e.,
format syntax) of the data, However, no code existed which checked the physical
aspects of the data, or otherwise determined whether the data were reasonable
or even possibie. Therefore, it is the purpose of this section to explain how
several "physics'" checks were incorporated into a computer code which does This
to some degree for the photon data. The exact division between format syntax
and "physics'" types of checks is not well defined, so the pragmatic definition
of "physics" checks is those checks not done by CHECKER.

There are several types of physical checks which are made by PHOX. They
include checks such as testing that the values are within given ranges, that
all energy points are above the theoretical threshold as determined from the Q
value, that the total energy released by photons does not exceed the energy
available as determined by the Q value and neutron energy, etc.

The PHOX code is designed in a manner similar to CHECKER in that it calls
various subroutines which do the actual reading, checking and writing. It is
written in FORTRAN |V and has been successfully run on the B5500 computer at
the University of Virginia.

While the program is designed to attempt To process any section, even if
an error in one of the confrol parameters is discovered, the code may terminate
due to trying to read data in an alien format. When control parameters are out
of the acceptable range, the code assumes a value within the acceptable range
and attempts Yto proceed. Whenever an error is determined, a message is printed

to that effect giving the necessary values, if needed.
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4,2. PHOX Code and Subroutines
PHOX is.a FORTRAN [V code designed to read an ENDF/B data tape

and run certain checks on the data, fiagging those it believes To be in error.
It is designed primarily to read a BCD card image tape (mode 3) and, while not
tested, it is also believed to be able to process a binary tape in standard
arrangement for ENDF/B (i.e.,mode 1). An INDEX'ed iisting of PHOX, giving the
statement numbers and variable names, is given in Appendix C.

The main program, PHOX, is essentialiy a cailing routine which searches
for the files to be checked and assigns the reading, checking, and writing tasks
to the appropriate subroufines in the proper order. If the files of inferest
are not found on the data tape, messages to that eftect are written, and The run
is terminated. Several of the BNL retrieval subroufines(g) were used in PHOX.
These inciude RREC, TERPI, ERROR, and WREC with ifs supplemental subroutines.
A modification of the CHECKER subroutine TESTZB(MT)(g) was made and incorporated
in PHOX. The purpose of this subroutine, calied TEST2C(MT), is to check for

the proper MT rumbers in File 4.

4,.2.1,CKHD(FILE)
CKHD is designed to check the HEAD records of Fiies 14
and I15. It checks the different fields (not includingZA and AWR) for range,
and if discovered to be outside of the range, a ''guess" is made and processing
continues. When it is necessary To make a guess, a message to that effect is

printed which informs the user as To the guessed value.

4.2.2.FIL3(AWR)

FIL3 is designed to calculate a theoretical threshoid vaiue
for File 3, based on AWR and Q, and to test it against the first energy point
given. If this energy point is found to be beiow the threshold value, a
message to that effect is written, along with the theoretical value. FIL3
then stores Q @fter checking it for reasonableness of sign and magnitude
according to the reaction Type) and the targer of either the theoretical

threshold or the first energy point, for use in Files 14 and !5.
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4.2.3. FILI4AN)

FILI4 is designed To test ES and EG for consistency and
reasonableness of magnitude and sign. It also tests for a continuous spectrum
and makes sure there is only one continuous spectrum. Using subroutine
ESEGPR, FILI4 stores ES and EG for later use.

Each TABI| record is tested for increasing order of incident neutron
energy and for magnitude as compared with the threshoid value stored in

FiL3.

4.2.4, FILI5(N)

FILI5 is designed to check either option | or 2. In option
| the subsection yields are totaled and checked against the fotal yields aft
the total yield energies. The total MeV released per interaction is calculated
and compared against the sum of the Q value and kinetic energy, where appropriate.
The incident neutron energies and the first energy in each array are checked
against the threshold value stored in FIL3, The ES and EG pairs are also used
in subroutine ESEGPR,

In option 2 the valuesof ESi are checked for decreasing order, the TPi for
maghitude and total sum, and the GPi for magnitude. The ES's are also checked
against the magnitude of Q, as stored in FIL3, and that they correspond to
previous state levels. Also the difference between each state level and the

previous state levels are checked as ES and EG pairs by ESEGPR.

4.2.5. ESEGPR(N)
ESEGPR is designed to check that each ES-EG pair given in File
{4 is used in File |5, In the case of option | in File |5 the comparison is
direct, but for option 2 it is necessary to calculate the EG's by substracting
the lower state levels from the present state level. After completion of Fite
5, ESEGPR is called and a final check of all The values,(ES-EG pairs), is made
to insure that each has been accounted for. Any that are found to remain

unaccounted for are listed on the output.
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4.2.6. STATE(LG)
STATE is designed to check that each vaiue of ESj corresponds
to a previous vaiue of ES as read from previous ineiastic scatfering sections,
MT = 5-14 and 51-80,

4.5, input and Output Specitications

4.3.1. PHOX input
The input consists of one ENDF/B data tape, designated unit NT,
and Two cards. The cards consist of
) NT,MODE,MATW
entered in (311i) format, where NT is the input tape I/0 unit number,
MODE is the mode of the input tfape, and MATW is The material number
of The materiai fo be checked.
2) LIST entered in (13A6,A2) tormat. This card is reproduced identicalliy
as the first line of output on the iisfTing. This enables the user To

place any information he desires on the output.

The card reader is designated as 1/0 unit number 5 while the line printer
is designated as I/0 unit number 6. The choice ot the NT number is feft to

the user.

4,.5.2, PHOX Output
The output consists ot a listing of Files 3, i4 and i5 with
any comments which PHOX might print. It should be poinfed out That all
comments are written atter the ENDF/B record in which a possible error is

detected and not necessariiy immediately after the card on which it occurs.

4.4, Burroughs B5500 Computer Fortran iV Complier Features

Only fwo minor characteristics ot the B5500 Forfran iV diaiect are
known which might aftfect the running of PHOX on other computers. These

are:
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1) Upon entry into a subroutine, the B5500 automatically initializes
to zero all variables not held in COMMON, I+ also initializes all storage
points fo zero upon entry into the main program.

2) The method used on the B5500 to determine the statement to proceed

To upon reaching an End-of-File is:

READ (U,F,END=S) LIST

where U is the unit number,

F is the format number,

S is the number of the statement to go to if an End-of-File is reached
and

LIST is the list of variables to be read.
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APPEND!X A: - Corrections and Alferations to the Data in UK Format

The foliowing tabuiaTion iists the card numbers, data changes and comments
for ail changes made to the data files in UK tormaT since about Juiy 1968,
All changes made prior to that date were incorporated into the Cross Section
Data Library at LASL, and were mosTiy fo correct cards out ot seguence, cards
missing and other clericai errors. One aiferation which was made atter con-
suitation with Drake was To change the RIN tor the (n,n'p) reaction from 32 tfo
28, in agreement with the corresponding ENDF/B reaction type number, MT = 28,

Also found in this appendix, under the heading of A.!.2. are normaiization
values from File i4 and i5 of SODIUM for the photon secongary d/stribufions as
calcuiated by CHECKER. Ail materiais were attected but oniy SODIUM is given
here as an example. These are integrals found via the trapezoidai rule, as re-
quired by the interpoiation scheme. They are only noted here; no renormaiiza-
tion was attempted in the UK Data Fiie but corresponding data in ENDF/B were

renormaiized (cf. MF = 14).
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A.2.

A.3.

A.4.

A.5.

CONTENTS OF APPENDIX A

UK Material Number (MIN) 205% SODIUM

A.l.l, Data File Changes

A.1.2. Normalization Value from CHECKER
UK Material Number (NIN) 206 * MAGNES |UM
A.2.1. Data File Changes

UK Material Number (NIN) 22} * CHLORINE

A.3.1. Data File Changes

UK Material Number (NIN) 227 * POTASS!IUM

A.4.1. Data File Changes

UK Material Number (NIN) 23] * CALCIUM

A.5.1, Data File Changes
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Al

I

UK Material Number

Aciol,
CARD{S) NUMBER:
CHANGE :
COMMENTS <

CARD(S) NUMBER:
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE :
COMMENTS ¢

CARD(S) NUMBER:
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE ¢
COMMENTS ¢

{NINJ} 205 * SOD!UM

Data Fiie Changes .

000i0

Fieid é; From 113 Fo 105
Correct card count.

00012, 00013

Fieid é; From 97 To 89
Correct card count.

000i4

Fieid é} From 89 to 8i
Correct card count.

00019

Fieid é; From 8i to 73
Correct card count.

00020

Fieid é; From 57 to 49
Correct card count.

00022

Fieid é; From 33 to 25

Correct card count.
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CARD(S) NUMBER: 03462

CHANGE : Field 6 From 5.94301E-1 to 5.75982E~|

COMMENTS : Error apparent from plot of data.

CARD(S) NUMBER: 03464

CHANGE : Field 2: From 5.66787E-| to 6.18222E-1

COMMENTS : Error....

CARD(S) NUMBER: 03479

CHANGE : Field 2: From 5.68798E-/ to 6.07534E-]
~ COMMENTS : Error....

CARD(S) NUMBER: 03492

CHANGE : Field 6: From 4.852)9E-| To 5.22592E-1

COMMENTS : - Error.... ’

CARD(S) NUMBER: 03494

CHANGE : Field 2: From 5.44224E-| to 5.31727E-1

COMMENTS : Error....

CARD(S) NUMBER: 03507

CHANGE ; Field 6: From 5.04533E-| to 5.42012E-1

COMMENTS : Error....

CARD(S) NUMBER: 03784

CHANGE : Field 6: From 2.95058E-| to 2.68496E-|

COMMENTS : Error....

CARD(S) NUMBER: 03799

CHANGE : Field.E: From 3.05212E-1 to 2.68238E-|

COMMENTS : Error....

CARD(S) NUMBER: 03814

CHANGE : Field é; From 2.96422E-1 to 2.59656E~1

COMMENTS ; Error....
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CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS ¢

CARD(S) NUMBER:

CHANGE :
COMMENTS -

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS -

CARD(S) NUMBER:

CHANGE :
COMMENTS ¢

CARD(S)
CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S)
CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS +

NUMBER:

NUMBER

03938

Fieid é; From 1.70142E-i to 3.61688E-1
Error....

03953

Field §; From |.7185E-1| To 3.62734E-1
Error..

03983

Fieid éj From 4.54161E~] To 5.39764E-
Error...

03998

Fieid 6: From 4.8i1876E- to 3,.29298E-i
Error...

03118

Fieid 6: From 3.44406E-] to 2.95546E-1
Error....

03270 {second!

Fieild g; From 3.915:2E- to 3.21048E-;
Error.c..

08002

Field 5: From 69 To 68
Clerical error in data pair count.

i 0002

Fieid E; From 63 To 6
Ciericai....

| 2002

Field E; From 57 i)
Ciericaia...

i 4002

Field E; From 57 to 55

Ciericai....
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CARD(S) NUMBER: 1700/
CHANGE : Field g: From 14 to
COMMENTS : Correct card count.

7010 to 17017
21010 to 21017
23010 to 23017
25010 to 25017
35010 to 35017
37010 to 37017
CARD(S) NUMBER: 41010 to 41017

CHANGE : Delete these cards.

COMMENTS : Neutron angular distributions below the thres-
holds (or essentially at threshold for PCN = 5})
for inelastic scatfering to discrete levels.
Data not meaningful.

CARD(S) NUMBER: 2100!
CHANGE : Field Z; From |2 to 11
COMMENTS : Correct card count.

CARD(S) NUMBER: 2300lI
CHANGE : Field 2: From 12 to |
COMMENTS : Correct card count.

CARD(S) NUMBER: 2500!
CHANGE : Field 2: From 11| o 10
COMMENTS : Correct card count,

CARD(S) NUMBER: 35001
CHANGE : Field g; From 10 to 9
COMMENTS : Correct card count.

CARD(S) NUMBER: 3700t
CHANGE : Field 2: From 7 o 6
COMMENTS : Correct card count.

CARD(S) NUMBER: 4100l
CHANGE : Field g; From 4 o 3
COMMENTS ; Correct card count,

CARD(S) NUMBER: 65003
CHANGE : Field g; From 9.0 to 9.05
COMMENTS : Clerical error.
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Normalization Value from CHECKER (for Filesll and 15)

MF = 14 ¥ MI =S5

Energy Normalization Energy Normelization
(MeV) Factor (MeV) Factor
Q.4580 0.99986 5.0000 0.99984
0.5000 1.0003 5.5000 0.99985
1.0000 0.99981 6.0000 0.99986
1.5000 0.99987 6.5000 0.99987
2.0000 0.99986 7.0000 0.99987
2.5000 0.99986 7.5000 0.99987
3.0000 0.99985 8.0000 0.99987
3.5000 0.9998% 8.5000 0.99987
4.0000 0.99983 9.0000 0.99986
4.5000 0.99983
MT = 6

2.1700 0.99920 2.1700 0.99920
2.5000 0.99946 2.5000 0.99946
3.0000 0.99969 3.0000 0.99969
3.5000 0.99987 3.5000 0.99987
4.5000 1.00010 L.5000 1.00010
5.0000 1.00020 5.0000 1.00020
5.5000 0.99960 5.5000 0.99960
6.0000 0.99960 6.0000 0.99960
6.5000 0.99961 6.5000 0.99961
T.0000 0.99962 7.0000 0.99962
7.5000 0.99963 7.5000 0.99963
8.0000 0.99966 8.0000 0.99966
8.5000 0.99968 8.5000 0.99968
9.0000 0.99972 9.0000 0.99972
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5

Energy Normalization Energy Normalization
(MeV) Factor (MeV) Factor
2.8230 1.00050 2.8230 1.00210
3.0000 1.00130 3.0000 1.00130
3.5000 1.00060 3.5000 1.00060
4.0000 1.00010 4.0000 1.00010
4.5000 0.99982 4.5000 0.99982
5.0000 0.999T0 5.0000 0.99970
5.5000 1.00030 5.5000 1.00030
6.0000 1.00030 6.0000 1.00030
6.5000 1.00030 6.5000 1.00030
7.0000 1.00030 7.0000 1.00030
7.5000 1.00030 7.5000 1.00030
8.0000 1.00040 8.0000 1.00040
8.5000 1.000k40 8.5000 1.00040
9.0000 1.00050 9.0000 1.00050
MT = 10
8.5000 0.99987 8.5000 0.99987
9.0000 0.99982 9.0000 0.99982
MT = 12
4.0170 0.99966 4.0170 0.99966
4.5000 0.99962 4.5000 0.99962
5.0000 0.99973 >.0000 0.99973
5.5000 0.99981 5.5000 0.99981
6.0000 0.99955 6.0000 0.99955
6.5000 0.99915 6.5000 0.99915
7.0000 0.99896 7.0000 0.99896
7.5000 0.99892 T7.5000 0.99892
8.0000 0.99904 8.0000 0.9990k
8.5000 0.99931 8.5000 0.99931
9.0000 0.9997h 9.0000 0.999T4
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Energy Normalization Energy Normalization
(MeV) Factor (MeV) Pactor
4.0850 0.99972 4.0850 0.99972
4.5000 0.99981 4.5000 0.99981
5.0000 0.99987 5.0000 0.99987
5.5000 0.99975 5.5000 0.99975
6.0000 0.9997k 6.0000 0.99974
6.5000 0.99975 6.5000 0.99975
7.0000 0.99963 7.0000 0.99963
7.5000 0.99960 7.5000 0.99960
8.0000 0.99960 8.0000 0.99960
8.5000 0.99965 8.5000 0.99965
9.0000 0.9997k 9.0000 0.999Th
MT = 51

4.9860 0.99961 T.5000 0.99965
5.5000 0.99968 8.0000 0.99986
6.0000 0.99971 8.5000 1.00030
6.5000 0.99972 9.0000 1.00090
7.0000 0.99972 4.9860 0.99961
7.5000 0.99965 5.5000 0.99968
8.0000 0.99986 6.0000 0.99971
8.5000 1.00030 6.5000 0.99972
9.0000 1.00090 7.0000 0.99972
14.9860 0.99961 T.5000 0.99965
5.5000 0.99968 8.0000 0.99986
6.0000 0.99971 8.5000 1.00030
6.5000 0.99972 9.0000 1.00090
7.0000 0.99972 4.9860 0.99961
7.5000 0.99965 5.5000 0.99968
8.0000 0.99986 6.0000 0.99971
8.5000 1.00030 6.5000 0.99972
9.0000 1.00090 7.0000 0.99972
4.9860 0.99961 7.5000 0.99965
5.5000 0.99968 8.0000 0.99986
6.0000 0.99971 8.5000 1.00030
6.5000 0.99972 9.0000 1.00090
7.0000 0.99972
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Energy

fMeV}

8.5000
9.0000
8.5000
9.0000

9.0500
12.0000
16.0000

Normalization Energy

i} Factor fMéVZ
0.99978 8.5000
0.9996L4 9.0000
0.99978 8.5000
0.99964 9.0000

MF = 15 * MT = 15

1.01220
1.00040
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0.99978
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A.2.1.Data File Changes

A.2. UK Material Number (NiN) 206 * MAGNES iUM

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :

COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE -
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS

0000

Fieid 2: From /71650 tTo 7165

Card count changed - cierical error,

03i00

Field 4: From 2,99689E-1

to 2.45057E-1

Error apparent trom plot of data.

03148
Fieid é; From -0.! to -0.55
Fieid 4: From 0.0 to 0.50028

Appears to be an error. Values were inter-
polated between adjacent pairs in tabie fTo get
an estimate of the correct vaiue. Zero value
in tfield 4 also occurs in The appendix of
NDL-TR-89, voi. | .

03i59 (second time:

Fieid 2: From 4,77321E-] to 4.32770E-1
Error. - -
03200
Field f} From 1.38293 To 1,25720
Error....
03281 {(second time’
Fieid 2: From 3.09070E~¢ to 2.45343E-]
Error....
03429
Fieid 1: From -0.0 to =0.1

Ciericai error.

03455 (second time)

Field 4: From 1.67767 To i.460i8

Error....
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CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

- CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

To 1.,00010~02

15004
Field 2: From 4.32157E-| to 5,08099E-1
Error....
27098
Field 2; From 4.75 To 4.25
Clerical error. )

27125
Fietd z; From 5.5 to 5.0
Clerical error.
29003 29011 29019 29027 29035 29043 29052
29061 29070 29079 29088 29097 29107 29117
29127 29137 29147 29157 29168 29179 29190
29201 29212 29223 29235 29247
31003 31013 31023 31033 31044 31055 31066
31077 31088 31099 3t 31123
33003 33013 33023 33033 33043 33053 33063
33074 33085 33096 33107 33118 33129 33i4]
33153

Field 2: From 1,00000-02
Change to avoid double values at 1.00000-02,

48001

"P'" removed from margin.

Clerical or machine error.

57018

Field é; From 5.84000-01

to

| .96200+00

Clerical error in photon energy.
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A.3. UK Materiai Number (NiN

A.3.1.Data Fiie Changes

) 221 * CHLORINE

CARD(S) NUMBER:

00002

CHANGE :
COMMENTS :

CARD(S} NUMBER:

Field 5: From 2002 to 1002

Ciericai error in RIN number

09077

CHANGE :
COMMENTS -

Fieid 4: From 3.1:89,-0, to 4.85646-0i

in the "index".

ConsisTency between Q values in Fiie 3, photon
fe 14, and ‘evel energies in riie

energies n Fi

5,
CARD(S) NUMBER:. 09079
CHANGE : Field 4: from 3.1189i-0 to 4.85646-0
COMMENTS : Consistency.. ..
CARD(S) NUMBER: 09085
CHANGE : Fieid 4: From 9.88596-0 fo 3.86887-01
COMMENTS : Consistency. ..
CARD(S) NUMBER: 09087
CHANGE : Fleid 4: from 9.88596-0] to %.86887-01
COMMENTS : Consistency. .- .
CARD(S) NUMBER;N_OQOQB
CHANGE : Fieid 4: From 2.:6940+00 1o 2.17700-0]
COMMENTS ¢ Consistency. .,
CARD(S) NUMBER: 09095
CHANGE : Fieid 4: From 2.16940+00 fo 2.:7700-0i
COMMENTS : Consistency....
CARD(S) NUMBER: 19002 i
CHANGE : Field i: from 74,175 tfo 4.i75
COMMENTS : Fnergy levei in error. A cierical error.
CARD(S) NUMBER 2800
CHANGE : Fieid 3: From =i,6630+0 to -i.2650+0]
COMMENTS : Ciericai error in Q vaiue.
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CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

35020

Field Z} From 5.06532-01

to 5.06896-01

Consistency....

35024

Field 6: From 5.06532-0]

To 5.06896-0|

Consistency....

35028

Field 2: From 5.10364-0]

to 5.10953-01

Consistency....

35032

Field é} From 5.10364-01

to 5.10953-0]|

Consistency....
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A.4. UK Material Number (NiNi 227 * POTASS! UM

A.4.1. Data File Changes

CARD(S) NUMBER: 03354 ]
CHANGE : Fieid 6: From 9.70312-02 +to 9.48761-02

COMMENTS : Error apparent trom piot ot data.

CARD(S) NUMBER: 03744

CHANGE : Fieid ©: From {.01442-0; to 1.0032328-0}
COMMENTS ¢ Error....

CARD(S) NUMBER: 03774

CHANGE : Fieid 4: From 5.24552+00 to 8.58534-02
COMMENTS ¢ Error....

|+

CARD(S) NUMBER: 03789
CHANGE : ' Fieid
COMMENTS : Error..

| B

: From 8.45403+00 to 2.71933-02

CARD(S) NUMBER: 03804
CHANGE : Fieid

: From 6.38497+00  to 6.53297-02

|

COMMENTS : Error..

CARD(S) NUMBER: 03808

CHANGE : Field 6: From 5.i0289-02 to 1,16280-01

COMMENTS ¢ Error.

CARD(S) NUMBER: 03823

ko))

CHANGE : Fieid 6: fFrom i.15560-0; To 2.91788-0:

COMMENTS ¢ Error...

CARD(S’ NUMBER: 03838

CHANGE : Fieid 6: From i.96689-0, to 3.15894-0]|

COMMENTS : Error,

CARDS : i70:0

CHANGE : Field 6: From  Blank - To 2%

COMMENTS : Cierical error - The number ot data pairs in the

subsection.
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CARD(S) NUMBER:
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE :
COMMENTS :

27001

Field g; rom 60 To 6
Clerical error.

33001

Field 2: From blank to |

Clerical error,
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A.5. UK Material Number (NiN) 231 * CALCIUM

A.5.1. Data File Changes

CARD(S) NUMBER: 0000

From 5683 to 5695

CHANGE : (a) Fieid 2

(b) Fieid 3: From 38 To 39

(c) Field 6: From 74 to 75 ,
COMMENTS: - (a) Change ot fotai number of cards fo represent This

nuciide inciuding the cards in SecTion 0.

(b} Number ot card in This index, including th:'s card,

(c) The number ot RTN sections in this material.

CARD(S) NUMBER: 00035 . ,
CHANGE : Field 3: From 95 to 71
COMMENTS ¢ "Number ot cards in Section 130i5.

CARD(S) NUMBER: 00036
CHANGE : Field 5: From {3066 to 13060

COMMENTS : - Ciericai Error.

CARD(S) NUMBER: 00039

CHANGE : ADD card for new section
Field | = 75
Fieid 2 = 13103 RIN
Fieid 3 34 number ot cards
Fieid 4)
Fieid 53 - biank
Fieid 67
Field 7 = 23i00039 Materiai number and sequence
nuamber .

CARD(S) NUMBER: 2{0i0
CHANGE - Fieid | Energy: From 6.0 = to 6.2

COMMENTS : Second neutfron energy tabuiated is iess than the
first one in This section. A cierical error.
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CARD(S) NUMBER:

CHANGE :

COMMENTS ¢

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS ;

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE : (a)
(b)

COMMENTS: (a)

(b)

CARD(S) NUMBER:

CHANGE :
COMMENTS :

26003

Field 3: From 9.001 (MeV) t0 200010 (MeV)

Field i; From 1.0 =20 To .2387
-20

To eliminate repetition of a zero (i.e., |0 )
cross section.

39010

Field |1: Energy: From 8.0 +to 8.2

Second energy less than first,

43010

Field i: Energy: From 8.5 to 8.7

Second neutron energy less than the first. A
clerical error.

66001

Field 6: Energy: Changed fo 6.56

Energy level corrected.

67002
Field |: From 6.0 to 9.00010(MeV)
Field 3: From 94 to 70

Lower |imit of incident neutron energy range
(MeV) changed to correspond with RTN 1015,
where lowest emergy is 9.0 MeV,

Number of cards used to represent this incident
neutron energy range, including this card.

67003 thru 67026

Deleted section of data.

These were Tabulated energy and cross section
data for reactions occurring below threshold.
(ref. change on control card numbered 67002)
Data can now be found under Reaction Type
number 13103. Lower energy limit 9.00010 MeV
to avoid duplicate photon specification at
9.0 MeV.

43



CARD(S) NUMBER:

CHANGE : (a)

(b)-

COMMENTS: (ay

(b)

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

67027

Fieid 2: From i0 to 7
-Fieid 3: From 9.0 to 9.000i0 (MeVv)

Number ot sub-sections in the section tor this
PCN.

First energy atT which photon production cross
sections are specified.

67036, 67045, 67055, 67065, 6/075, 67085

fFieid 2 From 10 fo 7

Number of sub-sections in The section tor this
PCN.

75001 thru 75035

New section for RTN i3:03: (n,p) reaction.

Data were derived trom the original cards 67003
tThru 67026 with a change oniy in the sub-section
count parameter.
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APPENDIX B: Alterations to the Data in Transforming tfo
ENDF/B

As discussed in Section 2.5., several revicions were made to the data for
compatibility with The ENDF/B system. These are documented in detail in this
Appendix.
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B.3.

B.

B.

2.

4,

5.

CONTENTS OF APPENDIX B

ENDF/B Material Number (MAT) 500i * SODiUM
B.l.l. Data File Changes

ENDF/B Material Number (MAT) 5002 * MAGNESIUM
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ENDF/B Materiai Number (MAT) 5005 * POTASSiUM
B.4.i. Data File Changes

ENDF/B Material Number (MAT) 5006 * CALCiUM
B.5.1. Data File Changes
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B.

I.

ENDF/B Material Number (MAT) 5001 * SODIUM

B.

Data File Changes

CARD(S) NUMBER:
CHANGE :
COMMENTS

CARD(S) NUMBER:
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE
COMMENTS :

CARD(S)
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE :
COMMENTS :

695

Fieltd 1: From 2,1710E+06 to 2.1713E+06

Threshold altered to make consistent with O
value.

814

Field [: From 3.8390E+06 to 3.8395E+06

—

Threshold....

869

Field I: From 4.6250E+06 to 4.6255E+06

Threshold...

913,

NUMBER:

Field I: From 1.0950E+07 +to |.0959E+07

fR—

Threshold...

955

Field 2: From -0.620E+7 to -0.627E+7

Consistency between Q values in File 3, photon
energies in File 14, and level energies in file

!5,

966

Field I: From 7.4220E+06 to 7.4221E+06

Threshold.,..

977

Field 2: From 0.0 o +6.959E+6

Enter Q value for (n,y) reaction in MF = 3,
MT = 102, (Na is monoisotropic-- 23Na).

5370

Field 2: From 2.1700E+06  to 2.1713E+06

Threshold...
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CARD(S) NUMBER:

CHANGE :
COMMENTS ¢

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE -
COMMENTS :

CARD(S) NUMBER:

CHANGE -
COMMENTS :

CARD(S) NUMBER:

CHANGE ¢
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS

5505

Fieid 2} From i.6400E+6

to ! .6408E+6

Consistency between Q values in Fiie 3, photon

5.

5507

Field 2; From 2.1700E+06

To 2.1713E+06

Threshoid. ...

5650, 5778

Fieid 2: From 2.8230E+06

to 2.8240E+06

Threshoid. . .

5908, 6027

Fieid 2: From 3.1i40E+06

N

to 3.:150E+06

Threshoid. ..

6148, 6258, 6368, 6478

Field 2: from 3.8380E+06

o 3.8395E+06

Threshold. . .

6590, 669

Fieid z; From 4.0170E+06

to 4.0190E+06

Threshoid...

6794, 6895, 7249, 7332

Fieid 2: From 4.0850E+06

To 4.0870E+06

Threshoid...

7000, 7083, 7166

Fieid g; From 4.,9860E+06

To 4,9880E+06

Threshoid. ..

7419, 7457, 7495, 75533

Fieid 2; From 7.4220E+06

tfo 7,42Z2:E+06

Threshoid. ..

48



CARD(S) NUMBER: 7579

CHANGE : Field 2: From 0.23 to 0.33

COMMENTS : To correct error in Fig. | of Volume 2,
(NDL-TR-89, Part Il,GA-7829); transition

probability array, 3rd level, as referenced in

Fig. |I.

CARD(S) NUMBER: 7625

CHANGE : Field I: From 9.00E+6 To 9.05E+6
COMMENTS : To agree with MF = 3, MT = {5 where cross

section is essentially zero until 9,05 MeV.

CARD(S) NUMBER: 7839

CHANGE : Field 2: From 1.6400E+6 to 1.6408E+6
COMMENTS : Consistency....

CARD(S) NUMBER: 785I

CHANGE : Field 2: From [.9520E46 To 1.9518E+6
" COMMENTS : Consisfency....

CARD{S) NUMBER: 7863 _
CHANGE : Field 2: From 2.2660E+6 to 2.2658E+6
COMMENTS : Consistency....

CARD(S) NUMBER: 788]

CHANGE : Fieid 2: From 2.5450E+6 to 2.5448E+6
COMMENTS : Consistency....

CARD(S) NUMBER: 78953

CHANGE : Field 2: From 3.2390E+6 to 3,2388E+6
COMMENTS : Consistency....

CARD(S) NUMBER: 7929

CHANGE : Field 2: From 3.4760E+6 to 3.4758E+6
COMMENTS : Consistency....

CARD(S) NUMBER: 7947

CHANGE : Field 2: From 4.3390E+6 to 4.3388E+6
COMMENTS : Consistency....
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CARD(S) NUMBER: 797i

CHANGE : Field 2: From 3.8800E+6 To 3.8790E+6

COMMENTS : Consistency....
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B.2.!, Data File Changes

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
. COMMENTS :

CARD(S) NUMBER:

CHANGE -
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

B.2. ENDF/B Material Number (MAT) 5002 * MAGNESIUM

888, 1046

Field I: From 6.0760E+05  to 6.0823E+05

Threshold altered to make consistent with Q
value,

1099

Field 1:

From 1 ,0150E+06 to |.0I65E+06

Consistency between level energies (or Q
values) in Files 3, 14, and 15,

144

Field 2: From -1.36/8E+06 to -1.3680E+06

Threshold....

1229

Field 1: From |.6760E+6 to 1.6779E+6

Threshold....

1265

Field I: From {|.8800E+6 to |.8851E+6

Threshold....

1297

Field 1: From 2.0400E+6 to 2.0434E+6

Threshold....

1326

Field |: From 2,6690E+6 to 2.6715E+6

Threshold.,..

1345

Field 1: From 2.8470E4+6 to 2.8496E+6

Threshold.,...

1361

Field I: From 2,9160E+6 to 2.9193E+6

Threshold....
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CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS

CARD{S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE -
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

Threshoid....

1376
Field 1: From 3.0530E+6 to 3.0620E+6
Threshoid. ...
1450
Field i: From 7.6200E+6 To 7.6279E+6
Threshoid....
1518
Fieid g; From -4.23E+06 to -4.232E+06
Consistency.,..
1564
Field 2: From -5,22E+06 to -5.224E+06
Consistency. ...
1566 7
Field i: From 5.4400E+6 o 5.4408E+6
Threshoid....
6686
Field 2: From 1.0I50E+6 to 1.0i65E+6
Threshoid....
v 6991 7 ,
Field 2; From i .6760E+6 To | .6779E+6
Threshoid.., ..
7058
Field 2; From 1.8800E+6 to 1 .885(E+6
Threshoid. ...
7116
Field g; From 2.0400E+6 To 2.0434E+6
Threshold....
7165
Fieid Z; From 3.0530E+6 To 3.0620E46
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CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE s
COMMENTS

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

7194

Field gf From 3.0530E+6

to

.0620E+6

Threshold....

7223

Field g: From 2.735E+06

to

. 752E+06

Consistency....

7292

Field.g: From 4,4080E+6

to

.410E+6

Threshold....

7357

Field 2: From 4.4080E+6

to

.41 0E+6

Threshold....

7424

Field Z; From 5.44000+6

to

LA4408E+6

Threshold....

7471

Field 2: From 4.6370E+06

to

.6320E+06

Consistency....

7513

Field l; From |.3676E+07

to

. 3680E+06

Consistency....

7530, 7534, 7538

Field g; From 1.0

to

cf. Section 2.3.2. of text.

7617

Field |:

From 4.1203E+06

to

. | 260E+6

Consistency....

7618

Field [: From |.3676E+06

to

. 5680E+6

Consistency....
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CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S
CHANGE <
COMMENTS :

CARD(S) NUMBER:

CHANGE :

COMMENTS :

CARD(S
CHANGE :

COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS

CARD(S) NUMBER:

CHANGE :
COMMENTS :

NUMBER :

NUMBER

7621

Fieid I: From 4.2300E+06 10 4.2320E+06
Consistency. ...

7622

Fiefd i: From i.367/6E-06  fo i.2680E+06
ConsisTency .. ..

71625

Field i: From 5.2200E+06 710 5.2240E+06
Consistency. ...

7626

Fieid _: From | .36/6E406 To i.2680E:06
Consistency. ...

7650

Field i: From 4.2306E+06  tc 4.23Z0E+6
Fieid 5: From 4.1203E+06 1o 4.1200E+6
Fieid 5: From [.3676E+06  to i.3680E+6
Consistency...

76354

Fieid 1: From 4,2200E+06  To 4.2320E+06
Fieid Z: From 1.56/6E-00 1o 1.5680e+06
ConsisTency. . .

77178 ,

Fieid 2: From 2.7350E+06  to 2.7520E£-06
Consistency....

7806 _

Fieid 2: From 4.6570E+06  To 4.5320E+06
Corns istency. .. '

7813

Field 2: From 2.2100E+06  To 2.2080E+06

Consistency....
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CARD(S) NUMBER: 7818

CHANGE : Field 2: From 5.0700E+06 fo 5.0720E+06

COMMENTS : Consistency....
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B.3. ENDF/B Materiai Number (MAT; 5004 * CHLORINE

B.3.i. Data File Changes

CARD(S) NUMBER: 1278

CHANGE : Fieid 2: From -i.6630E+07 to -0.1265E+08
COMMENTS Threshoid aitered fo make consistent wi'th Q
Vatue.

CARD{S) NUMBER: 1302
CHANGE : Fieid 1: From 6.5500E+06 to 6.5512E+06

COMMENTS ¢ Threshoid. ..

CARD{S) NUMBER: 1329
CHANGE « Fieind i: From 6.2720E+06 1o =6,2736E+006

COMMENTS : Threshoid. ..

CARD(S) NUMBER: 6451, 6452, 6453, 6454, 6455

CHANGE : Dejeted. - S
COMMENTS ¢ MF = i4, MT = 52, 53, 54 Combined and changed tTo
MF = 14, MT = {i0.

CARC{S) NUMBER: 6488
CHANGE : Field 1: From 0.0 to i

COMMENTS : - Ciericai Error.

N
N}
r
+

O
o

- CARD(S) NUMBER: Sections created using UK Data trom RTN numbers
i 3052, 15053, 12054
37

CCMMENTS : Excitation or tirst 3 ieveis of - C! were entered
in MT = 10 as photon production cross sections
starting_at E = 0.0. Ofner ieveis (M7 = 5-i4, 5{;
are tor 22Ci. (Cf. Sec. 2.2.1).
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B.4. ENDF/B Material Number (MAT) 5005 * POTASS|UM

B.4.1. Data File Changes

CARD(S) NUMBER:
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE :
COMMENTS :

CARD(S) NUMBER:
CHANGE :
COMMENTS :

956

Field 1: From 2,5910E+06 to 2.5912E+06

Threshold altered to be consistent with © value

| 201

Field I: From 6.3700E+06 to 6.3702E+06

Threshold....

5570

Field g; From 3.0990E+06 to 3.1000E+06

Threshold....
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B.5. ENDF/B Materiai Number (MAT) 5006 * CALC.UM

B.

5.

.

Data Fiie Changes

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S3 NUMBER:

CHANGE :
COMMENTS :

CARD(S) NUMBER:

CHANGE :
COMMENTS :

CARD(S
CHANGE :

 COMMENTS :

CARD(S) NUMBER:

CHANGE :

COMMENTS :
CARD(S)
CHANGE :
COMMENTS ¢

CARD(S) NUMBER:

CHANGE :
COMMENTS :

1054

Fieid i:

Threshoid aitered to make consisTenT with Q value.

From 1. :8700E+06

To 1.1872E+06

NUMBER:

NUMBER ¢

i34

Field i; From {.i870E+06 to |.i872E+06
Threshoid....

162

Field i; From 3.4300E+06 to 3.4344E+06
Thresho!d....

1236

Fieid i: From .5900E+06 to 4,5928E+06
Threshold. ...

1250

Fieid i: From . 4000E+06 to 5.4027E+06
Threshoid. ..

| 262

Fieid I: From . 7600E+06 o 5.7615E+06
Threshoid...

i 292

Fieid i: From . 7200E+06 o 6.7251E+06
Thresho'd...

i3i3

Fieid l; From 1.028E+07 o .0283E-07
Threshoid. ..

1374

Fieid i: From 8.2900E+06 To 8.2936E+06

Threshoid...
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CARD(S) NUMBER:

1382

CHANGE : Field l; From 8.5800E+06 To 8.5807E+06
COMMENTS : Threshold....

CARD(S) NUMBER: 5120

CHANGE : Field Z; From 3.8240E4+06 o 3.8300E+06
COMMENTS : Threshold...

CARD(S) NUMBER: 552!

CHANGE : Field g; From 5.4000E+06 to 5.4027E+06
COMMENTS : Threshold...

CARD(S) NUMBER: 5604

CHANGE : Field g; From 5.4000E4+06 to 5.4027E+06
COMMENTS: Threshold...

CARD(S) NUMBER: 5689

CHANGE : Field g; From 5.7600E+06 to 5.7615E+06
COMMENTS : Threshold...

CARD(S) NUMBER: 5763

CHANGE : Field é} From 8 to 7

COMMENTS : Clerical error

CARD(S) NUMBER: 5764

CHANGE - Field l; From 8 to 7

COMMENTS : Cierical error.

CARD(S) NUMBER: 5973

CHANGE : Field g; From 6.7200E+06 to 6.7251E+06
COMMENTS ¢ THreshold .

CARD(S) NUMBER: 6029

CHANGE Field g; From 6.7200E+06 o 6.7251E+06
COMMENTS : Threshold...

CARD(S) NUMBER:

CHANGE :

MF = 14 MT = |5

Added section

COMMENTS - Add isotropic distribution for photons, both dis-
crete and continuum, from (n,p) reactions. Con-

tinuum photons from RTN 13015 (cf. section 2.2.3).
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APPENDIX C: INDEX'ed Listing of PHOX

The following INDEX'ed listing of PHOX contains only the portions of the
code which were written at the University of Virginia and does not include the
standard ENDF/B retrieval subroutines distributed by the NNCSC. The INDEX'ed listing

includes both the statement numbers and variable names.
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I NDEX PAGE H
R A s e R R R R PR I R R RS AR SRS R AR A ARl dsld R

C***iti*i******ﬁ*i*&*i'*******tt*t***ti***i*ii**iﬁt*i***i*i*****t*ti**t*PHx

1

C» ; . *PHX 2

Cw PHOX=A FURTRAN CDPE TO CHECK PHOTON DATA IN ENDF/B DATA FILE #PHX 3

Cw FORMAT *PHYX 4

C# “ *PHX 5

Ca - WRITTEN BY , *PHX )

C ) . *PHYX T

Cw JASON M, COOK *PHYX 8

Cw DEPARTMENT OF NUCLEAR ENGINEERING *PHX 9

Cn UNIVERSITY OF VIRGINIA *PHX 10

Ca THORNTON HALL : *PHX 11

Cx CHARLOTTESVILLE, YA, 2290t *PHX 12

C# TELEPHUONE 703=924=7136 *PHX 13

Cx *PHX. 14
C******i***it********tt****it**ﬁ***atttiit******t*******t*tii****t***t*tPHx 15

c , PHX 16

c : PHX 17
Cw=~==THE DATA» IN EITHER STANDARD BINARY ARRANGEMENT(MODE 1) OR BCD PHX 18

c CARD IMAGE FURM(MODE 3), IS ON INPUT TAPE NTCI/0 UNIT NUMBER)., PHX 19

¢ PHX 20
C=====TNPUT DATAs 2 CARDS « PHX 21

c ' ; PHX 22

¢ CARD 1==NT,MODE,NATW ENTERED IN (3I11) FORMAT PHX: 23

¢ NT=1/0 UNIT NUMBER PHX 24

c MODE=MUDE ARRANGEMENT OF TAPECEITHER 1 OR 3) PHX 25

I MATHW=ENDF/8 MATERIAL NUMBER DOF MATERIAL BEING USED PHX 26

¢ PHX 27

I CARD==2(CALL- ALPHA FIELD) ENTERED IN (13A6,A2) FORMAT PHX 28

c THIS ALLOWS THE USER TD PLACE ANY HEADING HE DESIRES - PHx 29

¢ ON THE QUTRUT LISTING, . PHX 30

c PHX 31
C=====ALL ERROR MESSAGES ARE PRINTED AFTER THE RECORD IN WHICH THE PHX 32
c ERRQR IS DETECTED, PHX 33

c ‘ , PHX 34
C=====IN QRDER TU FACILITATE THE EASE OF READING THE RETRIVAL SUBROU~ PHX 35

c TINES AND TU HELP UNDPRSTAND THE LOGIC BEHIND THE PROGRAM» THE PHX 36

_ c FBLLOWING VARIABLES, ENDF/B RECORDS» HAVE BEEN DECLARED TO BE PHX 37

1 INTEGER BCD,CONT,FEND2HEAD»HOL,»SEND,TAB1,TAB2,TEND,TPID PHX 38
¢ LIST»MEND , PHX 39

c AND HAVE BEEN ASSIGNED THE VALUES OF PHX 40

2 B¢D = 3 PHX 4%
3 CONT = 1 PHX 42
8 FEND = 1 PHX 43
5 " HEAD = 1 PHX 44
6 HBL = 5 PHX 45
7 LIST = 2 PHX 46
8 MEND = 1 PHX 47
9 SEND = 1 PHX 48
10 TABYL = 3 PHX 49
11 TAB2 = & PHX 50
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INDEX

12
13

14
15
16

17
18

19
20
21

22
23

25
26

37
38
39
40
41

42
43

PAGE 2
**Qﬁ**ﬁ**}*ﬁﬁ******/**i*******i*****.**ﬁ.***".ﬁ****ﬁ******'**ﬁ'*ﬁ**

TEND = { PHX 51

TRID = 6 PHX 52

c PHX 53
C PHX 54
DIMENSION A(14) PHX S5S
COMMON/COUN/LGANC,ND>NEsNI»NKsNPsNTABsNS1 PHX 56
COMMON/RECS/MAT,MFsMT»C15C2oL15L2,N1,N2,NBT(100),JNT(100),X(2000),PHX 57

1 Y(2000),8C2000)5N1X»N2XsNS PHX 58

NEX = 100 PHX 59

N2X = 2000 PHX 60

c PHX 61
Cow=w=READ INPUT. PHX 62
C g PHX 63
RBAD (5,601,END=18) NT,MODEsMATW PHX 64

READ (S5,602,END=18) (A(I),I=1,14) PHX 65

WRITE (65,603) (ACI),I=1,14) PHX 66

c . ' PHX 67
C=====SEARCH FOR FILE 3, PHX 68
c . PHX 69
CALL SEARCH(NT,MUDE,MATW,»3,0,LNT) PHX 70
BACKSPACE NT PHX 71

READ (NT,604) NS PHX T2

IR (LNT .t@s 0) GD TN 2 PHX- 73

GO 1O 19 PHX 74

c PHX 75
Cm====RRACESS FILE 3, PHX 76
c PHX 77
1 CALL RREC(HEADSNT,MUOBE»=1.0) PHX 78

2 CALL WRECCHEAD,6»B8CD) PHX 79

IP (MF LEQe 0) 6O TO 3 PHX 80

AAR = C2 PHX 81

CALL RREC(TAB1,NT,MODE,=1,0) PHX 82

CALL WREC(TAB1,6,8CD) PHX 83

CaLL FIL3CANWR) PHX 84

CALL RREC(SENUSNT,MODE,=1.0) PHX 85

CALL WREC(SEND,6:,BCD) PHX 86

Gu TN 1 PHX 87

C PHX 88
Cww===SHARCH FOR FILE 14, PHX 89
c PHX 90
3 CALL SEARCH(NT,MUDE,MATW,14,0,LNT) PHX 91
BACKSPACE NIT PHX 92

READ (NT,604) NS PHX 93

IF (LNT .tQes 0) GO TO 5 PHX 94

6@ 10 20 PHX 9%

C PHX 96
Cw==~=RROCESS FILE 14, PHX 97
c PHX 98
4 CALL RREC(HEADsNI,MOPE,=1,0) PHX 99

S CALL WREC(HEAD»6,BCD) PHX 100
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I NDEX PAGE 3
ey e L L R s 2R ey

44 IP (MF LEQ, 0) GD T0O 12 PHX 101
45 CALL. CKHD(MF) PHX 102
LY) CALL TEST2C(MT) PHX 103
47 IF (L1 ,EQ. 1) GU TO 4 PHX 104
48 IF (L2 JEQ« 1) GU TO 9 PHX 105
C . PHX 106

c TABULATED FORM PHX 107

.C PHX 108

49 NTA = ND + NC PHX 109
50 DU 7 J = 1, NTA PHX 110
51 CALI. RREC(TABZ2,NT,M0ODE»=1,0) PHX 11t
52 CALt. WREC(TABZ2,6,BCD) PHX 112
53 CALL FIL14(C1) PHX 113
54 DY 6 1 = 1» NE PHX 114
55 CALL RREC(TAB1»NT,MODE,=~1,0) PHX 11%
56 CALL WREC(TAB1,6,8CD) PHX 116
57 6 CALL FIL14(2) PHX 117
58 7 CALL FIL14C3) PHX 118
59 8 CALL RRECCSENDsNT,M0DE,=~1,0) PHX 119
60 CALL WREC(SEND»62BCD) PHX 120
61 GY TO 4 PHX 121
C PHx 122

C LEGENNRE PULYNOMIAL FHRM PHX 123

c PHX 1234

62 9 NTA = ND + NC PHX 125
63 Nd 11 J = 1 NTA PHX 126
64 CALL RREC(TABZ2sNT,MUDE,~1,0) PHX 127
65 CALL WREC(TABZ2,6,BCD) PHX 128
66 CALL FIL14(4) PHX 129
67 . DU 10 I = 1» NE PHX 130
68 CALL. RRECCLIST,NT,MODE,=~1,0) PHX 131
69 CALL WRECCLIST,6,8CD) PHX 132
70 10 CALL FIL14(5) PHX 133
71 11 CALL FIL14(6) PHX 134
72 CALL RRECC(SENDsNT,MUDE,=1,0) PHX 135
73 CALL WREC(SEND»6,BCD) PHX 136
74 GU TO 4 PHX 137
c PHX 138
C=="==RROCESS FILE 15, PHX 139

C PHX 140

75 12 Call. RREC(HEADs»NT,MOBE»~1,0) PHX 141
76 CALI. WRECU(HEADS65BCD) PHX 142
77 IF (MF JEW. 0) GO TO 17 PHX 143
78 CALL CKHD((MF) PHX 144
79 b (LY EQe 2) GO TO 16 PHX 145
c PHX 146

C ORTION 1 PHX 147

c PHX 148

80 CALL RREC(TABI,NT,MODE,=-1,0) PHX 149
81 CALL. WRECC(TAB1,6,BCD) PHX 150
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1 MDLE X PAGE 4

(3 R R TSR R L R R FE IR RS F RS R R AR R R R R ISR RS SRR 2] ]

82 CaLL FIL15CY) PHX 151

83 DB 15 J = 1» NK PHX 152

84 CALLL RREC(TAB1,NT,MOPE,=1,0) PHX 153

85 CALL WRECCTAB1,6,BCD) PHX 154

85 IF (L2 JEQs 2) GU 10 14 PHYX 155

c . PHX 156

c ARBITRARY TABULATED FUNCTION PHX 157

C PHX 158

67 CALL FIL1SC(2) PHX 159

88 CALL RREC(TABZ2sNI,MDDE,=1,0) PHX 160

89 CALL WREC(TABZ2,62BCD) PHX 161

90 CALL FIL15(3) PHX 162

91 DO 13 T = 1s NE PHX 163

92 CALL RREC(TABL1,NT,MODE,=1,0) PHX 164

93 CALL WRCCC(TAB1,6,RBCD) PHX 165

94 13 CaLL FIL19C4) PHX 166

95 CALL FIL1S(S) PHX 167

96 GB TO 15 PHX 168

C PHX 169

¢ DISCRETE FINAL ENERGY PHX 170

c PHX 171

97 14 CALL FIL15(6) PHX 172

98 415 CONTINUE PHX 173

99 CALL FIL15C7) PHX 174

100 CALL RRECC(SEND,NT,MODE,=1,0) PHX 175
101 CALL WREC(SENU,»6,BCD) PHX 176
102 GY TD 12 PHX 177
C PHX 178

¢ ORTION 2 PHX 179

c PHX 180

103 16 CALL RRECCLISTANTsMDDE,~1,0) PHX 181
104 Cal.l, WRECCLISTS62,8C0) PHX 182
105 CALL FIL15(8) PHX 183
106 CALl. RRECCSENDSNI,MONE,~1,0) PHX 184
107 CALL WRECC(SEND»6»BCD) PHX 185
108 GO TN 12 PHX 186
109 17 CALL ESEGPR(S) PHX 187
110 sTOpP PHX 188
111 18 WRITE (6,605) PHX 189
112 sTOP PHX 190
113 1Y WRITE (6,606) NT»>MUDE,MATW PHX 191
114 STaP PHX 192
115 20 YRITE (6,0607) PHX 193
116 sTop PHX 194
117 6Vl FURMAT (3111) PHX 195
118 692 FURMAT (13A65A2) PHX 196
119 6U3 FURMAT (1X»13A62A2//) PHX 197
120 6U4 FORMAT (75X»19) PHX 198
121 6U5 FORMAT (15C1H*)s16H HO CARU INPUT,. »79(1H*)) PHX 199
122 6U6 FURMAT C15C1H*)s19H FILE 3 NOT FOUND. s6H NT = ,I2s8H MODE = »11s7PHX 200
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I NDE X

123
124

3 X 22322222222 2 SRR N R SRS RSR RS RS RSS2 22222 A 2R SRRl ds s

tH MAT

607 FGRMAT (1H1»14C1H*),26H FILE 14 NOT FOUND.

END

s 14551(1H%))

66
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PHX 203~



I N D E X PAGE 6
R I Y

SYMBOL = & 2 =2 = 3 =z S = %8 3T 3 3 = = REFERENCES T 2 = = =2 " =T = 2 = =z = = = =

1 - a7 36

2 - 25 28 *

3 - 29 37 %

4 - 4% 61 4

5 - +Q) 43

;) - pY CY&

/ - o) 58

a - 47 S9%

9 - LR A2 %

10 - o7 70x*

11 - 03 Tiw

12 - 44 75% 102 198

13 - 1 G4

14 - 06 97 x

15 - K] 96 IH*

16 - r9 103%

17 - t7 109«

18 - 141

19 - Zh 113

20 - 41 115

601 - 19RD 117 %

602 - 20RD 118%

603 - Z11R 119%

604N - 248D 39R0 120

605 - 111MR 121%

60h - 1130k 122«

607 - 1154WR 123%

A - 140 ] 20RD 219

AWR - 30= 33A6G

B - 16CH

BcOD - 1IN 2= 28AL 32446 35A4 43AG S2AG 56AG 60AG 65AG
b9AG 73AG 7T6AG B1AG 85AG 89AG 93AG 101AG 104AG 107AG

C1 - 16C0

€2 - 10Ch 30

CKHD - 49 78

cONT - 11N 3=

COuUN - 15C0

END - 19RD 20RD

ESEGPR = 109

FEND - 1N 4=

Fikisa - D3 57 o4 66 70 71

FIL1S - 02 A7 90 94 95 97 99 105

FIi3 - 33

HEAD - 1iM S= Z27TAG HYAG 42A6G 43A4 75A6 T6AG

HOL - 1IN 6=

i - Z0RD 21WR 54 67 91

J - 50 63 83

JINT - 1600
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T HNDE

1.1
L?
LG
LIST
LNT
MAT
MATHW
MERTD
1
MODE

MT
N1
N1X
N2
N2X
NBT
NC
ND
NE
NT
NK
NP
NS
NG1
NT

NTA

NTAB
RECS
RREC

SEARCH
SEND

STOP
TAB1

TAB2
TEND
TEST2C
TPID
WREC

X
Y

A A AR N R A R S R R A R R Y N A R A I RS R R I R SRS R

16CQ
16C0
15C0
7=
25
16C0
19KD
8=
16C0O
19RD
O04AG
1UBAG
16CO
16CU
16C0
16C0
16C0
16C0
15C0
15C0
15C0
15C0
15C0
15C0
16COD
15C0
19KD
424G
BBAG
49=
15C0
16C0O
27
5
22
1IN
1U6AG
110
1IN
Y2AG
11N
14N
46
1IN
8
(6
1600
16(0

47
48

68AG
40

22AG

29
2246
68AG
113WR
46AG

17=
18=

49
49
54

83
24RD

22AG
516G
92AG
50

31
80
37
9=
107AG
112
10=
93AG
11=
12=

13=
32
81

/9
86

69AG

37AG
44

27AG
7T2AG

62
62
67

39RD
23
55a4
100AG
62=

34
84
34AG

114
31A4

51A6

35
85

103AG

113WR
45AG

31AG
/545

91

24RD

594G
103AG

63

42
48
35AG

116
3246

52AG

43
89

104AG

(44
34A6
80AG

27AG
64AG
106AG

51
92

59AG

55A6

64AG

52
93

(8AG
37AG
84AG

31A6G
68AG
1134R

35
100

60AG

S6AG

65AG

56
101

42A6
88AG

34A6
72AG

59
103

72AG

80AG

88AG

60
104

51A6G
92AG

37AG
75AG

64
106

73AG

81AG

BIAG

65
107

55AG
100AG

38
BOAG

68

100AG

B4AG

69
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S9AG
103AG

39RD
B4AG

72

101AG

85A6G

73

-.',-+-+-+-4.-4-+-+-+-+-+-+-+-+-+-*-+-+~+-+-+-+-+-+-+-§-+-+-§.+-+-+-+-*-+-+-+-+-+-+—+-*.+-+-+
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I NDE X

WA

&~

~N o

11

12
13
14
15
16
17
18

25
26

PAGE

I I I I I I I T I I I
SUBROUTINE CKHDC(FILE) CHD
CUMMON/CDUN/LGINCsNDsNESNTI»NK,NP»NTABSNS1 CHD
CUMMON/RECS/MAT > MFoMT»C15C2,L1oL2sN1,N2,NBTC100),JINTC(100),X(2000),CHD

1 Y(2000),8C2000)»N1XsN2XsNS CHD

IF (FILE «NE. 14) GU TO 4 CHD

c . CHD
C=====CHECK FILE 14 HEAD CARD, CHD
c CAECK L1, CHD
c CHD
IF (L1.EQ+0 «UR« L1.EQ,1) GO TO 1 CHD

WRITE (6,601) CHOD

Lt = 0 CHD

c CHD
C CHECK LTT. CHD
C CHD
1 IF (L2.€Qs1 +UR. LZ2.,EQ,2) GO TO 2 CHD
WRITE (6,602) CHD

LEg = 2 CHD

c CHD
[ CHECK ND. CHD
c CHD
2 1F (M1 .GTe (MT=4)) WRITE (6»603) CHD

c CHD
(™ CHECKX NC, CHD
o CHD
IF (N2.FQ.0 ,0OR. NZ2,EQ@.1) GO TO 3 CHD

WRITE (6,604) CHD

N2 = 1 CHD

3 ND = N1 CHD

NE = N2 CHD
RETURN CHD

4 IF (FILE «NEs 15) GO 70 10 CHD

C CHD
C=====CHWECK FILE 15 HEAD CARD, CHD
c CHECK L0, CHD
C CHD
IF (L1 JEQ. 2) GO TO 7 CHD

It (L1 LEQes 1) GU TO 5 CHD

WRITE (6,605) CHD

L1 = 1 CHD

5 IF (L2 JNEs O) WRITE (6,606) CHD

c CHD
C CHECK ND. CHD
c CHD
IE (N1 +GTe (MT=4)) WRITE (6,603) CHD

C CHD
c CHECK NK. CHD
C CHD
I¥F (N7 LGEe N1) GO TN 6 CHD

HRITF (6,607) CHD
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I NDE X PAGE 9
SUBRDUTINE CKHOCFILE)

7 NE2 = Nt CHD 51
28 6 NP = N1 CHD 52
29 NK = N2 CHD 53
30 RETURN CHD 54
C CHD 55

c CHECK LG, CHD 56

c CHD 57

31 7 IF (L2.EQ@s)l «0Rs LZ2,EQ.2) GU TO 8 CHD 58
32 WRITE (6,608) CHD 59
33 Lg = 3 CHD 60
c CHD 61

c CHECK NS. CHD 62

c CHD 63

34 8 Tt (Ny ,LEs (MT=4)) GU TO 9 CHD 64
35 WRITE (6,609) CHD 65
36 Nb1 = MT =4 CHD 66
37 9 1F (N2 Nte 0) WHITE (6,610) CHD 67
38 La = L2 CHD 68
39 RETURN CHD 69
40 10 WRITE (650611) CHD 70
41 RETURN CHD 71
42 6U1 FORMAT (15C1H*), 46H LI NOT IN DEFINED RANGE. LI SET EQUAL TO Os CHD T2
1, 49(1H#*)) CHD 73

43 6U2 FORMAT (15C1H*)» 48k LTT NOT IN DEFINED RANGE. LTT SET EQUAL TO 2CHD 74
1e » 47C1H*)) ' CHD 75

44 6U3 FBRMAT (15(1H*), B4H ND LARGER THAN STATE LEVEL WILL ALLOW. wILL CHD 76
1CONTINUE PROCESSING WITH ND AS GIVEN. » 11(1H*)) CHD 77

45 6U4 FURMAT (1DC1H*), 46H NC NUT IN DEFINED KRANGE. NC SET EQUAL TO 1. CHD 78
1, 49C1H#*)) CHD 79

46 6U5 FBRMAT (15(1n*), 46H LD NOT IN DEFINED RANGE., LO SET EQUAL TO 1. CHD 80
1, 49(1iH*)) CHD 8%

47 6U6 FURMAT (15C1d*)s 274 FOURTH FIELD SHQULD BE O, » 68(1H*)) CHD 82
48 SU7 FURMAT (15(1H*), 42H ND GREATER THAN NKe NK SET EQUAL TO ND. » 64CHD 83
1(1i=)) CHD 84

49 6U8 FORMAT (15(1H*)»73H LG NOT IN DEFINED RANGE. PROCESSING UF THIS SCHD 85
1ECTION wItL BE ATTAMPTED, »22(1H*)) CHD 86

50 5U9 FORMAT (15C1H*), 70H WS LARGER THAN STATE LEVEL WILL ALLOW. NS SECHD 87
1T EQUAL TO STATE LEVEL. » 25(iH%)) CHD 88

51 610 FHRMAT (15C1rd*)s 264 SIXTH FIELD SHOULD BE 0. » 69(1H*)) CHD 89
52 611 FBRMAT (15(1H+*),36H HEAD CARD NOT PROCESSED DUE TO MFe »59(1H%*)) CHD 90
53 END CHD 91i=
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I NDE X PAGE 10
SUBROUTINE CKHDCFILE)

SYMBOL = & 2 5 =z s =8 =28 = = 3 = = REFERENCES T =2 T T E 2 3 B S z B % = & =2
1 - 5 8«

2 - 8 11%

3 - 12 15

4 - 4 18«

5 - 20 23

6 - 25 28 %

7 - 19 31*

8 - 31 34«

9 - 34 37

10 - 18 40 %

601 - 6WR 42%

602 - 9WR 43

603 - 11WR 24WR 4%

604 - 13WR 4S*

605 - Z1WR 46+

606 - 23WR 47

607 - ZONWR 48

608 - 32WR 49

609 - 35WR 50%

610 - 37WR 51#

611 - 40WR 52%

B - 3CO

Ct - 3Cco

c2 - 3C0

CKHD - 1

COUN - 2C0

FILE - 1AG 4 18

JNT - 3CO

L1 - 3C0 5 7= 19 20 22=
L2 - 3C0 8 10= 23 3t 33= a8
LG - 2C0 38=

MAT - 3C0

MF - 3C0

MT - 3C0 11 24 34 36

N1 - 3CO 11 15 24 25 27 28 34
N1X - 3C0

N2 - 3C0 12 14= 16 25 27= 29 37
N2X - 3CN

NBT - 3Co

NC - 2C0 16=

ND - 200 15= 28=

NE - 2C0

NI - 2C0

NK - 20 . 29=

NP - 2C0

NS - 3Co

NS1 - 2C0 3h=

NTAB - 2C0
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I NDEX PAGE 11
SUBRNUTINE CKHD(FILE)

RECS - 3C0
RETURN = 17 30 39 41
X - 3C0
Y - 3Cn

-+-+.-+-+-+-+-+~+-+-+-+-+-+-+-+- *-*-.’-+-+—+-*n+-+-+-§-+-+.§-+-+-+-+-+-+-+-+.+-+-+-+-*.+-+-+
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c

C=====TEST Q.

c

c

C=====CALCULATE AND TEST THRESHOLD,

(o
3

c

C=====STORE Q@ AND THRESHOLB.

C

C

C===<=CALCULATE 2200 M/SEC CROSS SECTION, MT = 102,

C

"
5

~N >

Qoo

PAGE

SUBROUTINE FIL3CAWR)

SYBROUTINE FIL3ICAWR) ’ F
COMMON/RECS/MATSMFsMT»C15C2,L 1L 2sN1sN2,NBT(100)5JINT(100),X(2000),F
1 Y(2000),8C2000) N1 XsN2XsNS
CHMMON/SAVE/ETH(300)).(300)!ETAB(2000))YT‘B(ZOOO))YKTAB(ROOO)I

1 YCAL(2000)»YTIL(2000)0EK(2000)'YK(2000)JES(40)

IF (MT,LE.4 ,OR, (MT,GE.15 +AND, MT.LE,50) ,0R. MT.GE.81) GO TO 1
IF (C2 ,GEs 0,0) WRITE (6,601)

IF (ABSCC2)4l.Toelo0%10%w4 ,0Re ABS(C2)eGTe2,0%10#%7) WRITE (6,602)
IF (MT.NE«15 +AND, MTeNE.110) GO TO 2

IF (€2 JEQ. 0,0) GO TO 2

WRITE (6,603)

CR = 0.0

IF (MY (NE. 102) GO 7O 3

IF (C2 LT, 0.0) WRITE (6,604)

IF (C2NEsQ oAND» C(CRoLTo147%10#%6 ,0R. C2,GTo1,2%10%+7)) WRITE (6

1,605)

ETHED = (AWR+1)*ABS(CR)/AWR
IP (€2 .GTs 0,0) ETHED = 040
IF (ETHFEOLGT¢XC1) «ANPo C2+LT,0,0) WRITE (6,606) ETHEQD

Q(MTI=C2
ETH(MT) = X(1)
IF (ETHED +GT. XC(1)) BTH(MT) = ETHED

IF (MT .NE. 102) GO TG 8

K = 0

IF ¢(XCt) «GT, 0,0253) GO TO 9

DO 4 1 = 1» N2

K= K + 1

IF (XCI) «EQ@, 0,0253) GO TO 5

IF (X(I)LT40,0253 ,ANDs X(1+1),GT7.0,0253) GO TO 6
WRITE (62607) Y(K)

GO 10 8

Db 7 I =3 1, Nt

IE (K LEs NBTCI)) INT = UNTC(I)

ENG = 0,0253

CRLL TERPLIXCK)sY(K) o X(K+1)pY(K+1),ENG,SIGMA,INT)
WRITE (6,607) SIGMA

RETURN

WKRITE (6,608)

73

MMM MMM MMM AN MMM M NN MMM AN AN AM AN AMMM MMM MM Mm

WWWWWWWWWwWWwLwWwWwWww W wwwww W w W Wwww w W Wiww W W w i w Wi ww

-
Ny

Pub fuS Pk ek G (b Peb pb b pn
VX NONLEWN=OODNRVN B WN =

NN
-0

NN N
& w N

NN N
~N O A

NN
o >



1 NDE X

36
38
39
40
41
42
43

44
4%

PAGE

SUBROUTINE FIL3CAWR)

RETURN F

6U1 FLRMAT (15(1HW%),28H @ SHOULD BE LESS THAN 0,0, ,67(1H*)) F
602 FORMATC(15C1H*),46H Q@ SHOULD BE IN THE RANGE 1.0E+04 TO 2.0E+07. ,4F
19(1H*)) ; - F
6U3 FHRMAT (15(1H*)»/0H @ SHOULD BE EQUAL TU 0,0, @ SET EQUAL TO 0.0 F
1FUR REMAINDER OF PRUCESSING, ,19(1H*)) F
6U4 FURMAT (15(1H*),43H Q@ SHOULUL BE GREATER THAN OR EQUAL TD 0,0, s52(F
11ki*)) F
6US FURMAT (15C1H*),74H WHEN @ IS NOT EGUAL 10 0.0, @ SHOULD BE IN THEF
1 RANGE 1,7E+406 TU 1,2E+407, »21C1H¥)) F
6U6 FURMAT (15C1Hx)»65H EFFECTIVE THRESHOLD VALUE BELOW THEORETICAL ALF
ILUWED BY @ VALUE. 230C1H*)/15(1H*)»15H THEDRETICAL = »1PE12,5538X»F
23UC1H*)) F
607 FUGRMAT (81(1H*),15H SIGMAC2200) = »1PE1245,2H B) F
608 FURMAT (31(1H*),29H SIGMA(2200) = DATA NOT GIVEN) F
END F
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INDEKX PAGE 14
SUBROUTINE FIL3(AKR)

SYMBOL = 8 T T s = = E = =T s = = 3 =m REFERENCES Z 3 T =T E B E E 8 = % 3 Z 2 =

1 L 4 T

2 - 7 a 11

3 - 11 14

] - 23 264

5 - 25 - 2T%

6 - 6 29

7 - 29 30«

8 - 20 28 34

9 - 22 35«

601 - S5WR 37%

602 - 6WR 38

603 - OWR 39%*

604 - 12WR 40+

605 - 13HR 41w

606 - 16WR 42%

607 - 27HWR 33WR 43%

608 - 35KR 44 %

ABS - 6 14

AWR - 1AG 14

B - 2C0

C1 - 2C0

c2 - 2C0 5 6 8 10= 12 13 14 15 16
17

EK - 3CO

ENG - 3= 32AG

ES - 3C0

ETAB - 3C0

ETH - 3co 18= 19=

ETHEC - l4= 15= 16 19

FIL3 - 1

1 - 23 25 26 29 30

INT - 30= 32AG

JNT - 2C0 30

K - 1= 24= 2THR 30 32A6G

L1 - 2C0

L2 - 2C0

MAT - 2C0

MF - 2C0

MT - 2C0 4 7 14 17 18 19 20

Nt - 2C0 29

N1X - 2C0

N2 - 2C0 23

N2X - 2C0

NBT - 2C0 30

NS - 2C0

@ - 3Ca 17=

RECS - 2CN

RETURN = 34 36
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1 ND E X PAGE 15
SUBROUTINE FIL3(ANWR)

SAVE - 3C0

SIGMA - 32AG 33WR

TERP1 - 32

X - 2C0 16 18 19 22 25 26 32AG
Y - 2C0 27THR 32A6G

YCAL - 3CO

YK - 3C0

YKTAR - ico

YTAB - 3C0

YTIL - 3C0

-+-+-+"+-+-+-+-+"+-+-{-+-+"+"+-+‘+‘+-+-+-+-+—+-+'+-+-+-+-+-#-+.+-+-#~4-+'+-+-+-+-+-+-+-+-+
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10

12

13
14

16
17
18
19

™

PAGE

SUBROUTINE FIL14(N)

SURROUTINE FIL14(N) Fia
CUMMON/COUN/LGsNC,ND)NESNIsNKsNP2NTAB»NS1L Fia
COMMNN/RECS/MAT,MFsMT»C15C25L15L2sN1sN2sNBT(100),JINT(100),X(2000),F14

1 Y(2000),BC(2000)sN1XsN2XsNS Fia
COMMON/SAVEZETH(300),0(300)sETABC2000),YTAB(2000)»YKTAB(2000)» Fig

1 YCAL(2000),YTIL(2000),EK(2000),YK(2000),E5(40) Fia
COMMON/SAVIL/EG,ENSEST,IL,IN ' Flag

GO TN (1,6s951,10,9), N Fla

c Fta
C=====TEST TAR2 RECORD. Fla
C Fla
1 NE = N2 Fi14
CALL ESEGPR(1) Fia

[F CCMT L GEeS AND, MTeLEL14) (ORe (MToGE«51 +ANDe MT.LE.80)) GO TOF14

1 2 Fia

c Fla
c- MT IN RANGE 1=4, 15=50, 81=UP Fla
C TEST ES AND EGl. F1a
¢ Flg
IF (€2 «LTe 0402 WRITE (6,601) Fia

IF (C1 +LTe U.0) WRITE (6,602) F14

IF (Cl-NE-O.U eANDe C2,GT,C1) WRITE (6,603) Fi4

o Fia
C TEST FUR CUNTINUOUS SPECTRUM, Fi4
c Fia
Fa = 1.0 Fila

IF (MT .FU. 110) GU T0 5 Fia

IF (C1.NE+Os0 UK. C24NE+Us0) GO TO 5 Fis

IL = JL + 1 Fia

IF (IL«EQel «ANDs NC,NEJ1) WRITE (6,604) F1a

IF (TL .GT. 1) WRITE (6,605) Fla

GO 70 5 Fia

C Fls
C MT 1IN RANGE S5=14, 51=80 fFia
c TEST £S AND EGI. Fla
c F1g
2 IF (€2 .Gke Q40) GU T8 3 Flg
WRITE (6,601) Fla

IF (€1 JLTe 0,0) WRITE (6,602) Fila

3 IF (C1 JLTe C2) WRLITE (6,603) Fia

IF (C1 JNke ABSC(Q(MT))) WRITE (6,6006) Fla

C Fia
C TEST ORNER OF £S AND EGI, Fia
c Fi4
In = IN + 1 Fia

IF (IN .6T. 1) U TO 4 Fla

E6T = C1 F14

£EG = €2 Fly4

GO 10 5 Fia

4 TF (01 oNte ESI) WRITE (6,607) Fl4
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PAGE
SUBROUTINE FIL14(N)

IF (€2 .GEe EG) WRITE (6,608) Fla

EG = C2 Fla

¢ F1a
¢ CHECK INTERPOLATION SEHEME F14
c Fi4
5 IF (N2 ,LE. N1) WRITE (6,609) Fig

IF (NJeNEsl oORs UNTC1),NE«2) WRITE (6,610) Fia
RETURN Fia

¢ Fia
C=====TEST TAB1 RECORD. Fla
c TABULATED FORM Fia
c Fla
6 IF (N1oNEs1l +ORe JUNTC1)4NE+2) WRITE (65611) Fia

IF CETH(MT) +GTs C2) WRITE €6,612) ETH(MT) Fia

IF (C2 (LEe EN) WRITE (65613) Fia

EN = C2 Fia

DB 7 I = 1, N2 F1a

7 IF (YCI)eLTa04499 +0Re YCI)eGT40+501) GO TD 8 Fla

IF (N2 (NEo 2) WRITE (6,618} F1a

8 RETURN F1a

c \ Fia
Ce="==RE~INITIALIZE. Fia
¢ Fia
9 IF (NCeEQel o+ANDe IL,EQ.0) WRITE (65615) Fia

IF (EGeEQe0+0 +ANDe ILJEQ,0) WRITE (65616) Fia

IF (((MT.GE.5 AND, MT,LE,14) ,OR. (MT,GE,51 ,AND, MT,LE,B80)) .ANDFi4

1. NC.EQ,1) WRITE (6,617) Fia

EG = 0,0 Fla

EN = 0,0 F1g

ESI = 0,0 Fla

IL = 0 Fla

in =0 Fia
RETURN F14

¢ Fia
C=====TEST TAB1 RECORD. Fia
c LEGENDRE PULYNOMIAL FURM Fis
¢ Fia
10 IF (ETH(MT) «GTe. C2) NRITE €6,612) ETHC(MT) Fig

IF (€2 JLEe EN) WRITE (6,613) Fl1a

ER = C2 ' Fia
RETURN Fig

6U1 FORMAT (15(1H®*)»45H EGI SHOULD BE GREATER THAN OR EQUAL TO 0.0 »5F14
10(1H*)) Fila

602 FBRMAT (15C1H*),44H ES SHOULD BE GREATER THAN OR EQUAL TO 0.0. »51F14
1CLtH*)) F1a

603 FEORMAT (15C1H*),44H ES SHQULD BE GREATER THAN OR EQUAL TO EGI. »51F1a
1C1H+)) , Fig

6U4 FORMAT (19C1H*),45H FUR A CONTINUDUS SPECTRUM» NC MUST EQUAL 1. »5F14
1001H*)) Fia

605 FORMAT (15C1H*),49H

99

ONLY § CONTINUOUS SPECYRUM PER SECTION ALLOWEDF14 100
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D E X

62
63
64
65
06
€7
68
69
70
71

72
73

74

PAGE
SUBROUTINE FIL14(N)

le s46(C1H®)) Fia
6U6 FURMAT (15C1H*)»48H ES SHOULD BE EQUAL TO THE ABSOLUTE VALUE OF Q.F14
1 »47C1H*)) Flg
6U7 FURMAT (15C1H%),<5H ALL ES SHUULD BE EQUAL, »73(1H%)) Fla
6UB FURMAT (15C1H*)»33H EGI MUST BE IN DECENDING ORDER., »62(1H*)) Fia
609 FURMAT (15CIH*),29H NP MUST BE GREATEK THAN NR. 265(1Hw)) Fig
610 FURMAT (15C1H*),72H INTERPOLATIUN SCHEME 1S REQUIKED TO BE LINEAR Fi14
ITHROUGHNT ENTIKE HANGE, »23C1H%)) Fi4
611 FOURMAT (15C1Hx),64H INTERPULATION SCHEME SHOULD BE LINEAR THRUUGHDF 14
10V EMTIRE KRANGE. »31(1H%)) Fila
612 FURMAT (15(1H*x),68H INCIUENT NEUTRON ENMERGY LESS THAN EFFECTIVE THF1g
TRESHOLD IN FILE 3C = »1PE1245,3H)e »12C1H*)) Fia
613 FURMAT (15C1H*) 550 INCIDENT NEUTRON ENERGIES MUST BE IN ASCENDINGF1g
1 BROFF, »40C1H%)) i Fla
614 FERMAT (1501M*),47H LISTRIBUTION SHOULD BE ENTERED ISUTROPICALLY. F1la
1,48(14H%)) Fiy
615 FURMAT (15C1H*)»54H FUR NC EGUAL 1» THERE MUST BE A CONTINUOUS SPEF14
1CTRUM, ,a81(1HK*)) Fla

616 FORMAT (150iH%)»3/H FOR EGI EQUAL T0O Ge0» NC MUST BE 14 »58(1H*))F14

617 FURMAT (15C1H%),54H THERE CAN BE NU CUNTINUOUS SPECTRUM IN THIS SEF14
1CTION, ,41C1H*)) Fla
END Fia
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T NDEX PAGE 19
SUBROUTINE FIL14(N)

SYMBOL 2 5§ 8 2 = x = £ 2 T = £ T S & REFERENCES 2 3 % 8 8 2 T = " z T 2 S ;¢ =

i - 6 7 %

2 - 9 20+

3 - <0 23%

4 - 26 30+

5 - 14 15 19 g9 33

6 - 6 36%

7 - 40 41%

8 - 41 43«

9 - 6 L4w

10 - 6 53w

601 - 10WR 21iWR 57«

602 - 11WR 22WR 58«

603 - 12WR 23NR 59w

604 - 17WR 60w

605 - 18NWR 61

606 - Z24WR 62w

607 - 30nR 63w

608 - 31NR 64 %

609 " 33WR 65%

610 - JUNR 66

611 - 36WR 67 %

612 - JTWR - 53WR 68*

613 - IBNR 54%WR 69

614 - 42WR 70%

615 - 44WR Tix

616 .- 45WR 72«

617 - H4H6WR 73%

ABS - 24

B - 3Co

c1 - 3CO 11 12 15 22 23 24 27 30

C2 - 3Co 10 12 15 20 23 28 K} 32 37
38 39 53 34 55

COUN - 2C0 ‘

EG - 5C0 13= 28= 31 2= 45 47=

EK - 4C0

EN - 5CO0 38 39= a8= 54 55=

ES - 4CD

ESEGPR = 8

ESI - 5CO 27= 30 49=

ETAB - 4C0

ETH - 4CO 37 53

FIL1g - 1

I - 40 41

1L - 5C0 16= 17 18 44 45 50=

IN - 5C0 25= 26 51=

INT - 3C0 34 36

L1 - 3C0

L2. - 3C0
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LG
MAT
MF
MT

N

N1
NiX
N2
N2X
NBT
NC
ND
NE
NI
NK
NP
NS
NS
NTAB
Q
RECS
RETURN
SAV14
SAVE
X

Y
YCAL
YK
YKTAB
YTAB
YTIL

2C0
3C0
3Co
3C0
1AG
3co
3C0
3Co
3COo
3C0
2¢0
2C0
2C0
2C0
2C0
2C0
3C0
2C0
2Co

- 4C0

3Co
35
5CO
4C0
3co
3ica
4C0
4¢0
4¢0
4Co
4COo

Q 14
6

33 34
7 33
17 44
7=

24

43 52

41

SUBROUTINE FIL14CN)

24
36

40

46

56

37 46

42

53

PAGE
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PAGE
SUBROUTINE FIL1S(N)

SUBROUTINE FIL1IS5CN) Fi5
COMMON/COUN/LG,NC,ND)NESNI»NK,NP»NTAB,NS1 Fis
COMMON/RECS/MAT ) MFoMT»C12C25L1sL2sN1,N2,NBTC100)»JINT(100),X(2000),F15

1 Y(2000),8E2000)yN1XsN2XsNS ) F15
CBMMON/SAVE/ETH(300),0€300),ETABC(2000),YTABC2000)»YKTAB(2000)» Fis

1 YCAL(2000),YTIL€2000)»EK(2000),YK(2000),ES(40) F15
CEMMON/SAV15/A(2000) . : F1is

GO YO (15,3,105,11213,19,26,29), N Fis

c F15
C=="==STORE TABULATED ENERGIES AND YIELDS. FIS
C F15
1 D8 2 1 = 1» NZ Fis
ETAB(I) = X(I1) Fis

2 YTARCI) = Y(I) Fis
NTAB = N2 Fis

IF (FTABCL1) oLTe ETH(MT)) WRITE (6,601) ETH(MT) Fis
RETURN F1s

C F15
C=====LF = 1 Fis
C ST1ORE SECTIOUN ENERGIES AND YIELD. Fi5
C Fis
308 4 1 = 1, N2 F1is
ERCIY) = XCID) F1s

4 YRC1) = Y(ID) Fis

NP = N2 Fi1s

C Fis
C TEST ENERGIEDS Fi5
c F15
IF (FKC1) oLTe ETH(MT)) WRITE (6,601) ETH(MT) F15

IF (EKC1)eLTLETABCL) +0R. EXKC(NP)GT.ETAB(NTAB)) WRITE (6,602) Fi5

. CALL ESEGHR(2) F1is
c F15
C CALCULATE SECTIUN YIELDS FOR TABULATED ENERGIES, Fis
c F1s
DO 9 I = 1» NTAB Fis

L = N2 = ] F1s

K =0 F15

PO S J = 12 L F15

K = K + 1 ) F15

IF (FKCJ) «EQ. ETAB(IJ)) GO TO 6 F1s

S IF (EKCJ)YeLTLETABCI) +AND., EK(J+1).GT.ETAB(I)) GO TO 7 F15
K=K + 1 Fis

IF (FK(NZ2) +EQ, ETABCI)) GO TO 6 Fis

GO TO 9 Fis

6 YKTAB(CI) = YK(K) Fis

GY TO 9 Fis

7 D8 8 J = 15 N1 Fi5

B IR (K JLEe NBTC(JI))Y INT = JUNTC(J) Fis
CALL TERPLCEK(K)sYK(K),EK(K+1)» YK(K+1)sETABCI),»YKTAB(CI)sINT) Fis

9 YEALCI) = YCALCI) + YKTAB(CI) F15
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36

37
38
39
40

41

42
43
44

69

m

SUBROUTINE FIL15(N)

RETURN
c
C=====TEST TAR2 RECURD.
c
10 NE = N2 )
IF (NE JNEs NP) WRITE (6,603)
IF (N1.NE+1 JURe JUNTC1),NE+2) WRITE (6,604)
RETURN

CALCULATE TUTAL YIELD.

OO0

11 NI = NI + 1

TEST ENERGIES.

iz NeNe)

IF (C2 JLTe ETH(MT)) WRITE €6,605) ETH(MT)
IF (€2 JLTe EXKC(NI)) WRITE (6,606)
L = N2 = 1

INTEGRATE PHOTON YIELD PROBABILITIES,

[z e Ny

DU 12 1 = 1» L
Al = Al + (XCL+1)=XCI))*(Y(I+1)+Y(1))/2.0

12 A2 = A2 + (XCI+1)wXCIII*(XCI+1)#Y(I+1)+XCI)2Y(1))/240
IF CABS(Al=1.,0000) .GT, 0,0001) WRITE (6,607) A1l
A(NI) = A2/A1
A2 = 0.0
Al = 0,0
RETURN

13 DH 18 1
L = N2 =
K = 0
Dw 14 U
K = K + 1
IF (EK(J) +tQ. ETABCI)) GO TO 15

14 IF CEKCU)oLTSETABCL) +ANO. EK(J+1),GTLETABCI)) GO TO 16
K = K + 1
IF (FK(N?) +EQ, ETABCI)) 60 TO 15
Gy 1O 17

19 A3 = ACK)
G8 TN {7

16 CALL TERPICEKCKIsACK)»EKC(K+1),A(K+1),ETAB(I)»A3,2)

17 YTILCT) = YTILCL) + ¥YKTAB(I)*A3

18 A3 = 04,0
RETURN

1» NTAB

-

1» L

¢
Co=m==LF = 2
c TEST ENERGIES.

¥
19 IF (¥X(1) LT« ETH(MT)) WRITE (6,601) ETH(MT)
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I NDEX PAGE 23
SUBROUTINE FILI5(N)

70 IF (XC1)LTLETAB(1) OR., X(N2)+GT.ETAB(NTAB)) WRITE (6,602) F1s 101
71 CALL ESFGPR(2) F15 102
c F15 103

[ CALCULATE SECTION YEILDS FOR TABULATEL ENERGIES. Fi15 104

c F15 105

72 Du 25 1 = 1s NTAB F15 106
73 L = N2 = | F1s5 107
74 K =0 | F15 108
75 DO 20 J = 1, L F15 109
76 K = K + 1 Fis 110
77 If (X(J) +EQ. ETAB(I)) GO TO 21 Fi15 111
78 20 IR (XCJ)YJLTSETABCI) JAND. X€J+1)eGTLETABC(L)) GO TO 22 Fis 112
79 K = K + 1 Fis5 113
80 IF ¢X(N2) +EQ@, ETAB(I)) GO TO 21 Fi1s5 114
81 GU TO 24 F1s5 115
82 21 YHTAB(I) = Y(K) Fis 116
83 GO TO 24 Fis 117
84 22 D 23 J = 1» NIl Fis 118
85 23 IF (X LLEs NBT(J)) INT = JUNTC(J) Fis5 119
86 CALL TERPLOX(K)»Y(K)I,K(K+1)5Y(K+1),ETABCL),YKTAB(I),INT) F15 120
C Fi5 121

C CALCULATE TOTAL YIELD. Fi5 122

C F1s 123

87 24 YRALCI) = YCALCI) + YKRTAB(I) Fi5 124
38 25 YTILCI) = YTIL(I) + YRTAB(I)*C2 F15 125
89 RETURN Fis5 126
c Fis 127
C=====THEST TOTAL YIELD. Fi5 128

c Fi5 129

90 26 DU 27 1 = 1s NTAB Fis 130
91 YDIFF = (YTABCI) = YCALCID)/YCALCI) ) F15 131
92 IP (ABSCYDIFF).+6Te 0.0001) WRITE (6,608) YTABCI)sYCALCI)»ETABCI) F15 132
93 IF ¢C((MT.GE.5 ANDs MT,LE,14) «0OR, (MT.GE051 +ANDs MT,LE.B0)) +ANDFi15 133
le YTILCI)eGToABSCQIMTI)) WRITE (6,609) YTILLIDAQUMT),ETAB(I) Fis 134

94 27 IF ((MT,LE«d4 +ORe(MT,GEL15 «ANDo MToLE«50) OR. MT.GE+81) oAND. YTF15 135
TILCI) L GTLCQIMTI+ETAB(L))) WRITE (6,610) YTILC(I),ETABCY) F15 136

C F1s 137
Cmm~==RE=INITIALIZE, Fi5 138

c Fi5 139

95 DU 28 1 = 1» 2000 F15 140
96 ACIY = 0.0 F15 141
97 ETABCI) = 0,0 Fi5 142
98 ERCI) = 000 F1s 143
99 YTARCI) = 0,0 Fi5 144
100 YCAL(CI) = 0.0 F15 145
101 YRTAR(CI) = 0.0 F15 146
102 YRCI) = 0.0 F1s5 147
103 28 YTILCI) = 0.0 F15 148
104 NI = 0 F15 149
105 RETURN F15 150
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I NDE X PAGE 24
SUBROUTINE FIL15C(N)

C F1s 151
Co====TEST LG, F15 152
C F15 153
106 29 GU TO (30,34,39)» LG F15 154
c F15 155
Co====0uT NN 1{ . F1s 156
c CMECK 2NT = 2 » NT Fi5 157
C Fi5 158
107 30 IF (W1 .EQ. (2=N2)) GB T0 31 F15 159
108 WRITE (6,0611) Fi15 160
109 Nl = 2 » N2 F15 161
¢ Fi15 162
o TEST ENERGIES, F15 163
¢ Fi1s5 164
110 31 IF (B(1) +GE. C1) WRITE (mhs612) F15 165
111 IF (61 JLTe ABSCQ(MT))) WRITE (65613) F15 166
112 DY 32 1 = 3» Ni» 2 Fi5 167
113 32 IF (R(I) uEBC(I=2) +ANDe N1eNEs2) WRITE (6,614) BC(I) Fis 168
114 CALL STATEC(LG) Fis5 169
115 CALL ESEGPR(3) Fi5 170
C Fis 171
C TEST TP ARRAYS, Fi5 172
C Fi15 173
116 DO 33 1 = 2, Nis 2 F15 174
117 IF (RC1) +LEe 040) WRITE (6,615) B8(I=1) Fis 175
118 IF (BCI) oGTe 10) WRITE (6,616) B(I=1) F15 176
119 33 TR = TP + B(I1) Fis 177
120 IF (TP LbEs 0,9999) WRITE (6»,617) TP Fi5 178
121 IR (TP .GTo 1,0001) WRITE (6,618) TP Fis 179
122 TR = 0,0 F15 180
123 RETURN Fis 181
c Fis 182
Co===~RTINN 2 F15 183
c CHECK 3NT = 3 = NT Fis 184
c Fi5 185
124 34 IF (Mt LEQs (3xN2)) GO TO 35 Fi5 186
125 HRITE (6,611) Fis 187
126 N1 = 3 » N2 Fi1s 188
c Fi1s 189
C TEST ENERGIES. F15 190
c Fis 191
127 35 1F (B(1) «Gke C1) WRITE (6»612) Fi5 192
128 1F (C1 JLTs ABSC(HIMT)I)) WRITE (6,613) F15 193
129 Dy 36 1 = 4, N1, 3 Fis 194
130 36 It (B(I),GEeBCI=3) .AND, N1,NE.3) WRIIE (6,0614) B(I) F15 195
131 CALL STATECLG) F15 196
132 CAL|, ESEGPR(4) Fis 197
C Fi5 198
C TEST TP ARRAYS, F1s5 199
C F15 200
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I NDEX . PAGE 25
SUBROUTINE FIL15(N)

133 D@ 37 I = 25 N1s 3 Fis5 204
134 IF (BCI) «LEs 0eU) WRITE (6,615) B(I=1) F15 202
135 IE (BCI) +GTe 1407 WRITE (6,616) B(l=1) F1s5 203
136 37 TR = TP + HB(Cl) Fi15 204
137 IP (TP JLbte 0.9999) WRITE (6,617) TP Fis 205
138 IF (TP .GTe 1.00U1) WRITE (6,618) TP F1s 206
139 TP = 0.0 . F15 207
C Fi1s 208

C TEST GP ARRAYDS, F15 209

C F15 210

140 D4 38 1 = 3» Nls 3 Fis 211
141 IF (BCI) eLbks 0.0) WRITE (6,619) 8(I=2) Fi15 212
142 38 IR (B(I) «GTe 1eU) WRITE (6,620) B(I=2) Fi5 213
143 ReTURN Fi1s 214
C Fi15 215
Cm~===TRY TN DETERMINE LG, IF NOT t OR 2, Fi1s 216

c Fis 217

144 39 RATIO = FLUAT(NL1)/FLOAT(N2) Fi15 218
145 IF CRATIN +GE. 2.5000) GO TD 34 Fi15 219
146 GO TN 30 Fis 220
147 691  FORMAT (15CiH#*),57/H FIRST ENERGY LESS THAN EFFECTIVE THRESHOLD INFi15 221
1 FILE 3C = »1PE12.953M), »23(1H*)) F15 222

148 6U2 FORMAT (15CLlH*),87H SUB=SECTION YIELD ENERGY RANGE EXCEEDS (BELOW Fi15 223
1AND/OR ABUVE) TUOVAL YIELD ENERGY RANGE. »8(1H%)) Fi1s 224

149 6U3 FURMAT (15C1H#*),48H NE NOT EQUAL TO NP. NE ASSUMED YO BE CORRECT.F15 225
15487 C1H*)) F15 226

150 6U4 FURMAT (15(1H*)»64H INTERPOLATION SCHEME SHOULD BE LINEAR THROUGHOFts 227
1UT FNTIRE RANGE. »31(1H#*)) F15 228

151 605 FORMAT (15C1H%x),69d INCIDENT MEUTRON ENERGY LESS THAN EFFECTIVE THF15 229
LRESHNLD IN FILE 3C = »1PE12+5,3H)e 11C01H*)) F15 230

152 606 FURMAT (15C1H*),72H INCIDENT NEUTRON ENERGY NOT EQUAL TO CORRESPONF15 231t
1DING TOTAL YLELD ENERGY. ,18(1H*)/15(1H*)»20H TOTAL YIELD ENERGY »F15 232

217THASSUMFD COURRECTs » 40X, 18C1H*)) Fi5 233

153 607 FURMAT (15C1H*),49H THE INTEGRAL OF THE PHOTUN YIELD PROBABILITY (Fi15 234
1= pF1147,18H) NUT NORMALIZED. s17C1H*)) Fi15 235

154 6UB FURMAT (15C1H*),69H TABULATED TOVAL YIELD NOT EQUAL TO TOTAL OF THF1s 236

1E SUR=SECTION YIELDS. »26(C1H*)/15(1H*),25H TABULATED TOTAL YIELD =F15 237
2 »1PF11.4s33X,26(1H*)/15(1H*),26H CALCULATED TOTAL YIELD = ,1PE11.F15 238
34532X,26C1H*)/15C1H*)»10H ENERGY = »1PEL11.4,48X,26(1H%)) F15 239
15% 6UY FURMAT (15C1H*),50H4 TUOTAL MEV/INTERACTIUN EXCEEDS THAT ALLOWED BY F15 240
10¢ ,85(1H*)/15C1H*), 19H MEV/INTERACTION = »1PE11.4,20Xs45(1H*)/15F15 241
201h*)»5H N = ,1PE11.4534X,45(1H*)/15(1H*),10H ENERGY = »1PE11.4,29F15 242
3Xp85C1H*)) F15 243
156 610 FURMAT (15(1H*),b0H TOTAL MEV/INTERACTION EXCEEDS THAT ALLOWED BY F15 244
1Q + F CINCIDENT NEUTRUN ENERGY)s »15C1H*)/15C1H*)»19H MEV/INTERACTF1S 245
ZIUN = »1PE11e4550X215C1H*)/15C1H*)»10H ENERGY = »1PE11,4559X,15(1HF15 246

3%)) F15 247
157 611 FURMAT (15C1H*),52H FIFTH AND SIXTH FIELDS OF FIRST CARD DO NOT AGF15 248
1REE, »43(1H*)) F15 249
158 612 FGRMAT (15C1H*)»26H ES(1) NOT EQUAL TO ESNS. »69(1H%)) F15 250
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PAGE
SUBROUTINE FIL15(N)
613 FURMAT (15C1H*),26H ES SHOULD BE EQUAL TU Q. »69C1H#*)) F15
614 FORMAT (15(1H*)»27H ES1 OUT OF ORDER AT ESI = »1PE11,4,3H , ,54(1HF1S
1%)) F15
615 FORMAT (15C1H*),40H TRI LESS THAN OR EQUAL TO 0.0 AT ESI = ,1PE11.F15
14,30 . ,41C1H®)) : F15
616 FGRMAT (15C1H*),31H TPI GREATER THAN 1,0 AT ESI = ,1PE11+4,3H « ,5F15
10C1H*)) Fi5
617 FGRMAT (15C1H%),28H TOUTAL TP LESS THAN 0:9999, ,67CiH*)/15(1H*),6HF15S
1 TP = »E12.5510X067C1M2)) F15
618 FURMAT (15(1H*),31H TOTAL TP GREATER THAN 1.,0001. ,68(1H*)/15(1H*)F1S
1o6H TP = »1PE12,5,13Xs64(1H*)) F15
619 FORMAT (15(1H*),40H GPI LESS THAN OR EQUAL TO 0,0 AT ESI = ,1PE11.F15
18,30 4 ,41C1H*)) F15
620 FURMAT (15(1H*),31H GRI GREATER THAN 1,0 AT ESI = ,1PE11.4,3H + ,5F15
10C1h*)) Fi5
END F15
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INDEL

SYMBOL

OO NOU & W =

\l'

SUBROUTINE FIL1IS5(N)

= 2 2 2 2z 8 s 2z =2 = REFERENCES

1V6
1u7
112
116
106
124
129
133
140
1ué
11WR
18WR
I8HR
I9WR
42RK
43WR
4BWR
Y2WR
Y3WR

61

65%
64

67 *
69%
78«
80

84
85%
83

88«
90w
o4 n
103»
106%*
107 *
110+
113+
119
1244
127
130
136%
142
144

17WR
TOWR

149
150
151«
152+
153
1954+
155%

30%

31

63x

66*

g2+

87«

1406

145

69KWR

148%*

5%

147 %

88
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INDE

610
611
612
613
614
615
616
617
618
619
620

Al
A2
A3
ABS

C1

COUN
EK

£s
ESEGPR
ETAB

ETH
FIL1S
FLOAT

d & 3 3 8 22

Y4NR
108NWR
110WR
111WR
113WR
117wR
118WR
120hR
121WR
141WR
142WR

65AG

21=
3cao
3CH
2C0
3C0
3Ca
3cOo

156+
125WR
127WR
128KWR
130%R
1 34WR
1354R
137WR
138KWR
165+
166%
49=
48

65AG

92
110
141
110

42

14=
61

71
8=
65AG

11

8
3446

11

157~
158%*
159%
160»
161+
162»
163+
164~

63
49
50=
66
93
113

111
43

17
65AG

115
11
70

17

9
35
72
92NWR

102

133
85=
26
85
39
27=
76=
44=

114a6

i7

SUBROUTINE FIL15C(N)

65AG
51=

67=
111
117

127
88

18
98=

132
18
7

42

13
45
7
23
103
134
B6AG
32

a5
30
/9=
45

13146

42

89

96

128
118

128

25

25
78

69

33
82
54

69

119

26

26
80

15
47

34AG
85
56

93

127

28

28
86AG

55=
B86AG
73=

94

130

344G

34AG
92HWR

25

86AG

97
117
141

59

57=

75

111

PAGE

134 135
43 58
58 59
93KR 94
26 28
59 61
87 88
98 99

118 119

142
75 77
60= 63

128



I NDEKX PAGE 29
SUBROUTINE FIL15(N)

N - 1AG 6

N1 - 3CO 32 39 84 107 109= 112 113 116 124
126= 129 130 133 140 144

N1X - 3COD

N2 - 3C0 7 10 13 16 21 28 37 44 54
LY 70 73 80 109 126 144

N2X - 3C0o

NBT - 3co 33 85

NC - 2C0

ND - 2c0

NE - 2C0 37= 38

NT - 2C0 41= 43 49 104=

NK - 2C0

NP - 2¢0 16= 18 38

NS - 3co

NS1 - 2C0

NTAB - 2cn 10= 18 20 53 70 72 90

Q - 4CQ 93 94 111 128

RATID - 144= 145

RECS - 3co

RETURN = 12 36 49 52 68 89 105 123 143

SAV1S - 5¢0

SAVE - 4Cco

STATE - 114 131

TERPY - 34 65 86

TP - 119= 120 121 122= 136= 137 138 139=

X - 3¢ 8 14 46 47 69 70 77 78 80
B6AG

Y - ico 9 15 46 47 82 86AG

YCAL - 4C0O 35= 8r= 91 92WR 100=

YDIFF - Ji= 92

YK - 4CQ 15= 3o 34A6 102=

YKTAB - 4cn 30= 3444 35 66 82= 86AG 87 88 101s=

YTAB - 4C0 9= 91 92WR 99=

YTIL - 4CN 66= g8= 93 94 103=

L R R il al b Al l Rl hl Ll ok Lk T L g e S A I O N S I PRy P G G
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INDEX

W N -

20
21
22

24
25

27
28
29
30

31
32
33
34
35
36

PAGE
SUBROUTINE ESEGPRIN)

SUBROUTINE ESEGPR(N) ESG
CUMMUON/COUN/LG,NUSNDONESNIsNK,NPONTABINSI ESG
CAMMON/RECS/MAT ,MFsMT,»C1 ) C2’L1’L2'N1;N2nNBT(100))JNT(IOO)JX(QOOO)'ESG

1 Y(2000),BC(2000)sN1XsN2X»NS ESG
COMMDN/ESEG/NPS,NESEGR(300),ESP(2000),EGP(2000),NPUC2000) ESG

GB TD (1,2,6510514)5 N ESG

C ES7
C=====STORE 1 ES=EG PALR FRBM FILE 14, ESG
C ' ESG
1 NESFGP(MT) = NESEGP(MT) + 1 ESG

NPS = NPS + 1 ESG
ESP(MPS) = C1 ESG
EGP(NPS) = (2 ESG
RETURN ) ESG

[« ESG
Cm====CMECK ES~-EG PAIR FRUM FILE 15, ESG
c ORTION 1 ESG
o ESG
2 IF (NESEGP(MT) LEQ. 0) GO T8 5 ESG

M = MT = 1 ESG

N 3 I =3 1» M ESG

3 NTB = NTB + NESEGUP(I]) ESG

It = NTB + 1 ESG

12 = NTB + NESEGF(MI) ESG

PG 4 I = 11, I2 ESG

4 IP (FSP(I2.E@eCl AND. EGP(I),EQ.C2) NPU(I) = ESG

5 RETURN ESG

c ESG
c ORTION 2, LG = 1} ESG
c ESG
6 TF (NESEGP(MT) +EQ. 0) GO TQ 9 ESG

M s MT = 1 ESG

Dg 7 I = 15 M ESG

7 NTR = NTB + NESEGPCI) ESG

I1 = NTB + 1 £ESG

12 = NT3 + NESEGP(MT) ESG

DB B8 1 = 1s» N1, 2 ESG

Do 8 J = I1, 12 ESG

£EG = C1 ~ B(I) ESG

8 IF (ESP(J)sEQCl +AND» EGPCJ)JEQEG) NPUCI) = 1 ESG

9 RETURN ESG

c ESG
C ORTION 2 LG = 2 ESG
c ESG
10 IF (NESEGP(MT) +EQe 0) GO TO t3 ESG
M= M] = 1 ESG

D0 11 1 = 1, M ESG

11 NTB = NTB + NESEGPCI) E£SG

I1 = NTR ¢+ 1 ESG

12 = NTB + NESEGP(MT) ESG
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I NDEKX

37
38
39
40
41

PAGE
SUBROUTINE ESEGPR(N)

Dy 12 1 = 1» N1, 3 £S6G

bg 12 o = 11, I2 ESG

EG = Ct = B(I) ESG

12 IF (ESP(J)+EQ.Cl AND. EGPCU)LEQ.EG) NPU(CI) =.1 ESG

13 RETURN ESG

c ESG
C=====CMECK ALL ES=EG PAIRS USED. ESG
o ESG
14 p9 17 1 = 1, NPS ESG

IF (NPU(CI) +£EQe 1) GD TO 17 ESG

D8 15 J = 1» 300 ESG

K = J ESG

NTB = NT8 + NESEGP(I) ESG

15 IF (NTB ,GE. 1) w0 TO 16 ESG

16 WRITE (6,601) KsESPCIJ)LEGP(I) ESG
NTB = 0 ESG

17 CGNTINUE ESG
RETURN ESG

6U1 FORMATY (15C1Hw"),41H THE FOLLOWING ES=EG PAIR, GIVEN IN MT = ,13,34ES8G
1H , WAS NUT REFERENCED IN FILE 15¢ »17C1H*)/15(1H*),6H ES = ,1PE12ESG
1.5521%X26H EG = »1PE12,5,21X517(1H*)) ESG

END ESG
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I NDE X PAGE
SUBRDUTINE ESEGPR(N)

SYMBOL = 2 2 =z =z = = T ¥ E = =z = = = REFERENCES =T = = =z = 2 = Z = z S = = = =

1 - 5 6%

2 - 5 11%

3 - 13 14x

4 - 17 18%»

5 - 11 19«

6 - 5 20%

7 - 22 ?3x

8 - 26 27 29*

9 - 20 30«

10 - 5 31

11 - 33 34

12 - 37 38 40*

13 - 31 41+

14 - 5 42

15 - 44 47 %

16 - 47 48%

17 - 42 43 S50

601 - 48WR 52 %

B - 3C0 28 39

C1 - 3C0 8 18 28 29 39 40

c2 - 3C0 9 18

COUN - 2C0 :

EG - 8= 29 39= 40

EGP - 4C0 = 1d 29 40 48WR

ESEG - 4cC1)

ESEGPR = 1

ESP - 4C0 = 18 29 40 48WR

1 - 13 14 17 18 22 23 26 28 29 33
34 37 39 40 42 43 46 47 48WR

I - 15= 17 24= 27 35= 38

12 - 16= 17 25= a7 36= 38

J - <7 29 38 40 44 45

JNT - 3C0

K - 45= 48WR

i1 - 3C0

w2 - 3C0

LG - 0

M - 12= 13 21= 22 32= 33

MAT - 3Co

MF - 3C0

MT - 3C0 6 11 12 16 20 21 25 31 32
36

N - 1AG 5

N1 - 3C0 26 37

N1X - 3co

N2 - 3C0

N2X - 3C0

NBT - 3Co
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I NDEX PAGE 33
SUBROUTINE ESEGPR(N)

NC - 2C0

ND - 2C0

NE - 2C0

NESEGP = 4CQ0 6= 11 14 16 20 23 25 31 34
36 46

NI - 2C0

NK - 2C0

NP - 2CN .

NPS - 4CQ T= 8 9 42

NPU - 4co 18= 29= 40= 43

NS - 3Co

NS1 - 2C0

NTAB - 2C0

NTHB - 14= 15 16 23= 24 25 34= 35 36 46=
47 49=

RECS - 3C0

RETURN = 10 19 30 41 51

X - 3C0

Y - 3C0

-.+-+.+-+-f-+-+-+-+-+-+-+-+-+-+-+-4.-+-+-+-+-§-+-+-Q-{--+-+-+-;}-+-4-9-§--+-+-+-+-§-+-+-+.+-+.+
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PAGE

SUBROUTINE STATE(LG)
SUBROUTINE STATEC(LG) STA
CUMMON/RECS/MAT oMFsMT»C15C2,5L1,L2sN1,N2)NBT(100),JINT(100),X(2000),STA
1 Y{(2000),BC2000)sN1XsN2XsNS STA
COAMMDN/SAVE/Z/ETH(300),Q(300)2ETAB(2000),YTAB(2000)»YKTAB(2000)>» STA
1 YCALC2000),YTIL(2000),EK(2000),YK(2000),E5(40) STA
c STA
C=====STORE ES. STA
c STA
IF (MT.GEeS +ANDe MT,LEL14) NOST = MT =~ 4 STA
IF (MT.GE«S1 +AND, MT.LE,.80) NOST = MT = 40 STA
ES(NNST) = C1 STA
c STA
Co====TEST ES., STA
C FOGR LG = 1» N = 2, STA
c FOR I.G = 2» N = 3, STA
C STA
N = LG + 1 STA
DG 2 I = 1, N1» N STA
D6 1 J = 1, NOST STA
1 IF (B(I) +EQ, ESCY)) GO TO 2 STA
IF (BCI) otG@s 0,0) GD TO 2 STA
WRITE (6,0601) BCI) STA
2 CONTINUE STA
3 RETURN STA
6U1 FBRMAT (15C1H*)»56H EST MUST BE EQUAL TOU ONE OF THE PREVIUOUS STATESTA
1 LEVELS, »39C1H*)/15(1H%*),23H THE ESI IN QUESTION = ,1PE11.,4,22X,35TA
19C1H*)) STA
END STA
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I NDE

SYMBOL

L

L2

LG
MAT
MF

MT

N

N1
N1X
N2
N2X
NBT
NOST
NS

Q
RECS
RETURN
SAVE
STATE
X

Y
YCAL
YK
YKTAB
YTAB
YTIL

2C0
2C0
3Co
3COo
3Ccn
3Co
9
10
2C0
2C0
2C0
1AG
-2C0
2C0
2C0
8=
2C0
2C0
2C0
2C0
2Cn
S=
2C0
3Cn
2CN
15
3C0
1
2C0
2C0
3Cn
3CcO
3C0
3¢n
3Ca

11
11

OO

12

11

12

SUBROUTINE STATE(LG)

REFERENCES

13WR

13WR

10

miwtmteiotmietetntujainiuinioinintetatnininitojatninintrintoiniuintntotntatmjaiviotntntntnsd
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Se==

190

30
40
59
00
{0

y0
150

151
152

123
170

SUBROUTINE TEST2C(MT)

SUBRDUTINE TEST2C(MT)

=TEST REACTION TYPE, MT, FUR FILE 14

MT MUST RE IN THE RANGE 3=29», 51-80, 101=108, 110, 301=450
COMMON/TST2C/NINSNUUTSNPUNSNT,MATO>MFoMMoNSEQsLRDsLFISLDDSLFP,ZA»ANT2C

IRSMATP,MFP,MIP s NSEGP,NOPT,NSEQPL
NOQUT = 6

NUPT = 0

IF(MT=3)150,20,20
TF{(MT=29)170,170,30
IF(MT*51)150,40,40
IF(MT«80)17U»170,50
TF(MT=101)150,60s60
IF(MT=108)170s,17U,70
IF(MT=110)150,17V,80
IF(MT=301)150,90590
IF(MT=450)2170,17U, 150
IFINOPT,E@.0)G) 10 152
WRITE(NOQUT-,151)IMT,NSEQP
FORMAT(37X»3HMT=14»29M INCORRECT
G T9 170

HRITE(NNUT»153)M1

FORMAT(37Xs 3HMT=14,10M INCORRECT)
RETURN

END

97

SEQUENCE NUMBER,»2X,»16)

T2¢

T2cC
T2¢C
T2¢
T2c
T2¢C
T2¢
T2¢
T2¢
T2C
T2¢C
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T2¢
T2¢C
T2¢C
T2¢C
T2C
T2C
T2¢
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I NDEX PAGE 37
SUBROUTINE TEST2C(MT)

SYMBOL = %5 ® 5 gz BE S 8 3 2 8 = REFERENCES 2 =2 2 = % ZE E 2.8 2 S 3 FE BN

10 - S*

20 - S 6%

30 - ] T*

40 - 7 8«

50 - 8 9n

60 - 9 10+

70 - 10 11

80 - 11 12%

90 - 12 13«

150 - 5 7 9 11 12 13 14

151 - 15KR 16%

152 - 14 18

153 - 18HR 19

170 - 6 8 10 11 13 17 20+

AWR - 2C0

LDD - 2C0

LFI - 2C0

LFP - 2C0

LRD - 2Co

MAT - 2C0

MATP - 2C0

MF - 2C0

MFP - 2co

MM - 2C0

MT - 1AG 5 6 7 8 9 10 11 12 13
15KWR 18WR

MTP - 2C0

NIN - 2C0

NOPT - - 2C0 4= 14

NOUT - 2CQ 3= 15WR 38R

NPUN - 2C0

NSEQ - 2C0

NSE@QP - 2C0 15WR

NSEQP1 = 2CH

NT - 2C0

RETURN = 20

TEST2C = 1

TST2¢C - 2C0

ZA - 2C0

-¢-*-+-+-+-’-§.¢-+-+-;-+-+-+.+-+-+-+-+-...-4-‘,-*-+-’-‘.-Q-.Q--4-+-+-+-¢-Q-+u+-+-‘-¢-*.+-*-4,-,}.‘

I NDEK PAGE 38

I1 NDEKX

END OF COMPUTATION.
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K. Drake of BNL for his patient help in resolving questions concerning important

but vexating minutiae of the data.
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