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ABSTRACT

The HAMMER system comprises programs for calcu-
lations of infinite lattice parameters by multigroup
transport theory, and of composite reactor parameters
by few-group diffusion theory. Operating procedures
for this system of linked reactor physlcs codes are pre-
gented for the HAMMER system and for the auxiliary cross
section library codes.
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PREFACE

The HAMMER system of linked reactor physics
programs is subject to revision as theoretical know-
ledge and computing power increase. This initial
document is intended to serve as an operating manual
for the HAMMER system, Addenda wlll be issued to
describe the physical equationg and their solutions,
modifications to the present programsg, and addi-
tlonal programs., Therefore, the staples may be
removed from this document and the pre-punched pages
inserted 1n a looseleaf binder. Revisions to the
code may then be easily inserted at the proper place,
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The HAMMER System

HETEROGENEOUS AMNALYSIS BY MULTIGROUP METHODS
OF EXPONENTIALS AND REACTORS

INTRODUCTION

Since the appearance of large-scale computing machinery in
the 1950's there has evolved a considerable body of computer
programs for, and experience in, nuclear reactor calculations,
Moreover, a "standard" group of reactor codes has come into wide-
spread use &t U.S. laboratories for both reactor design problems
and the analysis of lattice experiments. Recently, Honeck and
Crandall(l) applied a selected set of these codes, namely
THERMOS, {2} MUFT, (®) zUT and TUZ, (4) and Fog!5! to the analysis
of some one hundred criticel experiments on clean, Dy0-uranium
lattices, Good agreement between theory and experiment was
obtalned, the average calculated elgenvalue being 0.996. The
same battery of codes has also been applied to a series of light
water lattices with equally gocd results.(e) Furthermore, esach
of these codes has been proven individually through extenslve use.

The experience galned in the above-mentioned series of
calculations showed a definite need for the automation of these
standard codes to eliminate the burdensome tasks cf preparingi
redundant sets of input for the various lattice codes, At the
same time, 1t was thought desirable to base all of the lattice
codes on a consistent mathematical model, namely multigroup,
multiregion integral transport theory for infinlte lattice calcu-
lations, followed by homogenized-cell, Fourier transform leakage
calculations., Finally, it was desired to produce & sufficlently
general system to facilitate inter-laboratory comparisons of
reactor calculations, The result of this proJect is the HAMMER
system (an acronym for Heterogeneous Analysis by Multigroup Methods
of Exponentials and Reactors), an IBM TO4/7090 FORTRAN II ccde
developed Jjointly at Brookhaven National Laboratory and at the
Savannah River Laboratory. FORTRAN IV versions are belng prepared
for the IBM System 360 and CDC 6600.
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Description of the HAMMER System

From a single set of dats cards, the HAMMER system will
sequentially perform any or all of the following operations:

(1) Program CAPN - interpret infinite lattice cell input
data and perform extensive error checking; establish path of
control among the following programs.

(2) Program THERMOS - perform a multigroup calculation of
thermal flux distribution (E < 0.625 ev) from integral transport
theory, followed by a multigroup Fourier transform leakage spectrum
correction based on homogenized-cell parameters (multigroup flux-
volume welghting)., Cross section averages and diffusion parameters
are provided in the output, as well as fluxes and reactlon rates.

(3) Program HAMLET - same as (2) except the energy range 1s
0.625 ev { E € 10 Mev., This 1s a major block of new programming,
since no sultable codes were available for eplithermal integral
transport, Collision probabilities are computed under the assumption
of cosine currents crossing regleon boundaries, and the energy
spectrum during moderation is computed as in MUFT, This approach
automatically produces a heterogeneous calculation of € and p; for
the latter, ZUT/TUZ is employed &s a subroutine. In addition to
the output descrlbed in (2), a set of four-group cross sectlons
(10 Mev - 1.05 Mev - 9,12 kev - 0,625 ev) is produced, from which
the asymptotic spectrum and the buckling of the infinite lattice
are determined,

(4) Program FLOG - utilizes the four-group constants pro-
duced in (2} and (3), to perform a one-dimensional, many-reglon
reactor calculation, This program is a modification of FOG. In
addition to the standard ecriticality searches, FLOG will perform
least-squares fitting of reactor fluxes to obtain experimental
values of the buckling, and will automatically calculate a series
of core size loadings for exponentlal assemblies.

(5) Program DIED - The fluxes and cross sections obtained in
(2) through (4) are combined to produce neutron balance sheets in
this final edit program. For an infinite lattice -cell edit
(results of (2) and (3) only), the output is either (a) absorptions
versus fissions by isctope and group, split intoc "smooth" and
"resonance" event contributions, or (b) total absorptions versus
total fissions by lsctope and group. For a composite reactor edit
(results from (%)), neutron balence sheets are produced for total
abscrptions vs. total fission neutron production by isotope and
reglon. These latter tables can be produced for all regions, for
81l fissioning regions, or for selected regions. The flux welghting
employed in the tables can be that appropriate to the region
average, the asymptotlc core, the interfaces, or all of these.
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Work ls processed 1n stacked batches; each batch of Jobs may
use a different set of the five programs. A batch contalns any
number of cases to be procegsed by the selected programs; each
case describes elther an infinite lattice type 'to be processed by
THERMOS and/or HAMLET or a set of previously run lattice types to
be assembled into a cne-dimenslonal, multireglon reactor to be
processed by FLOG. The results of THERMOS-HAMLET calculations are
saved on a lattice library tape (LLT) charged to the individual
uger; each lattlce type 1s ldentified, and retrieved from the
user's tape by a permanent ildentification number assigned at the
time of initial processing, by the user, Thus, on any given LLT
volume, &ll lattices should have unique Identifilcation numbers.
The individual programs process &ll cases within & batch before
control ieg passed to the logleally next program to be run,

Informetion is passed from program to program on scratch
tapes in the LLT format, or on the LLT itself. Thus, in the event
of a machine failure occurring in the middle of a batch, the al-
ready completed work can be bypassed (1f the scratch tapes are
saved) by exercising a restart option,




INPUT PREPARATION

General

All input cards have the same fleld definition (11, 1x, I2,
1X, 2I2, Ib, 212, I1, 1X, 5E 10) except for the batch control
card, 'The deta reguired are glven on the lnput sheets,

Only the first case in a batch need be complete; subsequent
cases must include the case lead card (type 2 or 6) and at least
one additional card (types 3-5 and 7-11). Card images are retalned
in core; on subsequent cases, the card images with corresponding
gsequence numbers are overwritten. Hence only data to be changed
need be input after the first case of a batch.

Sample Input Decks

*TaDe (827T7=159Ps773A)sCOMPTON

* XEQ
* MOUNT EMQO08 ON A4 FMO009 ON B5 EMOOI0 ON A
* PAUSE
# CALL CHAIN 14 HINARY DECK
* DATA
11 21 11 111111 11 11 1111311
0 13066 1 1! TEST OF SINGLF ROD H?Q CASES
1 11006 1716 METAL 171 M/F HZ20
23 ? 10a 1977235 48000 .
211 100 0625 1849 e 20
1 4 2 2 300 1 «0883884 1.0 2Ce !
1 1 TEST FLOG
2021 1 10
1 3 1 011006 184937 756372
1 . 2611111111111114
1 LIST LLT OPTION &
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CAPN.THERMOS - HAMLET (Card Types 0-5)

CARD TYPE O

Batch Control Card (One per batch)

Program Column Symbol Description
CAPN 1 NCPRN End Job = O; normal run = 1;
process lattice input data only = 2
2 NCPPT Short print = 0; long print =1
3 NCPPN Punch option (ignored)

THERMOS ;3 NTHRN No THERMOS run = 0;
. standard THERMOS run = 1;
cosine current THERMCS run = 2

14 ° NTHPT Short print = 0; long print =1
15 NTHPN Punch option (ilgnored)
HAMLET 25 NEPRN No HAMLET run = O; standard HAMLET run = 1
26 NEPPT Short print = 0; long print =1
27 NEPPN Punch effective RI's = 1, no punch =0
28 NEPSG Selengut-GJoertzel approx = 0; no =1
(recommended )
29 NEPAG Standard age approx = 0; self-consistent =1
(recommended)
30
| FLOG 37 NFGRN No FLOG run = O; standard FLOG run = 1
38 NFGPT Short print = 0; long print =1
39. NFGPN Punch opticn (ignored)
40 NFGPB Polnt buckling calculation = 1; no = Q
41 NFGJ@ J, fit to thermal flux = 1; no =0
42 NFGB1 Boundary condition at origin
0 dol/ar = o
1 ¢i =0
2 ol = wl
b ol 4+ widgel/ar = o
5 ol - 2,13 plael/ar = o




e 43 NFGB2 Boundary condition at outer boundary
0 ol =0 5
1 ael/ar = o ' g
2 ol -~ i :
4 ol + wlael/ar = 0 j
5 ot - 2,23 plael/ar =0

DIED 4g NEDRN XNo edlt =0
Neutron balance edit = 1 (this section)

Lattice Library Tape edit = 2 (next section)

50 NEDPT Short print = 0; long print = 1
51 NEDFN Punch option {ignored)
52 NEDNB Detailed Neutron Balance sheet options

0 Ignore
1 Smooth ve. resonance reactlon rates
2 Total reaction rates

53 NEDFW Flux welghting options for DNB

Reactor region average

Plus asymptotic for material of region
Plus Interfaces of reglon

Plus midpoint of region

o

B4 NEDRB Reactor reglonwise balance sheet options
0 Ignore
1 A1l reglons |
2 A1l fissioning reglons
3 Regions tagged on & data card following
all FLOG input (40 I1; 1 = yes; O = no)

55 NEDAX Reactor reglonwise average cross sections
(as above for NEDRB)
56 NEDNU 0 Balance absorptions ves, filssions

1 Balance absorptions vs. production

LLT 4g NEDRN
EDIT 50 NEDET

= Lattice Library Tepe edlt

2
0 Print case ID, titles only

1 Plus integral reactivity parameters
2 Plus few-group data

3 Plus overlapping thermel group dats
4 Case ID, title, region lnput data

5 Plus mesh point data
6 Complete listing of LLT data

- 12 -




Fleld Column Format

1

10
11
12
13

1
3-4

6-7

10-14
15-16
17-18
19
21-30
31-%0
41-50

51-60
61-70

11
12

I2

I2

15

I1

CARD TYFE 1

Batch Lead Card

Symbol

IcT
NC

NSTH

NSEP

IDRCH
NCASE
NFLJG

NEWLIB

BTTL

Degeription

= 0 except last card of case =1

Card sequence number
(within a case) = 0

0 unless a "restart" Job; then
number of THERMOS cases yet to
be done

[

= 0 unless a "restart" Job; then
= number of HAMLET cases yet to be
done

Batch identification number for
output page heading

Number of THERMOS/HAMLET cases in
this batch (number of lattices)

Number of FLOG cases In thils
batch (number of reactors)

= 1 if starting a new lattice
library, = 0 if added to an old
one

Hollerith (BA6,A2) batech title
for output page heading

- 13 -




CARD TYPE 2

Case Leed Card (One Per Iattice)

Field Column Format Symbol Description
1 1 I1 ICT
2 3-4 I2 NC Card sequence number (within a case) = 1
3 6-7 Iz -
4 8-9 I2 -
5 10-14 I5 IDENT Iattice identification number;

O 0~

10
1l
1z
13

15-16
17-18
19
21-30
31-40
41-50
51-60
61-70

12
I2
Il

permanent ID; therefore must be unique
(and non-zero) for & glven lattice
library file

H@L Hollerith (8A6,A2) lattice title

- 14 -




CARD TYPE 3
Lattice Description Card (One Per ILattice)
Field Column Format Symbeol Description
1 1 I1 ILCT = 0 except last card of case =1
2 3-4 I2 NC Card sequence number
(within a case) =2
E-7 I2 NGE@M Slab = 1; Hex = 2; Square = 3
8-9 I2 NRX Number of reglons (ignored at
present ) 20
5 10-14 I5 MX Number of mixtures (ignored at
present) 10
6 15-16 I2 NPIBI Pl = 0; Bl =1 option for
Fourier transform leakage calcu-
lations
T 17-18 Iz -
8 19 I1 ISPXE Number of foll materials to be
edited (must neot duplicate cell
materials) 4
9 21-30 EL10.0 BSQD Material buckling (m™ %) for
Fourier transform leakage calcu-
latlons
10 31-40 E10.0
WSTBA(T),
11 #1-50 E10.0 I=1, Foll ID numbers
12 51-60 E10.0 IS@XE
13 61-70 E10.0

- 15 -
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Field (Column Format Symbol

1

10
11

12
13

CARD TYPE 4

Tattice Region Description Card (One Per Region)

Description

1
3-4

6-7

8-9

10-14

15-16

17-~18

19

21-30

31-40
41-50

51-60
61-70

11
I2

12

I2

15

I2

12

Il

E10.0

E10.0
E10.0

£l10.0
E10.0

LCT
NC

NR

MXAS

MR¥

ISgXA*

NPT

ILHT*

THT

D*
p*

DEGC*
FISD

= 0 except last card of cagse =1

Card sequence number
(within a case)

Reglon sequence number counting
from center of cell =1

Mixture number assoclated with this
region; flelds indicated by asterisk
must be filled in on flrst appearance
of new MXAS

Predefined material in thls region;
table of possible values are given
in Note a, page 26

Kumber of lsotopes to be added to
the predefined material; follow thils
card with ISOXA cards of type 5%

Number of spatisl mesh points assigned
to this region: 1f left blank code
will compute a value (only if THERMOS
is to be run)

= 1 if thermal neutron upscattering
is important (moderator region);
= 0 otherwise (fuel, clad, etc.)

Region OD or slab thickness (in.)};
for outermost region, a negatlve
value denotes lattice piltch (in.);
for slab cases, lnnermost and
outermost reglon thicknesses are
distances to reflecting boundaries

Mixture density (g&/cc)

Weight percent of secondary component
in the material, exclusive of added
lsotopes

Region temperature (°C)

Fission neutrcons born/cc in this
region; required only for HAMLET
only runs

- 16 =
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CARD TYPE 5
Added Isotope Card (As Reguired)
Field Column Format Symbol Description
1 1 I1 ILCT = 0 except last card of caze =1
2 3-4 I2 NC Card sequence number
(within a case)
3 6-7 Iz - ‘
L 8-9 Iz -
5 10-14 15 -
6 15-16 I2 -
7 17-18 I=2 -
8 19 I1 -
9 21-30 E10.0 WSTBA Isotope ID (see page 24 for
possible values)
10 31-40 E10,0 WSTBB Temperature/Model index; as above
11 41-50 E10.0 F Welght fraction of this isotope }
in total mixture; use elther
fields 11 and 12, or 13 (see
Note b, page 27)
12 51-60 E10.0 A Atomic weight this lsoctope
13 61-70 FE10.0 C@NCTA Concentratlon (atoms/ce*L102%); if

this specification is given, D on
card 4 is exclusive of this
iscotope

- 17 -




™, FLOG (Card Types 6-11)

CARD TYPE 6

Reactor Lead Card (One Per Reactor)

Fleld Column Format Symbol Description
1 11 IeT = 0 except last card of case =1
3-4 I2 NC Card sequence number
' {within a case) = 1

3 6-7 I2 -

4 8-9 I2 -

5 10-14 I5 IDENT Reactor case ID for output page
heading (non-zerc, and unique
within a batch)

6 15-16 I=2 -

7 17-18 I2 -

8 19 I1 -

o] 21-30

10 31-40
11 41-50 HZL Hollerith (BA6,A2) reactor title
12 51-60
13 61-70

- 18 -




CARD TYPE 7

Reactor Description Card (One Per Reactogl

Field Column Format Symbol Description
1 Il LCT = 0 except last card of case =1
3-4 iz NC Card sequence number
(within & case) =2
3 6-7 I2 NGEgM Slab = 1; cylinder = 2; sphere = 3
(= N1)
i 8-9 Iz NRX Number of regions, U40;
regions are numbered
gsequentially from the origln
Segrch Optlons
5 10-14 15 N20 Variable loadlng = O;
buckling search = 1;
poison search = 2;
dimension search = 3;
poison boundary search = 4;
fuel loading search =5
6 15-16 12 NVILR Number of core radil to be
considered in varlable
loading sequence {use if N20 = 0)
7 17-18 12 NVLT Reflector thickness constant = O,
reactcr thickness constant =1
(use if N20 = 0)
8 19 I1 -
21-30 E10.0 EIGEN2 Value of the eigenvalue .(Kgpp)
to be searched for
10 31-40 E10.0 RIN1 (N20 = 0) minimum value of 1/x, (cm);
1f fields 10, 11, and 12 are blank,
use NVLR type 8 CDS;
PG11 } (N20 = 4, 5) initial guess at boundary,
mesh polnt to left of body
71 41-50 [E10.0 RLX } (N20 = 0) maximum value of 1/k (cm);
PG2 } (N20 = %, 5) lower bound for boundary,
distance from origin
12 51-60 E10.0 RSV }  (m20 = 0) reflector savings (cm);
PG3 } (N20 = 4, 5) second guess for boundary,
distance from origin
13 61-T0 E10.0 PG (N20 = %, 5) upper bound for boundary,

distance from origin
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Core 8ize Card (As Required When N20

Field Column Format

o

w00 oyt oW

10
11
12
13

1
3-4

I1
12

12
12
I5
I2
Iz
I1

E10.0
E10.0
E10.0
E10.0
E10.0

CARD_TYPE 8

o

f
iy

¥

Description

= 0 except last card of case

Card sequence number
(within & case)

radii (in.)



CARD TYPE O

Control Poison Card (N20=2,4,5)

FMeld Column Format Symbol Description
1 I1 LCT = 0 except last card of case =1
2 3-4 I2 [ Card sequence number
(within & case)

3 6-7 I2 -

4 8-9 I2 -

5 10-14 15 -

6 15-16 I2 -

7 17-18 I2 -

8 19 I1 -

9 21-30 E10.0 SGPT zp(tnermal); this value is a Jd

scale factor on SIGPT(NR), ca
type 10

= (Group 1)/2p (thermal)

10 31-40  E10.0 )
) z (Group 2)/2p (thermeal)
)
)

T

11  4$1-50 E10,0 T

12 51-60 E10.0 T 3, (Group 3)/3, (thermal)
T

> {Group 4)/zp (thermal)

13 61-70 E10.0
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CARD TYPE 10

Regctor Region Degeription {one Per Region)

Field Column Format Symbol Description
1 Il LCT = 0 except last card of case =1
3-4 I2 NC Card segquence number
(within a case)
3 6-7 I2 NR Region number
.S 8-9 I2 ITYPE  Few from lattice library = 0
Group { from type 1l cards =1
Data (| "Built-in" reflector = 2
(see page 28)
5 10-14% I5 MAT Material used (lattlice ID) in
this regilon
15-16 1I2 -
7 17-18 Iz NPT Number of mesh points assigned to
this region (optional)
8 19 Ii -
9 21-30 E10.0 THT Region thickness (in.) |
10 31-40 E10.0 BSQD Reglon transverse buckling (m™2);
if blank for region 2, the value
for regilon 1 is used for all
reglons
11 41-50 E10.0 SIGAD Added thermal absorption, X
12 51-60 E10,0 SIGPT Control region tag; thermal
poison multipller of SGPT, card
type 9
13 61-70 E10.0 -

- 22 =
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CARD TYPE 11

Few-Group Data Card (Sets of 4 as Required)

Fleld Column Format Symbol Degeription
1 I1 ICT = 0 except last card of case =1
3-i I2 NC Card sequence number
(within a case)
3 6-7 I2 -
L 8-9 I2 -
5 10-14 5 MAT TLattice ID
6 15-16 12 I Ggroup number
7 17-18 I2 -
8 19 Ii -
9  21-30 E10.0 F@GX D '

(I,1)
10 31-40 E10.0 F@eX(I,2)
11  41-50 E10.0 FgGX(I,3) v=p
12 51-60 E10.0 FFoX(T,4)
13 61-70 E10.0° FPGX(L,5)

Zpem
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THERMOS LIBRARY TAPE, *HAMMER* CODE
TAPE LABELED E-v-9 6/21/66
TAPE TO BE UPDATED LABELED E~-V-9 6/21/66

ISOTYOPES PREVIOUSLY ON TAPE
IDENT T/M-  KERNELS DESCRIPTION

92235. O. URANIUM 235
92236, -0 U236 1/ViKTi= 6 B
92238. O. URANIUM 238
5010. -0. 810 1/VIKT)=3837 B
1. 0. 1/v UNIT ABSORBER
94239, 0. PLUTONIUNM 239
5000. Q. BORON
48000. O. CADMIUM
192235, 0. URANIUM 235 FISS
194239, 0. PLUTONIUM 239 FISS
66164 0. DYSPROSIUM 164
T1176. 0. LUTETIUM 176
13000. 0. ALUMINUM
2. 0. UNIT SCATTERER

H NEL T=293K
D NEL T=293K
OXYGEN GAS T=293K
OXYGEN GAS T=293K
H NEL T=333K
D NEL T=333K
OXYGEN GAS T=333K
H NEL T=363K
D NEL T=363K }

1001. 1029.
1002. 1029.
8000. 29.
8000. —00
1001. 1033.
1002. 1033,
6000. 33.
1001. 1036.
1002 1036.

OFER OO0 0000 ~NNEFEFNNFEFRNNO=OODOC000CO000

8000. 36. OXYGEN GAS T=363K
4G000. 0. ZIRCONIUM
304. 0. 304 STAINLESS
26000. 0. IRON :
92233, 0. URANIUM 233
§4240. 0. PLUTONIUM 240
94241, 0. PLUTONIUM 241
90232, 0. THORIUM 232
192233, 0. URANIUM 233 FISS
79197. 0. GOLD 197
63151, 0. EUROPIUM 151
49115. 0. INDIUM 115
3006. -0. LI6 1/V KT=945
3007. -0. LIT ZERO ABS.
62149, -0, SM149 BNL325/0.12
54135, -0. XE135 BNL325-3+06
3. -0 10ONG LIVED FP PRS
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1001.
1002.
1001.
1002.
100t.
1062.
1001.
1002.
1001.
1002.
1001.
1002.
6012.
6012.
i001.
1001.
1001.
1001.
6012.
6012.
6012.
101001.
101002.
1001.
1002.
8000.
1001.
i002.
8000.
1001.
1002.
8000.
6012.
4009.
93237,
1090232,
1092238.
92234%4.
91231.
91233.
94238.
94242.
95243.
96244,
1001.
65012.
i001.

2029.
2029.

NN OOOOOOOOO O R NNMANR NN AR NN - ot o otk ot et ot it ok ok b ot

BSJ T=293K

BSJ T=293K

GAS T=293K

GAS T=293K

BSJ T=333K

BSJ T=333K

GAS T=333K

GAS T=333K

BSJ T=363K

BSJ T=363K

GAS T=363K

GAS T=363K

12 GAS T=293K

12 GAS T=473K
SANTOWAX BSJ
SANTOWAX BSJ
SANTOWAX BSJ
SANTOWAX BSJ
12 GAS
12 GAS
12 GAS

H NEL T=293K

0 NEL T=293K

H NEL T=400K

D NEL T=400K
OXYGEN GAS T=400K

H NEL T=500K

D NEL T=500K
OXYGEN GAS T=500K

H NEL T=600K

D NEL T=600K
OXYGEN GAS T=600K

GRAPHITE PARKS 293

BERYLIUM T=293 M=9

NP237 RAZ

THORIUM 232

URANIUM 238

U 234 1/V SIG=95.

PA231 BNL325

PA233 BNL325

PU238 AI-65-190Vi0

PU242  JAS

AM243 JAS

CM244 AI=65-190

H NEL T=293K C6H6

C 12 GAS T=473K

H NEL T=473K C6H6

OO0 IOCIDIOTOIOIT

oo ITxXTIx
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Note & :
Materials Available 3?
9/1/66 MR First Component Second Component
No material; all 0
added isotopes
Fuel 100 2387 metal 235y metal
101 2%8yo, 235740,
102 2%2Th metal 2337 metal
103 2%2Tho, 23890,
104 Al 92% 29%py + 8% 249py
105 Al B4g 2%%py + 16% 2%°Pu
106 .
107 .
108 ;
109 :
Cladding 200 Al None
201 304 stainless None
202 Ziresloy-2 None |
203 Al 811
204 i
205 |
Coolant-Moderator 300 HL0 B20g ‘ i
301 D0 H,0 },Q
302 Graphite None r
303 Organic (C,gH.,) None -
304 gt
305 2
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material density.

Note b

Breakdown of Mixtures by Isotope

Let F = wt fraction of second compcnent in material

Fi = wt fraction of added isotope i

D =density {g/cc®) of mixture

AJ = atomic welght of 1sotope jJ

Nj = number density (atoms/barn-cm) of isctope J

Then for the primary isotope (subscript p)

N =D* (1-% F)*o. A -
b ( };‘ o 6025/A, * (1 - F)

for the secondary isotope (subscript s)
= * - * *
N, =D (1 ?Fi) 0.6025/As F

for the added isotopes (subscript i)

_ *
N, =D * F, 0'6025/‘°‘1

i.e., the mixture density is reduced by (1 -E: Fi) to obtaln the
1

If Fy 18 set to zero, and Ny 1s Input instead, then the material
density should be given in place of the mixture density.
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Material

Bullt-In Reflector Constants (FLEG)

1

Deseription
Group 1 Group 2 Group 3 Qroup U4
2,108 1,062 0.596 0.1557
0.000531 0.000013 0.000953 0,018922
0.1071 0.1494 0.1518 0
2,226 1.214 1.225 0.8172
0. 000524 9] 0,000003 ©,000092
0,08408 0,03819 0,02027 Q
2,410 1.049 0.934 0.897
0.000003 0 o] 0.000238
0.02752 0.01125 0.00657 0
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HAMMER Error Stops

Progrem CAPN reads all cards of type 0-5. These cards
describe the path of control between the linked codes, and the
structure of infinite lattices to be treated by THERMOS and/or
HAMLET. These data are processed by CAPN, and extensive checking
is done. Input errors are listed for each inflnite lattlce case,
and that case is deleted from the batch. The followlng table
defines the input errors which produce error messages.

Card types 6-11 are read by an input routine in FLOG. These
data are checked only for sequence errors and invelid lattice/
naterial identification numbers. These error megsages are also
described in the following table,

HAMMER Error Stops

Code Number Qutput Message Remarks
CAPN 100 CARD 1 IS ABSENT Batch lead card missing
101 SEQ NO, IS BAD First lattice case cards

out of order

102 REGION IS UNDEF. Lattice reglon descrip-
tion card missing

103 MESH IS BAD Sum of mesh points £ NX
(slabs)

104 MESH IS BAD Sum of mesh points #£ NX|
(cylinders)

105 UPSCAT IS OVER 3 More than 3 mixtures
with fleld 8, card type
4 =1

106 MIXES IS OVER 10 >10 mixtures are defined

107 POTNTS IS OVER 20 >20 space points are
defined

108 REG S IS OVER 20 >20 regions are defined

109 IS0 S IS OVER 18 >18 isotopes are called
for

110 A MIX IS VQID Some mixture contains no
isotope of non-zerc con-
centration

111 I80 CD IS ABSENT Number of type 5 cards
following a type 4 is
less than field 6
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Code Number Qutput Mesgsgage Remarks
112 MAT,L IS UNDEF Some meterisel number
(field 5, card type 4)
18 not defined
113 NTHRN IS8 BIG-3 A request for THERMOS
version >3
114 NEPRN IS BIG-3 A rvequest for HAMLET
version >3
115 NFGRN IS BIG-3 A request for FLOG
version >3
116 NEDRN IS BIG-3 A request for DIED
version >3
117 MESH IS BAD Request for code to
asslgn mesh points
cannot he met
118 THLIB IS BAD Some isotope called for
is not on the THERMCS
cross-section library
119 EP-LIB IS BAD Same as 118, except
HAMLET library
THERMOS 200 - None - Same as 118
HAMLET 300 " Same as 119
400 n No reactor lead card
(type 6)
4ol " First case cards out of
order
oz n Region missing
FLOG 403 " Iattice not on library
4os5 " Material ID <O
Lo6 " Materisl ID not in
built-in 1iib
ko4 " = FOG - N10O error

- 30 -
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Data Set References

All data set references in the HAMMER system are symbolle,
and are established for the entire system of codes by subroutine
TAPE in program CAPN. The assignment and usage of these data
sets (for IBM 7090 tapes) are given in the following tables.

Date Set Asslgnments

Syubol Data Set Description Dispeogition _Read Only ?

- 1 Monltor system Yes
INT2,INT1,NSC1 8, 3 Seratch Seratch No
LIB3 2 ILattice library* Save* No-Use cautlen
NTIN 5 Input -
NT@UT 6 Qutput Print
NTPUN 7 Punch -
NCHAIN 4 HAMMER program Seve Yes
LIB1 9 THERMOS library Save Yes
LIB2 10 HAMLET library Save Yes

* The code stacks lattice output (binary !!) on the lattice library for
subsequent use by FLOG and DIED, "Standard" lattices likely to be
used agaln as a reactor reglon should be stacked on a lattlce library
and flled away to save repeating THERMOS/HAMLET cases. One shot }
calculations sghould be stacked on a scratch file to keep the
permanent library search time short,
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Batch Control versus Date Set Utilization

Card Type O Batch Type

Code Column o8& 1 2 3 4 5 6 71 8 9
CAPN 1 2 1 101 1 1 1 1 1 1
THERMZS 13 1P 1,2 0 1,2 1,2 © o 1,2 1,2 O
HAMLET 25 1¢ 0 1 1 1 o} 0 1 1 0
FLYG 37 0 0 0 0 0 0 1 1 1 1
DIED 49 0 o} o o0 1,2 1,2 0 © 1 1

Data (Y=Yes)

Symbol _ Set Usage (N=No)
INT2, INT1 B  scratch ¥© Y Y ¥ Y N N Y Y Y
NSC1 3 Seraten ¥ Y MY ¥ ¥ N Y Y ¥
LIB3 2 Lattice N N N Y Y Y T Y Y e
NCHAIN 4 HAMMER Y Y Y Y Y Y Y Y Y Y
LIB1 o THERMOS ¥YP.T ¥ N ¥ Y N N Y Y N
LI132 10  HAMLET ye N Y Y Y o) N Y Y N

s This batch type preprocesses THERMOS/HAMLET data; FLOG data should
not be included
b If THERMOS will be run with these data
¢ TIf HAMLET will be run with these data
d Will be used if resonance ilntegrals are calculated by the integral
equation treatment‘ }
e Will not be used if no reactor region takes data from lattice
1library (card type 10, field 4 £ 0)
£ Will be used if any reglon 1s not assigned mesh polnts {card
type 4, field 7 = 0) :




OUTPUT INFORMATION

General

There are two modes of HAMMER cutput contrelled by the second
option for each program on the batch control card (card type O;
see input). In the short print mode, only swmmary information
is selected from the edited quantities for printing; in the long
print mode, all edlted gquantitlies are printed. In the following
sections, quantities are described for the long print mode. An
asterisk indicates those items which appear also in the short
print mode, The primary quantity which the code computes 1s the
macroscopic space energy distribution of neutrons either in an
asymptotic core (lattice calculation) or in the compeosite reactor
(reactor calculation). For the lattice caleculation, the macroscopic
distribution 1s assumed tc be the product of the scalar neutron
density per unit volume and energy as a functlion of position in
the cell, times the homogenized-cell leakage spectrum ccrrection
for the asymptotic core. For the reactor calculation, the
macroscoplie flux is that which results from sclution of the four-
group diffusion equation in the finite reactor geometry. The
edited quantities are primarily averages of these spectra over
eross sections. The cutput from each program is described in the
following separate sections,

CAPN Output

* The first block of the output from CAPN 1lndicates the options
which the user has selected for each of the five codes.

*HAMMER® BNL-SRL LATTFCE ANALYSIS CCCE

DPTICNS
CAPN
THERMOS
RAMLET
FLGG
DIED

e [y
et et e 03O
W =00

BATCH12066 1 LATTICES 1 CCRES TEST CF SINGLE RCL +H20 CASES

The second section is simply a printout of the input cards
before any interpretation has been performed. Above each datum,
CAPN indicates how it will 1lnterpret that number, so that the user
may be sure he has entered hls input data in the proper field on
each card.
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o CASE 11006 1716 METAL 171 M/F H20
] .

-~ INPUT CARDS RS
CARD GEOM REGS MIN PL-BL BCT FOILS BUCKLING FCEL 1 FOIL 2 FOIL 3 FOIL 4 :
2 3 -0 -0 -0 -0 2 1.00000E 01 1.92235E 05 4.B0000E 04 -0. 0. =
REG MIX MAT ADD I MESH ML REG OO CENSITY WGT PONT TEMPERATURE F18s8/CC
2 1 1 180 =0 =0 =0 6.25000E-02 1.89C00E 01 3.00000E 00 2.000Q0E OL —0.
REG MIX MAT ADD I MESH H-i  REG OO BERSITY WGT PCNT  TEMPERATURE  FISS/CC
4 2 2 300 -0 -0 1 8.838B4E-02 1.00000E 00 -0. 2,00000€ 01 —0.

* CAPN reads the THERMOS and HAMLET library tapes if they
will be required for this case and prints thelr labels.

L IBRARY TAPE LABELED E-¥—-9 6/02/66

EFITHERMAL LIBRARY TAPE LABELED E-V~10 6-6-60

CAPK prints the isotope table. This 1is a list of the isotopes
whose cross secticons will be required for this case versus their
concentrations in the mixtures which have been defined for this
cage. In some cases, CAPN will renumber the mixtures as compared
to their input numbering. Since this renumbering is & purely
internal affalr, it need not concern the user,

ISOTOPE TABLE
1DA T/M MIX 1 MIX 2
92235. 0. 0.0014537 C.
92238. 0. 0.0464102 0.
10011029 0. 0.0669444 |
8000. 29. 0. 0.0334722
192235, 0. FQIL
48000, 0. FOIL

CAPN prints the region tables. For each region the number
of space points which have been assigned to that region, its
thickness in centimeters, its areal volume in cm®, the temperatures
in °C, the mixture number corresponding to the isctope table, the
heavy/light moderstor approximation to be used, and the fission
distribution for that region are listed across the page.

REGION TABLES
REG PTS THICK VOLLME DEG € MIX H-L FISS/CC
1 1 0.07937 1.9792£-02 20.00 1 -0 -0.

2 1 0.03288 1.97928-02 20.00 2 1 ~0.
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THERMQS Output

* Following the THERMOS library tape label and geometry optilons,
information relating to the lteration process for the space
energy neutron distributlion 1s printed. The quantity IT is the
number of i1terations required to converge the sclution. This
number should be less than 150, the maximum value permltted in
the code, 1f the flux has converged. The quantity NORM is the
rencrmalization factor applied at the last lteration. It should
equal unity. The gquantity CRIT is the pointwise convergence
criterion which the ccde applied, and the quantity RES 1s the
largest residual which remalned when iteration ceased, Thus, RES
should be less than CRIT if convergence was obtained.

1/16 METAL 1/1 M/F H20 CASEL11006 THERMOS
L IBRARY TAPE LABELED E-V=9 6/02/66

CYLINDRICAL GECMETRY, COSINE CURREMTS

IT= 11 NORM= 1,000C CRITs 3.T737E-03 RES= 2,T471t-03

* The quantities ETA, F, and ETA*F all relate to fuel regions,
where "fuel" is defined as a region in which thermal neutron
fission occurs. All isotopes occurring In fuel regions are con-
sidered to be fuel isotopes. XA and NU*XF are the cell-averaged
values of 3, and ¥Zp. The moderator absorption fraction is the
number of neutrons absorbed in the outermost region of the cell
relative to one neutron absorbed in the entire cell,

ETA= 1.81776 F= Q.9T7E02 ETA*fF= 1.777481 KA= 0.26058CE-0Q0
NU*XF= 0.463261E-0C MODLABS.FRACT= 0.021938 '

* The number of neutrons absorbed and the number of neutrons
produced in fission per region are given in the following table.

ABSDORPTION AND PRODUCTION BY ISCTOPE AN REGION

I1S0TOPE T/M TYPE REG L REG 2 REG

92235. 0. ABS 8.587E-01 O.
PROD 1.778E 00 0.
92238. 0. ABS 1.194E-01 0.
PROD O. Q.

1001, 1029. AB5 Q. 2.198E-02
PROD 0. 0.
800C. 29. ABS C. 0.
PROD 0. 0.
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* The next table gives: for each peint, the radius asscciated
with that point, the average neutron density, the average veloclty,
and the average flux 1n the volume assoclated with that point; and
for each foil lsotope specified, the actlvation (normalized to
unity at point 1) and the average cross section. A volume average
over all points in a given reglon 1s computed for these quantities,
At the bottom of this table, the absolute activation at the origin
of the cell for each of the foil 1sotopes is given so that the
user may convert relative activations to absolute activations,

NMEUTRON DENSITY, VBAR, AND FOIL ACTIVATION

N R DENSITY VBAR FLUX FLUXVOL ACT- 192235.-XSEC  ACT~ 4B8000.~ XSEC
1 0. 4.7943E 01 1.5843 9.5133E 0@ 1.8830E 00 1.0000 2.46T3E 02 1.0000 2.880F 03

AVERAGE 4.7943E 01 1.6843 9.513E 0l 1.883E 00 1.0000 1.0000

2 0,066 5.0575E Q! 1.5525 9.8750E Ol 1.9546E 00 1.0580 2.T24E 02 1.0417 2.890E 03

AVERAGE 5.0575€ 01 1.6525 O.875E 01 1.955€ 00 1.0580 1.0417
ABSOLUTE ACTIVATION AT R=0 2.543E 04 2.740E 05
* In the next table, average cross sections are given for all

isotopes appearing in the cell. In the section of the table
labeled MACROSCOPIC, the output quantity 1s the macroscopic cross
gsection times the flux integrated over the entire cell and divided
by the flux integrated over the entire cell. In the section of
the table entltled MICROSCOPIC, the value of the cross sectlon is
the flux volume integral over the entire cell of the macroscoplc
crosg section divided by the flux velume integral over the entire
cell of the isotoplec concentration. These are the appropriate
cross sections to multiply by the average flux volume in the cell
to obtain the actual reacticn rate in the cell,

" AVERAGE CROSS SiECTIONS

MACRDSCAPIC (1/CM) MICROSCOPIC (BARNS)

I1S0TOPE ABSORPTION FISSTION NU*F ESSTON ABSORPT ION FISSION NU*FI3SION
92235, 2.23751E=01 1.90642F=01 4.63261E-01 3.13691E 02 2.67273E D2 6.494715E 02
92238, 3.110056-02 Q. 0. 1.36573E 00 OC. 0.

1001. 5.72779€-03 0. 0. 1.67987E-01 0. 0.
8000, 0. 0. Qe 0. 0. 0.

Microscoplc cross sectlions are given by region for all
lsotopes in the cell. These are the cross sections averaged
over the flux appearing in that region, The last two entries in
this table are the flux and flux-volume by region, normalized so
that the average flux in the fuel 1is unity.
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MICROSCOPIC CROSS SECTICNS

REGION
ISOTOPE SCALAR 1 2

92235. A 0.E~00 2136 3196
F 0.E=00 2672 2724
NUF Q.E~00 6494 6619

92238, A 1.E-03 1365 1387
1001. A 1.E~03 165 167

FLUX 1.E-03 999 1038
FLUX*VOL 0.E-C4% 1979 2054

On the next page, the thermal flux is given as & function

space point and energy group.

This flux, vN(v), 1s the zero

buckling cell flux in dimensionless units, normalized tc yield
one absorption Iln the cell.

* At the bottom of this page, parameters derlved from the Fouriler
transform leaksage calculaticon are given,

THERMAL FLUX, V¥#N{V)

GROUP PT 1 PT 2 PT
2.8870E-0Q2 5.7T087€E-02
2.4341E-C1 3.4857E-01
8.1649E-01 Ll.0434E 00
1.89026 C0 2.2TH2E 00
3.5579E 0C 4£.1370FE 00
5.8501E CO0 6.6387E Q0
8.7321E 00 9.7358t 00
1.2109E 01 1.3321E Q1
L.584CE 01 1.7242& 0Ol
1.9752E 01 2.1317E Ol
2.3686E Ol 2.5375E 01

=HOODD=T PN =

L

20 2.9959€ 01 3.0957€ Cl
21 2.7517E 01 2.8365E 01
22 2.5079€E 01 2.5796E 0l
23 2.3098BE 01 2.3719E 01
24 1.9868F 01 2.0Q392€ 01
25 1.9212E €1 1.9758E 0Ol
26 l.7T143E 01 1.7618E 01
27 1.6776E 01 1.7099E 01
28 1.6210E 01 1.5437€E 01
29 1.5179E 01 1.5344E 01
30 1.3975E 0f L.4C86E 01

I2 ig the diffusion

of

ares in cm®, XA is the homogenized-cell abscrption cross section,
D is the diffusion constant, B2 is the input value of the buckling,
and IT is the number of iterations required to converge the leakage

distribution,

by the code,

Pl APPROX.

L2= 1.17029€ 00

XA= 2.60554E-01 D= 3.04955E-01
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HAMLET Output

* The label of the HAMLET library tape 1s printed at the head
of the first page.

CASE 11006 L/16 FETAL 171 M/F HZO
EPITHERMAL LTBRARY TAPE LABELED E-v-10 6-6-66

The first table of cutput relates to the computation of
resonance integrsls, For each resonance encountered i1n the calcu-
lations, the column labeled RI gives the effectlve value of the
resonance integral used by the code. The column INFINITE RI gilves
the infinite resonance integral for thils rescnance, The column
SHIEILDING is the ratio RI/INF. RI. The geometrical cross section
ig the value of Seff/4V employed by the code in the resocnance
integral calculation. The column MESH gives the number of discrete
lethargy intervals (fine groups) which the code used for the
resonance integral calculation. A value of 0 indlcates that this
resonance was treated by equivalence principles. The next three
columns, ABS for absorber, MCOD1 for moderator 1, and MOD2 for
moderator 2, indicate the number of mesh points within a colllson
interval for each of these isotopes. The column labeled CAPT,
PROB. glves the capture probability for each resonance, All of
the resonances appearing within a single broad group are summed
to give the total effective resocnance Integral, the total
infinite resonance integral, and the average shielding within
that group.

RESONANCE. INTEGRALS
§RU$£ IggTDPE RI INFINITE Ri SHIELDING GEOM.CROSS SECTION MESH ABS 'MOD1 MOD2 CAPT. PROB.
238. .
1.039689E-02 1.327940E-02 7.829336E-01 9.092317€-01 0 ¢ 0 4 5.7825€-04

1.039689E-02 1.3279406-02 7.829336E-01

45 92238,
4.T409T6E 00 1.2720386E 02 3.72TOTLE-02 1.33RB66E QO 501 9 9 0 1.5691E~01

4.740976E 00 1.272038F 02 3.727071E-02

52 92235.
2.262114F OL 2,3T0487E Q1 9.542826E-01 1.361520E 00 0 0 QO 1] 2,3044E-02

2+262114E OF 2.370487E Q1 9.542826£-01
TOTALS

92235. 1.72561BE D2 2.217273F 02 7.782614E-01
92238. 1.409128BE 01 2.6B2237F 02 5.253554E-02
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* Between the last group values and the final grand totals over
all groups, two lines of print appear, which give information
relating to the convergence of the broad group flux calculation.
The maximum iterations should be less than 100, the maximum bullt
into the code, and the renormalization should not depart far from
unity.

FAXIMUM ITERATIOGNS ON THE FLUX SHAPE IN ANY MACRD GROUP = 2 GROUP 1
MAXIMUM KENORMALTZATION IN ANY GROUP = 0.99552 GROUP &

The next page gives the space energy distribution computed
at zero buckling, This 1s the distribution which is used to
homogenize the cell on a flux volume basis in order to perform
the Fouriler transform leakage calculation.

ZERC BUCKLING FLUXES

GREUF PT 1 PT 2 PT
1 5.2615€ 0¢ 5.3193E 00
2 1.4528E 0l 1.4803E ¢l
3 3.3075E Ol 3.2777F C}

€2 1.6568E 0l 1.6586E 01
53 1.4883E 0l 1.5016F 01
54 1.4407E€ 0l L.4517E 01

* The next page, OVERALL FEW-GROUP DATA, gives homogenized
cell cross sections, capture escape probabilitles, the age, and
the diffusicn coefficlent for few-group schemes.

UYERALL FEW GROUP DATA

CUTPUT GROUP MUFT GROUPS SIGMA—~A STGMA-R SIGMA-F NU SIGMA-F P AGE DIFF.COEF,
it OF 1 1 T0 54 0.024015 0.013877 0.007530 0.019091 0.366222 27.566 1.044496
1 CF 2 1 74 25 0.C08507 0.044623 0,004220 0.011184 0.839879 224349 1. 187604
2 afF 2 26 TU 54 0.063242 0.044978 0.015904 0.039091 0.436450 28,430 0.682492
1 CF 3 L T0 10 0.€10698 0.C95130 0.009173 0.024645 0.8963T2 11.731 1.652862
2 OF 3 LL TG 25 0,006983 0.071932 0.,001188 0.002946 0.9115132. 23.169 0.902860
3 CF 3 26 TO 54 0.063242 0.C48978 0.015904 0,039091 0,43645Q 294251 G.68249%2
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The intermedlate integrals used to produce these averages are
listed below.

INTERMEDIATE INTEGRALS

CUTPUT GRCUP MUFT GROUPS ABSORPTION FLUX FISSION NU-FISSION SOURCE CURRENT Vi
1 oF 1} 1 TO 54 0.616TT6  25.56B3380 0.193398 0,490323 1.000000 0.8453138 :

1 0F 2 1 T0O 2% 0.156591 18.406754 0.077673 0.205870 0.999810 0.691272

2 oF 2 26 TO 54 0.460185 7.276625 0.115726 0.284453 0,000190 0.157046 -
e

1 cF 3 1 710 10 0.076855 6.988269 0.064105 0,172226 0.753200 0.365263 5

2 OF 3 11 TG 25 0.079735 11.418486 0.013568 0.033644 0.246610 0.326009 Tl

3 OF 3

26 TO 54 0.4560185 7.276625 0.115726 0.284453 0.000190 0.157046 g

This output is based on the homogenized-cell leakage corrected
flux at the input buckling. P 1s not the normslly defined resonance
escape probability, but is the ratlo of neutrons slowing down out .
of the broad group divided by the neutrons slowlng down plus those B
captured in smooth and resonance events by &ll isctopes.

The next page glves for each group: the flux and current
per unit lethargy; 7, the 1sotropic component of the slowing down
density due to the hydrogen; p, the P; component of slowing down
due to hydrogen; and g, the heavy element slowlng down density.

CASE 11006 L/16 METAL 1/1 M/F H20

54 GROUP EDIT i
GROUP FLUX CURRENT ETA RHO Q BT

1 0.207157 0.016104 0.001573 0.00011l6 0.000150 P
? 0.576117 0.043590 0.006611 0.000465 0,000851 g
3 1.280372 0.090057 0.019766 0.001293 0.C02764

47 0.557125 0.012089 0.388206 0.005760 0,004972
48 0.524529 0.C11602 0.381948 0.0055617 0.004842
49 0.545542 0.011700 0.380317 0.005535 0.005135
50 00537924 0.011503 0.378056 0.005453 0.0049%4
51 0.537547 Q.011368 0.376657 0,.,005386 C.005006
52 0.480777 0.010604 0.367242 0.005236 0.004308
53 0.476903 0,006821 0,358755 0,005001 0.C04491
54 0.4€4559 0.009428 0.352132 0.004822 0.004266

* The next page repeats one-group values of p, V(pf-l) the
v
probability of fission, i.e. E?—:fzry and 1, If THERMOS has been
a r

run in this batch (so that a full, four-group set of cross sections
‘are available), non-zero values will be provided fcr the material
buckling, ke, Kopp &t the input buckling, and the four-group

fluxes which exist in the asymptotic ccre. These latter are energy
integrated fluxes, If convergence to the material buckling cannot
be obtained, a message to thls effect will appear on the hottom

of the preceding page.
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1
2
3

CUTPUT GROUP

GF

GF
CF

CF
OF
oF

W

MUFT GROUPS

TQ

10

TO

10
TGO
10

3.662220€-01 NUlL-PF)
MATERTAL BUCKLING = 5.43960BE~03 K—-INFINITY = 1.154142F 00 K-EFFECTIVE AT INPUT BUCKLING

ASYMPTOTIC FOUR GROUP FLUXESy 6.542813E 00, 1x036696E Oly 6.4340Q09€ 00,

fissicons occurring,
number of smooth absorptions,
and the number of resonance fissions.

1716 METAL 1/1 m/F HZG

= K.0383494F-01 TAU =

2. 756566E 01

ELEMENT NUMBER 922354
GROUP FI1SSEON NU-FISSION  SM. ASS.
b 0.00007381 0.00G26367 0.00007491
2 0,00015558 (0.00051771 0.00016037
3 0.00025965 0.00081363 0.00027198
30 0.,00382216 0.00535488 0.00554611
31 0400524593 0.01289450 0,00765366
3Z 0.006%1253 0401600780 0.00954739
33 0.00344443 0.00846642 0,00506330
34 0,00317877 0.C0781341 0.00468067
35 0.00351%68 0.,00865140 0,00%19135
16 0.00360178 0.00885318 0.005319385
37 0.004313%% 0.01060271 0.00638025
38 0.0C750013 0.01843523 0,01110009
35 Q.00789152 0.01935835 0.
40 0.006%8971 0.01718070 0.
4L 0.00776251 0.0G1508024 O.
42 0.004237T07 0.01041473 0.
43 0.00351869 (.00864894 0.
44  0,00854985 0.0210E554 C.
45 0.00080951 ©.00199077 O.
46 0,00354960 0.00872492 0.
47 0.00022511 0.00055332 0.
48 0.00362150 0.00850164 0.
49 0.00017309 0.,00042547 O.
50 Q.00035092 0.00086257 O.
51 0. 0. 0.
52 0.00662712 0.01628947 0.
53 0.00567978 0.013%84050 0.00450334
54 U.00469206 0.011853307 0.00491023

these procegses.
sections, and are the appropriate ones to multiply the cell average
integrated flux to obtain the reaction rate in the cell,

Q.
0.
0.

0.
Q.
0.
0.
O.
C.
Ga
Q.
0.
0.01144931
3.009532086
0.01146073
0.00591619
0.01037818
N.01363763
0.00197197
0.00615644
0.00163207
0.00546884
0.00026830
0.00125747

Q.
3.00879489
C.
0.

1.201683€ 00

For each isotope in the cell, twe pages of output appear.
The first page gives, for each of the 54 groups, the number of
the number of fisslon neutrons produced,
the number of resonance abscrptions,

INTERMEDIATE INTEGRALS
RES. ABS.

RES. FI§S.

0.
Q.
0.

0.

Na

0.

O.

0.

0.

0.

0.

L
0.00789192
0,00698971
D.00776251
0.00423707
0.00351869
0.00854935
0.00080991
0.00354950
0.00022511
0.00362150
0.00017309
0.00035092
0.
0.00662712
0. .

n.

The second page gives macroscopic cross secticns for each of

1.123189F 00

These are flux-volume weighted macroscopic cross

ELEMENT NUMBER

SMOOTH S1GMA~A

0.00426¢08

C.0012T84T
0.0118233¢8

J.00051100
0.00150336
0.01182336

RESONANCE SIGMA—A TOTAL SIGMA-F

0.00342339

0.

0.,01208310

Q.
T,

0.QL208310

92235, FEW GRCOUP DATA

0.00525399

0.0010438¢9

0,01590373

0.00082300
0.00117908

- 41 -

0.01590373

RESONANCE SIGMA-F

0.00211447

0.
0.00746322

0.
G.
0.00T46322

NU SIGMA-F

0.01299264

0.00267521
0.03909137

0. 00226804
0,00232439
0.03909137




* Following the cell isotope edits, a listing of the few-group
cross sections versus space point within the cell is provided for

foil materials.

FOIL 192235,
PT SROUP & GROUP 2 GROUP 3 GROUP &
1 1.125789E 00 1.617495E 00 2.063837E 01 2.672729€ 02
2 1.125854F 00 1.620408E 00 2.06505TE 01 2.724170F Q2

The leakage corrected neutron spectrum by point and group
is the product of the normalized space energy distribution within
the cell at zerc buckling times the leakage correction spectrum,

LEAKAGE CCRRECTEQD SPECTRUM

GROUP PT 1 PT 2 PT
1 5.2537E 00 5.2123E 00
2 1l.4614E 0l 1.4492E 01
3 3.2490F Q1 3.2197E ¢}

34 Z.1659E 0Ol 2.1745E 01
A5 2.2453E Q1 2.2532F 01
36 2.0BS6E Ol 2.0992E Gl
37 2.2067E 01 2.2167E 01
38 2.1143F Ol 2.1333E 01
35 1.4980FE 01 1.4983€ 0Ol
] 40 1.8912€ 01 1.8915E 0Ol
"""" 41 1.2295E 01 1.2300E 01
42 1.7076E 01 1.7077€ 01
43 1.66S7E 01 1.6710E 01
44 1.5634€ 01 1.5638E 01 |
45 5.4027E 00 5.4069E 00
46 1.2825E 01 1.2824E 0l
47 1.40¢4F 01 1.4083E 01
48 1.3251F 01 1.325%E C1l
49 1«3771E Gl 1.3791F Gl
50 l.3584E 01 1.3593E 0}
51 14356BE Q1 1.3590F Gl
£2 1.2138E 01 1.2152fF €1
53 1.1994€ 01 1.2101E 01l
54 1«1690E 01 1.1780E 01

Finally, the few-group fluxes within the cell are cutput.
Again, these are energy lntegrated fluxes normalized to the

asymptotic core fluxes,

FEW GROUP FLUXES

GRCuUP PT 1 PT 2
1 1.6623E 02 1.6432F 02
2 2.0264E 02 2.6112F @2
3 1.6236E 02 1.6270E 02
4 2.57S0F 01 3.06922F Ci
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FLOG Output

* As in CAPN, the raw input data, labeled toc indicate how
FLOG will interpret these data, are printed out.

CASE 1 TEST FLOG FLOG
INPUT CARDS
CARD GEOM REGS S-0PT NVL  S-TYP EIGERVALUE
2 2 1 1 -0 -0 1.00000E 00 =0, ~Ce -0a
REG LIB MAT MESH - THICKNESS BUCKLING ADDED XA CORTROL XA
3 1 ¢ 11004 =0 1.89370E 01 2,93200E 01 -0. =0,

The next page is the interpreted data: N1 is the geometry
option; N20, the search option; EIGEN2, the value of Kopp to be

—0s

POIS 1D

searched on; and EPS1, the pointwise convergence criterion for the

flux calculation,

INTERPRETED DATA
Nl= 2 N20= ] EIGEN2= 1.00000 ESPL= 1.0000E-05

* A reactor region table is output, giving for each region:

thickness in centimeters, the number of points which the user has

assigned to that region, the axial buckling of that region in
2

its

ecm™2, the thermal group control polson distribution, and the four-

group cross section data to be employed in that region.

REG WIDTh(CM) POINFS BUCKLING CCNT POIS GROUP D XA NU%XF XR
1 48,1000 -0 2.932E~03 -0, 1 1.652862 0.010998 0.024645 0.095130
2 0.902860 0.006983 0.00294% 0.071932
3 0.682452 0.063242 0.0290%91 0.048978
4 0.304955 0.260580 0.463261

The standard input options which the code will employ are
printed out along with radial increments in centimeters,

INPUT GPTIONS

GEOMETRY Nl=2 BOUNDARY CONDITION AT ORIGIN N2=0 OUTER BOUNDARY C{ONRITION N3=0
CONVERGENCE N4a=1 EXTRAPOLATICN FACTCR NS=0 SOURLE Né=Q

BUCKLING BY REGION N7=1 BUCKLING BY GROUP N8=D CHI OPTION NS=l

OUTPUT FORMAT N1O=0 FLUX PRINT N1l=0 GROUP CATA PRINTOUT N12=0

FLUX MULTIPLICATION N13=0 FLUX NORMALIZATJON N1l4=0 N15= O N1l6=0

GROUP PRINT N17=C CHECKS Hig=1 BUCKLING ITERATION N19=0

CRITICALITY SEARCH N2C= L ADJCINT FLUX N22=0 ADJOINT FLUX OUTPUT N23=Q
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0.0G9173
0.001188
0.015904
0.190642




DIMENSIONS

NO. OF REGIONS M= 1} ND. OF POINFS N=150 NC. OF GROUPS NOG= 4
NO. OF GROUPS FROM WHICH THERE IS SCATTERING NDS= 1

1 NO. OF INTERVALS IN REGIONS

LM= 149
POINTWISE CONVERGENCE EPSla 0.0999999%E-04

EXTRAPOLATION FACTOR
THETA» 0. B8C0CO00CE OC

Ril}= .
1 DELTA R
DELR= 0.32281864E-00

CRITICALITY SEARCH ~ CONVERGENCE CRITERION EPS2= (0.09999999E-04

CONTROL REGIONS
- SEARCH IN ALL REGIONS

Few-group cross sections are given by region and group.

DATA FOR GROUP 4

T= 0.
REGICN 1
CHI
[+
SIGMA POISON
—0.

BUCKLING
0.29319999E—02

SIGMA ABSORPTION i
0.26057974E~CD

TOTAL REMOVAL
0.26147386E-00

DIFFUSION COEFFICIENT
0. 30495502 E-00

HU SIGMA FISSION
TRANSRER COEFFICIENTS

0.46326058E-00
0..48994840E-01

At each iteration in the eigenvalue search, the current
value of the eigenvalue, the previous value of the eigenvalue,
and the current value for the search parameter are listed. No
more than 10 such iteraticns are permitted.

THE EIGENVALUE TO BE SEARCHED FOR IS .C959%SS9E Ol

ITERATICN CCOUNT EIGENVALUE PREVIOUS VALUE OF EIGENVALUE BUCKLING
1.0002037€ 0O 1.0002034E 0O 2.9319999€-03
2 1.0001733E €O 1.0001735& 00 2.9331542E-03
3 1.000000Q0E CO 945995996 F~C1 2+9400226E-03
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* The results of the JO fit tc the thermal flux are given in

the form of data pairs., Fitting 1s done in the central region

cf the core. All points from the origin out to successive values
of R are considered. For each value of R .. the corresponding
value of the reflector savings, A, 1s printed out, A value of
-1.000 for the reflector saevings indicates that the code was not
able to obtain a fit. Fitting is continued for successively hilgher
values of Rmax until the code can no longer obtain a fit to A.

JC FIT TO TYHERMAL FLUX, {MAX Ry LAMBDA) CORE RACIUS = 4E.ICC
(0 Ceh6y-1.0C00 { €a968,~1.000) [ 1.291, 0.000} | 1.€16, 0.0CC) ( 1.937y C.GCC) ( 2.260, 0.000)
[ 2.583, 0,600} [ 24905, 0.000) { 3.228, 0.000) ( 32,551y 0.0C0) [ 3.874y 0.0C0) { 4.197, 0.000)
(44519, 0.CCO) ( 4.8%2, 0.000) ( 5.165, 0.000)1 { 5,488y 0.0CC) { 5,811y CaCCO) ( 6.134, 0.000)
[ €.456y 0.0C0) [ €779, 0.,000) { 7.102y 0.000) { 7.42%5, 0.GCC) { 7.748By CuaGCC) ( 8,070, 0.000)
[ 8.393, 0.0C0) { €716y 0.0000 ( 9,039, 0,000} ( 9.3&32, 0.0C0) | G.£B%, C.CCOY { 10.007, 0,000)
[ 1C.33¢, 0.00CK | { { { {

{ 12,267, 0.00C) | ( { { 1

10,976, 0.000) 11.259, ¢.0C0) 1l.621y Q.CCO) 11.944, 0.000)

1C.653, 0.000)
12,236y 9.0CQ) 13.5549, C.CCC) 13.881, 0.000)

12,590, 0,000} 12.913, 0.000)

The next output section, FLOG EDIT, glves few-group fluxes and
the power density (assumed proportional to the fission density) by
space polnt.

FLOG EDITy FLUX AND POKER BY SPACE POINT

POINT REGION RANDIUS FLUX 1 FLUX 2 FLUX 3 FLUX & POWER
1 1 0. 2.0850E~03 3.3036E~03 2.0503£~-03 3.8294E-04 1.2B866E-04
2 1 043228 2.0849E~03 3.3034€~03 2.,0502E-03 3.8291E-04 1.2B66E-04
3 1 046456 2,0844FE-03 3.3028E—-03 2.0498E-03 3.8284E-04 1.2863E~04%4

47e4543 IJHLTLE-05 5.5T2TE-0S5 3.45B4E-05 6.4596E~06 2.1T04E-06

1486 1

149 1 4T+ T7TTL  1.T528E-05 2.TTT3E-05 1.T7237E-05 3.2193E-06 1.0B817E-06

150 1 48.1000 0. 0. Q. 0. O i
* For each region, the average flux, power, power density, and

peak-to-average power is output, followed by reactor averages.

FLOG EDIT, REGION AVERAGE FLUX AND POWER

REGION FLUX 1 FLUX 2 FLUX 3 FLUX % REGs POWER SPEC. POMER PEAK/AVYE POWER
1 P+001TE«04% ) 2%263E~03 H.85206-04 1.6533E-04 4.0375E-01 5.5549E-05 2431622

REACTOR 9.0017E~04 1.4263E-03 B.BS20E-04 1.6533E-04 &4.0375E-01 G5.5549E-05 2.31622

* A neutron balance sheet shows the number of neutrons absorbed,

the number of neutrons which leak cut of the reactor in the axial
and radiasl directions, the number of neutrons absorbed in control
polson, and the productlion of neutreons. The column EIGEN ABS
gives the number of neutrons lost to the system when k. pp is not
equal to unity.
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FLOG ED1T, REGION ABSORPTICN AND PRODUCTICN

z R NET CONTROL TOT. ABS ‘ EIGEN
REGIEN ABS LEAKAGE LEAKAGE LEAKAGE 485 +LEAKAGE PROD ABS
1 864.3803 73,3004 62.3195 135.6199 -0. 1000.3002 1000.0002 0.
REACTOR B864.3803 73.3004 62.31%5 135.61589 Qe 1000.0002 1000.,0007 0.

* The results of the point buckling calculation are glven for
each central core considered. The neutron balance at the origin
of the reactor is used to determine the radlal buckling at that
polnt and the reflector savings at that point.

PCINT RADIAL BUCKLINGS X lGOOC AND REFLECTOR SAVINGS
CCRE HADIUS GROUP 1 GRCOUP 2 GRCUP 3 GROUP 4 GROUP 1 GROUP 2 GROUP 3 GROUP 4
1 48.100 24.996 24.596 24.99¢ 24.956 0.0006 0.0007 0.000% 02,0007

DIED Output
Version 1

* DIED Version 1 is normally used following a lattice and/or .
reactor calculation. There are three sections of output. Neutron Vol
balance sheets based on 1000 neutrons are printed out, If Column
56, card type 0, of the input is egqual tc O, the balance 1s cast

in the form of number of absorptlon events versus number of fission -
events, If Column 56 of card type O equals 1, the balance is cast .
in the form of number of neutrons absorbed versus number of neutrons g
produced in flssion., No simple relationship exists between these L
two forms since the number of neutrons produced per flssion 1s a

function of energy and isotope. The first of these tables is

appropriate for comparison with experimental measurements and the

second is appropriate for reactivity considerations. These tables

may be cbtained in one of two forms controlled by Column 52 of

card type 0, If that column equals 1, events are separated 1lnto

smooth and resonance events, If that cclumn equals 2, the smooth

and resonance events are summed to give only total events. In

either casge, events are separated by group and by isotope; losses

to control polson, leakage, and eigenvalue absorptions are also

shown.
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LATTICE 11006 1716 METAL 171 M/F H2O

REGICN

150~
TOPE
92235.
92238,
8000.
1001.
OTHER

CNTRL
ZLEAK
RLEAK

LEAK
EIGEN

FOTAL

150—
TOPE
92235.
92238.
§000.
1001,

TOTAL

1 AYERAGE FLUX WEIGHYING

NEUTRON BALANCE SHEEY BASED ON 1000 NEUTRONS

SMOOTH ABSORPTION RESONANCE ABSORPTION
- TOTAL
GROUP 1 GROUP 2 GROUP 3 GROUR 4  TOTAL GROUP | GROUP 2 GRDUP 3 GROUP &  TOTAL  ABSORPT.
5.9605 15.5853  75.0718 26B.8783 366.4959 0. 0. 77.7428 0. TT.7428  444,2387
64.7455  43.1466 11.8669  37.3730 157.1319 0« 13.5946 239,0219 0. 252.6185  409.750%
1.2418 Qe Q. G, 12418 0. 0. C. 0. 0. 1.2418
0.0085  0.0641  2.1936  6.8830  9.1492 0. 0. 0. 0. 0. 9.1492
o. 0. 0.
TL.9564 58. 7960 90.1323 313.1342 6534.0189 0. 13.5966 3156.7647 0. 330.3613 B64.38B02
-0. -0. -0. -0, 0. a.
31,7945 27,5184 12,9101  1.0774 73,3004 73.3004
27.0315  23.3960  10.9760  0.9160  62.3194 52.3194
58.8259 50,9144  23.8061  1.9934 135.6198 135.6198
0. o. o. 0. a. n.
130.7823 109.7104 114.0184 315.1276 669.6386 0. 13.5966 316.7647  O. 330.3613  1000,0000
SMOOTH FISSION RESONANCE FISSION
‘ — TOTAL
GROUP 1 GRUUP 2  GROUP 3  GROUP 4  TOTAL GROUP L GROUP 2  GROUP 3 GROUP 4  TOTAL  FISSTON
5.3847 12.2235  54.3064 229.0915 301.0061 0. 0. 48.0184 0. 48,0184  369,0245
54.6336  0.0951  O. 0. 54,7288 0. 0. 0. a. 0. 54,7288
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0. 0. o. 0.
60.0184 12,3187 54,3064 229.0915 355.7349 0. 0. 48.0184  O. 48.0184  403,7533
AVERAGE NEUTRONS PER FISSION 224768

TOTAL NEUTRONS 1000.0000

If DIED is being used following a FLOG run, the user has his
cholce of several flux welightings to be used in computing the
balance sheets, If Column 53 of card type 0 is 0, the average
flux (in the reactor region in which this lattice has been placed)
wlll be used for the neutron balance, If Column 53 equals 1, the
balance tables will also be computed based on the asymptotic flux
for that lattice. If Column 53 eqguals 2, the fluxes existing at
the interfaces of that region will alsc be used; and if Column 53
equals 3, the flux existing at the midpeoint of thils reactor region
will alsoc be used. These latter flux welghtings should be useful
in determining how nearly a reactor region approaches 1lts
asymptotic behavior., If & reactor calculation has not been done,
only the asymptotic flux weighting is avallable,

* The next type of output availablé from DIED Versicn 1 1s
neutron balance sheets 1n abbreviated form, displaying the total
number of neutrons produced and the total number of neutrons
absorbed by each isotope in each regilon of the reactor.
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FEW GROUP

FsG-
TCFE
492245,
92238,
CTHER
CONTROL
M
REM

15U-

TCPE

92235.

92238,

LCFHER

CCATRAOL
G

HEM

CASE 1 TEST FLNG
REACTOR REGEON NEUTRON BALANCES

REGION 1
LATTICE 11006

I50-  ———mmmm———— e
TOPE ABS PROD
92235. 0.44424 0.85338
92238, 0.40975 0. 14664

CTHER 0.01039 O,

SUE 0.86438 1.00000
CNTRL 0.

ILEAK 0,07230
RLEAK 0.06232

LEAK 0.13582

EL1GEN O,

TGTAL 1.Q0000 1.00000

Column 54 of card type 0 controls those regions for which
results will be printed. If it is 0, no results will be obtained;
if it is 1, all regions in the reactor will be consldered; and if
it 1s 3, a card will be read to Ilndlcate whether or not each reglon
is to be considered. Thils card should follew all lattice and
reactor data for this batch.

* Few-group cross sections averaged over reglons within the
reactor are avellable. The regiocnwise options are the same as for
the regionwlse balance sheets. Coclumn 55 of card type O, however,
controls the cross section opticns. A four-group set by isotcpe
and group 1s provided, as well ag a two-group set in which groups
1, 2, and 3 of the four-group set are collapsed into a slngle
group, given as group 1, and group 4% is simply reprinted as

group 2. A one-group set 1s alsco avallable in which all four
groups are collapsed to one group. The averaging 1s done on a {
flux-volume basls over all the regions specifled by the regilon
option,

CROSS SECTIONS AVERAGED OVER REGIGNS 1y
FOUR GROUP SET
GROUP 1 GROUP 2 GROUP 3 GROUP 4
ABSORPTIUN NUFISSIGN ABSORPTIEN NUFI[SS514N ABSORPTION NUFISSION ABSORPTION NUFI5STON
9.11004E-04 2.26B04E-03 1.50336E-03 2.92440£~03 2.39065E-02  3,90914E-02 2723TS51F~01  4.63261E-0]
5.895676-03 2.23770C-02 5.47346E-03 2.20276E-05 3.R9942E-02 0. 3.11005€-02 0.
L.91104E~04 QO 6. 17958E-C6 O, 3.409438-04 Q. 5.72T79E-03 0.
0. 0. 0. Q. 0. Da 0. s
1.6528¢6€ 00 $.C2860E-01 6.82492E-01 3.N4955E-01
9,51300E~02 T.15324E-02 4.89784E-02
TWC GROUP SET QONE GROUP SET
GrOUP 1 GROUP 2
ABSURPTION NUFESSION ABSORPT [ON NUF1SSTON ARSORPTION MUFISSTON
T.51208E-03 1.27086E-02 2.23751E-01 4.632616-01 1.0l64TE~-N1  2,0774RF-N1
1.695196-02 6.28163E-03 3.11005%€E-02 0. 2.9830656-02 5.97410F-03
1.50278E-04 0. 5.72179E-03 Q. 2.56210E«03 0.
0. C. 0. C. 0. 0.
L.05233E 00 3.04955E-01 1.01574F 00

1.345994E~02
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Version 2

£
%

DIED Version 2 provlides the user with the capabllity of
dumping a lattice library tape, Lattice after lattlice is read
in from the tape, and the data whlch exlist on the tape 1s labeled
and printed,

* If the short print optlion has been selected, only & table of
contents will be given, listing the identification number and the
Hollerith identification of each lattlice on the tape.

*HAMMER*® EDIT2

LISTING OF LATTICE LIBRARY AS OF 00000000

EDIT OPTION 6

LATTICE NUMBER 11006, RUN ON 00000000 AT 0. s BY *HAMMER*
FEEEESRRRESRERRRARAL S

TITLE«es 1416 METAL 1/1 M/F H2O P

LIBRARY CONTAINS 1 LATTICES

Long print options 1-6 appear as follows:

- Print
Options
THERMOS LIBRARY E-V-9 6/21/66 + HAMLET LIBRARY E~V-10 08-0l-66
1{2]3/4|5|6
MISCELRANEDUS PARAMETERS
INPUT BUCKLING= 10.00000 (M-2) ETA=  1.81776
THERMAL UTIL.=  0.97802 FRACT, THERMAL ABS, IN MOD.=  0.02198
P=  0.36622 NUS{1-PF}=  (©.50384 uer V
AGE= 27.56566 MATERIAL BUCKLING{M-2)= 54.39608
K OINFINITY=  1.15414 EIGENVALUE AT INPUT BUCKLING=  1.12319
FEW GROUP ASYMPTOTIC FLUXES
PHil= 6.5428E 00 PHI2= L.0367E 01 PHI3= 6.4340E 00 PHI4= 1.2017E 00
FEW GROUP CROSS SECTIDNS BY ISOTOPEs ARRAY BALT . CASE 11006
ISOTOPE GRP  XA{ TOT) XF [TOT) NU*XF(TOT)  XALRES) XFIRES)
92235, 1 9.1100E~04 8.2300E-04 2.2680E-03 0. O
2 1.5034E-03 Ll.179LE-03 2.9244E-03 D. G
3 2.3906E-02 1.5904E-02 3.9091E-02 1.2083E-02 7T.4632E~C3
4 2.23T5E-01 L1.9064E-01 4.6326E-01L 0. 0.
92238. 1 9.8957E-03 8.3502E~03 2.2377E-02 O. 0.
2 5.4T356-03 9.1782E-06 2.202BE-05 1.3l15E-03 0.
3 3,8994E~02 0, 0. 3.TI50E-02 0.
4 3.1101E-02 0. 0. 0. 0. | J
100le 1 1.200lE-06 0. 0. 0. 0. J
2 6.1796E-06 0. 0. 0. 0.
3 3.4094E-04 O. 0. 0. 0.
4 S.T2T8E-03 0. Q. 0. (428
8000, 1 1.B980E-04 0. 0. 0. Oa
2 0. 0. 0. 0. 0.
3 o, 0. 0. 0. 0.
4 0. O 0. Oa 0.
AVE FOIL CROSS SECTION BY GROUP AND MESH POINT CASE 11006
FOIL  REGION  GROUP 1 GROUP 2 GROUP 3 GROUP 4
192235, 1 1.1113E 00 1.6175E 00 2.063T7E 01 2.6727E 02
2 L+11l4E GO 1.5204E 00 2.0650E 01 2.7242E 02
48000, 1 2.4883E-02 2.0980E-01 2.6253E 00 2.8800E 03
2 2.4857E-02 2.1044E-01 2.6313E 00 2.8900E 03
__1‘,.__._
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FEW GROUP DATA FOR FLOG GALCULATIONS, ARRAY FOGX CASE 11006
GROUP 0 XA NU*XF xR XF CHI
I 1.6529€ Q0 1.099BE-02 2.4645E-02 9.5130E-02 9.1732E-03 7.5320€-01
2 9.0286E~01 6.9830E-03 2.9464E-03 7.1932E-02 1.1883E-03 2.4661E-01
3 6.8249E-01 6.32426-02 3.9091E-02 4.8978E-02 1.5904E~02 1.8998E~04
4 3.0496E-0L 2.6058E-01 4.6326E-01 0, 1.9064E-01 0.
AVERAGE FLUX BY GROUP AND SPACE MESH PGINT, ARRAY FLX, FISD CASE 11006
MESH POINT GROUP 1 GROUP 2 GROUP 3 GROUP &  TH. FI$S./CC
1 1.6623E 02 2.6264E 02 1.6236E 02 2.9790E 01
69012 0.0115E-39 1.6432E 02 2.6112E 02 1.6270E 02
68590 0.
OVERLAPP ING THERMAL GROUP DATA, ARRAYS DTGL AND OTGA CASE 11006
AVE ‘StV)= 2.11456-01 AVE V*5{V)= T.0432E-01 i
GROUP v VANIVI*DV  XALV) DiY) NUSKFIV)  VeX={VsP) 3
}  1.0000E-0L 4.4339E-05 4.0970E 00 2.0891E-02 1.9306E 00-4.2686€ 00
2 2.0000E-01 3.0530E-04 2,4796E 00 3.9144E~-02 4.4732€ Q0-1.3752E€ 00
3  3,0000E-01 9.5911E-04 L.7555E 00 5.45L4E-02 3.1747E 00-5.6412E-01
4  4.0000E-Cl 2.1495£-03 1,3535€ 00 6.7707E-02 2.4497E 00-1.8738E-01
5  5,0000E-01 3.9678E-03 1,0982E 00 7.9632E-02 L.9879E 00 3.2278E-02
6  6.0000E-0L 6.4398E=-03 9.2157E-01 9.1108E-02 1.6676E 00 1.T657E-01
7  7.0000E-01 9.5230E-03 7.9179E-01 1.0279E-01 1.4319& 00 2.T759E-01
8  8.00006-Cl 1.3114E-02 6.9217E-Ol 1.15186-01 1,2507E 00 3.5064E-01
9  9.0000E-01l 1.T060E-02 6.1313E~01 1.2B67E-01 1.106TE 00 4.0419E-01
10 1.0000E 00 2,1179E-02 5.4871E-01 1.4355E-01 9.8912E~01 4.4333E-01
11 1.1000E 00 2.5300E-02 4.9296E-01 1.6010E-01 8.911BE-01 4.6940E-01 A1V
12 1.2000E 00 2.9162E-02 4,4736E-01 1.7790E-01 8.0792E-01 4.9014€-01
13 1.30006 00 3.2541E~02 4,0813E=-01 1.9627E-01 7.36856-01 5.0918E-01
14  1.4000E 00 3,51186-02 3.7442E-01 2.1357E-01 6.7559E-01 5.3649E-01
15 1.5000E 00 3,6580E-02 34+44B0E-01 2.2791E-01 6.2160E-01 5.8036E-01
16  1.6050E 00 4.0465E-02 3.1769E~01 2.3898E-01 5.7L19E-01 6.4427E-01
17 1.7200E 00 4.3094E-02 2.9203E-01 2.4886E-01 5.2353€-01 7.1554E-01
18 L.8450E 00 4.9907TE-02 2.6843E-01 2.6146E-01 4.7863E~01 7.6858E-01
19 1.9800E 00 4.61456-02 2.46T6E-O1 2.7BOSE-DL &.3668E~01 7.9423E~01
20 2.1225€ 00 4.5551E-02 2.2637E-01 2.9855E-01 3.9774E-01 B.1149E-01
21 2.277%E 00 4.7552E-02 2,0894E-01 3.1459E-01 3.6335E-01 8.5506E-01
22 2.4550E 0D 4.9852E-02 1.934BE-01 3.3295E-01 3.3343€-01 9.0765E-01
23  2.6600E 00 5.3122E-02 1.8126E-01 3.5432E-01 3.1191€~01 9.5485E-01 |
26 2.B97T5E 00 5.2954E-02 1.T656E-0L 3.6241E-01 3,0563E-01 1.0435E 00
25  3.1725¢ 00 5.9299E-02 1.8880E-01 3.B612E-01 3.24DTE-01 1.1815E 00
26 3.4900E 00 6.096BE-02 1.B314E-01 3.8995E-01 3.2225E-01 1.297T4E 00
27 3.8550E 00 6.BL58E~02 l.2744E~01 4.048TE-01 2.2T98E-01 1,2227€ 00
28 4,2725E 00 7.4955E-02 9.2747E-02 4.0B59E-01 1.60726-01 1.1950f 00
29 4.7475€ 00 T.3538E-02 7.1939E-02 3.9726£-01 1.2113E~-01 1.2263E 00
LATTICE INPUT DATA BLOCK LIMP CASE 11006
MESH POINTS= 2 MIXTURES= 2 REGIONS= 2 ISOTQPES= 4 FOILS= 2
GEOMETRY= 3 PL(O) OR B1{1)=-0 BOUND,COND.= 0 MAT. BUCKLING=10.0000E-0%
REGIDN DATA CASE 11006
REGION THICKNESS PTS MIX H-L BREAK TEMP VOLUME
1 0.07937 L 1 -0 1 20,00 1.9793E-02 0.0115E-39
3757 ©.00000 2 1 268416 0. 02 Al
ISOTOPE CONCENTRATION DATA CASE 11006
ISOTOPE  T/M  MIXTURE L MIXTURE 2 MIXTURE 3 MIXTURE 4 MIXTURE 5
92235, 0. l.%53TE~03 0. 0. 0. 0.
922380. 0. 4,6410E-02 0. 0. 0. 0.
10010, 102%0. 0. 646944E-02 0. 0. 0.
80000.  290. 0. 3.3472€-02 0. 0. 0.
MESH POINT DATA CASE  11C06
POINT REGION MIXTURE R INNER) R{AVE) RIQUTER) VOLUME fj
1 1 1 0. a. 7.93756-02 1.9793E-02
2 2 2 7.93756-02 9.5814E-02 }.1225E-01 1.9793£-02
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LATTICE LIBRARY TAPE

Lattice Library Tape Format

The Lattice Library Tape (LLT) contains sufficient information
about each lattice to enable the individual user to edit guantities
of interest to him, to punch input cards for other codes, etc. It
is expected that 1ndividuwals will utilize these tapes as thelr
primary scurce of data for secondary computations - not the paper
output immedisately following & HAMMER run, The information con-
tained in this section is primarily reference material which wilil
be required in the writing of special edit programs. The author
may be consulted about detailed questions arising during the
writing of such programs.

The following pages contain a listing of the detailed
structure of blocks for the Lattice Input (LIMP}, the Lattice
Qutput (LOUT), and the Detailed Flux (DFLX). The LIMP block
contains the detalled physical description of the lattice; the
LOUT block few-group averaged quantities; and the DFLX block the
data required to produce additional cross section edits (in
conjJunctlon with the THERMOS and HAMLET library tapes.
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e ey |
Load
Folut
IDENT ‘.
)0k || LIMP block “
X000 | ) 600 words
SOOBHNK - R
presie loled
Plevieieied LOUT block
Record 1
HIORK 1100 words Lattice 1
SOOOMKNRH
XAOOOK
X06000C 1 DRI block
HXHOOONK 1764 words
MOOKOCH
bt vdle e d
} End of reccrd gap
IDENT
MORRIHKK
XRHRNHK Lo
Xxxxx | |
3OO0 '
plertotetelold
R d 2
ecomn RN LoUT Lattice 2
SOOI
MIOEKIKH
MO
MOURXIOK DFLX
RAXHHHA
End of record gap
IDENT
DOOCKKKK
KAOCHKN
MOCHRHKK
Record 3 XRMHHHA
XA
pledevired
SORTOOC '
HAORAEKX
X x
MO '
XXX } ‘
MO0 :
End of record gep
Zero IDENT | |onooooo| ‘
MURKIOCK
HHHIK .
' XOXKKK
HHMHHKK
SOCKHK XA
Du lattice
Last record KHXRKH KK s
MHHHXHKH
XHHCKIOK
SO
OO
HHIOOEIK
HOOCKHX X
End of record gap
No end of flle; HRIOOEKK
scratch tape ptiee e
follows last
record

LATTICE LIBRARY TAPE FORMAT
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Relative
Location

= ow o e

13
14
15
16
17
18
19
20
21
22
23

33
34

35

Equivalence

to CNTRL(35) Symbol
35 IDBCH
34 NCASE
33 NFLOG
32 BTTL(9 )
23 NTIN
22 NTCUT
21 NTPUN
20 NCHATN
19 LIB1
18 LIB2
17 LIB3
16 INT1
15 INT2
14 N3C1l
13 LNK(10)
1

Control Block - CNTRL

Description

Batch ildentification number
Number of lattices to be run
Number of FLOG cases to be run
Batch title, 54 Hollerith characters
System input tape number

System print output tape number
System punch output tape number
HAMMER program tape number
THERMOS library tape number
HAMLET library tape number
ILattice library tape number
Intermediate tape 1 number
Intermediate tape 2 number
Seratch tape number

Linkage director. LNK(N) gives exit
1ink number for the NtA program
Program 1 is CAPN

Program 2 is THERMOS

Program 3 is HAMLET

Program 4 1s FLOG

Program 5 is DIED

Program 6
Program 7
Program 8
Program 9
Program 1
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CNTRL Block (Contilnued)

Answer all questions with O (no} or 1 (yes)

Relative Equivalence

Location to CNTRL(200} Symbol Description

129 ‘ T2 NCPRN = G, end Job; = 1, run CAPN;
2L, end Job and unload tapes

130 71 NCPPT  CAPN long print?

131 70

132 69

133 68

134 67

135 66

136 65

137 64

138 63

139 62

140 61

141 60 NTHRN = 0, do not run THERMGS

= 1, run standard THERMOS
= 2, run cosine current THEEMOS

142 59 NTHPT  THERMOS long print?
143 58 NTHPN  THERMOS punch?
14y 57

145 56

146 55

147 54

148 53

149 52

150 51

151 50

152 49

- 54




: ONTRL Block (Continued)

Relative Equivalence
Location  to CNTRL(200)  Symbol Description

153 48 NEPRN = 0, do not run HAMLET
= 1, run HAMLET, Version 1
= 2, run HAMLET, Version 2
= 3, run HAMLET, Version 3

154 47 NEPPT HAMLET long printe®

155 46 NEPPN HAMLET punch?

156 45 NEPSG = 0, use Selengut-Goertzel
approximation

157 Ly NEPAG Self-consistent age approx.?

158 43

159 4o

160 41

161 4o

162 39

"""" & 163 38
164 37

165 36 NFGRN = 0, do not run FLOG
= 1, run FLOG, Version 1 |
= 2, run FLOG, Version 2
= 3, run FLOG, Version 3

166 35 NFGPT  FLOG long print? -

167 34 NFGPN FLOG punch?

168 33 NFGFB Point buckling calculation?

169 32 NFGJC J, fit to thermal flux?

170 31 NFGB1 Boundary conditicn at origin

171 30 NFGB2 Boundary condition at outer

172 29 boundary

173 28

174 27

175 26

176 25
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CNTRL: Block (Continued)

Relative Equivalence

Location to CNTRL(200) Symbol _ Description AL

177 24 NEDRN = 0, do not run DIED »
= 1, run DIED, Version 1
= 2, run DIED, Version 2
= 3, run DIED, Version 3

178 23 NEDPT DIED long print

179 22 NEDPN DIED punch?

180 21 NEDNB Detailed neutrcn balance test

= 0, ilgnore

= 1, smooth and resonance break-
down by group

= 2, total only by group

181 20 NEDFW  Averaging flux used
= 0, ignore
=1, asymptotic
= 2, asymptotic + interfaces
= 3, asymptotic + interfaces +
region midpoints

182 19 NEDRB Regionwise neutron balance
= 0, ignore
=1, all regions
=2, all fission regions
= 3, read table from cards }

183 18 NEDAX Compute average cross sections
= 0, ignore ‘
=1, all reglons
= 2, &all fission regions
= 3, read table from cards

184 17 NEDNU = O, Balance absocorption vs. fissions
Balance abscorption vs. productic

o
oD
- - ‘s

185 16 =0,

]
]
-

=2,
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oy
My

Relative

Location

oy v F oW N

10

1
1z
21
41
61
81

101

121
131
159
7T

357
367
387
407

yot
byt
neT
487

Equivalence

Iattice Input Dats Block - ILIMP

to LIMP(600}) Symbol

600
5399
598
597
596
535

594

593
592
591

590
589
580
560
540
520

500

480
460
4yp
B2k

ohy
234
214
194

174
154
134
114

Degscription

IDENT
NX
MX
NRX
IS0X
ISCXE

NGEOM

NP1B1

BSQD
HOL(2)
WPT(20)
THT (20)
MXAS (20)
ILHT (20)

NHEBP{20)

DEGC (20)
ISTBA(18)
ISTBB(18)
CONCTA (18,10)

LIMT(1C)
RIN(20)
RAD (20)
ROUT{20)

VOL{20)
MTBL(20)
REGV (20)
FISD(20)

Cage identification number

Total number of mesh polnt 20

Total number of mixtures 10

Total number of regilons 20

Total number of isotopes 18

Total number of foll isotcpes, ISOX +

ISOXE 18

1l = slab, 2 = hexagonal array,
3 = square array

0 = P, approx, 1 = B; approx

Approximate material buckling (om~2)
Case title, 54 Hollerith characters
Number of mesh points in each region
Thickness (cm) of each region
Mixture assigned to each region

C = treat mixture as a heavy scatterer
1l = treat mixture as a light scatterer

Number of the last mesh point in each |
reglon

Temperature (°C) of each region
Isotope ldentificetion numbers
Temperature index for isctope

CONCTA(I,J) 1s the concentration (atoms/
barn-cm) of the T isotope 1n mixture J

Location in array P of the kernel assocl-
ated with each mixture

Tnner radius (cm) of each subregicn
(mesh point)

Central radius {ecm) of each subregion
{mesh point)

Outer radius (cm) of each subregion
(mesh pcint)

Volume (cc) of each subregicn (mesh point)
Mixture asscciated with each mesh point
Volure (ce) of each reglon

Fisslon neutrons/cc in each reglon
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Relative Equivalence
Location to LOUT(1100)
1 1100

1099
11 1080
371 730
71 330
795 306
ars 226
895 206
900 201
Relative Equivalence
Location to DFEX(1764})
i} 1764
601 1164
631 1134
1711 54

lattice OQutput Data Block - LOUT

Symbol

Description

ID
HOLA{9)

BALT(18,4,5)

FOIL{20,5,4)

FOGX (4,6)

PLX(20,4)

DUMB(20)

grac(s) }
#TaA (20,6)

Lattice identification nhumber

Date (A6,A2), time,
THERMOS library label (346),
HAMIET 1ibrary lsbel (3a6)

BALT(I,J,K) is the K'P cross section (em™%)
of igotope I in group J.
K=l denotes X, (total)

2 denotes Zp (total)

3 denotes vi, (total)

4 denotes 3, (resonance)

% denotes X (resonence)

FOIL(I,T,K) 1s the activity of foil J in
lattice region I in group K

FOGX(I,J) is the total cross sectlon of

type J in group I

J=l denotes D
2 denotes %y
3 denotes VIp
4 denotes 2R
5 denotes Zf
6 denotes ¥

FLX(I,T) is the average flux in group J

at lattice mesh point I

Migcellaneous parameters

DUMB(1) = 7
2 =f
3 = fraction absorbed in moderatcr
¥ =p
5 = V(l-pf)
6 =1
7 = BE
8 =k
9 = gigenvalue at B?
10 =v, at B2
11 = Wa at B;
l2 = ¥, at BE
13 =¥, at B2

Cverlapping thermal group arrays

Detalled Flux Block - DFLX

Symbol Description

Fr{20, 30) THERMOS zero buckling flux (vn(z,v)dv*V) by
gpace polnt and energy group

PIrB(30) THERMOS homogenized-cell spectrum &t input
buekling

FH{20, 54) HAMLET zero buckling flux (¢(r,u)) by space
peint and lethargy group

FHB {54 ) HAMLET homogenized-cell spectrum at Input

buckling
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o AUXILIARY PROGRAMS

Librory for Thermal Energies

The code LITHE (Library for Thermal Energies) is used to
prepare a cross section library tape for THERMOS calculatlons in
the HAMMER system., The program accepts absorption and fisslon
cross sections as constant, 1/v, or tabulated. Scattering cross
sections and kernels may be either input on binary decks or com- S
puted from the Brown-St., John form of the free gas kernel. In A
this model, the cross sectlion is descrdibed by

KV

c (v ) = Ae 1T
s'r E : n

n=1

NTERM 2 S

where v, is the relative velocity, and A, kp, and My (the mass)
are input parameters.

The unlts used are:

crogs sections - barns
velocity - 2200 m/sec

temperature - °K

Structure of the Binary Tape LIB1l

The first record on tape LIBl contains
IX, HOL, V, DV
where IX is the number of velocity groups,

HYL 1s an 18-character (3 words) tape identification,
V are the velocity points (30 words), and

DV are the velocity lncrements (30 words).
The second record contalns
WA, WB, H@LB, NKERN, VNU, XA, XS, XF, S

where WA is the isotope identification number,

HALB is an 18-character (3 words) isotope identifi-
cation,

- 59 -

11 e g e




NKERN 15 the number of Legendre components of the
scattering kernel included (4},

VNU is the value of ¥ (neutrons/fission),

XA are the absorption cross sections at each
veloclty (30 words),
X8 are the scattering cross sections at each

velocity (30 words),

XF are the flsslon cross sectionsg at each
velocity (30 words), and

S are the slowing down sources into each group
(30 words).

The next few records contain the Legendre compeonents of the
scattering kernel in the form

1 dc(Ei «-EJ, W)
Pni,j = AW(O.0253)V1VJAVJ L dl-lpn(li) dfde

where pn(u) is the Legendre polynomial,

If NKERN 0, no kernels are used and no records written.

il

If NKERN = 1, the isotropic (P,) component is used and one record
written,

If NKERN = 2, the isotropic (PO) components and P, component are
used and two records written, etc.

The pattern is repeated from the second record for each
isotope. The last record is similar to the second record but
WA £ O and signals the end of the tape.

Data Set Assignments

Symbcl Data Set Description Disposition Read Only ?

NTIN 5 Input (BCD) -

NTOUT 6 Qutput (BCD) Print

LIB1 9 Input (BIN) Save Yes
(01d library)

LIB2 10 Output (BIN) Save No
{(new library)

NTEMP 2 Scratch Scratch No
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LITHE Input Data

Item Column Format Symbol Degeription
1 1-18 3A6 HPL 18-character description of tape
2 1-5 15 TTAG = 0 make up & new tape
# 0 update existing tape
6-10 i5 IX Number of velocity groups (<30)
11-15 I5 NISD Number of isotopes to be deleted
from existing tape (<100)
3 - TE10.5 v{I),1=1,1X The velocity polnts in increasing
order, Cmit if ITAG # O
4 - TE10.5 ov(1I),I=1,IX Veloclty increments.
omit 1f ITAG # G
5 1-10 E10.0 {(wap (L), Identification number
11-20 E10.0 WBP(L}, and Temperature/Model index for
IL=1,NISD) isotopes to be deleted, One card/
isotope. Omit if NISD = 0C
6 1-18 346 HELB 18-character description of lsotope
21-30 Fl10.0 WA Isotope ldentification number
31-40 F10.0 WB Tempersature/Model index
41-45 15 XA =0 0,(v) = VXA (see item 7)
=1 ag(v) = VXA/v (see item 7)
=2 da(v) tabulated
46-50 I5 LXS =0 0g(v) = VX8 (see item T7)
=1 US(V) computed from gas medel
= 2 o (v) computed from input kernel
51-55 I5 LXF =0 cf(v) = VXF {(see 1tem T)
=1 op(v) = VXF/v (see ifem 7)
=20 (v) tabulated
56-60 15 NKERN Number of kernels to be put on tape
61-65 15 NTERM Number of terms in BSJ formula
T 1-10 E10.5 VXA Value of ag4
11-20 E10,5 VX8 Value of og
21-3¢ E10.5 VXF Value of ogp
31-40 E10.5 VNU Value of ¥
41-50 E10.5 AM Mass used in source calculstion (amu)
51-60 E10.5 S Cross sectlon used 1in source cal-
culation {(barns)
61-70 E10.5 TP Temperature used in source calcu-
lation (°K)
8 - 7E10.5  (XA{I),I=l,IX) Tepulated values of gu{vy).
Oomit if IXA # 2
9 - TEL0.5  (¥F(I),I=l,IX) Tabulated values of df(vi)
omit 1f LXF # 2
10 - TE10.5 T, Temperature (%K) used 1ln the
kernel caleculation
(ZAMT(N), wsed in the BSJ formula (amu)
ZAT{N), A, used in the BSJ formula (varns)
ZAKT(N), k. used in the BSJ formula
N=1, NTERM ) omit 1f LXS # 1
11 - - 0,TI0sT0s (Pn(Ig>J), The NKERN kernel decks in order
J=lgsde + 5 Pos P1s +.. Omit 1f 1XS # 2
12 - - - Repeat items 6-11 for each lsotope
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Isotope and Material Tdentification System

An lsotope or material is identlfied by & seven-diglt number,

euzZzaas

. For a single isotope,

aas 1s the mass number (e.g., 235 in g,U%®%), and

zz is the atomic number (e.g.,, 92 in g U%%%),
For a natural mixture of isotopes,

asag ls 000, and

zz is the atomic number (e.g., 5 in sB).

For any other mixture,

ana 1s a mixture code number, and

zz is 00.

The first digit, e (for evaluation), is generally zero, but may
assume any value less than 10 to distinguish different evaluaticns
of the same material on a llbrary tape.

The second diglt, u (for usage), describes the cross sectlon type
entered in the fields normally used for absorptlon cross sections.
This feature permits foil materials to be treated as ordinary |
materials, The assignments for u are

Crosgse section in oa'field

[+
g

dg

oI FwmhhHo |e

A second number, called the Temperature/Model index (T/M), is
required to further specify materlals for thermalizatlon calcu-
lations. The T/M index is a four-digit number,
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3 ’ mttt

......

The group ttt is the absolute temperature divided by ten and
rounded.,

For example, 1f T = 293°K, ttt = 029. If T = 4789K, ttt = O4B.

The digit m (for model) denotes the model used to compute the
scattering kernel,

m =0 Free gas
1 Bound model (Nelkin, Parks) é
2 Pseudo-free-gas (Brown-St, John)
3
i
5 Bound model (Ardente benzene)
6
7
8
9

HAMMER Epithermal Library Program

The code HELP (HAMMER Epithermal Library Program) is used to
prepare, update, and copy a cross sectlion library tape for HAMLET
calculations 1n the HAMMER system, All cross sectlons, scattering
matrices, and resonance parameters to be used are input to the
program in a single fixed BCD format., The collection of these
data for a single isotope (or element), along with a single
Hollerith header card constitute an "isotopic data block." TUsers
will normally malntain a card file of these BCD isotopic data
blocks as well as the resultant blnary library tape file.

The units uszed throughout are:

energy - ev
cross sectlon - barns
scattering matrices - barns/unit lethargy

mass - amu
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Structure of an Isotopic Data Block

Card Type O: Header Card (F7.0, 1 X EB,5, 2 X 9 A6)

Ttem Symbol Description
1 WDI Isotope ID (see LITHE description)
2 AMAS Atomic mass

3-10 HPL(9) Chemical symbol and documentation

Card Type 1: Smooth Data (I1, 2I3, 1 X 8 E8,6)

(one card per significant lethargy group)

Item Symbol Description
1 I Card type, always 1
2 J Group number (sequentisl within block)
3 X ITgnored
4 SMX(1,J) Py component of smooth scattering,
Oso

SMX(2,J)  Smooth capture cross sectlon, Op
SMX(3,J) Inelastic cross section, Oin
SMX(4,J) Smooth fission cross section,

SMX(5,J) Age number, A

Op

O O~ Oy W

SMX(6,J) P, component of smooth scattering,
I51
10 SMX(7,J) Number of neutrons per fission, ¥
11 SMX (8,J) Microscopic siowing down power, £og,
These data are identical to those input to the MUFT library. An

invaluable reference in preparin§ such data 1s WCAP-3709,
Compilation of a MUFT Library.!7?
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- . Card Type 2: Inelastic Scattering Matrix (I1, 273, 1 X 8 E8.6)

(use as required)

Ttem Symbol - Descripticn
1 I Card type, always 2
2 J Final group of these data
3 X Initial group of first datum

}-11  XIN(L,J) Matrix elements from higher groups into
L = X,K+7 group J, glven sequentially beginning at
group K,
Ignore all fields after the dilagonal
element (J = L).

See WCAP-3709 for details. (7!

Card Type 3: Resonance Parameters (¥1, 2I3, 1 X 8 ¥8.6)

(use as required)

Item Symbol Degcription
1 I Card type, always 3
2 J Group 1n which thils resonance cccurs
32 X Sequentisal number of this resonance withini
this group

A) Dats to be treated by the Nordheim method:

4 ER Resonance energy, E,
o) GMIV Neutron width, Ty
6 GMGM Radiation width, FV
7 GMF Flssion width, Ty
8 SPIN Spin factoer, g
B) Data to be treated by the Equlvalence Principle!7):
L4 R Shielding parameter, r = g, /T
5 M Infinite integral, m = g, Pa/Eo
6 ALPHA Fission to absorption ratio, a = I'p/Ty
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A

card Type 4: Unresolved Resonance Data (I1, 2I3, 1 X 8 E8.6)

1
L

{use as required)

Ttem Symbol Description
1 Card type, always 4
2 J Inltial group 1n which resonances occur
3 Final group in which resonances occur
4 ER Average level spacing, D
5 GMN Average reduced neutron width, <I'R>
6 GMGM Average radiation width, Fy
7 _ GMEF Average filssion width, Ff
8 SPIN Spin factor, g

Card Type 9: Fnd of Block Flag (I1)

(separates data blocks)

1 I Card type, always O

STRUCTURE OF THE BINARY LIBRARY TAPE

Record 1: NG, NISg, DU, EN, H@LB
where NG is the number of lethargy groups,
NIS# is the number of isotopes,
DU are the lethargy increments (NG words),
EN are the energy breakpoints (NG + 1 words), and
HPLB is the library tape label (12 words).
Record 2: S, the source values (NG words)
Records 3 to (NISZ + 2): IFLT, WD, NIN, NR, TB

where IFLT ig the number of cross section data in group 1, this
isotope,

WD 1s the isotopic identification number,

NIN iz the number of inelastic scattering data in
group 1, this 1sotope,

NR ig the number of sets of resonance data in group 1,
this isctope and
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T8 is the date for this lsotope, group 1l:

mess, smooth cross sections (8 words),
inelastic cross sections (NIN words),
resonance parameters (5*NR words ), and
Hollerith description (9 words).

Record (NIS@ + 3): As above, with & negative/zero WD,
to flag end of group 1.

Records (NISZ + %) to (2NISg + 4): As above, with data for
group 2, and the Hollerlth
date (last 9 words) omitted

The pattern 1ls repeated for each group. An end of fille 1s placed
after the last (negative/zerc WD) lsotope of the last group.

HEILP Input Data

Card Format Symbol Description
1246 HZIB Library tape label
I5 NG Number of groups. (If £ O, an update
or copy is assumed, skip to card 5)
3 7E10.5 DU Lethargy lncrements (NG words)
highest energy is assumed %o be 10
Mev
h 7E10.5 5 Source values (NG words)
Skip to card 6
5 (110 NDEL  Number of isotopes to be deleted

(= 0 for tape copy)
6E10.0/(7E10,0)) WDD Identification numbers of isotopes
to be deleted (ignore for tape copy)
6 Isotopic data blocks to be added to the library (ignore for
tape copy)

7 Blank card (zero WD) to end run
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fﬂm ' Error Detection

The HELP program checks input data cards for several common
types of errors. The following errors cause the program execution
to be terminated with a message Indicating the error type:

Type

Error

1

2

3
4
. 5
6

Cross sectlon type (data word 1) not 1, 2, 3, &4,
or 9, or not in sequential order

Group index ocut of range

Number of resonances exceeds 300/isotope
Resolved and unresclved resonance groups overlap

Isotopic mass O

The following errors produce a message in the BCD (printed)
output, but do not terminate execution:

Type

Error

1
2
3

Symbol

Negative data
Null resonance parameters

Resonance energy ocut of range of group to which
it is assigned

Data Set Assignments

Data Set Descripticon Dispogition Read Cnly 7

NTIN
NTOUT
LIB
LIBO

NSC1,NsC2

5 Input (BCD) - -

6 output (BCD) Print -

9 Output (BIN) Save No

4 Input (BIN) Save Yes
{new library)

3,8 Scratch Scratch No

(0ld library)
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Library Conversion !

The code LIBCON (Library Conversion) is used to convert cross
section data cards in the MUFT/FORM excess 50 notation to the HELP
input format., The program processes data (from the input to the
output/punch tapes) in blocks belonging to a particular isotope.
Thiz order is diffevent from that of a MUFT library. RBlock after
block is processed untll a blank header card is encountered., An
isotopic data block consists of any or all of the following MUFT/
FORM data decks, in the following order, preceded by & header card:

(1) Header Card: Format (A5, 6I5, 5X, F7.2 4%A6, 1X)
HOLA, ID, IDO, ISM, IIN, IRM, IAL, IRES, AMAS,
(HOLB(J), J =1, &)
where
HOLA = chemical symbol, e.g., 2°2Pu

ID = ZA; e.g., 94239

IDO = old (MUFT) ID; e.g., 21

ISM 1 if item (ii) follows

IIN 1 if item (11i) follows

IRM =1 if item (iv) follows

TAL =1 if item (v) follows
AMASS =mass (in amu) this isotope, e.g., 239
HOIB = documentation, e.g., MUFT LIB 567-WCAP 3709¢7!

(11) Microscopic smooth cross section deck (54 cards)

(iii) Inelastic matrix deck (48 cards); must not be given unless
(ii) gbove ls also given; deck will be renormalized to
o4 Biven in (ii)

(iv) r and m factor decks (60 cards)

v) Alpha factor decks (30 cards); must not be given unless
P
(iv), above, 1s also given
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