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ABSTRACT
LAVA (Let ANISN V:sit AMPX) is a computer code which will trans-
form ANISN cross-section libraries to the AMPX working library format.
This version of LAVA ir a stand-alone program issued with the MORSE-SGC
code which accepts only cross sections in the AMPY working library

format.
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INTRODUCTION

LAVA (Let ANISN Visit AMPX) is a woduie of AMPX!. It will take an
ANISN? cross-section library (neutron, gamma, or coupled neutron-gamma)
and transform it into an AMPX working library, which can be used by MORSE-
scc.3

The version of LAVA issuved with MORSE-SGC contains the necessary
AMPX library routines to render it operable as a stand-alone program.

A FORTRAN subroutine, ALOCAT, is used to allocate the space for data
storage (see Fig. 1). The version issued allocates 30,000 words for data
storage. This can be altered by changing the 30,009 on the second and
third cards (Fig. 1) to whatever size is desired. 7The execution GOSIZE

must also be set to accommodate this storage space.

SUBROUTINE ALOCAT (PROGH)
COMMON D(30000)

CALL PROGM (D, 30000)
RETURN

END

Figure 1. A FORTRAN ALOCAT

An IBM 360/370 assembly language subroutine ALOCAT is issued as part
of MORSE-SGC. This version can also be used with LAVA instead of the
FORTRAN version above. The asgsembly language version utilizes all storage
space available within the execution GOSIZE. Datas storage space is Chen

altered by changing the execution COSIZE.



The FIDO format is used for LAVA input data. An extract of the
AMPX manual (Section 13.0 of Ref. 1) which explains the use of the FIDO
system is included as Appendix A.

A sample problem is shown in Appendix C.

LAVA Input Data

Block 1
0s Logical Definitions [6]*

1. Nl

ANISK library (default 2G)

2. N2 - AMPX vorking library (default 4)

3. N3 - Scratch (default 18)
4. N4 - Scratch (default 19)
5. N5 - Input (default 5)

6. N6 - Output (default &)
1 ANISN Library Parameter Data {8]
1. NNUC - Number of isotopes to be put on new library

2. IGM - Number of neutron grouns

3. IHT - Position of 57
4. 1 - Posi fo

HS osition o -
5. 1IHM - Table length

6. IFIG - First thermal group
7. IPM - Nuwber of gamma groups
8. IFM - Formar of ANISN library
-1, binary
0, free-form BCD
1, formatted BCD
T - Terminate Block 1

*Number of entries required for e>ch array is shown in | }.

- % g .



Block 2
28
3s

a$

5$

6%

7®

8%

Identifiers of Py parts of nuclides on ANISN library [NNUC]
Order of scattering by nuclides selected from ANISN library
[NNUC]

AMPX identifiers for the nuclides selected frou ANISN library
{wnuc]

MT Numbers (IMT]

The MT aumbers (see Fig. 2) of the 1-D cross sections above
°s*& in the ANISN library, starting at position i1HT and work-
ing back to the first position (defaults 1, 1452, 27, 18, 1018,
1001, 2, 16, 102, 103, 107)

CHI (1cM]

Needed for fissionable nuclides i{ MT 1018 not present in the
ANISN library

Neutron energy group boundaries | IGM+1] high-to-low in energy
(eV) (defaults are available' for 16, 22, 37, 50, 51, 100, 104,
105, 119, 123, and 231 neutron groups)

GCamma energy group boundaries [IPM+1]

High-to-low in energy (eV) (defaults are availablet for 18, 21,
25, and 26 gasma groups)

CHI Forcing Flags [MNUC)

A nonzero entry for a nuclide causes chi for that nuclide to

be taken from the 6* array -egardless of whether there is an

MT=1018 entry (defaults to zero all entries)

T - Terminste Block 2

*An extract of the AMPX manual (Section 11.6 of Ref. 1) which lists
the built-in energy group boundsries is included as Appendix B.



MT Numbers
1 Ce
1452 vo§¢
27 Ta
18 Og
1018 X
1001 tr
2 Jg
1€ On2n
| 102 Sny
' 103 " Cqp
107 Caax

Figure 2. MT nucbers.



LAVA Input/Output Specifications

The following devices are normally needed in rumning LAVA.

Logical Number Purpose

4 AMPX working library written
by LAVA

5 Card irput

6 Standard output

18 Scratch device

19 Scratch device

20 ANISN library

Each P~part of each muclide in the ANISN library must be preceded by
the following:
NGPS , IWM,NF, ID, (TITLE(I),I=1,12)
where
NGPS is the number of grcups, IGMHIPM
THM 1is the table length
NF is a flag which will normally be zero.

NF=7 is used as a flag to indicate the end of the ANISN
library

ID - the ID number of the P-part
TITLE(I) - alpha numeric data
For a free-fora BCD or formatted BCD ANIS3 lidrary, the card format

will be: 1X,216,14,16,12A4.



APPENDIX A

FIDO (ANISN) Input System

W. A. Rhoades

The FIDO input metiod is especially devised to allow the entrance
or modifying of large data arrays with minimum effort. Special advantage
is taken of patterns of repetition or symmetry wherever possible. The
FIDU syster was patterned after the input method used with the FL2CO
coding system at Los Alamos, and was first applied to the DIT -I1 code.
Since that time, numerous features requested by users have been added,
a free-field option has been Jdeveloped, and the application cf FIDO has
soread to innumerable codes.

The data are entered in units called "arrays". An array comprises
a group of cortiguous storage locations which are to be filled with dats
at one time. These arrays usually correspond on a one-to-one basis with
FORTRAN arrays used in the nrogram. A group of one ur more arrays read
with a single call to the FIDO package forms a "block™, and a special
delimiter is required to signify the end of each block. Arrays within
a block may be read in any order with respect to each other, but an array
belonging to one block must not be shitied to another. The same array
can be entered repeatedly within the same block. For example, an array
could be filled with "0" using a special option, and then a few scattered
locations could be changed by reading in a new set of data for that array.
If no entries to the arrays in a block are required, the delimiter alone
satisfies the iaput requirement.

Three major types of input are available: fixed-field input,

free-field input, and user-field input.

T EmAAn s dnd e eawie s
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Fixed-Field Input

Each card is divided into six 12-column data fields, each of which
is divided into three subfields. The following sketch illustrates a

typical data field. The three subfields always comprise two, ome, and

nine columns, respectively.

Subfield 1
Subfield 2
Subfield 3

ll!'lllllllll

To begin the first array of a block, an array originator field is

placed in any field on a card:

Subfield 1: An Integer array identifier < 100 specifies the data

array to be read in.

Subfield 2: An array~type indicator:

"$" if the array is integer data
%" if the array is real data
Subfield 3: Blank

Data are then placed in successive fielcs until the required number

of entries has been accounted for. A sample data sheet shown below illus~

trates this input.

In entering data, it is convenient to think of an "index” or
"pointer"” which 13 urder control of the user, and which specifies tre
position in the array into whirch the next data entry is to go. The
pointer it 2lways positioned ut array location # 1 by entering the array

originator field. The pointer subsequently moves according to the data



operator chosen.

Blank fields are a special case, in that they do not

cause any data modification and do not move the pointer.

A data field has the following form:

Subfield 1:

Subfield 2:

Subfield 3:

The duta numerator, ar integer < 100. We refer to this

entrv as N} in the following discussion.

One of the special data operators listed below.

A nine-character data entry, to be read in F9.0 format.
It will be converted vo an integer if the array s a
“$" array or if a special array operator such as Q

is being used. Note that an exponent is permissible
but not required. Likewise, a decimal is permissihle
but not required. If no decimal is supplied, it is as-
sumed to be immediately to the left of the exponent, if
any; and otherwise, to the right of the last column.
This entry is referred to as Nj in the following dis-

cussion.

A list of data operators and their effect on the array being input

follows:

"8lank" indicates a single entry of data. The data entry in

the third subfield is entered in the location indicated by the

pointer, and the pointer is advanced by one. However, an entirely

blank field is ignored.

The "+" or "-" indicates exponentiation. The data entry in the

third field is entered and multiplied by 10+N1, where Ny is the

data numerator in the first subfield, given the sign indicated by

the data operator itself. The pointer advances by one. 1In cases



-

vhere an exponent is needed, this option allows the entering of more
significant figures than the blank option.

The "§” has the same effect as "+".

"R" indicater that the data entry is to be repeated N; times.
The pointer advances by Nj.

"I" indicates linear interpolation. The data nuserator, Nj,
indicates the number of interpolated points to be ctupplied. The
data entry in the third subfield is entered, followed by N; inter-
prlated entries equally spaced between that value and the data entry
found in the third subfield of the next nonblank field. The pointer
is advanced by Nj + 1. The field following an "“U" field is then
processed normally, according to its own data operator. The "I"
entry is especially valuable for specifying a spatial mesh. In "$"
arrays, interpolated values will be rounded to the nearest integer.

"L" indicates logarithmic interpolation. The effect is the
same as that of "I" except that the resulting data are evenly sepa-
rated in log-space. This is especially convenient for specifying
an energy mesh.

"Q" is used to repeat sequences of numbers. The length of the
sequence is given by the third subfield, Nj. The sequence of N3
entries is to be regeated N; times. The pointer advances by Np*N3.
It either Nj or N3 is O, then a sequence of N} + N3 1s repeated one
time only, and the pointer advances by N; + B3. This feature is

especially valuable for geometry specification.



10

The "N” ootion has the same effect as "Q", excepr that the order
of the sequence is reversed each time it is entered. This is val-
uable for the type of symmetry possessed by S, quadrature coefficients.

"M" has the same effect as "X" except that the sign of each entry
in the sequence is reversed each time the sequence is cntered. For
example, the entries

1 2 3 22
would be equivalent to

1 2 3 -3 -2 2 3.

This option is also useful in entering quadrature coefficients.

"Z" causes N, + N3 iocations to be set to 0. The pointer is
advanced by N; + N3.

"C" causes the position of the last array item entered to be
printed. This is the position of the pointer, less 1. The pointer
is not moved.

"@"” causes the print trigger to be changed. The trigger is
originally off. Successive "@¢" fields turn it on and off alter-
nately. When the trigger is on, each card image is listed as it is
read.

¥S"” indicates that the pointer is to skip Nj positions leaving
those array positions unchanged. If the third subfield {s blank,
the pointer is advanced by Nj. If the third subfield is nonblank
that data entry is entered following the skip, and the pointer is
advanced by Ny + 1.

"A" moves the pointer to the position, N3, specified in th2

third subfield.
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"F” fiils the remainder of the array with the datum entered in
the third subfield.

"E” skips over the remainder of the array. The array length
criterion is sluays satisfied by an "E", no matter how many entries
have been specified. No more entries to a= array may be given fol-

lowing an "E", but data entry may be restarted with an "A".

The reading of data to an array is terminated wh2n a new array origir
field is supplied, or vhen the block is terminated. If an incorrect mum-
ber of positions has been filled, an error edit is given; and a flag is
set which will later abort execution of the problem. FIDO then continues
with the next array if an array origin wvas read. Othervise, it returms
control to the calling program.

A block termination comsists of a field having "TI" in the second

subfield. All entries following "TI" on a card sre ignored, and comtrol
is returned from FIDO to the calling prograa.

Comment cards can be entered within a block by placing an apostrophe
(') in column 1. Then coluans 2-80 will be listed, with column 2 being
used for printer carriage control. Such cards have no effect on the

data array or pointer.

Free~Field Input

With free-field input, data are written without fixed restrictions

as to field and subfield size and positioning on the card. The options

-
-
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used vith fixed-field input are available, although some are slightly
restricted in form. In general, fewer data cards are required for a
problem, the interpreting print is easier to read, a card listing is
more intelligible, the cards are easier to keypumh, and certain common
keypunch errors are tolerated without affecting the problem. Data arrays
using fixed- and free-field input can be intermingled at will within a
given block.

The concept of three subfields per field is also applicable to free-
field input; but if nmo entry for a field is required, no space for it
need be left. Omly columns 1-72 may be used, 2s vith fixed-field input.

The array originator field can begin in auy position. The array

identifiers and type indicators are used as in fixed-field input. The
type indicator is entered twice, to designate free-field input (i.e.,
"$$" or "**"). The blank third subfield required in fixed-field input is
not required. For example:

J1%%
indicates that array 31, a real-data array, will follow in free-field
forma..

Data fields may follow the array origin field immediately. The data
field entries are identical to the fixed-field entries with the following
restrictions:

(1) Any number of blanks may separate fields, but at least one blank

must follow a third subfield entry if one is used.

(2) If both first- and se.ond-subfield entries are used, no blanks

may separate them, i.e., 24S, but not 24 S.
(3) Number:s written with exponents must not have imbedded blanks,

i.e., 1.0E+4, 1.0E4, 1.0+4, or even 1+4, but not 1.0 E4.

-day

e,

Bt aes po L0 VT VRSN
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(4) In third-subfield data ¢ntries, only 9 digits, including the
decimal but not including the expovent field, can be used, {.e.,
123456 .89E07, but mot 123456.789E07.

(5) The Z entry sust be of the form: 738Z, =not 2738 or 738 2.

(6) The + or - data operators are not needed and are not available.

(7) The Q, N, and M entries are restricted: &, 1M4, or M4, but

not &Q, 4N, or &M.

User-Field Input

If the user follows the array identifier in tbhe array originmator
field with the character "U" or "V", the input format is to be specified
by the user. If "U” {s specified, the FORTRAN FORMAT to be used must
be supplied in columns 1-72 of the next card. The format must be en-
closed by tkLe usual parentheses. Then the data for the entire array sust
follow on successive cards. The rules of -~:dinary FORTRAN input regarding
exponents, blanks, etc., apply. 1If the array data do not fill the last
card, the remajinder must be left blank.

"V" has the same effect as "U" except that the format read in the

last preceding "U" array is used.



Name General Example ot FIDO Inpul Chorge Dare Page
L lDlNTIﬂCA!IOﬂN “QI(AAQIS (D?NOT PQNC?!! » ——r
1 $ . egin the 18 array, fixed-field, integral
1 inter |
a 2 111 array with 2
v 2 % o egin the 2% array, fixed=-field, real
" 1.2 3 4 Lo o Enter 1,23
IR & - SP: DN SURUR I ¥ EUPURVSRURRUOTN U3 I . .
s =11 2 3 4 + 02 " "
R 1,2 3 4 woooow
‘ 7] . " 9.0
) : A blank fleld {n always ignored
N T ' o Terminate this bleck
3 e e . L R . ., 2.0 No entries may follow T on 4 card e
3 % . ogin I* array, fixed-field real
R 0 1] snter 0,1,2,3,4,5,6,7,4,9,10,10,10
. 3R 1 0 } as real numbers
ENE IR 1 0 s 0 >Repuat 3* {n free-fleld, skip
" 1 ) ” . } to llth entry, correct sequence ro
R S o L3, 0} =e==9,10,11,12 ]
4 * 12 1 1] 4 .0 egin 4* array, free-field, real
2 0 4| nter 1,2,3.4, 1,2,3,4, 1,2,3,4
- . E nd reading th 4 array; remainder of array unchln‘ctd.
B T erminate this block
. . .
B | A 4.0
R - REPEAT . INTERPOLATE S . SKIP T TERMINATE
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APPENDIX B

Built-In Eneigy Group Structures

An AMPX user has complete flexibility in selecting the neutrom and
gamma energy structures in vhich he obtains multigroup cross sections and
is limited only by considerstions of time and core size. However, a
large number of AMPX runs ar* made using group structures vhich caa be
ref2rred to as “standard” group structures, because they are so videly
employed.

In an effort to relieve the user from the chore of inputting these
structures — somet._Jes several times in a2 single AMPX run — many of

these "standard™ structures are built into AMPX.

"“Standard” Neutron Boundaries

The available neutron group structures are listed on the following
pages. They include:

1. A 16 group Hansen-Roach structure,

2. A 22 group structure videly used for air tramsport calculations,

3. A 37 group Defense Nuclear Agency structure,

4. A 50 group struciure derived from the GAM-II structure and in-
tended for fast reactor applications,

5. A 51 group structure identical to the 50 group structure, but
having one extra thermal group,

6. A 100 group structure consisting of the GAM-II structure with
ore thermal group,

7. A 104 group structure formed by adding 4 groups to the 10C group

structure to include important variations in air cross sections,



"

8. A 105 group structure which is the 104 group structure with one
group above 15 MeV,

9. A 119 group structure tailored for fast reactor, air traasport,
and several shielding applications,

10. A 123 group structure which consists of the GAM-II boundaries
combined with a 30 group THERMOS structure below 1.86 e\,

11. A 231 group structure based on the 238 group CSEWG structure

but which nas sore thermal groups and no groups avcve 15 MeV.

These 11 structures are shown on the following pages.



Table B.1. Standard l6-group neutron structure

GROuP ENERGY [UASTE
1 1«S000E 07 3.000C 06
2 3.0000€ 06 14000 06
3 1.8000€ 06 9. 0000 03
[ $.0000€ 0S 4.0000c 0S5
e 4.0000€ 05 1.0000= 0S
-] 1.0000€ 0S5 1.7000E 04
7 1.7000E Oa4 3.0000 03
8 3.0000€ 03 S$.5000 02
9 $5.5000€ 02 1.0000E 02
10 10000 02 3.0000€ O1
11 3.0000€ 01 1.0000€ 01
1z 1.0000E 01 3.00006 00
13 3.9000€ 00 1.0000€6 00
1 £ 1.0000E 00 4.0000=-01
19 4,0000€-01 1.0000E~-01
16 1.0000E-01 1.0000E~-03

Table B.Z.. Standard 22-group neutron structure
GFO

ENE.I;GV RANGE

1.1109€ 05 3.3546¢
3.,3%46E 03 S.82952
5.8295€ 02 10130
1.0130€ 02 29023
209023 01 1.0677E
1.0677€ 01 3.0%90c
3.,0590€ 00 1.12S4E 00
11254F 00 414005-0])
4,1800€-01 100002-05

1.4918€ O Le2216E (7
12216 07 10000 ©7
1 .CO000E 07 8.1873% 06
8.167T3E 6 636005 06
6.3600€ 4,96S9E 06
4,9659€ 06 4. 0657 06
4., 0€6S7E 06 3.0119€ 06
3.0119€ 06 2.8060¢ 06
28660 06 2:.3500€ 06
23SO0E 06 18268 96
1.8268E 06 1.1080€ 06
11080 06 £.5023% 05
5.,%5023€ 05 11109€ 0%
03
02
02
o1
01
00

NnOOOQON.UN-OOONON.UN-G

N R A) *0 5o pb ot 50 028 00 0 0u8 Bt
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Table B.3.

ENCRGY RANGE

1 «9640F
1 «6905¢€
1.49) 3
1«8191E
1.3840€¢
1¢2840C
122168E
1.1052¢
1.0000€
S, 0884
B.1673
7+.84C82F
663763
89659
8 T237VE
44,0657
3.0119¢
203852¢
2+ 3069€
18268
1.1080€
SeS023€
1+5S7¢SE
11109€
S5+284 75F
2.8788E
2.187S€
1¢0333¢
335846
1+2341€
5.8295¢F
1.0130€
29023E
19677
J+,0590€
11254

9?7
0?7
o7
o7
o7
07
07
U 14
o7
o6
%6
06
06
o6
06

4,1800€£-01

1.6905%
1.891 4
1.4191F%
1.3880%
1.2840<
1.221 8%
1.1 052
1.0000=
9.04888E
8.1873
7.8 082
6.3763=
44,9659
e,7237=
44,0657
3.0019€
2.3852=
2¢3069%
1.8268=
1.1080°
S.5023<
15764
1.11009
S.2475<
2.8 788
2.1 875%
1.9333=
3.354¢5
1.2381€
5.8295%
1.0130€
2.9023=
1.0677=
3,05902
1.1 25685

4,14005~

37 GROW> NZUTARIN STRUCTURE

o7
o7
o7
07
o7
o7
o7
o?
06
oé&
o¢
06
06
[

06

ol

1.,0000=-05
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Table B.4.

S0 GROUP NEUTRIN STRUCTURE

ENERGY RANGE

oY
X 4

822828022282 825308330333583388828388

o2

ST ANDARD
GROUP
1 1.4918€ 07
2 1221 8€
3 1.0000€
L 3 Q. 1873
< ¢.7032F
€ S«4881€E
7 24.4933
e 3.6788E
9 J.0119€
1o 28660
LS 2.0190€
12 16530
13 13%38E
14 11080
1S 9.0718¢
t € TR274E
P 4 6.0810E
10 8,ST87E
19 4,076 2E
20 3.3373%
21 27324
22 22371€
23 18316
28 1.8996€
2% 12277€
26 8.65]1 7€
27 S.2875€F
28 84,0868
29 3.1828€
30 28T788E
in 19305
32 1.5036%
33 7103 BE
3 4,307
3s 3.3546E
3¢ 2¢6126E
37 2.034 7€
38 1.5086E
39 1«2381E
40 9.6112€
41 8.5400€
ez 241885
a3 1.0130€
44 4.7851€E
45 22603
L ¥ ] 1.067TE
47?7 S5+.0435€
s € 2¢3824E
4S 1.1256E
S0 4,1400E-03

12216 0O7
1.0000= 07
8.1 873 0¢
6.7032Z 06
S.4881c 06
A4.8933 06
3.6788E 0o
3.0119% 06
2.8660% 00
2.0190 06
1,630 06
13534 06
1.1080E 06
9.0 8 05
ToA2T74E 05
6.08106 05
8. 9787TE 05
84,0762 05
3.3373 05
2 T7324E 05
2.237E OS5
183165 05
18996 05
12277 05
B8.,6SITE 0Oa
Se2807SE Oa
44,0868 04
33,1828 Oa
28788 0Oa
19305 O
1 50364E Os
T.1018c 03
8.3078E 03
3.3546E 03
26126 03
2.0347E 03
15846 03
1.2301E 03
99,6112 02
4.5800€ 02
23 845 02
1.0130€ 02
S,7881E ]
2.2603€ O1
10677 01
S.0435E 00
238248 00
1.12%4% 00
4.1400E~-01
1.00005~-05



Table B.5.
STANDASD S1 GROUP NZUTRON STRUCTURE

GROUWP ENERGY RANGT

1 1«4918F 07 1.2214 07
1le2214E €7 1.0000c 07
1.0CCO0T 07 B8.,1873% 06
B. 1373 9¢€ 67032 O€
©eTIT2F OC S5.8261 06

Y- 32133 LoBNT 34472 OF
& .,aG53 T EIE-X4 N
Re 88T M 29389 o
R4S B SN ¢ o e i,
CoLECTT T &-N1@L. e
D 100E DA 1.AS3NE DK

1€530F 06 135342 06
1«3334F 06 1.1080% 06
1. 10820E 06 9.071 8z 05
9.0713F 05 T-842745 CS
7. 4274F 05 6.0810= 05
6.0810€ 0S5 4.9787c 0S5
8.G7B7E 0S 4,0762% 0S
3.0762€ GS 3.3373= 95
33373 05 2.7328 05
2« 7328E CS 22371z 05
2.2371 0S5 1.83165 0OfF
1+8316€ 0S 149965 05
1. 4996F 05 12277z 05
162277E 0S B8.6517Z Ca
8.6517€ 04 5.2475Z 04
S5¢2875F 04 44,0868 04
4,08F3E 04 3.1826€ Oa
3.1R28E 04 2.4788 04
2.4783E 04 19305 04
1.9305€ 04 1.50347 0Oa
15034F 04 7.1018Z 03
7.1018E 03 4,3074c O3
4.3374E 03 3.3546E 03
2.3546E 03 26126 03
2.6126F 03 2.0347c 03
20347 03 1.5846< 03
158465 03 1.2341% 03
1.2341E 03 9.61125 02
9,6112¢ 02 4.5400% 02
4,5400€ 02 21445 02
2+ 1445E 02 1.,0130= Q2
1.0130E 02 4,7851Z 01
4,7651E Ot 2.2€03 01t
c+2603E 01 1.0677Z 0O}
1,0677F 01 5,0435< 00
5.043SE 9¢ 2.3824% 00O
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Table B.6.

ST ANDARD 100 GROUP NZUTRIN STRUCTURE
GROUP ENERGY RANGE GROUP
|3 1.4918E 07 13499 07 S1
2 1e34SSE 07 1.2214 0O7 52
3 1« 221 4E 07 11052 07 s$3
4 11052 07?7 1.0600z 07 Sa
3 1.0000€ 07 9.0484E 06 5S¢
6 9.048a&E 06 8.1873Z 06 Su
7 8+1873E O0¢ T.8082 06 57
a ToA082F 06 6. 7032E 06 58
9 66,7032 06 6.0653= 06 59
10 e 065S3F 06 S.4881E 06 60
11 S« 48J1E 06 %+ 9659E 06& 61
12 4,9659E 06 44,4933 06 o2
12 4.4933E 06 4.7657= 06 63
14 4,0657€E 06 3.6788E 06 64
15 3.67RBE 06 3.3287E Q6 65
16 3.3287E 06 3.0119E 06 66
17 3.0119 06 2.7253E 06 67
1€ 2¢ 7253 06 2:8660= 06 686
19 2046C0E 06 223135 06 69
20 2¢2313E 06 2.01905 06 70
21 C+0190€E 06 1.8268E 06 71
22 1 +8268E 06 1.6530E 06 2
23 1«6530€ 06 1.8957 06 73
24 1« 4957€E 06 1 .35S34E 06 78
2% 13534E 06 1.22865 06 75
2¢€ 1 «e2286E 06 1.1080= 06 76
27 1.1080€ 06 1.0026= 06 77
28 1.002€E 06 9,071 8E 0OS 78
2% 9,0718€E 0S5 8,2085 0S5 79
30 8¢ 208%E 0S5 Te8274% 0S 80
31 7.42T&E 05 6. 7206E 0S 8t
az2 6¢7206E 05 6.0810= 0S5 82
33 €¢0810E 0S5 55023 05 83
34 55023 05 8.,9787E 05 8s
3s 4,978B7E 05 84,5089 05 as
36 4¢50*9€ 05 4,0762= 0S5 -1.}
37 84,0762 0S 3.6883E 05 87
3e 3.6883€ 05 3.3373E 05 88
39 3.3373F 05 3.01972 05 89
40 3.0197€ 05 2¢7324E 05 90
41 2+T324E 05 287245 05 91
42 2:4T24E 05 223712 05 92
43 22371 05 202842E 05 93
44 2.,0242€E 05 1.83162 05 98
4% 1.8316E 0S 165732 05 95
Q€ 1.6573€ 0S5 14996 25 96
47 1 ¢4996E 05 13569 05 97
48 1¢3S69E 05 12277€E 0OS 98
s 1.2277E 05 12109 0S5 99
50 1.1109E 0S 8,681 7 04 100
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24 22313€
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27 1.0530E
2€& 1.4957€
29 1.3534¢
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GROUP NZIUTRIN STRUCTURE
NERGY RANGE GROUP
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STANDARD 105 GROUP NZUTRIN
GROUP ENERGY IANGE
1 1.7000€ 07 1.4918:=
2 1.4918 07 134996F
3 13499 07 122142
L 3 1«22 4€E 07 1.1052€
S 1.1052¢€ 07 1.0000E
6 1.0000E 07 9.0884¢
7 99,0484 06 8.1873
[ B¢1873E 06 7+.84082E
9 T.4082€ 06 T7.0000c
1C 7.0000£ 06 6,7032¢
11 67032 06 63600
12 6,3600E 06 6:,0653
13 G.0653 06 S.4881:=
14 Se843B1E 06 84,9659
1€ 84,9659 06 4,7500¢E
16 4,7S00E 06 4.,4933
17 4.484933€ 06 84,0657
18 4.0657E 06 3.6788E
19 3.6788E 06 33287
20 3.3287€ 06 3.0119€
21 3.0119€E 06 2.7253E
22 27253 06 2.8660=
23 284660 06 2¢3500%
24 23500 06 2.2313E
2% 242313 06 201902
2¢€ 20190E 06 1.8268E
27 1.8268F 06 1.6530E
28 1.6530E 06 1.4957=
29 1449576 06 135342
30 13534E 06 12246E
31 1.22486E 06 1.1080€
32 1.10890€E 06 1.00262
32 1.0026E 06 9.C7T18E
34 9.0718E 0S 8.2085=
3€ 842085 05 TeR278E
3é 742 T4E 05 6,7206%
37 67206E 05 60810
3e 6+.0810E 0S5 S¢5023E
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4] 4.5049E 0S5 84,0762
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43 3.6883E 0S5 3,3373<
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50 1.8316E 0S 1.6573
S1 1.6573E 05 14996E
52 1¢49S6%E 05 1 ¢3569E
53 1.3569E 0% 1.2277€
54 1«22 77E 0% 1.1109E
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3.1828E
2,4T788€E
19305
1.5034E
1.1 709E
G.1188E
T« J018E
Se¢5306E
4,3074E
3.3546€E
261 26E
2¢0347E
1.5846E
1.23481E
9.6112E
T«8852E
S$.8295E
4,58 00E
2,5358€E
2¢7537€
Cel1845E
1.6702E
1.3007E
1,01 30E
7.8893E
6:1842E
4,T7T8SLE
3. 7267E
209023E
2¢2603E
17604 E
13710E
1.0677E
€+,3153€
G.8T60E
504 35E
3.9279E
3.0590E
2¢3824F
1.8554E
18A450E
1.1254€

oa
oa
o4
os
cs
0
os

- Y-Y-X-T-7-J-X-¥:Y.¥-Y-Y-Y-¥.]
QOOOO™ rt st us oo o s 4o so )

©0o
[-Y-X-

o0

8¢ 7644E-01
6 82575-01
Se¢e3159E~-01
4.1400€E-01

8.6517€
6.7380E
5. 2875SE
4 ,0868E
3.1828¢
2.4788E
1.9305€
1.5034E
1.1709E
9.31188E
T7.1018E
S.5303E
8,3074E
3,3546E
26126E
2.0347E
1.5846E
1¢e2341E
9.6112E
T «84852€
5.829S5E
8.5800E
3.,5358¢€
2¢7537€E
214845E
1 e6702€
1«3007E
1.0130E
7.8893€
6¢1842E
4.78S51E
3.7267E
29023€
2¢2603E
1+7604&E
1¢3710€
1.0677E
8+3153E
G+4760E
Se043SE
3,9279€
2,05S90€
2¢382AE
1:8554E
1 «4450E
1+,1254E

o
»

Q00000000
SOPOOOIEDS

00000
WWweW

PO000QO00000
NRONNNNUWWW

lDOOOCNNDOOOCNDOOg
N

o
QOO 1ot 4ot 4ot oo puo 4ot 0 g0 |\ [\)

00

87644 ~01
6.8257-01

5631595 ~

01

4.1400E~01
100005=-04



26

Tabkle B.9.
ST ANDARD 119 GRCUP NIUTRIN STRUCTURE
GROWP ENERGY RANGE GROUP ENE RGY RANGE

1 14918c 07 12214 07 62 1.9255€ 0S 1.8316E 05
e 1¢2214&4F 07 1.0000c 07 63 183 16E 05 1. 7422E 05
3 1.0000E 07 8.1873c 06 64 1.7422E 05 1.€573E 0S
) B. 1873 06 67032 0¢ 65 165 73E 05 1.5766E 05
< 67032€ 06 S.4881F 06 66 15764 05 1.8996FE 05
€ S«4881lE C6 4,8933% 06 67 14996E 05 1.8268E 0S5
R4 4.493% 0€¢ 3.6788= 06 68 1¢4264E 05 1.3569E 05
o 3.6788E 0OF€ 3.1564= 06 69 1¢356%9E 05 1.2907TE 05
(-] 3.1664E CO 3.0119 0¢ 70 1.2907€ 05 12277E 05
10 3.0119€E 06 28650 C6 71 122 77E 0S 1.1673E 0S5
11 2e 8650€ 06 27253t 06 72 1 1679E 05 1.1109€E 05
12 2¢72S3E 0¢ 2¢5928E 06 73 111095 05 9.8037E Oa
12 2¢5924E 06 2.8660= 06 74 980 37E o6 8.65S17€ 04
14 2e4660€ 06 23852 06 75 865177 0OA 8,2500€ 06
15 2+3852€ 06 243653 06 76 B8.250CE 04 7.9500E Oa
16 2¢3€6ES3E 06 23069 0& 77 7.9500E 0Oa 7.200CE Oa
17 203069E 06 22313 06 78 7:2900E O6 6. 7379F Oa
18 2+2313€ 06 2.1225= 06 79 €Ce73IT9E OH S5,6562€E 04
19 201225 06 2.0189= 06 80 S.6562E 04 S«2475E Oa
20 20189 06 19205 06 81 S«268 7SE OM 4,6309E Oa
21 19205 06 1.8268 06 62 4.6309E Os 4,0868E 0Oa
22 1.8268E 06 17377 06 83 4.,0868E 0Os 3.84307E 0Oa
23 1.7377E 06 1.6530E 06 8s 2e4307€E Oa 3.1828E 04
24 16530€ 06 1.5724= 06 85 2.1828F 0Oa 2.8500E 04
2% 15724 06 1.4957= 06 a6 2¢85C0E oA 2.7000E Oa

2¢ 1.43957€ 06 14227 06 87 2¢7000E 04 2.5058E 0a
27 142276 006 13534 06 88 €+605S8E 06 2.4788€E 04
2€ 13538E 06 1.28735 06 a9 2+44788F (4 2.3579E Oa
26 128 73E 06 1,2246Z 06 90 £¢3519E Ca 2.1875F 0a
30 1.2246E 06 1.1648 06 91 2.18 75E Cea 1.93C5E 04
31 1«1€48E 0¢€ 1.1080= 0¢ 92 1.93C5€ 04 1.5034E€E 04
32 1.1080E 06 1.0026% 06 93 1¢5024€ 0a 141709€ 04
33 1.0026% 06 S.6164= 05 oa 1.1709€ o0Oe S.1188€ 03
34 9.6168E (S5 9.,0718 0S5 9S Se11 88E 03 7.1017E 03
3c S«0718E CS5 662945 05 96 71017 03 $5+5308E€ 03
36 Be6294E 05 8.2085% 05 97 €e¢33C8E ¢3 4,3074€ 03
37 B.2CB%E G5 7.8082% 0S5 98 430 74E 03 3.7074E 03
3e 7.8082E 05 T.4274= 05 99 3.70 74E 03 3.3546E 03
39 T«84274E 05 7.0651 05 100 3¢3546E 03 3.,0354E 03
40 7406%1E 05 6.7206 05 101 30354 03 2¢TA65E 03
a1 €. 7206E 05 6+3928Z 05 102 2e745SE 03 2.6126% 03
a4c 6+.3628E 0S5 6.,08190€ 05 103 2¢6126E 03 2.0347= 02
42 6.0810E 05 Se7884= CS 104 20347F 03 1.5846= 03
a4 SeT7684E 05 S«5023% 0S5 10 € leS846F ¢33 1.2341Z 03
45 55023 QS 5.23405 0S5 10€ 1e23415 03 9.6112= 02
8 € S+2340E 0S5 44,9787 05 107 8.6112F 02 7.6852 02
47 4,9787€ 0% 94,5049 05 10e TeABS2F 02 4,5400% 02
48 4o 5049€ 05 4,0762< 05 109 4.5400F 02 2.14A45Z 02

49 88,0762 05 33,6883 05 11n 2¢1645E 02 1.9130 02
S0 2,5883E 05 3.73732 05 111 101308 02 4,7851= 01
S1 3.3373E 05 3.0197E 05 112 4.7851F 01 2.2603= 01
52 3,0197¢€ 05 2.9850E 05 113 22603 0% 1,0677 01
53 2.9850E 05 2.9720€E 05 11 4 1.0677€ cC1 5.0835= 00
S5a 2¢9720E 05 2¢9452E 05 115 S5.0435F 00 2.3824= QO
55 2¢98452€F 05 2.8725E 05 11 ¢ 2¢3824€ CO 1.1254 00
56 £¢8725E 05 2.7324E 05 117 1¢1254c (0O 4,1 399z=-01
57 27324E 05 2.4723E 05 118 441399F-01 1.00002-01
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Table B.1ll.
STANDARD 231 GROUP NI UTRIN SIRUCTURE

SROUP ENERGY RANGE GROUP ENERGY RANGFE

1 1.4G18€ 07 14550z 07 S1 Se8674F 06 3.0788E

< 1.4550€ 07 14191 07 52 3.6788 €5 3.4G94E

3 1.4191E 07 1.3840= 07 53 3.4994C 06 3.3287E
a 13840 Q7 134398 07 Se 2.3287€ 06 3.,2465E

< 1.3499F 07 13165 07 5SS Z«2865E 06 3.1664E
€ 1.31€5€E 07 1.2840 07 56 2e166AF 0O€ 1.0882E

k4 1.2840€ 07 12523 07 S7 2.0882E 0o 3.0119E

a8 1.2523€ 07 1.2214c (C7 58 3401195 0o 2.8650E
S 1.2214 07 11912z 07 59 2.86S0E 06 2.7233E
10 119125 07 1.1618z 07 60 2¢7253E 06 25924E
11 11618 07 113312 07 61 2¢9924E 06 2.8660E
12 11331E 07 11052 ¢7 62 286 60E 06 2.82351F
13 11052 07 1.0779= 07 63 2482S51E 06 203852E
14 1.0779€ 07 1.0513z 07 64 238S2E Co6 «3653E
is 1.0513€ 07 10253 07 65 2¢35S3E 06 2.3457E
1 1.0253€ 07 1.0000z= 07 66 234 S7E 06 2¢3069E
17 1.0000€ 07 975312 06 67 243069E 0o 2.2639E
1€ 9.7531E 06 9.5123z 0¢ 68 22689E 06 22313E
16 9.5123€ 06 942774 06 69 2¢2313€E 06 201225E
20 G.2774E 06 9.0484= 06 70 £¢1225E (6 2.0190E
21 S+084L4E 06 8.8250= 06 71 2.0130€ 06 1.9691E
ec 8.8250F 06 8+5.L,7T12 06 72 1.96S1€E 06 19205€E
23 Bs6071E 06 8.39465 06 73 1.9205E 06 1.8731E
28 8+ 3946E 06 8.1873z C6 74 1.8731€ 06 1.8265E
2¢% 8+1873E 06 79852 0€ 75 1.8268E 06 1737 7€
2€ 7.9852E 06 77880 06 76 1.7377E 06 1.6530€E
27 7.7880€E 06 T7¢5957= 0€ 77 1.6530E 06 16122E
29 7+S9S7E 06 74082 06 78 1e6122€ 06 1e5724€
26 7.4082E 06 72253 06 79 1.S728E 06 15335E
3¢ 7.2253F 0OE€ 7.0469 0O€ 80 1.5335€E 06 18957
31 7.0463€ O0€ 648729 06 81 1.4957E Q¢ 1.4227E
32 6.8729E 06 67032 06 82 1.4227€ 06 13534E
32 6.7032E 06 65475 06 a3 1.3538E 06 1287 3E
3a 6+.6476E 06 65924 06 84 1.2873E 06 1 eZ2246E
3¢ €+5924E 06 665377 06 85 1.2246E 06 1«1543E
36 €«5377E 06 643763z 06 86 1.1943E C6 1.1648E
37 63763 06 602189 06 87 1.1648E& 06 1.1080E
38 6.2189E 06 6.0653z 06 a8 1.1C80E 0€ 1.0540E
3% €.0653= 06 59156 C¢€ 89 1.0540€ 06 1.0026E
40 Ss9156E 0€ 57695 0¢ 30 1.0026E 06 9.,7783E
a1 Se769SE 06 S.4881% 06 91 S.7783E 05 Fe61648E
42 5.4881E 06 52205 06 92 S+6164E 05 9.5369E
47 5+2205€E 06 6.9659= 06 93 S¢S5S369E 05 9.,0718E
44 4 .,9659 06 4.8432z 06 94 S5.07 1B 05 8.6294E
4€ 4.6432E 0¢ 4.7237Z 06 95 8.62G4E 05 B820N85E
A€ 44,7237 06 4.6070E 06 96 8,2985€E 0S5 7+3082E
a7 4,56070E 06 4.4933E 06 7 7.8082E 95 T+4274E
4 4,4933€E 06 4.2741% 06 98 7.4274E 05 7+0651E
49 4,2741E 06 4.06575 06 99 7.06S1E 05 667206E

50 46,0657 06 3.3674= 06 100 6.7206E 0S 6.,3928E



Table B.11l. (continued)

STANDARD 23' GROUP NEUTRIN
GRO WP ENERGY Rl‘gf
101 6. 3928E 0% 6008102
102 6+.0810E 0S S. 78442
102 S« 784 4E O0S S.5023%
106 S.5023€E 05 S.366SE
108 Se 366SE 0S 5.2340%
106 S«2340€ 05 S.1 047¢
10?7 S« 1287 0S8 9.9787%
108 eI 08 Q7389
109 &:-T73%59E 0% 0.50009%
110 8¢ 5049 08 4,2052%
111 4,28052€ 08 Q.0762=
12 4,0762E 0S 3.,8774E
113 3.8774E 05 3.6883F
ita 3.6883¢ 05 3.508az
11 3.50864F 05 3.3373
11¢ 33373 03 3.1746E
117 3.1746E 08 3.0962¢
118 3.2°62¢ 05 33,0197
118 3.0197¢ 05 294522
12Q 2¢9452€ 0OS 2.87252
121 2872%€ 0S 2+.8015€
12¢ 2+801 SE 08 27324
123 2 7324E 05 2.5991E
124 2¢5991€ 0S 2,87242
12¢ 28724 0S8 23818
126 235168 0% 2.2371E
127 2¢2371E 05 2.1280%
128 2¢1280F 75 202422
126 20028 05 1.9255€E
130 1.925SE 05 1.83162
131 1.8316€ 05 1.76222
132 17422€ 0% 1 .6992%
133 16992 0S8 1.6573¢
134 16573 0S5 161632
13¢ 161€3€ 08 1.5764€
13€¢ 15764E 0OF 1.4996%
137 1 +,8996€ 05 1.026483
13¢ 1.4264E 05 1.3569%
139 13569 0% 1.2907%
180 12907E 0S5 te2277%
181 12277€E 0% 1.1679€
142 11679 03 1.11098
142 11100 05 9.8037%
144 G.8037€E 04 8.6851 7
148 8.651 7€ 0Oe T7.6381E8
166 Te€3SIE Oa 6.73792
147 6Ge7TITOE O 6.2511€
148 Ge2511F 04 5,9462%
149 S¢9062E 04 $5.6562%
150 S5.6562€ 04 88,2478

STRUC TURE
GRQUP
os °19¥
05 152
0 153
05 1Sa
05 15S
oS 156
05 157
0S5 158
0 159
05 160
05 161
05 162
05 163
05 166
0S 16S
05 166
0S 167
0S5 168
0S 169
05 170
oS 171
0s 172
oS 173
oS 178
05 178
oS 176
os 17?7
oS 178
oS 179
cCS 1680
0s 181
05 182
oS 183
98 18e
05 185
0S 186
0S 187
0S 188
0 189
oS 190
0S 191
0 192
os 103
os 196
o8 198
0s 196
cs 197
os 198
o8 199
ca 200

s. 24 7sE"B5%Y §08%60e

4. 8309E
9,0068E
J.6066E
3.5175E€
3¢0307E
J.,1820€
2+8088€¢
20 860S8€
2.47T88E
281 TGE
2035 9€
2418 7S E
20133S€
19305E
1 7036€
145034€E
1:3268E
1¢1709E
1.0333E
911 88E
G« 08 73E
T«1017E
6.2673E
S5.53C0E
50 0045€E
8.5283E
8.3074E
0.0973E
3.707E
3.3548€
3.0334E
286 35E
2¢T46SE
2061 26E
2088852€
228 087E
2:0347E€
1¢8411€
1:6659€
15846€
15073€
23639€
1230 E
9.6112€
T«4892E
S.0295€
8.,5400€E
3.53%8¢€
2:753€

oas
Os
T
[+ 3
Ca

4,0868E
3.6066E
3.S17SE
3.4307E
3.1828E
2¢8008E
2¢60S58E
2¢4788E
2¢8176E
2+3S79€
2:10875E€
2¢1335E
1.9305E
17036E
1 «S03AF
1.3268¢
11709€
1,0333¢€
9.,1108E
8.0473E
T«3017€E
6.2673E
5.5308E
S5.008S5E
8+5S283E
4,3076€
8. 0973E
3. 70TAE
3. 3546€
3.,0354€
2.8635€
27465
2¢6126€
2.080852€
2:2487E
20387
18411€
16639€
] «S846E
15073€
1¢3639¢E
1e2301€
9.6112€
T «0882¢
$.8295E
4¢5000E
3.5358€
27536€
2¢1843E

03

0000000000
NRNNVNDN WWW



Table B.1ll. (continued)

ST ANDARD

GRO WP
<01

BRRNNEELNNNNNEEIES3SSS
N

MNR2UNEOOANARE UM OND IOAS W

AMN
I;NNN

27

ENERGY RANGE

2.1845€ 02
1.67026 02
13007 02
1« 1 30F 02
Te28S3E 01}
€e1842€ 01
4,78S1€ 01
3.,7267€ 01
2.9023€ 01
C¢2603% 013
1.7603€ 01
1.3710€ 01
1.0677< 01
8.31%53€
C.876CE 00
5.0835E
3,927¢ 00
3,050 00
203828 00
1 .PSS4E 00
1.4450¢€ CO
1.1254F 00
B.7642E-01
8.3368E-01
€ .8256E- 01
£ ¢ 2%06E~- 02
S+31508€-01
8,13G9€E-01
3,0000F-01
20000E~-01
1.0000€-01¢

16702 02
1.3007€ 02
1.01305 02
788932 01
6.1042¢ 01
4,7851z 01
33,7267z 01
29023 01
22603 0t
17603 O
1.3710 01
10677 01
8.3153 00
6.4760 00
55,0435 00
3.9279 00
3,.0590 00
2+3824 00
1.8554 00
1.4450% 00
1.1254 00
8.7642~01
8.,3368c-~01
GeB82%05~C1
6e25062-01
S+3158:-01
4.3 2962 ~01
3,0000:-01
2.,0000=-~01
1.0000Z~01
1.0000-05

231 GROUP NZUTAON STRUCTURE
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"Standard” Gamma Boundaries

The following gamma energy group structures are built into AMPX:

1. An 18 group structure widely used for air tramsport calculations,
2. A 21 group structure, which is a Defense Nuclear Agency structure,
3. A 25 group structure,

4. A 26 group structure.

These structures are defined on the following pages.
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Table B.12.
ST MNDARD 18 GROUP GAMMA STRUCTURE
GROUP ENERGY RANGE

L d

1.4000E 07 1.0000 07

2 1.0000€ Q7 8.0000c G6
3 8.0000€ 0O¢ 740000 06
] 7.0000E 06 6000005 0O¢
& €¢.0000€E 06 $5,0000= 06
6 5.0000€ 0& 4,0000 06
? 4,0000E 06 3.0000 06
8 3.0000€ 06 2.5000= 06
9 2.5000€ 06 2¢00005 06
10 2.0000€ 06 15000 0&
11 1.5000€ 06 1.00002 06
12 1.30C0E G6& 7.0000% 05
13 7.0C00E 0S5 64,5000 0S
14 4,5000E 0S 3.0000 05
15 2.0C0O00E CS 150005 0S5
16 1.5000E 0S 6.0000E 04
17 6.0000E 04 3.,00005 Oa
18 3.0000E Oa 1.0000z 0Os

Table B.13.
STANDAD 21 GROUP GAMMA STOUCTURE

GPOWP ENERGY RANGE

1 .4000€ 07 1+.0000 07
1.0000€E 07 8.,0000= 0¢&
8.0000F 06 7.0009% 06
7.0000€ 06 6.2000 06
€+.0000E 06 55,0000 06
S5.0000€E 06 44,0000 06
4.00C0E O¢ 3.0000 06
3.0000E 06 2.3000% 06
2+.3000€ 06 200000 06
£00D00E 06 1.5000% 06
1.5000€ 0606 1.0000% 06
1.0000€ 06 7.0000 ©S
720020€ 0S 4,5000= 08
4,5CCOE 0S 3.,0000 0S
3.00008 0 15000 05
156G0F 0% 1.0000 0S
1.0000E 0% 70000 06
7.0000E 04 4.5000% 0Os
a,50C0E 04 3,0000% Os
3,0C00E Ge 2,0000% 04
2.0000€ 04 1.0000% 0CA

O AP NT AR UN=OORAIPDSIN-

NN ¥ 00 yu 50 4o 42 B0 1o sl om0
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Table B.1l4.
SYANDARD 25 GROUP GAMMA STRUCTURE

GROUP ENERGY RANGE

130006 07 1.0197% 07
1.01S78 07 T.9983Z 06
T+9983E 06 62737 06
6.2737€ 06 4.9210Z 06
4.,9210€ 06 3,8599% 06
3.8599F 06 3,0277 06
3.0277€ 06 23748 06
2.3748E 06 1.8628E 06
1 .8628E 06 14611 06
1.4611E 06 1.18615 06
1.1861€ 06 8.9896€ 05
B8,98S6E 05 7.0513% 08
7.0513€E 0% 5.5309 05
S.5309€E 0% 4:.3383F 0S5
84,3383 05 3.,4029% 05
3.0029€ 05 26692 0%
26682 0S 20937 05
2:0937E 0S5 1.C422E 05
1.6422€ 0S 128315 05
1 .28C1E 05 1.0106 05
1.0104E 0S5 T.9252 Ca
T.92%2€ 04 6.2164E 046
6,21 68E 04 4.8760 0s
4,8760€ OS54 3.8247 O6
3,8247E 0a 3.,0000E 0Oa

MOWN= OB NI NPUNONBIANNDPWN -

AN N AR ) o 10 2 g 028 gt 00 guo oo P00

Table B.15.
ST ANDARD 26 GROUP GAMMA STRUCTURE
GROUP ENERGY RANGE

1.4000€ 07 1.,0000Z 07
1.0000€ 07 6.,0000= 06
8, 0000 06 7.0000z 06
T.0000% 06 6.000CE 06
6.0009%€ 06 5.0000E 06
$.0000€ 06 4,0000f 06
4,0000€ 06 3.0000 G6
3.0000€ 06 2050005 06
2+.5000E 06 20000 06
2.0000€ 06 15000 06
1.5000€ Cé€ 100005 06
1.0000€ 06 8.3000E 0S
8,3000F 0S 70000 05
7.0000€ 0S5 5.5000% 05
S+ S000€ 0S 4.,35000E 0S
4.5S000€ 0S 3+0000% 0S
3.0000€ 05 20000 05
20000 05 1.30005 08
1.3000€ 0S 1.0000 05
1.0000€ 05 7.0000E 04
7.0000E 04 S$«.0000£ 04
S.CO000€ 04 44,0000 0s
4,0000€ Os 3.0000% 04
3.0000€ Oa 2.0000 04
2+.0000€ 04 1.3000% 0Os
1.3000€ 0Oa 1,0000= 0s

RRLWN2OOBNR NP WN=ODD VP AP W

WNMANRNNN oo e 20 100 ba 40 oo oo



APPENDIX C

Sample Problem

The sample set of input data is shown in Fig. 3. The compiled
LAVA program in this example is located on a 2321 data cell, DC0019,

with DSN=SKr.LMP14655.CPLD.LAVA. The ANISN library is in free-form BCD

and is located on the 2321 data cell, 'DCOO19, with DSN=SKF. LMP14655.XSECS1.

A listing of these cross sections is given in Fig. 4.

A listing of the output is given in Fig. 5.

[ D el o e n e e

T |
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778 EXREC FURTHLGILIRSFNET GNSIZES2T70X
Z/LMED¢SYSIN DL UNITS2321evOLSSENZSDCO0)1QiN] HSRISHE,
77 OSKSSKE LvPlab5%5,C0 0. dva
7/7GUFTAaFNQ! N2 UNITSSYSTRALSPACESITAN (A0 eS) )
/77 DCHS(PECLFYSVRASILIF(L SR+~ XST1ZESISED)
F7GUFTIRFANL ON UNITSSYSNALSCACES(TRR q(8NeH) )1 e0CAZS,F TRalk N}
77G0,FT19F00) DD UNITEZGVSNALSDRACES{ TR 1 67aS5))s0CHIu sTratnn)
7760.FT20FN0]) UN UNITZ2321evUILESERSDCOCTI9NISPSS~A,
/77 DSAZSKE L¥DlansSb,xStCs
77GNFTOSFOO0L DD »

19% 2 1 5 B 27 14 & 0 17

29%% 1 5 3%8% 3 3 438 170! 322350

888 YLE7? J3EKR LEM SEe I1FI 27V

Figure 3. User Input for Sample Problem

._.,_r



Figure 4. Cross Sections for Sample Problem

. 20 27 ¢ 1 PO DATA FOR HYDROGEN FOFE GAS THFRMAL SCATYTERIN
*G XSD RN 10219
2Z 35902-9 Q 18414-a 27 84909-5 217 I4617-9 7 23r19-4 27 83008-5 S2919-S
207 34461-9 C 3I99V2-4 27 738%6-5 73994-5 1€537-5 197 360607-9 C S4617 -8
22 162€1~-4 12079-8 7399a-% [€537-5 182 SO157-9 2> 88729-4 22 38073-4
20766~4 10948-4 44396~-5 59223-6 172 20497-% 3 15816-3 27 87616-4 4043-8
79587-5 32011-5 12283-5 27852-6 16Z £2351-2 0 19442-3 22 129777-3 63857-4
79916-5 13424-5 S50622-6 20718-4 46374-7 157 15168-~-7 0 20262-3 27 17479-3
76471-4 1117%5-4 1241-4 234573-6 €8588-7 36257-7 #1232-93 182 I5845-7 0
2040€-3 22 10606~-3 800348-4 1404¢€-4 20526-5 22798-6 4315-6 16271-7
G6595~-8 148838 132 723085-7 2 20456-) 27 8559-3 65592-4 1245-3 21 £49-5
31629-€¢ 3S545€-7 67122-8 2S311-2 10356-8 23152-9 127 12842-6 7 204452-3 22
ACA05-4 7927-3 (9%99-4 35571-5 £2e25-6 91225-7 10131-7 19178-8 72317-9
26590-9 66148-10 112 22896—-6 0 20472-3 22 B85615-4 86%68-8 277a4-4
68592-%5 1245-4 21889-& 21929-7 35458-8 67122-9 25311-9 10359-9 23152-10
102 4061 7-6 C 2289-2 27 £0448-4 79277-4 24819-4 79269-5 19598-5 35571-6
€2425~7 91224~-8 10131-8 19178-9 72316-10 29597-10 66148-11 97 86968~-6 0
2C934~3 3860312 33265-1C £1281-8 T74459-4 23783 -4 78459-5 23781-5
Z8794~-€ 10671-6 187268-7 272n58-¢ 30393-9 STE33-10 21695-1C 8879s-11
13645~ 11 87 123295 0 21993-2 0 “5594-5 12145-3 96936-4 3725-3 11892-8
3722-4 11891-5 28397-6 SIITT-7 63636-8 13684-8 15195-9 28767-10 10648-17
44396-11 99222-12 7Z 33%62-5 0 25943-3 27 25282-3 963408-4 3045-? 12292-8
39205 1228¢6~-5 39239-6 701-6 176J8-7 309C1-8 45157-9 50148-17 F4929-11
3IS798-11 18€51-11 32744-12 67 85772-~15 0 75384~6 27 19835-6 142 34616-9
35Su4~-S SZ 4315-13 0 15172-5 27 %4S58%5-6 25198-6 0812-5 16327-5 855116
S$S7299-6 34384-6 14419-6 73426-7 3827-6 16211-7 062877-8 61381~-11 5807-8
36599-S 34461-9% 67 41859-11 0 31003-5 2Z 32629-5 97347-6 32694-6 192
IJZIS-S G 7aC3-4 22 60373 % 3I7422-7 192

[} 27 o 2 Pl CAYA FOR MYDROGEN FREE GAS THERNAL SCATTERIN
'G XSORN 19219
T7Z 21298-4 2€Z1 22421-84 10578-4 257 207560-4 17259-84 23987-5 241 43707-4
415934 129165~-8 17955-5 232 96506-4 57336-4 153244 47595-5 6615-% 222
19849~3 74902-8 76167-5 20357-% 63227-6 87876-7 212 24767~ 10939~
S2273-5 S315%-6 14207-6 44812%-7 61327-2 2027 25788-3 13027-3 80488-3
38560-6 3922-6 10482~7 325%7-8 45249-9 192 26075-3 13591-3 10221-4
63249-¢ 39308-7 30819-8 8237-8 25586-9 ISS557-10 182 21971-2 12313-)
954568-5 71783-6 44422-7 21286~8 21646-9 S578%1-10 17968-10 28973-11 172
200%8-3 15285-2 19%551-4 15157-5 11398-6 70535-8 33799-9 34369-10
91858~-11 20%21-11 3G6%54—15 1€2 21977-3 1675-2 306481-4 38937-5 301046
227-% 14047-8 67312-10 60840811 1829:-11 5682-11 78973-13 157 217869~
15286-3 2656¢8-8 483395 6182€-€ 47931-7 36Ca4-8 22305-9 1J6088-10
10868-11 29349-12 90223-13 1254-12 127 66746-13 16376-10 77984-4 18981-3
27213~ 4 47348-5 8605-5 11007-6 85331-P £8168-9 I9709-10C 19028-11
19349-12 21718-12 1€062-13 22324~18 127 10899-5 93743-4 47526-8 44391 -8
87639-5 1803~-4 25499-6 22€1%-7 25285-8 19015-9 11757~-10 561385-12
S7335-13 15376-13 47596-18 127 10923-3 29%0)-4 %2648-5 63353-5 11%08-5
20023~-€ 36351-7 46547-8 20608€-9 27137-10 16793-11 8047-12 81825-18
218712 122 S€356~6 267 14219-% 60%559-6 257 23254-5 40929-6 -32831-7 a2
6‘]5'5 75563-8 182

20 27 (-] 3 P2 DATA FOR HMYDROGEN FREE GAS THERMAL SCATYERIN
'G X SORN 10019
72 262135-4 262 30045-8 S52208-~5 257 3C23%5-4 15546-4 -11208-5 247 STME-4
35081-4 74428-6 -24308-5 237 11293-3 27657-4 - 8083-5 -66585-5 -2N878-S
222 21€24-2 14932-8 ~-1345-3 -62915-5 ~278323-5 -66782-6 217 2685-2
13206~ ~18268~-8 -31702~-%5 ~12306~5 -50967-6 ~-11%03~6 207 28033-3 10419-~-8
~22662-84 -29951~5 ~S58158~-€ ~22039-6 -903085-7 -2C235-7 192 2928-2 10207-8
«28334-4 -A49%76-5 +56624~8 ~10768-6 ~40642-7 -1 €64-6 -37201-85 182
26303~1 2¢198-4 ~2452~-4 ~22%12-5 -79269-6 ~-88532-7 ~-1677A-7 -63266-8
«~295095-8 ~S57877-9 172 25%563-3 55473 -31616-4 ~03176-5 ~15421~-5 -22758~-6
~25317-7 ~47939~2 ~18778-8 -73992-9 -16537-9 167 26309-3 65151~4
~80054-4 ~-1%5171-6 ~-3047-4 ~24811-6 -79766~-7 -88633 % -~1678-7 ~-63276-9
«~256098-9 -5788-9 152 25577-2 26458-4 -137229-4 ~17281-4 -47256-5 -68351-6
~155089-86 ~-22871-7 ~25326~8 -87543-9 ~18C79-9 ~73994~10 ~16537-10 127
“61821-13 ~19192-11 648%-3 7432 -32405-4 <1607 9-4 -56T7A7 S ~18516-%
~26618-6 ~46799-7 ~608414-8 ~75501-9 ~16383-9 -58238-1) -22198-10
~49611-11 122 -21833-6 S7¢€13-8 -55G25-5 ~46562~8 -24898-4 -8842-4
~29243-5 ~73166-6 ~13328-€ ~-23406-7 ~V4208-8 -37991-9 -71917-10
“27126-10 =11.99-1) -28806~-11 127 4238#-8 -591-3 -48772-%5 ~27627-4
~94886 -5 ~-32408~5 -V7775-6 -24231-6 «4012-7 -77249-8 -11209~-8 -12%37-9
~23732-10 ~0946%5-11 -36628-11 -A186-11 117 B87805-4 262 27172-% 607676
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Figure 4 (continued)

252 23702-% -|69$9-6 -26603-¢ 242 30525-%5 19393-7 182
. 20 27 4 P3 DATA FOR MYDROGEN FREE GAS THENNAL SCATTERIN
G X SO/N 10012
7T 17635-4 2¢&Z 2$506-4 -577Q7-5 252 Ja271-4 3:648-5 -4T7434-5 242 56716~8
42953-5 -178¢1-4 -47128-5 237 002796~-84 -32765-4 -31615-8 -12639-8
~208448-5 2227 14339-3 ~-70843-4 -231306-4 —£4231-5 -20849-5 -30021-6 212
175633 -11634-3 -16019-4 -17967-5 -48888-6 -15291-8 -21377-7 202
18422-3 -14184-3 -24702-4 ~-13201-5 -13644-6 ~36578-7 -11375-7 ~15026~-8
19Z 18489~3 -14891-2 ~-3125%-4 -21638-5 -10565-6 ~10775-7 ~28814-5
-89514-9 ~12643-5 142 21025-7 -11646-3 -28968~4 -2451-8 -1548-5 ~74443-8
~75743-9 ~20286-S -62684-1GC ~87403-11 177 21373-3 -:1177-3 -53168-4
-50895~-5 ~39596-6 ~24654-7 ~-11027-8 -12029~-9 -32149-10 -99856-11
~13879-11 1€Z 21029-3 ~122%1-3 -78963-4 -12633-4 ~-10425-5 -7925A-7
-89148~-8 ~23%557-9 ~-23956~10 -€4029-11 -19807-11 -27641-12 157 2138S5-3
-1:218-2 ~-70583-4 -15579-4 ~-21156-5 -16708-6 ~12606-7 -78057-9 -37497-10
-38939~-11 ~1C167-11 -31578-12 -43888-13 127 -32622-13 ~-90285-11 402794
-85668-4 ~-69171-4 ~1518%~4 -29293~-% -38226-6 -29624~-7 -22453-8 -13898-9
-665%6-11 ~67721-.2 -181-10 -S5¢218-13 -78123-14 12Z ~35003-6 26196-4
-26309-4 ~10753-3 ~2538-3 -A7%94-5 -80346-6 -11383-6 -358453-8 ~56545-9
-81133-10 -16735-11 -200%£7-12 ~-53635-13 -16659-13 -23153~-14 127 176A7-4
-94748-%5 ~25731-5 ~2063-F -3G93IE2-5 -69594-6 -12708-6 -16281-7 -12629-8
~98976-10 ~SE775=11 ~-281€¢4-12 -28639-13 -T7¢547-18 -2377S-14 127 110295
262 ‘0A19-5 262236 25 1177%~%5 -56325-6 -21496-6 247 16853-6 20492-6
182
. 20 27 a S PO DATA FOR URANIUP 235 INFINITE OILUTION F
*REE GAS THERMAL X SORN 922350
2C934-% 12C02-4 12246~4 3640¢~8 7651-3 27 49257-4 197 33945-5 12652-8
13195~4 33821-4 722634 27 A4855¢-4 €C1317-% 187 16616-5 12391-2 13425~
317714 67795-4 2T 4245¢~4 %1969-5 32171~-5 1772 18047-5 1156-3 130884
20911-4 7692%~-4 22 S58147-4 S7B86~S 31926-5 4N571-S 162 89647-6 13222-4
1297-3 32401~4 9797-3 27 £0€28-4 53563-5 20438-5 18809-~-5 17961-5 157
13005-6 1929-3 25781-4 46784-4 13285-3 27 10605-3 1352-4 296~4 821797
2332-5 16436-6 187 10055-7 3I*S504-4 48555-4 85922-4 16545-3 27 11631-3
6110/-€ 19555-7 82011-8 2024%-8 80528-8 52092-8 137 74684-9 82948-4
11547-3 2706%~-3 23693-3 27 12004-3 S0731-06 24631-8 52612-9 20%563-~-9
9797-9 25797-9 16484-9 227 SET713-10 18774-3 27626~3 45411-3 40097-3 22
12405-3 620%-S 69149-10 51717-10 13872-1C 85729-12 33194-11 87229-11
55456-11 117 41IS6-11 4029€-3 €1237-3 S$746/-3 73966~-3 27 126%58-3 6842-3
6 22979-11 27029~12 32204-i2 0 1032-11 27156-12 1724-11 107 62981~-12
46396~3 8:76-2 11222-2 54796-3 2Z 11956-3 71109-¢ 22 19635-12 0 27118~13
0 90748-14 23877~13 13657-13 97 12822-12 3I8377-3 65658-3 92826-3 7675~-2
2Z 11014-3 £2736~6 32 22913-33 ¢ 27077-14 0 10323-14 27161-14 15535-14
BZ 18255-13 20¢41-3 38187~ ¢9277-3 S0470-3 27 1219-2 79082-8 &2
21773-14 1372 32081-15 71611-3 76779~3 17321-2 93182-3 271 13403-3 10035-%
197 19353-2 233108-2 46812-2 24¢%9-2 27 1341-2 207 5292-1 61841-2 12798~1
631813-2 27 12424~3 217 61872-5 0 1816&8-3 27 1789-3 1749-1 69791-3
21527-2 120553 240993 30993-2 21598-3 959154 42081-3 20£73-4 41009-7
48459-5 3865-4 43143-5 36333-5 41474 ST 38041-4 5 19909-3 27 50218-4
23182-4 126€8-]1 49224~-2 1637€-2 78301-3 13435-2 16932-2 12551-2 S601-~-3
20665-2 13304-3 26171-6 22€32-84 260089~4 29648-4 I75383-8 49486-8 A7
23849-2 0 267C1-2 27 28178~ 12248-3 24236-3 26396~-1 10014~-) 35292~2
1481-1 21427-2 26279-2 21673-2 102748~-2 89449-3 2a4716-3 S52045-6 73241~-48
75022-4 94572-4 10117-3 103%7-3 37 89069 0 69125 22 S5544-3 34428-5 27
38899~ 14926-3 21077~6 772651-4 3654~3 45534-4 3I5317-4 16536-4 T7907-S
30709-5 15241-7 55428~-5 77222-% €3032-5 44776-5 395)68-5S

20 7 0 6 Pl DATA FOR URANIUN 235 INFINITE OILUTION L3
'REE GAS THERMAL XSDAN 922350
7Z 11101-2 2¢7 78853 49076-7 257 55698-4 -43018-7 257 S56515-4 -12%31-6
252 S3¢€38-4 -12672-6 257 1€413 4 -13953-6 257 196871-5 -49557-6 252
1S279-% ~20218-6 257 16451-5 -6166-5 257 35766~-5 -64001-6 257 48871-S
=70049-6 257 790859-6 -82144-€ 252 19394-5 -78595-6 257 39261~-6 -99797-6
257 83220-6 267 A464840-6 267 %1040-4 267 13634-) 855715-4 257 2143-2
31660-0 -302:5-5 247 S9018-4 69545-6 182

20 27 7 P2 OATA FOR URANIUN 235 INFINITE DILUTION 3
'DEE G AS YHERNAL XSORN 922350
TZ 15251~3 2€Z Q93667-4 24419~8 257 S3407-84 -~77344-7 252 &40302-4 -16319-6
252 263%5-3 ~-73951-7 257 66£92-% -16943-7 257 15584-6 ~54681-8 257
69832-7 ~13285-8 237 92102-0 -39%26~-8 257 48053-6 -42365-8 257 ~31394-5
-10418-7 252 13701~6 -508051-8 252 -23712-7 ~4921~7 252 68665-8 ~-55566-8
257 4776-6 267 B804814-7 26 €CS97-4 267 18512-3 55537-4 257 21806-)
‘15639-0 ~24%49-4 247 28002-2 17759-5 IAZ

20 27 0 8 P3 DATA FOR URANIUN 235 INFINITE OILUTION F

'REE GAS THERMAL XSORN 92235¢
72 17791-3 262 10651-3 15€08-% 257 57322-4 81301-7 257 29487-8 133736
257 69368-5 -64951-7 257 8e3¢-5 -14371~-7 252 24757-7 -28158-8 252
~2973-7 18982-9 257 -5011-7 197308-9 2527 111%8-6 20589-9 257 25706-6
-~18123-9 257 11394=£& -6S33-5 257 93608~-8 2759-8 257 79346-8 -13448-8 257
09744-7 267 21635~7 267 10147-3 287 18785-3 24107-4 257 10833-3 ~-51819~8
~19776-4 247 15508-4 ) B852-6 182
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ARRAY

A STANOARD

8 ENTRIES READ

16 NEUTRON GROUP STRUCTURE HAS

2% ARRAY 2 ENTRIES READ
3% ARRAY 2 ENTRIES READ
43 ARRAY 2 ENTRIES READ
8% ARRAY S ENTRIES REAT
2v
YOU ARE USING 971 LCCATICONS OF 30000

Figure 5.

B ] N ]

BEEN INSERTEDO FOR YOU ANDO WiLL OF USED UNLESS

ALLOCAYED

Output for Sample Problem

QU OVERRIDE (1Y

9¢
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Figure 5 (coantinued)

AN AMPX WCRAK ING INTERFACE witL BE CREAVED ON LOGICAL UNIY e
FRON THE ANISN LIBRARY CN LOGICAL UNIT 20
NUNBER OF MEUTRON GRPS 16
FIRSY THERFAL NEUTRON GRP (A&
NUMOER OF GANMA GCRPS e
SIGMA TOTAL SN S
I NGROUP PSN 8
TABLE LENGTH 27
THE INPUT ANISN LIBRARY IS IN TNE
B8CO FREE-FORR FORMAT
SET ANISN 1D SCAYY CHDER AMPX 10D
1 1 3 10010
2 < 3 922350
NEUTRON GROUP BOUNDS
GRP ENERGY LETHARGY
1 1.5000CE 07 ~Q.0%54¢5€E-C1
2 3,00C00€ 06 1.2029% 0C
3 1.4J000€ 08 1.96€11€ 00
a 9.,00000€ 05 2.80765€ 00
S 4 ,00000€ 0S 2. 21808 00
[ 1.00000€ 0S 4, 01 7E 00
k4 1.70C00E 0Oa ¢, 27713 0O
8 3,00000€ 03 e.11173€ 00
9 5.50000€ 02 S. 20818 00
10 $ «00000€ 02 1.15129€ 01
11 3,00000€ 01 1.271€9% i
12 1+00000€ 01 1. 2015% 01
13 3.00C00F 00 1. S015S€ 01
18 1.00000¢ 00 1.€1181€ 01
15 4.00000€-01 1.70284€ 01
16 1.00000€-01 1.84207€ 01}
17 1.00000E~03 020258 O1
GANMA GROUP BSOUNCS
GRP ENERGY LETHARGY
1 1.00C00E 07 0.¢C
2 3.000%0€ 06 120397 00
3 1 .00000F 06 2.3025¢ ©C
. S+ 00C00E 08 €. 29€32€ 00
S 1.00000F 03 $.21036F 00
20 27 0 1 PO DATA FOR MYDROGEN FREE GAS TMERMA. SCATTER]
‘G XSO AN 10010
‘G XSORN 10010
°G XSORN 10010
°G XSORN 10010
20 27 o L PO DATA FOR URANIUM 235 INFINITE ONLUTION
*REE GAS THERMAL XSORN 922350
*REE GAS THERMAL XSO RN 922350
"REE GAS THERMAL XSORN 922350
*REE GAS THERNAL X SHAN 922 350
TABLE CF CONTENTS
10010 PO DATA FOR WYDRUGEN FREE GAS THEAMAL SCATTERI

9223%0 PO DATA FOR URANIUN 23S INFINITE OILUTION

.



Figure 5 (continued)
TS 1S A WORKING LIBRARY FORMED FROM AN ANISK LIBRARY

NUMRER OF NUCL IDES

TAPE 10 12348
16 NUMBER OF GAMMA GROUPS

NUMBER OF NEUTRON GROUPS
FIRST THERMAL GRCUP 18
TABLE OF CONTENTS

PO OATA FOR HYDROGEN FREE GAS THERMAL SCATTER!
PO OAYA FOR URANIUNM $38 INFINITE OILUTIDN

o0

8¢t
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