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DISCLAIMER OF RESPONSIBILITY

Distribution of this improved ETOG code and document has come about through
cooperative activity in the Cross Section Evaluation Working Group of the

National Neutron Cross Section Center.

Neither Westinghouse Electric Corporation nor any individual author hereof:

A. Makes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness of
the information éontained in this report, or that the use of
any. information disclosed in this report may not infringe

privately owned rights; or

B. Assumes any responsibility for liability or damage which may

result from the use of any information disclosed in this report.
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ABSTRACT

As described in the main report, ETOG processes basic nuclear data in the
ENDF/B format and punches neutron data libraries for MUFT, GAM-I, GAM-II,
ANISN and LASER. Necessary corrections and changes to ETOG are described
in this Supplement. The resulting new version, ETO0G-~3, successfully reads
ENDF/B version III, acheives a high accuracy, and is designed for machine

independence within the realm of large scientific computers.

iii



CHAPTER 1

INTRODUCT ION

[131]

*
41121 , MUFT-5 , GAM-I[l], cam-11H21

In order to permit users of the MUFT-

ANISN[S] and LASER[16] programs to generate library data from ENDF/B Version
III[7], changes have been made in ETOG-1. D, E. Kusner performed a set of
changes yielding an unofficial version called ETOG-2. With the need for

5
[l'], and the advent of Version IIT of

higher accuracy revealed by TEDIUM
ENDF/B, M. Raymund undertook further modifications to produce ETOG-3. This
supplement will give details to correct the main report, corresponding to
basic changes of ETOG. A number of new exploitations of mass storage, sub-
routine changes, etc., will be detailed in Chapters 4 and 5. The details
may be helpful to someone implementing the program on machines other than

the CDC-7600. However, for ordinary ET0G-3 runs, the main report is a fully

adequate users' guide.

[17’18], ETOG's days are numbered. There

As pointed out in the literature
will always be possibilities for new versions of ETOG to handle new versions
of ENDF/B (ETOG-3 certainly cannot process all of ENDF/B v. I and possibly
will fail on some of ENDF/B v. IV). However, the new philosophy of providing

" files, easily col-

central processing of cross sections into "super-group
lapsible to all major group-average schemes, will put an end to most ETOG
running within 3 or 4 years. Release of ETOG-3 is necessary, however, if

present ETOG users are to process cross sections with accuracy comparable

to ENDF/B-III quality.

*
The references given in the main report are reproduced here as Ch. 7,
with updating and additions ([16] et. seq.).
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CHAPTER 2

PROGRAM DESCRIPTION

2.1 GENERAL INFORMATION

The ground-work concerning codes served by ETOG, and concerning symbol

definition, is assumed from the main report.

The alterations represented by ET0G-3 require certain modifications to
Chapter 2 of the main report. These are limited to the topics: 1) resolved
resonances, 2) inelastic scattering and 3) source spectra. There is a minor
change in unresolved resonance calculations, with details given on Page 3-2

of this report.
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2.2 RESOLVED RESONANCE TREATMENT

2.2.1 RESOLVED RESONANCE FORMULAE

The formula (2.16) of the main report, and descriptions following, for
cross sections from s-wave resolved resonance parameters, are replaced

by the specifications given in Appendix D of Reference 7 (official ENDF/B
specification). This Appendix is quoted extensively below. Note that

£ stands for the angular momentum state, so that s-wave cross sections
are covered by £=0. Letting £=1 covers p-wave, which is also programmed

in ETOG-3. Higher values of £ are not included in the new version.

1. Elastic Scattering Cross Section
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2. Radiative Capture Cross Section
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3. Fission Cross Section

NLS ‘
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=0
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I is the spin of the target nucleus and J is the spin of the

compound nucleus for the resonance state,

I = SPI, as given in File 2 data for each isotope

The summation on 4 extends over all AZ-states described. There

will be NLS terms in the summation.

NLS is given in File 2 for each isotope

The summation on J extends over all possible J-states for a

particular f-state. NRJ is the number of resonances for a given pair of
NRS = E NRJ
J

NRS is given in File 2 for each f~-value

L and J values.




r;r(lEr|) = GNr is the neutron width, for the rth resonance
for a particular value of {, evaluated at the resonance energy Er' For

bound levels, the absolute value |Er‘ is used.

@ 7T (ED
Tor ?,(E_D

+ i .
r I}r is the total width

= +
I, = I,®+T,
The following quantities are given in File 2 for each resonance:
Er = ER, the resonance energy
J = AJ, the spin of the resonance state

rhr(‘Er‘) = GN, the neutron width

I;r = GG, the radiation width
I}r = GF, the fission width
s,(le_|) - s,(E)
47 2
E'=E_+ r (gD
r r ZPL(IEr]) nr ‘ r‘
K = 2.196771 —2RL__ 1573 F,

AWRI + 1.0
where k is the neutron wave number and AWRI is the ratio of the mass of the

particular isotope to that of the neutron.

AWRI given in File 2 data for each isotope

E is the incident neutron energy (Laboratory system);

S is the shift factor,

2 =
S0 0
S = -—-——2-1
1 1+



15'1z is the penetration factor,

PO = 0
3
P e b
1 1+ ¢°
P, = 0,
2 94—3;)2+p4

. -12 .
where p = ka and "a" is the channel radius (in units of 10 cm) and is

defined as .
a = [1.23(AWRI)" + 0.8) x 107 ;

0, is the phase shift,

¢b = D
¢ = 5 - tan *p
= 0 tan * 38
) L 3. 62 ,

where § =ka and 4 is the effective scattering radius.

A

& = AP, as given in File 2 data

These formulae are extremely difficult to follow through the ETOG programming,

especially as symmetric or anti-symmetric parts are called for in an intricate

logical system.

The definition of 0, must be retained, however, to specify the calculation

A + 1.008665
A

of MUFT resonance parameters. The term ( ) in the definition of

o, was replaced by At

n where A is defined as in Expressions (2.10) and

(2.14) of the main report, that is

6
o (2.6040+10”) T__(|E g e 2
o [E_|T A
r r
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This considerable change in formulae is justified for high-energy resolved
resonances, where differences can be observed between the formalism of

the main report and the ENDF/B definitions.

The MLBW calculation specified in Reference 7 is used in ETOG-3 for ENDF/B
resolved resonance data which calls for this form. Quoting again from

Appendix D of Reference 7:
Multilevel Breit-Wigner Formula: LRU=1, LRF=2

The equations are exactly the same as above, except that a level-level

interference term is included in the equation for elastic scattering:

' / 1
o, 1, |Eepee) + 2T

22y 2y Tewor o [+ Bny)

NR r-1

It is crucial to notice that any term in the sum above is omitted if the
J value assigned to resonance s differs from the J value assigned to
resonance r. This is not a deficiency in the specifications in Reference 7,

but merely a caution, since the classes "NR_" are not always segregated

J
in ETOG.

ETOG-3 lacks provisions for D-wave Breit-Wigner, for Reich-Moore, and for
Adler-Adler formalisms. The only ENDF/B v. III material excluded by

these shortcomings is U233, Mat 1110.
2.2.2 POINTWISE RESOLVED CROSS SECTIONS
There is a discussion given in the main report, pp. 2-13 and 2-14,

concerning pointwise cross sections generated from resolved resonance
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parameters. This description is correct for ETOG-3, except that an
additional sophistication was added to ETOG-3. It was found that a

very fine mesh was used (in earlier versions) from E0 to EO i.(l/Z)Pt, but
that for energies further from peak, the grid could be very coarse in
ETOG~1. This is a known source of an overestimate in producing group

cross sections via the method of forming the pointwise cross sections.

In ETOG-3, the original fine mesh has been left undisturbed from EO to
EO j}(l/4)Ft, but the points which covered from j—__(l/4)1"t to _-i:_(l/Z)Ft

have been spread a little more coarsely to cover from + (1/4)1"t to i_(S/Z)Ft.

This moved observed erfors from as high as +6% down to as low as 0.257
for isolated resolved resonances. With complete reprogramming, a number
of excellent suggestions for further improvements could be considered.
It is obvious that when 30 or 40 resolved resonances lie within a single
group, the ETOG scheme is hampered by limited total grid point storage

available.
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2.3 INELASTIC SCATTERING

The paragraph in the middle of p. 2.14 of the main report requires
revision due to changes in "LF numbers.'" The following would now

serve as an introduction to the MUFT treatment of inelastic scattering:

MUFT requires an inelastic scattering probability matrix as
MUFT 4, File 5 (MUFT 5, File 6). Since the requirement is for
a probability (rather than a cross section) matrix, all of the
necessary information is contained in ENDF/B, File 5. There
are six ENDF/B defined representations of secondary energy
distributions, labeled by numbers LF. ETOG-3 will handle

LF=1, 3, 7, 9 and 10. The other distribution (LF=5) is ignored

by the program.

On p. 2-16, just after expression 2,24, the reference is now only

to LF=10. The new sentence would be:

For LF=10, an E' mesh is constructed to cover the entire energy
range; the appropriate (LF) function, f(E), is calculated over

this range, and the fractional amount in each sink group computed.

As a new feature, ETOG-3 accommodates the scheme "LF=1" which is really
not a secondary energy distribution function (analytic form), but a
tabulation. The new computation for LF=1 uses the energy arrangements
set up for laws LF=7 and 9 and the general considerations given in

pp. 2-16 and 2-17 (of the original report) apply. One caution: a test

of a TEDIUM LF=1 data case, with probability in the form of a delta
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function, revealed that the energy grid arranged in ETOG-3 would miss
the non-zero data, resulting in a completely zero transfer matrix.
Work with real ENDF/B v. III data (e.g., Iron, MAT 1180) was satisfactory

for LF=1.
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2.4 SOURCE SPECTRUM

A correction of the specifications described by p. 2-24 of the main report

is required because of changes in LF (distribution law numbers) as now

defined for ENDF/B. ETOG-3 will process a fission spectrum described by

LF=7, 9, or 10. Combinations of LF number within this set are also processed.
The defined LF numbers 1 and 3 are not accepted; an error message is printed
and the program stops. If fission source spectrum processing is attempted
with LF=5, another message is printed, and zero is contributed to the spectrum.
An attempt to process a spectrum for a material lacking any ENDF/B file 5,

MT=18 data (fission) results in a program stop, without any message.
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CHAPTER 3

EXECUTION INFORMATION AND PROCEDURES

This chapter is written to point out the few sections of Chapter 3 of the main

report which should be up-dated in order to correspond with ET0G-3.

3.1 LIMITATIONS

Program restrictions given on p. 3-~1 through p. 3-3 need very few changes.

ETOG-3 allows 500 resolved resonances as a maximum.

Secondary Energy Distribution Laws 2, 4, 6 and 8 no longer have any
official meaning (programming has not been removed). Some enlargement

of storage has occurred for LF=1, but a simple description of the limits is
not possible. A total tabulation of about 8000 points is the largest that
can be handled. This is lowered somewhat if storage has been pre-empted

for other features of ENDF/B data. Messages are printed out to show overflows.
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3.2 INPUT FORMAT

With regard to Sections 3.3.2.4 and 3.3.4.3, ETOG-3 has always been run in
BCD (MODE=3) mode. The binary mode has not been tested in the new ETIO0G

version.

One note of interest is that smooth cross-section information in MUFT format
is not possible in the full sense of ENDF/B definitions, if resolved resonance

parameters are used to represent part of the cross sections in the data files.

Two alterations have been made in the unresolved resonance treatment in ETOG,
with the viewpoint of closer conformation with Appendix D of Reference 7.

Quoting from that Appendix once more:

Cross Sections in the Unresolved Region

a. Elastic Scattering Cross Section

NLS ’
Un,n (E) = E : Gn:n €)
£=0
NJS
. 2
crg,n (E) = 12% g, (20+1) sin2¢
J
NJS£
—-— . 2
2ﬂ2 - 2Tu sin“g,
+ 2 ,
2 3 fsd
D: g

Notice that there is a phase angle dependence in the elastic scatter of the

2[11]

form sin ¢£. Without any change of the basic MC method used in ETOG,

this sin ¢£ dependence shown has been introduced in place of constants

previously used. These changes led to a few-percent improvement in results
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in the kilovolt range. Tests with TEDIUM[17] indicate that the ENDF/B
prescription is numerically equivalent to ETOG, provided that "SIGP" is
input (pp. 3-4 and 3-9 of the main report) as a large positive number.
Conventional input has been +lO7 for SIGP. The effects of the sin ¢£

dependence in U~238 processing is shown in Chapter 6 of this supplement.

The sample input (p. 3-19 of the main report) must be modernized to MAT 1159
(Card 1, Col. 7-10) and Tape 308 (Card 2, Col. 3-5)--see p. 3~4 of this report.

The new LASER[16]

library option can be described for input in terms of
changes in the MUFT~4 library option controls. This does not provide the

thermal library data, of course. Referring to p. 3-9 of the main report,

the special LASER requirements are:

MAXG = 50
IEU = 8
IPUN = 3
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3.3 OUTPUT FORMAT

3.3.1 PRINTED OUTPUT

Note that the infinitely dilute integral edit now has the elastic scattering

integral included. For convenience, ZA and MAT are now shown on this edit.

3.3.2 PUNCHED CARD OUTPUT

ETOG-3 automatically gives the bonus of a MUFT-5 punch whenever MUFT-4
is specified. The MUFT-4 punch comes first, and MUFT-5 after; each is

partitioned by an ENDFILE statement in FORTRAN.

Large library handling requires use of permanent files for "punched" output,
and the use of film for printed output. Currently this is achieved on the
CDC 7600 by the execution card

ETOG3 (, ,FILMPR, ,SAVPUN) .
The file FIIMPR is automatically sent to a fiche-making machine, and SAVPUN
is preserved as a user file for later library manipulation. No actual cards
are punched, and only the system printout called a ''dayfile" comes out on
paper. Similar dispensing with card handling is available on other modern

computers.

3 3.3 SAMPLE PROBLEM OUTPUT

The following pages (3-7 through 3-43) provide the new example of output
corresponding to the old example on pp. 3-44 through 3~73 of the main
report. These show the changes due to use of ENDF/B Version-III data
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and due to processing by ETOG-3, in combination. These results may be
useful for someone implementing ETOG-3. They should not be used to

draw any quantitative conclusions concerning either ENDF/B or ETOG

changes. This output is the result of running the control data shown

on p. 3-4. As in the original ETOG report, this sample of output represents

only a third of the actual printout.
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CHAPTER 4

PROGRAMMER'S INFORMATION

As explained in the main report, this computer program is intended for
many installations. The programmer facing the task of implementing
ETOG at his installation should have little difficulty. This claim is,
however, a relative one. Version 3 exploits certain modern computer
features which may pose a severe difficulty in adaptation on some

computers.

4,1 PHILOSOPHY

Programming ideals are not changed for the new version.
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4.2 LABELED COMMON VARIABLES

An immediate problem in moving from a CDC-6600 Computer to a CDC-7600
Computer involved reduction of memory requirements for ETOG. One result
of this is that part of the common block /DENS/ no longer exists in the
program, being replaced by access to fast random storage. This is called
""Large Core Storage' (LCS) locally and will be discussed further in
Chapter 5. (Use of serial storage was tried (locally a disk) and found
to be 50 times slower.) The label /LARCPR/ is applied to the LCS area
used (length 17000). The name 'Extended Core Storage'" (ECS) is sometimes
used. On the CDC 7600, only "Small Core' (150K8) is available for a
program. ''Large Core" (ZExtended Core) can be used in Fortran by

explicit transfers ("READEC" and "WRITEC," etc.).

In addition, it was necessary to consider the recommendation for a '"disk
paging" system for ENDF service programs, resulting from recent enlarge-
ments of format limits on ENDF/B tabulations, etc. Consequently, in order
to "shrink ETOG into the CDC 7600," it was decided to make a paging system
of "A storage'" in the common block /DENS/ to provide some additional,
generally applicable, relief of storage problems in the ENDF family of
computer codes. This was arranged so that it was easy to change from

"extended-core paging'" to '"disk paging."

The /DENS/ storage system can include many different stored ''records' of
all the official ENDF/B types. Consequently, access to the "A array" is

through the special service routines ST@RE, DELETE, FETCH, FPDS, IPDS,



LRIDS. All references to content of A were automatically programmed

by FUNCTION subroutines A and LA (integer equivalent to A). All program
statements with A or LA references left of the equal sign (Fortran) were
rewritten with calls to a subroutine "WRITA." Additional service routines
SETA (for setting file content to zero) and LOADA are used. There is a
special COMMON/PAGEA/. All this is an imitation, as far as possible, of
the system set up for X and Y of the common block /RECS/ in the new

CHECKER[14] program.

For "disk paging,'" system difficulties experienced on the PDP 10 and

CDC 7600 (namely, the failure of a WRITE if done on a disk file when the
prior operation on the file was a READ) led to the use of one disk file
for READ's and another file for WRITE's. All READ operations are stepped
with page WRITE operations so that changes of A content, if any, are
moved into the WRITE file. When a '"lower page number" must be accessed,

both files are 'rewound" and interchanged (the WRITE file becomes the new

READ file, while the READ file becomes the new WRITE file).

Extended core paging might be transmuted to high-efficiency disk paging

by "Random Access."
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4.3 OVERLAY STRUCTURE AND ROUTINE LIST

Following is a list of the programs, subroutines, and functions used
by ETOG-3. "LCS" in parentheses used after some subroutines is explained

in Section 4.2 above.

A brief summary of the purpose of each is included. The order of the
list is the same as that of the physical deck. It is arranged by program

segment; hence, this list also serves as the overlay structure description,

Overlay (0,0)

ETOG3 controls flow of main program

ERR prints error message

ERROR prints error message®

STORE stores record in dense storage*

SETA zero current page (LCS)

WRITA write into page (LCS)

A read from page (LCS)-reals

LA read from page (LCS)-integers

LPADA move page to or from LCS

FETCH fetches record from dense storage*
DELETE deletes record from dense storage¥*
ECSI computes integral of y(x)#*

GRATE integrates TABl function#*

COMB combines two TABl functions*

COMBP combines one panel of two TABl functions*
ADD combining function for addition%*

SUB combining function for subtraction¥*
MULT combining function for multiplication*
DIV combining function for division*
TERP interpolates between two points#*
TERP1 interpolates one point#*

TERP2 forms new table by interpolation*
LRIDS locates record in dense storage*
FPDS fetches point from dense storage*
IPDS interpolates point in dense storage®*

*This subroutine (or function) is part of the package of Retrieval Sub-
routines for the ENDF/B System written by H. C. Honeck (Reference 14).
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HOLL reads hollerith material description

CONT reads control (CONT) record

LIST reads LIST record

TABL reads TABl record

TAB2 reads TAB2 record

TPOS positions ENDF/B tape to file (MF) and reaction (MT)
XTND extends data array

SAVE writes or reads a scratch tape

TERPO interpolates a data array

GPAV averages over selected groups

AVRG averages over a selected energy range

oUT3 prints output (File 3 data)

XSP4 converts data to excess-50 format, punches MUFT-4 and MUFT-5
TIMEIT provides timing information (example on p.3-13)
ETIME calls system time routines

Overlay (1,0)

ET0G10 controls flow of program in overlay (1,0)
ININ reads input

0oUTO lists input options selected

ZERO initializes variables

EU constructs group structure, weight, and weight averages
GENT1 generates TABl funztion

FISS generating function for fission spectrum
TRID reads ENDF/B tape I. D.

TMAT positions ENDF/B tape to material (MAT)
TMF1 reads ENDF/B File 1

ouT1 prints output (input)

Overlay (2,0)

ETOG20 controls flow of program in overlay (2,0)

INF2 initializes variables

TMF2 reads ENDF/B File 2

RESO calculates resonance parameters for GAM-~I and GAM-II

RESS calculates resolved resonance scattering and some capture or fission

FACTR calculates penetration and shift factors and phase shift

RESR calculates resolved resonance parameters and low resonance effect

SESTAR serves for some resonance arithmetic

RESU calculates unresolved resonance contribution

URP unpacks unresolved data, gets interpolations

ANW does resonance arithmetic, especially for average neutron width
in unresolved region

URI sums fluctuation integrals for unresolved resonances

PHASE gives phase needed for potential and for negative scattering term
(unresolved)



Overlay (3,0)

ET0G30

TMF3
CROS
RESI

controls flow of program in overlay (3,0)

reads ENDF/B File 3
calculates smooth cross sections
calculates infinitely dilute resonance integrals

Overlay (4,0)

ET0G40

TRAN

GRID
MVAL
DINT
SINT
GADD
TMF4
LECOM
LEGEND

controls flow of program in overlay (4,0)

controls calculation of transfer elements, prints elastic
scattering matrices

sets up lethargy mesh for integration

evaluates inner integrand at an energy mesh value

performs double integration for matrix element

performs double integration for in-group matrix element (special case)
retrieves scattering cross sections and Legendre coefficients

reads ENDF/B File 4

establishes Legendre coefficients in center—-of-mass coordinate system
fits Legendre coefficients to tabulated angular distributions

Overlay (5,0)

ETOG50

REEDE
INF5
TMF5
IMAT
IP2DS
JUMP

ERFU
CWAX
PUTW
ouT5
RENO
SPEC

controls flow of program in overlay (5,0)

reads a scratch tape

initializes File 5

reads ENDF/B File 5

calculates contributions to inelastic matrix

interpolates in dense storage (from TAB2 records)

supplies a section of IMAT (improperly nested in older version) for
secondary energy mesh,

calculates error function erf (X),

combines weight and cross section

restores weight to proper place

prints output (File 5 data)

renormalizes inelastic matrix

calculates source (fission) spectrum

Overlay (6,0)

ET0G60

POUT
GOUT
OPAR

controls flow of program in overlay (6,0)
punches output for MUFT

prints and punches output for GAM
handles array/output
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Overlay (7,0)

ET0OG70 controls flow of program in overlay (7,0)
ANOUT prints output for ANISN

ANPUN punches output for ANISN

ANPUNF punches last card

Overlay (10,0) (Interpreted in octal; result is 810)

ET0G100 controls flow of program in overlay (10,0)
LouT punches output for LASER
OPAR handles array output
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CHAPTER 5

ENVIRONMENT INFORMATION

The amount of core storage required by ETOG~3, associated system library
functions, and the CDC 7600 SCOPE 2.0 operating system is approximately 42,00010

locations plus 17,000 locations of extended core (or equivalent 17,00010 of

10
random access storage). ETOG-3 uses four scratch files in addition to the user-
supplied library file. Standard system input, output and punch units are

required.

The memory figures above reflect the use of a CDC compiler called FIN, with
optimization chosen at "level 2". The quickest compilation occurs with a

"level 0" choice, but there is a lower efficiency in the core storage use,

as well as in execution time.

ETOG-3 is written in FORTRAN IV. All "Non-~ANSI" flagging by the compiler
has been remedied. The program is expected to compile and execute properly
in any installation which provides the configuration capacity outlined

above.
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CHAPTER 6

COMMENTS AND CONCLUSIONS

Not all of the improvement needs mentioned in Chapter 6 of the main report
have been met. Some reaction schemes have been added for exploitation of
ENDF/B File 3 high energy content. Resolved resonance treatment is still

a concern, in regard to accuracy of pointwise cross sections used. The use
of almost all of ENDF/B Version III was assured by adding the Breit-Wigner
multi-level formula to the programming. Transfer matrices have been improved
since ETOG version 1, from two points of view. More ENDF/B formats can be

handled, and calculations are more accurate.

A survey regarding accuracy is tabulated in Reference 19 (resonance integrals).
(The change mentioned on Page 3-2 in unresolved resonance treatment was made
in late June, 1973, but it refers only to scattering. The results shown in
Reference 19 do not involve scattering cross sections.) A revision from

the table given in that paper is shown on Page 6-3.

Comparison of library-processing-code treatment of ENDF/B U-238 data was
requested by CSEWG in November, 1972. A look at some results from this

effort (Pages 6-~4 and 6-5) gives a clear impression of the effect of the
correction to unresolved resonance scattering mentioned on Page 3-2, Page 6-4
is '"before" and Page 6-5 is "after.'" Attention should be focussed on the
first column of results, in Groups 22 through 32. The possibility of the

need for this correction was pointed out by R. Q. Wright of Oak Ridge

National Laboratory. I am grateful to him and to R. B. Kidman of



Westinghouse-Hanford Engineering Development Laboratory for permission

[20] 21]

to show their SUPERTOG and ETOX[ results, respectively.
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"ETOG-3 and ETOT-3...." M. Raymund, Trans. Am. Nucl. Soc. 16, 323 (1973):
TABLE I (Corrected)

Calculated (n,y) Capture Integrals and (n,f) Fission Integrals (barns)?

% Difference

{ NDF/B-111 Standard® ET0G-2¢ ET06-3° (ET0G-3) - Std.\ x 100
Material No. (BNL) (MUFT W) (MUFT;W) Std.
N-14 1133 3.38(-2) 3.37(-2) -3
Ca 1152 0.226 0.225 -4
Cr 1121 1.66 1.71 1.63 1.4
Mi-55 1019 15.3 14.9 14.8 -3.3
Co-H9 1118 72.7 70.8 -2
Ni 1123 2.25 2.33 2.23 -1.2
Nb-93 1164 9.46 10.6 9.56d 1.1
Mo 11 29.3 29.3 29.2 -4
Ag-107 1138 115, 116. 1.3
Ag-109 1139 1.46(+3) 1.45(+3) -.8
cd-113 1223 386. 387. .3
Ta-182 1127 1.07(+3) 1.08(+3) 1.1
W-186 1063  489. 485. 485, -7
U-234 1043  627. 631. 631. .7
U-235 1157 137.2 137.5 .2
F282. F284. .7
U-236 1163  413.€ 347.€ -16.0
F 2.95 F 2.93 -.4
U-238 1158  280. 278. -7
F 1.66 F 1.66 -.3
Pu-239 1159  200. 199. -.4
F304. F301. -.8
Pu-240 1105 8.48(+3) 8.25(+3) 8.50(+3) .2
F 9.04 F 8.49 F 8.53 -5.6
Pu-241 1106  116. 117. 17. .3
Pu-24?2 1161 F 5.27 F 5.29 .4

a. Integration limits 0.5 eV - 15 MeV; fission integrals are denoted by F.
b. Weighting function varied as 1/E.

¢. MWeighting function varied as 1/E joined to a fission spectrum.

d. Special ETOG-3 run in ANISN mode gives 9.69 barns.

e. Preliminary results.
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