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1 .l. Program Abstract  

1.1 .l . Program: DOS: The D isc re te  Ordinates System 

1.1.2. Problem Solved: The D isc re te  Ordinates System determines t h e  f l u x  

o f  neutrons o r  photons due e i t h e r  t o  f i x e d  sources s p e c i f i e d  by t h e  user o r  

t o  sources generated by p a r t i c l e  i n t e r a c t i o n  w i t h  t h e  problem mater la ls .  

I t  a lso  determines numerous secondary r e s u l t s  which depend upon f l ux .  C r i -  

t i c a l i t y  searches can be performed. Numerous input, output, and f i l e  mani- 

p u l a t i o n  f a c i l i t i e s  a re  provided. 

1.1.3. Method o f  Solut ion:  The DOS d r i v e r  program reads t h e  problem 

s p e c i f i c a t i o n  from an inpu t  f i l e  and c a l l s  var ious program modules i n t o  

execut ion as s p e c i f i e d  by t h e  input  f l l e .  

1.1.4. Related Codes and Mater ia ls :  DOS includes a con t ro l  d r i v e r  and 

numerous subsystems which can be executed from it: 

1. 

2. 

3. 

4. 

5. 

1.1.5. 

DRIVER Subsystems - Contro ls  execut ion o f  member programs 

DOT Subsystem - 1-D or 2-0 t r a n s p o r t  c a l c u l a t i o n s  

ANISN Subsystem - 1-D t r a n s p o r t  c a l c u l a t i o n s  

DOPES Subsystem - Transport pe r tu rba t i on  c a l c u l a t  

DOGS Subsystem - Results summaries and p l o t t i n g  

Res t r i c t i ons :  The order  o f  module execution must 

on 5 

e completely 

determined by t h e  i npu t  stream i n  t h e  present conf lgura t ion .  No run-time 

decision-making or user i n te rven t ion  i s  provided. The program modules must 

r e s i d e  as executable load modules i n  a PDS. 
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1.1.6. Computers: While many of t h e  modules are  i n d i v i d u a l l y  operable on 

var ious types o f  computers, t h e  system t s  operable as a whole on l y  on IBM 

370/3033 o r  compatible computers. 

1.1.7. Running Time: DOS problems r e q u i r e  from 1 second t o  many hours on 

conventional computers, depending upon t h e  problems solved. 

1.1.8. Programming Languages: DOS members a re  programmed i n  standard FOR- 

TRAN, i nso fa r  as possible. I n  several instances, op t i ona l  assembler- 

language r o u t i n e s  enhance program c a p a b i l i t y  or convenience. 

1.1.9. Operating System: No specia l  requlrements f o r  these codes except 

for t h e  DOS d r i ve r .  

or compatible systems. 

The d r i v e r  p resent ly  operates on ly  under IBM MVS/JES2 

1.1.10. Machine Requirements: Useful problems can be solved I n  270 K- 

bytes o f  memory on a machine having a t  l eas t  t h e  c a p a b i l i t y  o f  t h e  IBM 

370/3033. 

1.1.11. Authors or major con t r i bu to rs :  Noted by subsection. 

1.1.12. References: 

1. W. A. Rhoades and M. 8. Emmett, "DOS: The D isc re te  Ordinates 

System,11 ORNL/TM-8362 (August 1982). 

1.1.13. Mater ia l  Avai lab le:  User's document and source programs a re  avai I -  

able through RSIC, Box X, Oak Ridge, TN, 37830. 

1.1.14. Abst ract  Prepared By: W. A. Rhoades 
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1.2. Background 

The range and complexity o f  tasks  performed by modern nuc lear  codes 

have lead t o  t h e  adoption o f  t h e  llcode system" concept. To avoid t h e  con- 

s t r u c t i o n  of a s i n g l e  mammoth code t o  perform such a range o f  tasks, semi- 

independent codes are  l i nked  together  i n  one way o r  another. Since these 

can be developed and tes ted  independently, programming cos ts  a re  minimized. 

New llmodules,l' as t h e  system components a re  ca l led,  can be added t o  t h e  

system even though they have no t  been developed s p e c i f l c a l l y  f o r  t h a t  use. 

The DOS system cons is t s  of a fam i l y  o f  i n t e r r e l a t e d  codes which so lve 

r a d i a t l o n  t ranspor t  problems, and which can be executed under con t ro l  of a 

ng le  d r i v e r .  Redundant input  data s p e c i f i c a t i o n s  are  reduced. In te r face  

l es  whlch t ransmi t  data from code t o  code are  standardized and c m p a t i -  

personnel a v a i l a b l i t y  permit. e, inso far  as funding and 

1 

1.3.1. Subsystems and Modu 

3 .  User In format ion 

es 

The var ious  modules comprising DOS are  grouped i n t o  subsystems. I n  

general, each subsystem i s  operable separately, is d i s t r i b u t e d  independ- 

en t l y ,  and i s  under separate c o n f i g u r a t i o n  management. A l l  can be 

operated as a s i n g l e  u n i t  under t h e  DOS DRIVER. The subsystems are: 

1. DRIVER Subsystem - Cont ro ls  reading and pa rce l i ng  o f  inpu t  data; 

d i r e c t s  execut ion of o ther  modules. 
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2. DOT Subsystem - Includes t h e  DOT 4 1-D and 2-D neutron/photon 

t ranspor t  code and several per fphera l  modules which process Input  

and ou tpu t  for it. 

3. ANlSN Subsystem - 1-D neutron photon ca lcu la t ions ,  l i k e  DOT 4, 

but, perhaps, s impler  t o  use. 

4.  DOPES Subsystem - Performs d e t a l l e d  pe r tu rba t i on  ca l cu la t fons  

based upon DOT output. 

5 .  DOGS Subsystem - Performs summaries and p l o t s  o f  DOT output. 

The modules a re  l l s t e d  I n  Table 1.1. 

1.3.2. Method o f  Operation 

The general operat lon of t h e  system i s  I l l u s t r a t e d  i n  Flg .  1 . 1 .  The 

user prepares an Input  stream as i l l u s t r a t e d  I n  Figs. 1.2 and 1.3. The DOS 

procedure i l l u s t r a t e d  may be s tored i n  t h e  system procedure l i b r a r y .  The 

data stream cons is ts  of con t ro l  cards conta ln ing  t h e  symbol rl=rr and t h e  

program module name. 

t h a t  module. An rr=ENDtr card terminates t h e  Input  stream. The DOS d r l v e r  

executes t h e  modules i n  t h e  order  indicated. 

The data for each module fo l l ows  t h e  con t ro l  card for 

1.4. Programmer In format ion 

1.4.1. Requirements f o r  Program Module Compat ib i l i t y  

Extensive i n t e r f a c e  s tandard lza t lon  and redundancy avoldance Is obvl -  

ous ly  he lp fu l ,  bu t  a mlnlmum s e t  o f  requirements Is s u f f l c i e n t  t o  a l low 

modules t o  be executed together: 
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1. The program modules must be s to red  as executable load modules i n  

t h e  data s e t  con ta in ing  t h e  d r i v e r  or i n  a PDS which can be concatenated t o  

t h e  d r  i ver  PDS. 

2. The program modules must f i n i s h  w i t h  a c o n d i t i o n  code o f  0 unless 

an e r r o r  has been encountered. 

3. Any main storage a l l o c a t i o n  must be deal located. 

4.  Any d i rect -access data se ts  must be closed. 

5. The f o l l c w l n g  l o g i c a l  u n i t  requirements must be met: 

1-4,8 sequent ia l  scratch, de f ined by t h e  procedure 

5 card-image inpu t  f o r  i nd i v idua l  program modules 

6,90 p r i n t e d  ou tpu t  stream 

7 card-image output  

9-80 user-def ined ( o p t i o n a l )  

1 81 -89,91-97 scra tch  f i I es 

98-99 sc ra tch  f o r  d r i v e r  program 

6. When a module uses two p r i n t o u t  f i l e s ,  it i s  intended t h a t  6 be 

t h e  smal l -sca le f i l e  and t h a t  90 be a large-scale f i l e  f o r  m ic ro f i che  

processing, e tc .  

1.4.2. Other C a p a b i l i t y  and L i rn i t e t i ons  

In  t h e  present  system, t h e  execut ion procedure i s  e x p l i c i t l y  deter-  

mined by t h e  i npu t  stream. Since a l l  o f  t h e  c o n t r o l  l o g i c  i s  contained i n  

a FORTRAN subroutine, DOS cou ld  e a s i l y  be extended t o  allow t h e  execut ion 
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Table 1 - 1 .  DOS Member Modules 

Notes* Subsystem Modu l e  Desc r ip t i on  

1 DR I VER DR I VER 

CONTROL 

1 ?2 DOT 

3 AN I SN 

1,4 DOPES 

5 DOGS 

DOT 4 

GIP 

RTFLUM 

BNDRYS 

AN I SN 

VIP 

TPERT 

DGRAD 

EG AD 
I SOPLOT4 
FORM 
ACTUAL 
TOOM 
ASPECT 

I n i t i a t e s  execut ion o f  modules as 
d i rec ted  by CONTROL module. 
Reads inpu t  data, parce ls  problem 
desc r ip t i ons  f o r  t h e  var ious  modules, 
s i g n a l s  DRIVER module t o  i n i t i a t e  execu- 
t i o n  of each member module as requi red.  

Solves r a d i a t i o n  t r a n s p o r t  problems i n  
1-D o r  2-D us ing d i s c r e t e  o rd ina tes  o r  
d i f f u s i o n  theory.  
Pre-processes cross sec t i on  input  f o r  
use by DOT or GIP. 
Converts between v a r i u s  f l u x  f i l e  f o r -  
mats, espec ia l l y  VARFLUM and ISOTXS. 
L i s t s  o r  expands f l u x  f i l e s .  
Reformats i n t e r n a l  boundary f l u x  f i l e s  
for use as i n t e r n a l  boundary sources. 

Solves 1-D t r a n s p o r t  problems us ing 
d i s c r e t e  o rd ina tes  o r  d i f f u s i o n  theory.  

Performs s p a t i a l  forward-adjo in t  fo ld ing .  
Allows grouping o f  i n t e r v a l s  i n t o  regions. 
Evaluates r e a c t i v i t y  changes based on 
V I P  r e s u l t s .  
Calcu lates cu r ren ts  requ i red  by VIP us ing 
DOT sca la r  d i f f us ion - theo ry  f l u x e s  as 
input.  

Geometry d isp lay .  
Contour p l o t s  o f  2-D f luxes.  
Surface p l o t s  o f  2-D f luxes.  
A c t i v i t y  ca l cu la t i ons .  
Contr ibuton c a l c u l a t i o n  and p l o t t i n g .  
Energy spectrum p l o t t i n g .  

*Notes : 
1. Modules are  descr ibed 
2. A f u l l e r  t reatment  o f  
3. A f u l l e r  t reatment  o f  
4. A f u l l e r  t reatment  o f  
5. A f u l l e r  t reatment  o f  

i n  l a t e r  sec t ions  o f  t h i s  document. 
DOT 4 i s  g iven in Reference 1. 
ANISN i s  g iven i n  Reference 2. 
DOPES i s  g iven i n  Reference 3 .  
DOGS i s  g iven i n  Reference 4. 
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Fig.  1.2. DOS Procedure. 

F i g .  1.3. Typical Problem Setup. 

//EXEC DOS 

= G I P  

(GIP DATA) 

= DOT 

(DOT DATA) 

= END 
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path to be decided based upon previous module results. This would, for 

example, allow iteration between modules. Funds for such an application 

have not been identified, however. 

The driver subsystem Is inherently machine-dependent. The existing 

driver is operable only on IBM computers. A similar driver could probably 

be constructed for CDC systems. 

1.4.3. Re I at ionsh i p to Other Systems 

Subsequent to the development of the DOS driver program, a similar driver 

was developed for use with the SCALE ~ystem,~ and the modules of the DOS 

system are operable under the SCALE dr iver ,  providing compatible JCL i s  

prov i ded. 

1.5. References for DOS System Codes 

1. W. A. Rhoades and R. L. Childs, "An Updated Version of the DOT-4 One- 

and 

pub I 

2. w. w 

wo-Dimensional Neutron/Photon Transport Code," ORNL-5851 (In 

cat 1 on 1 . 
Engle, Jr., "A User's Manual for ANISN -- A One-Dimensional 

Discrete Ordinates Transport Code with Anisotropic Scattering," K-1693 

(March 30, 1967). 

3 .  E. T. Tomlinson, R. L. Childs, and R. A. Lillie, "DOS Perturbation 

Modules DGRAD/VIP/PERT,II ORNL/CSD/TM-116 (May 1980). 

4. D. T. lngersoll and C. 0. Stater, "DOGS - A Collection of Graphics for 

Support of Discrete Ordinates Codes," ORNL/TM-7188 (March 1980). 
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5. R. M. Westfall et at., "SCALE: A Modular Code System for Performing 

Standardized Computer Analyses for Licenslng Eva1 uation," ORNL/NUREG/ 

CSD-2 (January 1980). 
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1 .l. Program Abstract  

1.1 .l. Program: The DOS D r i v e r  Program 

7.1.2. Problem Solved: The DOS d r i v e r  program i n i t i a t e s  t h e  execut ion o f  

one o r  more program modules i n  a sequence s p e c i f i e d  i n  t h e  user-prepared 

input  stream. 

1.1.3. Method of Solut ion:  The r e s i d e n t  d r i v e r  i n i t i a l l y  c a l l s  a c o n t r o l  

module, passing a r e s i d e n t  block o f  c o n t r o l  informat ion.  The c o n t r o l  

module scans t h e  input  stream t o  i d e n t i f y  t h e  f i r s t  module t o  be executed, 

and t o  i s o l a t e  t h e  input  data for t h a t  module. The r e s i d e n t  d r i v e r  then 

i n i t i a t e s  execut ion o f  t h e  ind ica ted  program module. The c o n t r o l  module i s  

r e c a l l e d  a f t e r  each program module f o r  determinat ion of the  next  execut ion 

segment. 

1.1.4. Related Codes and Mater ia ls :  

system and i t s  program modules. 

A separate document describes t h e  DOS 

1.1.5. Res t r i c t ions :  A few r e s t r i c t i o n s  on t h e  JCL a v a i l a b l e  t o  members 

are  l i s t e d  i n  t h e  DOS documentation. 

1.1.6. Computer: An IEM-compatible system i s  requ i red  f o r  t h e  d r i v e r .  

1.1.7. Running Time: The d r i v e r  program, i t s e l f ,  requ i res  much less than 

a second o f  CPU t ime. 

1.1.8. Programming Languages: IBM FORTRAN I V  and 360/370 assembler 

language are  used. 
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1.1.9. Operating System: DOS driver presently operates under a standard 

IBM MVS system. 

1.1.10. Machine Requirements: No special requirements are appl Icable. 

1.1.11. Authors or Major Contributors: 

D. B. Simpson, TVA, KnoxvIl le, TN 

W. A. Rhoades, ORNL, Oak Ridge, TN 

L. M. Petrie, Union Carbide Nuclear Division, Oak Ridge, TN 

P. K. Erickson 

1.1.12. References: 

1. W. A. Rhoades and M. B. Emmett, "DOS: The Dlscrete Ordlnates 

System," ORNL/TM-8362 (August 1982). 

1.1.13. Abstract Prepared By: W. A. Rhoades 
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1.2, Background 

The DOS d r i v e r  program a1 lows several program modules t o  be executed 

w i t h i n  a s i n g l e  j ob  step. Data are communicated between a res iden t  

tvDRIVERvt module and t h e  subordinate modules through data f i l e s  def ined i n  

DD statements, and through a small a r ray  of c o n t r o l  d a t a  res iden t  i n  t h e  

d r i v e r .  Only t h e  d r i v e r  and t h i s  con t ro l  a r ray  are  i n  memory a t  a l l  times. 

1.3. User In format ion 

The execut ion sequence I s  con t ro l  led by cards 

vt=vf  and t h e  name of  the  des l red modules. A module 

cuted a t  t h e  beginning of each DOS job. CONTROL m 

stream (FT99F001) t o  a scra tch  f i l e  (FT98F001) and 

program module is determined from t h e  f i r s t  card, 

t h a t  module are copied t o  FT05F001, and t h e  execut 

d r i v e r .  

con ta in ing  t h e  symbol 

ca I I ed WONTROL1' i s exe- 

ves data from t h e  input  

e d i t s  it. The f i r s t  

he proper data cards f o r  

on i s  re tu rned t o  t h e  

The d r i v e r  i n i t i a t e s  t h e  des i red program module and, upon completion 

of t h e  program, r e c a l l s  t h e  con t ro l  module. The cond i t i on  code i s  checked 

a f t e r  each module execution. A non-zero code r e s u l t s  i n  te rm ina t ion  o f  t h e  

processing. 

t h e  i npu t  stream and repeats t h e  process u n t i l  an rr=ENDvl card is encoun- 

tered. The c o n t r o l  module then s igna ls  t h e  d r i v e r  t o  end t h e  execution. 

Upon r e c a l l ,  CONTROL i d e n t i f i e s  t h e  nex t  program module from 

1.4. Programmer In format ion 

1.4.1. D r i v e r  Loading 

The d r i v e r  program cons is t s  o f  two load modules: 
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1. A res lden t  lfDRIVER1f program, a s l n g l e  maln program w r i t t e n  i n  

assembler language, l n l t l a t e s  t h e  subordinate modules and terminates execu- 

t i o n .  

2. A non-resident VONTROL" program c o n s i s t i n g  of a maln program 

named "BRA IN" p I us a subrout 1 ne named 'TONTRLff processes a I I decl s ion mak- 

ing  and preparat ion of Input  segments f o r  t h e  program modules. The so le  

func t l on  o f  BRAIN Is t o  l l n k  t h e  res lden t  block o f  con t ro l  in format lon t o  

CONTROL. BRAIN must be marked as t h e  en t r y  po int .  

1.4.2. Program Module Loading 

Program modules may be loaded as executable load modules i n t o  t h e  PDS 

conta ln ing  the  d r i v e r  load modules, or they may be contalned i n  a PDS con- 

catenated t o  t h e  DRIVER PDS fn t h e  STEPLIB DD statement. 

1.4.3. Use of t h e  Control Array by Other Programs 

Other programs may access and use po r t i ons  of t h e  res lden t  con t ro l  

ar ray no t  reserved for he d r i ve r .  

maln program. BRAIN w i  I then c a l l  a subrout ine named CONTRL w i t h  t h e  

res iden t  a r ray  as an argument. 

CONTRL f o r  h i s  program t o  con t ro l  subsequent execution. 

t h e  res iden t  a r ray  are  s p e c i f i e d  I n  Appendix l . A .  

Such programs must have BRAIN as t h e i r  

The user may cons t ruc t  a subrout ine named 

The contents  of 
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APPENDIX l.A. Contents of t h e  Resident Control  Array 

A ( 1 )  = 1 s t  Word o f  Name o f  Next Module t o  Ca l l  (Preset t o  v $ $ $ $ v )  
A(2) = 2nd Word o f  Name of Next Module t o  Ca l l  (Preset t o  Length of 

A(3) = Number of E n t r l e s  t o  CONTRL 
A ( 4 )  = Number of Input  Cards for Which Processing Has Been Completed 
A ( 5 )  = 1 s t  Word o f  Name o f  Module Fol lowing t h e  Next 
A(6) 2nd Word o f  Name o f  Module Fol lowing t h e  Next 
A(7) To A(20) = Reserved f o r  Future Use 
A(20) To A(100) = Ava i lab le  

an Array) 

= 
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Section 2. BNDRYS: Boundary Source F i l e  Manipulation Program 

M. B. Emmett*  

*Computer Sciences Dlv is lon .  
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2.1. Program Abst rac t  

2.1.1. Program: BNDRYS - I n t e r n a l  Boundary Source Code 

2.1.2. Problem Solved: BNDRYS reformats an i n t e r n a l  boundary f l u x  f i l e  

provided i n  t h e  BNDRYS format,' producing an i n t e r n a l  boundary source f i le, 

a l s o  i n  t h e  BNDRYS format, f o r  use I n  a subsequent ca l cu la t i on .  

2.1.3. Method o f  So lu t ion :  BNDRYS s e l e c t s  t h e  appropr ia te  f l u x  se ts  from 

a p o t e n t i a l l y  l a rge r  c o l l e c t i o n  i n  t h e  i npu t  f i l e .  I n  t h e  case o f  I -  

boundary sets, e l t h e r  r i gh tward  or l e f tward  f l u x e s  are  reta ined,  w i t h  t h e  

o thers  s e t  t o  0. 

re ta ined.  

padded w i t h  0 ' s  a t  both ends as spec i f ied .  

r e f l e c t e d  t o  make a m l r r o r  image. 

an ou tpu t  f i l e  i n  BNDRYS format. 

For J-boundary sets, e i t h e r  upward or downward f l u x e s  are  

The f l u x e s  are  m u l t l p l i e d  by user-suppl ied r e s c a l i n g  f a c t o r s  and 

A s e t  o f  f l uxes  can a l s o  be 

The r e s u l t i n g  f l u x e s  are  then moved t o  

BNDRYS a l l ows  f l u x  emerging from a reac to r  core  t o  be determined i n  an 

i n l t . i a I  e igenvalue problem, and then t o  be used as a f i x e d  source i n  a sub- 

sequent r e f l e c t o r ,  vessel, and s h i e l d  problem. 

i n t e r n a l  t o  t h e  second problem. For accuracy, t h e  core  ma te r ia l  i s  

rep laced w i t h  a h i s h l y  absorbent mater ia l  i n  such a problem. 

The core  can be completely 

1 2.1.4. Related Codes and Mater ia ls :  The DOT code prepares i npu t  f i l e s  

f o r  BNDRYS, and uses t h e  ou tpu t  f i l e s .  

2.1.5. R e s t r i c t l o n s :  None. 
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2.1.6. Computers: 

types o f  computers, on ly  IBM 360/370 and CRAY operat ion have been demon- 

s t ra ted.  

Although t h e  BNDRYS codes should be adaptable t o  many 

2.1.7. 

t ime. 

Running Tlme: BNDRYS problems r e q u i r e  on ly  a few seconds of CPU 

2.1.8. Programming Languages: BNDRYS i s  programmed i n  standard FORTRAN, 

Insofar  as possible.  Cer ta in  op t lona l  IBM assembler-language r o u t i n e s  

which enhance program c a p a b l l i t y  o r  convenience are provlded. 

2.1.9. Operating System: BNDRYS present ly  operates under IBM MVS/JES2 o r  

CRAY CTSS. 

2.1.10. Machine Requirements: Useful problems can be solved i n  270 K- 

bytes of memory on a machine having a t  l e a s t  t h e  c a p a b i l i t y  o f  t h e  IBM 

360/75. 

2.1.11. Authors o r  major cont r ibu tors :  

M. B. Emmett, Union Carbide Nuclear Div ls ion,  Oak Ridge, TN. 

2.1.12. References: 

1.  W. A. Rhoades e t  al., "The DOT I V  Two-Dimensional Discrete- 

Ordinates Transport  Code w i t h  Space-Dependent Mesh and 

Quadrature,I1 ORNL/TM-6529 (January 1979). 

2. W. A. Rhoades and M. A. Emmett, "DOS: The D iscre te  Ordlnates 

System," ORNL/TM-8362 (August 1982). 
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2.2. Background 

BNDRYS i s  a computer code which r e s t r u c t u r e s  and reformats data for 

use as an i n t e r n a l  boundary cond i t ion .  I t s  t y p i c a l  use i s  i n  coupl ing a 

core eigenvalue s o l u t i o n  t o  a la rge  s h i e l d  problem. 

2.3. User ln format lon 

2.3.1. Card-Image Input  S p e c i f i c a t i o n s  

Fol lowing t h e  t i t l e  card, a l l  data a r e  read using t h e  FIDO input  sys- 

tem,’ and fami I I a r i t y  w i t h  t h a t  system i s  assumed. 

i n  blocks, each terminated by a Unused data ar rays are n o t  entered, 

bu t  a T must be entered t o  s ignal  t h e  t e r m i n a t i o n  o f  each block, in any 

case. The data o rder ing  i s  i l l u s t r a t e d  i n  Fig.  2.1. 

Data ar rays  a r e  entered 

2.3.2. Input  F i l e  S p e c i f i c a t i o n  

1 The input  f i l e  is an enternal  boundary f l u x  f i l e  i n  t h e  BNDRYS format. 

2.3.3. Output F i I e Spec1 f i c a t  ion 

The ou tpu t  f i l e  is an i n t e r n a l  boundary source f i l e  t h a t  has been 

reformat ted so t h a t  t h e  I - d i r e c t i o n a l  source ar ray  conta ins  MMA*JM *NINTFX 

values and t h e  J -d i rec t iona l  source ar ray  conta ins  MMA*IM *NJNTFX values. 

2.3.4. Logica l  U n i t  Requirements 

Logical  u n i t  71 - d e f a u l t  - input  BNDRYS f i l e  

Logical  u n i t  72 - d e f a u l t  - outpu t  f i l e  
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ca l  u n i t  5 - card i npu t  

ca l  u n i t  6 - p r i n t e d  ou tpu t  

The f i r s t  two u n i t  numbers a re  overr idden i f  NTlBl and NTlBO are  

def ined I n  t h e  1 $  array. 

2.4. Programmer In format ion 

See Section 5. 

2.5. References 

1. W. A. Rhoades e t  al., "The DOT I V  Two-Dimensional Discrete-  

Ordinates Transport Code w i t h  Space-Dependent Mesh and Quadrature," 

ORNL/TM-6529 (January 19791. 
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Fig. 2.1. BNDRYS Input  Ins t ruc t ions .  

T i t l e  Card TITL(12) 12A6 

Basic Input:  1 $  - In teger  data 

NTlBl - Input  u n i t  for f luxes:  D e f a u l t  = 71 

NTIBO - Output u n i t  for f luxes:  

IEDIT - E d i t  Contro l ;  0 = no e d i t  

JMX - I n i t i a l  0 's  added on J 

JMO - Tota l  JM outpu t  

IMX - I n i t i a l  0's added on I 

IMO - Tota l  I M  ou tpu t  

NBUF - 1/0 b u f f e r  s i z e  i n  K-bytes: D e f a u l t  = 60 

IDBLA - R e f l e c t i o n  cont ro l ;  1 = double t h e  JMO; 0 = don' t  

D e f a u l t  = 72 

r e f l e c t  t h e  JMO 

E 

T 

Array Input:  3$ - IKEY(NINTFX1 where 
sources 

- + N; N i s  ou tpu t  s e t  #, + 

4$ - JKEY(NJNTFX1 where 
sources 

2 N; N i s  ou tpu t  s e t  #, + 

5" - ZFLAG(JM1 where JM 

NINTFX i s  number of I-boundary 

nd ica tes  save p > 0; -, save p < 0 

NJNTFX i s  number of J-boundary 

i s  

f i le. M u l t i p l  i e r  for 

6* - RFLAG(IMA1 where IMA 

f i l e .  M u l t i p l i e r  for 

T 

nd ica tes  save > 0; -, save < 0 

number of J - i n t e r v a l s  on i n p u t  

FI I a r r a y '  

s number o f  I - i n t e r v a  s on i n p u t  

FJI  ar ray 1 

81*, 82*, 83* data from DOT must be included here. Th is  i s  t h e  
quadrature s e t  i n c l u d i n g  weights, mus and etas. 

T 
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3.1. Program Abst rac t  

3.1.1. Prog 

3.1.2. Prob 

sec t ion  data 

data l i b r a r y  

am: GIP: Group-Organized Cross Section Input  Program 

em Solved: GIP accepts nuci ide-organized microscopic cross 

e i t h e r  from t h e  i npu t  stream i n  card-image format o r  from a 

prepared by t h e  ALCl program.' GIP prepares a group-organized 

2 f i l e  o f  microscopic and/or macroscopic cross sec t ions  f o r  use by DOT, 

ANISN,3 o r  r e l a t e d  codes. 

t o t a l  upscat ter  cross sec t ion  can be inser ted  i n t o  t h e  data format as 

requ l red  by DOT and ANISN. 

A d j o i n t  cross sec t ions  can be prepared. The 

3.1.3. Method o f  Solut ion:  A simple sequential f i l e  s o r t i n g  technique i s  

used. 

o f  DOT. 

Macroscopic data a re  s p e c i f i e d  by a "mixing tab le "  s i m i l a r  t o  t h a t  

3.1.4. Related Codes and Mater ia ls :  See references. 

Reference 2 g lves  a complete d e f l n i t l o n  o f  t h e  ou tpu t  f i l e  format. 

3.1.5. Res t r i c t i ons :  The s o r t i n g  procedure i s  we l l  s u i t e d  t o  problems 

where t h e  t o t a l  volume o f  cross sec t ion  data t o  be processed is, f o r  exam- 

ple, 3 o r  4 t imes t h e  a v a i l a b l e  data storage space. I f  very large problems 

must be solved on small computers, a random-access program may be more 

e f f i c i e n t .  

Complex I i b r a r y  formats such as ISOTXS4 a re  beyond t h e  scope o f  G 

3.1.6. Computers: GIP has performed we l l  on many types o f  IBM, Amdah 

CDC, CRAY, and UNIVAC computers. 

P. 
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3.1.7. Runnlng Tlme: Most G I P  problems r e q u i r e  much less than a minute of 

IBM 360/91 CPU t lme. 

3.1.8. Programming Languages: GIP can be operated e n t i r e l y  l n  standard 

FORTRAN. On IBM cmputers,  op t lona l  assembler-language programs prov ide 

enhanced convenience. 

3.1.9. Operating System: No special  requirements. 

3.1.10. Machlne Requlrements: Prov is ions must be made f o r :  

standard input  and output  f i l e s  on 5 and 6 

sequent ia l  scratch f l l e s  on l o g i c a l  u n l t s  1-4 

output  f l l e  on l o g l c a l  u n i t  8 

lnput  l i b r a r y  f i l e ,  i f  any, on l o g l c a l  u n i t  9 

3.1 . l  1 . Authors o r  Major Contr ibutors :  

W. A. Rhoades, ORNL, Oak Rldge, TN 

W. W. Engle, Jr., ORNL, Oak Ridge, TN 

B. J. Dray 

3.1.12. References: 

1. W .  A. Rhoades, "The ALCI Program f o r  Cross Sect ion Management," 

ORNL/TM-4015 (December 1972). 

2. W. A. Rhoades e t  a l . ,  "The DOT IV Two-Dimensional Discrete-  

Ordinates Transport  Code w l t h  Space-Dependent Mesh and Quadrature," 

ORNL/TM-6529 (January 1979). 
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3, W. W. Engle, Jr., llANISN, A One-Dimensional D isc re te  Ordinates 

Transpor t  Code w i t h  An iso t rop ic  Scattering," K-1693 (March 1967). 

4 ,  R, Douglas O'Dell, Wtandard In te r face  F i l e s  and Procedures f o r  

Reactor Physics Codes, Version 1V,l1 LA-6941-MS (September 1977). 

5. W. A. Rhoades and M. B. Emmett, "DOS: The D isc re te  Ordinates 

System,ll ORNL/TM-8362 (August 1982). 

3.1.13. Abs t rac t  Prepared By: W. A. Rhoades 
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3.2. General Descr ip t ion  

3.2.1 . Background 

GIP accepts nucl ide-organized microscopic cross-sect ion data e i t h e r  

from t h e  i n p u t  stream i n  card-image format o r  f rom a data l i b r a r y  prepared 

by t h e  ALC1 program.' 

as s p e c i f i e d  by a mix ing t a b l e  s i m i l a r  t o  t h a t  o f  DOT.2 

upscat ter  cross sec t ion  can be c a l c u l a t e d  and inser ted  i n t o  t h e  set. The 

r e s u l t  is a ltGIPll cross sec t ion  f i l e  as def ined i n  Reference 2. Micro- 

scopic and/or macroscopic data can be output  t o  the f i l e  and/or p r in ted .  

Macroscopic cross-sect ion m i x t u r e s  can be prepared 

The t o t a l  

The c h i e f  v i r t u e s  o f  GIP are i t s  extreme s m p l i c i t y  and i t s  h igh com- 

p a t i b i  I i t y  w i t h  DOT, ANISN,3 and r e l a t e d  codes. 

a l l y  any type of computer which provides sequent ia l  scratch f i l e s .  I t  uses 

t h e  FlDO card-image input  processor, and shares many subrout ines w i t h  DOT. 

I t s  major disadvantages are t h e  i n a b i l i t y  t o  t r a n s l a t e  complex input  f i l e s  

such as IEOTXS and i t s  i n e f f i c i e n c y  f o r  very large problems. 

I t  i s  operable on v i r t u -  

4 

GIP t r e a t s  each component o f  a Legendre expansion as a separate 

nuc l ide.  Th is  was seen as a requirement i n  t h e  19601s, when t h e  code o r i -  

ginated. 

of PL sets, t h e r e  is l i t t l e  doubt t h a t  t h e  code would be more convenient 

f o r  present-day problems i f  a l l  o f  t h e  components were t r e a t e d  as a u n i t .  

Although c e r t a i n  features of t h e  mix ing t a b l e  expedi te  t h e  mix ing 

3.2.2. Method Used 

The c ross  sec t ions  s p e c i f i e d  by t h e  input  stream are selected, and t h e  

The number o f  energy groups which can be processed a t  one t lme i s  decided. 
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groups for one corefull are selected as each nuclide is read, and dumped 

onto a source file. The remaining groups, if any, are written to a holding 

file. When all nuclides have been located, the data are read from the 

source file into core and written in group-ordered format onto a sorting 

file. A new corefull of data are then moved from the holding file to the 

source file, and then to the sorting file as before. Unprocessed groups, 

if any, are spilled to a second holding file, which is processed as was the 

first holding file. This sequence continues until all groups have been 

processed. It happens that one group of data can be written directly to 

the sorting file each time that the source file is loaded, and this 

improves efficiency somewhat. In the final step, the group-organized data 

are  read, mixed, edited, and moved to the output file. 

The advantages of this system are that it can process a cross section 

volume of several corefulls with inconsequential cost, using only sequen- 

tial files, and that it i s  easily adapted to new computing environments. 

Unfortunately, if the cross section volume increases to, for example, 10 or 

more corefulls, the sorting process becomes inefficient. 

This method originated with W. W. Engle, Jr., In a program called 

TAPEMAKER, which was operated on the ISM 7090 before the days of random 

access files. The basic procedure has changed little since then. 

3.3. User Information 

3.3.1. Card-Image Input Specifications 

Following the title card, a l l  data are read using the FlDO input sys- 

tern,’ and fami I iarity with that system i s  assumed. Data arrays are entered 
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i n  blocks, each terminated by a IrT.Ir Unused data a r rays  (e.g. 10s i f  MS=O) 

are  n o t  entered, b u t  a T must be entered t o  s igna l  t h e  te rm ina t ion  o f  each 

block, i n  any case. The data o rder ing  is i l l u s t r a t e d  i n  Fig. 3.1. 

The inpu t  of t h e  14* a r ray  is performed by subrout ines which have cer-  

t a i n  r e s t r i c t i o n s  i n  a d d i t i o n  t o  those o f  normal FlDO input:  

a. The nucl  ide  spaces are preset  t o  0.0, so t h a t  l lE1l or llFO1l w i  I I 

have t h e  e f f e c t  o f  f i l l i n g  t h e  remaining space w i t h  0.0, bu t  l1Ef1 

and rrF" must n o t  be used i n  t h o  i npu t  f o r  t h e  l a s t  nuc l ide.  

b. The 14* o r  14** designat ion may precede each nuc l i de  block, bu t  

I s  n o t  requ i red  except i n  t h e  f i r s t  block. 

c. Ent r ies ,  i nc lud ing  operators  such as "T," f o l l o w i n g  t h e  l a s t  

data i tem f o r  nuc l i des  o ther  than t h e  las t ,  and on the  same card 

as t h e  l a s t  item, w i l l  be ignored. 

d .  The T which termlnates t h i s  block 

of a separate card. 

The mix ing  t a b l e  i s  prepared as descr 

must appear alone i n  column 3 

bed f o r  t h e  DOT code,2 and t h e  

meaping of items 1-8 of t h e  1 $  a r ray  are compat ib le w i t h  DOT. NBUF must 

a l low bu f fe r  space f o r  t h e  data se ts  which are  l i s t e d  below. 

t h e  in tegers  i n  t h e  mix ing  t a b l e  r e f e r  t o  a cont inuous ar ray  o f  MTM cross 

sec t i on  sets, of which t h e  f i r s t  MCR+MTP a r e  nuc l i de  data read from card- 

image inpu t  and l i b r a r y  f i l e ,  respec t i ve l y .  A l l  of  t h e  se ts  beyond MCR+MTP 

a r e  preset  t o  0 be fore  t h e  mix ing t a b l e  i s  executed. 

value m o d i f i c a t i o n  I n  t h e  DOT desc r ip t i on  has no a p p l i c a t i o n  t o  G I P  mixing. 

As w i t h  DOT, 

Reference t o  eigen- 
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For most DOT problems, 1/0 manipulation can be reduced by asking for 

ou tpu t  of o n l y  t h e  mix tu res  from GIP. 

such t h a t  mater ia l  1 I s  t h e  f i r s t  G I P  mixture,  e tc .  Any microscopic data 

t o  be used I n  DOT a c t i v l t y  e d i t s  must be included as a mixture,  as must 

nuc l ides  whose concentrat lons a r e  t o  be mod i f ied  I n  a search. 

They are then r e f e r r e d  t o  I n  DOT 

M u l t i p l e  problems can be stacked I n  succession w i t h  a blank card  

between cases. No Input  data a re  saved between cases. 

3.3.2.  Special D i f f u s i o n  Theory Option 

I f  t h e  cross sec t ion  s e t  con ta ins  a t r a n s p o r t  cross sec t ion  in posi-  

t i o n  N, then s e t t i n g  ISCT=-N causes t h e  t o t a l  cross sec t ion  t o  be replaced 

by t h e  t r a n s p o r t  cross s e c t i o n  and t h e  s e l f - s c a t t e r  cross sec t ion  ( p o s i t i o n  

IHS) t o  be reduced such as t o  mainta in  a constant  absorpt ion cross sect ion.  

The r e s u l t i n g  cross sec t ion  s e t  I s  s u i t a b l e  for use i n  a PO DOT ca lcu la -  

t i o n ,  e s p e c i a l l y  one us ing t h e  d i f f u s i o n  package. Negative e n t r l e s  I n  t h e  

10$ array must n o t  be used w i t h  t h i s  opt lon.  

3.3.3. Upscatter 

I f  IHS>IHT+l, t h e  upscat ter  processor c a l c u l a t e s  t h e  t o t a  

ing cross sec t ion  from each group and places it i n  t h e  appropr 

p o s i t i o n .  No user a c t i o n  I s  required. 

upscat ter -  

a t e  t a b l e  

3.3.4. A d j o i n t  

If ITH=l, two major reorder lng  steps a r e  accompl Ished: 



42 

1. The i n s c a t t e r  m a t r i x  i s  transposed, i.e. t h e  t a b l e  p o s i t i o n  

associated w i t h  group g descr ib ing  s c a t t e r i n g  from g’ t o  g i s  

changed t o  descr ibe s c a t t e r i n g  from g t o  g’. 

2. The order ing  o f  t h e  groups i s  reversed, i.e. data f o r  group 

IGM appear f i r s t  i n  t h e  ou tpu t  f i l e ,  fo l lowed by IGM-1, e tc .  

F igure 3.2 shows t h e  r e s u l t s  of t h i s  reorder ing.  

3.3.5. Input  L i b r a r y  Format 

The lnput  l i b r a r y  format from which MTP nuc l ides  are taken i s  def ined 

I n  Appendix 3.A. 

3.3.6. Output F i l e  

The output  f i l e  i s  i n  GIP format.’ I f  IOUT=O, t h e  output  includes 

MCR+MTP microscopic cross sections, p lus  (MTM-MCR-MTP) mixtures.  I f  

IOUT=2, o n l y  t h e  mixtures w i l l  be output. 

s i m i l a r l y  c o n t r o l l e d  by IPRT. 

P r i n t e d  cross sec t ion  e d i t s  a re  

3.3.7. Logical  U n i t  Requirements 

Scratch, should be blocked f o r  e f f i c i e n c y  
Logical  U n i t  1 - 
Logical  U n i t  2 - 
Logical  l l n i t  3 - 
Logical  U n i t  4 - 
Logical  U n i t  9 - Tape Input  
Logica l  U n i t  8 - Tape Output 
Logical  U n i t  6 - P r i n t e d  Output 
Logica l  U n i t  5 - Card Input 

Logical  u n i t  assignments f o r  t h e  f i r s t  6 data f i l e s  can be modi f ied by 

a l t e r i n g  loca t ions  15-20 of t h e  1 %  array t o  t h e  new l o g i c a l  u n i t  numbers. 

The new values w i l l  n o t  be l i s t e d  i n  t h e  i n p u t  e d i t ,  however. 
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3.4. Programmer Information 

See Section 5. 

3.5. References 

1. W. A. Rhoades, "The ALCl Program for Cross Section Management. 

2. W. A. Rhoades et al., "The DOT I V  Two-Dimensional Discrete-Ordinates 

Transport Code w I th Space-Dependent Mesh and Quadrature, 

(January I9791 . 
ORNL/TM-6529 

3. W. W. Engle, Jr., "ANISN, A One-Dimensional Discrete-Ordinates Trans- 

port Code with Anisotropic S~atterlng,~~ K-1693 (March 1967). 

4. R. Douglas O'DelI, "Standard Interface Files and Procedures for Reactor 

Physics Codes, Version I V , "  LA-6941-MS (September 1977). 
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Figure. 3.1 . Input Data Ordering. 

T i t l e  Card (72-character d e s c r i p t i o n )  

Parameter Input 

1$  

E 

T 

Array 

I GM 
I HT 
IHS 
I HM 
MS 

MCR 
MTP 
MTM 
ITH 
I SCT 

I PRT 
I OUT 
I DOT 
NBU F 

lo$ ,  ll$, 

No. of Groups 
Slgma(T) P o s i t i o n  
Slgma(G--G) P o s i t i o n  
Table Length 
Mixing Table Length 

No. of Mater ia ls  from Cards 
No. of Mater ia ls  from Lib.  Tape 
No. of Mater ia ls  (MCR+MTP+MIXWRES) 
O=Direct Solut ion,  l = A d j o i n t  
Order of  Scat te r ing  Expansion 

O=Print A l l ,  l=No Pr in t ,  2=Pr in t  Mixtures 
O=Output A I  I Matls., l=None, 2=Mixt, 3nly 
O=ANISN Output, l=DOTIII, 2=DOTIV 
No. K-Bytes B u f f e r  Space (Default=60 

12" ar rays - mix ing t a b l e a  (MS e n t r i e s  each) 

7$ ar ray  - mix codea (opt ional  - MTM e n t r i e s )  

numbers on l i b r a r y  f i l e  (MTP e n t r i e s )  13$ array - nucl Ide I D  

T 

14* array - cross sect  

14* a r ray  - cross sec t  

T 

aSee Reference 2 .  

ons f o r  nucl ide 1, ANISN format,b a l  I groups 

ons f o r  nucl ide MCR, ANISN format,b a l  I groups 

bSee ALC Cross Sect ion Format i n  Appendix 3.A. 
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Fig. 3.2. Adjoint Cross Section Reordering. 

(3-group example) 

Di rec t Adjoint 

u l  , 3  

(31,2 

01, l  

0 
0 

F 
02 

A 
(32 

F 
w2 
T 
(32 

0 

O2,3  

02,2 

(32,l 

0 

4 
A 

(33  
F vu 3 

T 
(33 

0 
0 

0 3 ,  3 

O3,2  

O 3 . 1  

F 
(33 

A 
0 3  

F 
m3 

T 
0 3  

0 1 , 3  

(33,3 

0 
0 

a 2 y 3  

F 
02 

A 
(32 

F 
w2 
T 
(32 

0 

(31,2 

(32,2 

0 3 , 2  

0 

0 
0 

01,1 
02, 1 

a 3 ,  1 
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APPENDIX 3.A: ALC Cross Sect lon L i b r a r y  Format 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C PROPOSE0 19 MAY 80 

CF ALC 
CE TRANSPORT CODE CROSS SECTION DATA 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CO 
CD DATA SET AND THE NUMBER OF NUCLIDES 
C 
CO M E  I D  VALUES MUST DE I N  ASCENDING ORDER 

I C  

THE TERMINATION RECORD DEFINES THE LENGTH OF THE 
, c  

C 
C 
C------ 
CR 
C 
CL 
C 
cw 
C 
CD 
CD 
CD 
CD 
CD 
CD 

CONTROL DATA FOR A NUCLIDE 

NOG,NCTL,NCC,NCID,(NAME(1),1=1,12) 

16=NUMBER OF WORDS 

NOG NUMBER OF ENERGY GROUPS FOR T H I S  SET 
NCTL LENGTH OF CROSS SECTION TABLE FOR T H I S  SET 
NCC =O SET WAS ADDED TO LIBRARY 

N C l D  I D E N T I F I C A T I O N  NUMBER 
NAME ARBITRARY DESCRIPTION, A 4  FORMAT 

=2 SET REPLACED AN E X I S T I N G  SET 

C 
CL  ((CRX(IH,IG),IH=l,NCTL),IG=l,NOG) 
C 
cw NCTL*NOG=NUMBER OF WORDS 
C 
CD CRX CROSS SECTION DATA ORDERED AS PER ORNL/TM 6529 
CD NCTL AS S P E C I F I E D  B Y  PREVIOUS RECORD 
CD NOG AS S P E C I F I E D  BY PREVIOUS RECORD 
C c---------------------------------------------------------------------- 
C 
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Section 4. RTFLUM: A Module for Convertlng, Expanding, and Editing 
Standard Data Files 

W. A. Rhoades 
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4.1 . Program Abstract  

4.1.1. Program: RTFLUM: A Module f o r  Converting, Expanding, and E d i t i n g  

Standard Data F i I es , 

4.1.2. Problem Solved: RTFLUM prov ides conversion between f l u x  moment 

f I I es i n  t h e  DOTI I I ,l VARFLM,* or RTFLUX 

moments, and/or boundary f I uxes can be ed i ted  by user opt ion.  

3 formats. Scalar f I ux, f I ux 

4.1.3. Method of Solut ion:  Reformatt ing Is done in-core. Essent ia l  data 

requ i red  by t h e  output  f i l e  bu t  absent from t h e  input  f i l e  must be suppl ied 

i n  t h e  i npu t  stream by t h e  user. 

suppl ied by t h e  code. 

De fau l t  values of unessential data a re  

4.1.4. Related Codes and Mater ia ls :  See references. 

4.1.5. Res t r i c t i ons :  None. 

4.1.6. Computers: RTFLUM has performed we l l  on many types o f  IBM, Amdahl, 

CDC, and CRAY computers. 

4.1.7. Running Time: Most RTFLUM problems r e q u i r e  much less than a minute 

o f  IBM 360/91 CPU time. 

4.1.8. Programming Languages: RTFLUM can be operated e n t i r e l y  i n  standard 

FORTRAN. On IBM computers, op t i ona l  assembler-language programs prov ide 

enhanced convenience. 

4.1.9. Operating System: No specia l  requirements. 
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4.1.10. Machine Requirements: Prov is ions must be made f o r :  

standard lnput  and ou tpu t  f i l e s  on 5 and 6 

lnput  and ou tpu t  f i l e s  on u n l t s  spec i f i ed  by t h e  user 

4.1.11. Authors o r  Major Contr ibutors :  

W. A. Rhoades, ORNL, Oak Ridge, TN 

4.1.12. References: 

1. F. R. Mynatt e t  al., "The DOT I l l  Two-Dimensional Discrete- 

Ordinates Transport Code," ORNL-TM-4280 (September 1973). 

2 .  W. A. Rhoades e t  a l  0 )  "The DOT I V  Two-Dimensional Discrete-  

Ordinates Transport Code w l t h  Space-Dependent Mesh and 

Quadrature," ORNL/TM-6529 (January 1979). 

3. R. Douglas O'DelI, "Standard I n t e r f a c e  F i l e s  and Procedures f o r  

Reactor Physics Codes, Version IV," LA-6941-MS (September 1977). 

4. W. A. Rhoades and M. B. Emmett, "DOS: The D isc re te  Ordinates 

System," ORNL/TM-8362 (August 1982). 

4.1.13. Abst ract  Prepared By: W. A. Rhoades. 
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4.2. General Descr ip t ion  

4.2.1. Background 

The ERDA/RDD Physics Branch Committee on Computer Code Coord 

(CCCC) has s p e c i f i e d  t h e  RTFLUX f i l e  format for expressing double 

scalar ,  fixed-mesh f l u x  data (LA-5486-MS). Th is  f i l e  i s  produced 

I nforma 

space d 

Th 

n a t i o n  

prec i s i o  

by VEN- 

TURE and c e r t a i n  o ther  codes. The f i l e  conta ins  c e r t a i n  i d e n t i f i c a t i o n  

ion, fo l lowed by s c a l a r  f l u x  f o r  each group, w i t h  t h e  f i r s t  two 

mensions blocked together.  

prec i s 

i r regu 

accura 

s f i l e  was n o t  s u i t a b l e  f o r  DOT I V  app l ica t ion .  A new s ing le -  

on f i l e  format, VARFLM, inc ludes f l u x  moments, accommodates an 

a r  mesh, and inc ludes boundary d i r e c t i o n a l  f l u x e s  requ i red  for an 

e r e s t a r t .  I t  a l s o  has enough i d e n t i f i c a t i o n  t o  r e l a t e  t h e  f i l e  

un iquely  t o  t h e  j o b  which produced it, and has p r o v i s i o n  for enough mesh 

in format ion t o  a l low automatic p l o t t i n g  and processing w i thout  re ference t o  

geometry f i l e s .  I t  i s  blocked as requ i red  by row-oriented codes. 

A t h i r d  format 

I I I and used by many 

(ORNL/TM-4280). 

n wide use i s  t h e  "scalar  f 

re1 ated p l o t t i n g ,  p e r t u r b a t  

ux tape" produced by DOT 

on, and processing codes 

t i n g  these var 

a l  lows VENTURE 

The RTFLUM program o f f e r s  a s imple means o f  ed 

T h i s  and of conver t ing  from one format t o  another. 

ous f i l e s  

data t o  

be used as a DOT I V  s t a r t i n g  guess, o r  t o  be p l o t t e d  w i t h  a DOT I l l  p l o t t i n g  

code, f o r  example. I n  addi t ion,  p r o v i s i o n  i s  made t o  expand t h e  number of 

moments or d i r e c t i o n s  implied, so t h a t  a low-order ou tpu t  can be used t o  
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s t a r t  a high-order input.  I n  so l v ing  large, deep-penetration problems, a 

f i l e  may o f t e n  be l e f t  Incomplete, due t o  premature problem terminat ion.  

RTFLUM can r e p a i r  such output, also. 

4.2.2. Appl i c a t i o n  

RTFLUM requ i res  on ly  i npu t  and ou tpu t  f i l e  d e f i n i t i o n .  I f  no ou tpu t  

f i l e  i s  desired, a dummy I s  t o  be suppl ied.  The inpu t  data a re  supp l ied  i n  

FlDO format as used by DOT I V .  Two blocks o f  data a re  required. The f i r s t  

con ta ins  c o n t r o l  a r rays  1$$ and 2** as l i s t e d  i n  t h e  sample problem output,  

f o l  lowed by llT.ll 

t i ons .  

The second b lock requ i res  on ly  "TI1 f o r  present appl ica- 

Cer ta in  d e f a u l t s  minimize t h e  i npu t  requirements, as ind ica ted  i n  t h e  

ou tpu t  l i s t i n g .  I f  a VARFLM f i l e  i s  used as input, t h e  d e f a u l t  values o f  

MM, ISCAT, IGM, IM, JM, ISCAI ,  MMI, and I G M l  w i l l  be replaced by data from 

t h e  f i l e .  De fau l t  values for data beyond IGMl  w i l l  s u f f i c e  f o r  many a p p l i -  

c a t  Ions. 

I f  RTFLUX i s  used, MM and ISCAT a re  assumed t o  be 6 and 0. 

I f  a DOT I l l  sca la r  f l u x  tape i s  used as input, MM, ISC 

and JM must be suppl ied as input.  The d e f a u l t  values o f  ISCA 

IGMl  will cause t h e  values o f  ISCAT, MM, and IGM t o  be used. 

, IGM, IM, 

, MMI, and 

I f  t h e  i npu t  and ou tpu t  d i r e c t i o n  numbers are  t o  be d i f f e r e n t ,  en te r  

MM and MMI e x p l i c i t l y .  I f  t h e  moment orders a re  t o  d i f f e r ,  e n t e r  ISCAT and 

ISCAl e x p l i c i t l y .  I f  t h e  i npu t  f i l e  does n o t  con ta in  IGM groups o f  good 

data, en te r  a va lue f o r  IGMl  equal t o  t h e  number of good groups. 
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The IEDIT parameter i s  used as fo l lows:  

IEDIT = 0 no e d i t  o f  ou tpu t  

1 e d i t  sca la r  ou tpu t  o n l y  

2 e d i t  f u l l  moment expansion 

10, 11, o r  12 as 0, 1, or  2, b u t  also e d i t  boundary f l u x .  

4.2.3. ou tpu t  

The output  from a j o b  conver t ing  a VARFLM f i l e  t o  DOT I l l  format i s  

i l l u s t r a t e d  i n  Fig.  4.1. A s e t  o f  se l f -explanatory  input  s e t s  i n  F ig .  4.2 

he lp t o  i l l u s t r a t e  t h e  use of t h e  de fau l ts .  The ou tpu t  i n  Fig.  4.1 r e s u l t s  

f rom us ing t h e  f i r s t  Input  s e t  i n  Fig.  4.2. 
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F i g .  4.1. Sample Problem Output  from RTFLUM Case. 

=RTFLUM 
VARFLM TO D O T I I I ,  E D I T  BOUNDARY FLUXES 
l $ $  2 3 1 0  A7 0 1 E T 
T 
=END 

FIGURE 1 OUTPUT FROM RTFLUM RUN 
1DRIVER WILL  NEXT CALL MODULE RTFLUM 
1* * * PROBLEM BEGAN ON 05/25/82 ( 1 4 5  1 AT  T I M E  1 5  HRS, 33.6 MIN. * * * 

O****** RTFLUM (ORNL 20 MAR 82) ****** 
0 1 $ ARRAY 20 ENTRIES READ 
0 OT 
OVARFLM TO D O T I I I ,  E D I T  BOUNDARY FLUXES 
OFLUX INPUT F I L E  VARFLM, USER I D  SMALL HEAD C, VERSION 0 
OCREATED 0 5 2 5 8 2  BY , CHARGE= CASE=WAR059 TIME=1533.5 
OTITLE=SMALL HEAD CLOSURE DEMONSTRATION PROBLEM 
0 1 $ $  
ONTRTF = 2 I NPUT LOG I CAL UN I T NUMBER (DFLT=7 1 1 

NTFOG = 3 OUTPUT LOGICAL U N I T  NUMBER (DFLT=72)  
I E D I T  = 10 E D I T  CONTROL 
MM - - 1  OUTPUT NUMBER OF DIRECTIONS (DFLTZ-1) 
ISCAT = -1 OUTPUT ORDER OF SCATTERING (DFLT=- l )  

ONBUF = 60 BUFFER SPACE (DFLT=60KB(IBM),  lOKW(0THER)) 
INTYPE = 0 0 / 1 / 2  VARFLM/DOTII I /RTFLUX INPUT (DFLT=Z) 
IOTYPE = 1 0 / 1 / 2  VARFLM/DOTII I /RTFLUX OUTPUT 
SPARE = 0 
SPARE = 0 
IGM = 3 NUMBER OF ENERGY GROUPS 

= 1 0  NUMBER OF I- INTERVALS 
JM - 5 NUMBER OF J-INTERVALS 
I M  

ISCAI  = -1 INPUT ORDER OF SCATTERING (DFLT=- l )  
MMI = - 1  INPUT NUMBER OF DIRECTIONS (DFLTZ-1) 

NEUT = 3 NO. OF NEUTRON GROUPS 
ISM = 1 NUMBER OF I SETS 
ITER = 0 ITERATION NUMBER 
SPARE = 0 

- 

- 

OlGMl = 0 NO. OF GROUPS INPUT (0 IMPLIES USE IGM) 

0 2 * *  
OEV = 0.0 EIGENVALUE (KEFF FOR K-CALCULATIONS) 

DEVDK = 0.0 EIGENVALUE SLOPE (FOR SEARCHES) 
EKEFF = 0.0 KEFF (FOR SEARCHES) 
POWER = 0.0 POWER 
XNORM = 0.0 NORMALIZATION FACTOR (IGNORED I F  0) 
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Fig .  4.1. (Cant.) 

OF I NAL 
0 I MA 

I G M l  
MMA 
MM I 
LM 
LMI 
IblSJM 
NBNDY 
NBND I 
NOM 
NOM I 

VALUES 
= 10 

3 
= 16 
= 16 
= 70 
= 10 
= 50 
= 240 
= 240 
= 450 
= 450 

- - 
NUMBER OF I-INTERVALS 
NO. OF GROUPS INPUT (DFLT=IGM) 
OUTPUT NUMBER OF DIRECTIONS 
INPUT NUMBER OF DIRECTIONS 
NUMBER OF OUTPUT FLUX MOMENTS 
NUMBER OF INPUT FLUX MOMENTS 
INPUT MESH S IZE 
NUMBER OF OUTPUT BOUNDARY FLUXES 
NUMBER OF INPUT BOUNDARY FLUXES 
LENGTH OF DOTI I I OUTPUT ARRAY BEYOND OTH 
LENGTH OF DOTIII INPUT ARRAY BEYOND OTH 

0 1151 WORDS MEMORY REQUIRED VS. AVAILABLE 
0 OT 
OGROUP = 1 
01-BOUNDARY FLUXES 
0 M= J= 1 J =  2 J= 3 

1 0.0 0 .o 0 .o 
2 1.43452E-05 6.88562E-06 3.72622E-06 
3 7.34987E-03 6.02847E-03 4.91 6 19E-03 
4 0.0 0.0 0 .o 
5 2.71706E-03 1 .44027E-03 2.84941E-04 
6 2.67941 E-05 4.61 27 1E-05 1.62057E-05 
7 6.81107E-03 5.61351E-03 8.22296E-03 
8 5.75855E-03 7.13589E-03 7.40020E-03 
9 0.0 0 .o 0 .o 

10 2.63109E-07 3.52462E-06 3.39526E-06 
11  3.76697E-05 1.29131E-02 5.48445E-02 
12 0.0 0 .o 0.0 
13 1.95186E-05 7.93188E-05 2.65967E-04 
14 4.60035E-06 1.69246E-05 2.75811E-05 
15 5.91978E-05 1.59556E-03 1.03171E-02 
16 6.43759E-05 5.77956E-03 2.61726E-02 

OJ-BOUNDARY FLUXES 
0 M= I =  1 I =  2 I= 3 

1 0.0 0.0 0 .o 
2 2.72702E-05 6.30102E-05 2.17421E-04 
3 6.76711E-06 2.40170E-05 5.28627E-05 
4 0.0 0.0 0.0 
5 4.48093E-03 8.81993E-03 1.31676E-02 
6 7.94244E-05 2.65774E-04 9.0381 1E-04 
7 1 .12528E-05 2.8881 3E-05 5.96236E-05 
8 9.64852E-06 2.49656E-05 4.08988E-05 
9 0.0 0.0 0 .o 

10 1.79695E-05 3.44707E-05 9.22805E-05 
11  3.32129E-06 1.02127E-05 2.42146E-05 
12 0.0 0.0 0.0 
13 3.28171E-05 7.68654E-05 1.71830E-04 
14 1.72648E-05 6.80716E-06 1.18692E-04 
15 4.84064E-07 3.43850E-06 1.44269E-05 
16 2.55891E-07 2.87683E-06 8.0259OE-06 

126976 

J= 4 
0 .o 
5.34792E-06 
3.91 075E-03 
0 .o 
3.23672E-05 
8.06660E-06 
8.17223E-03 
5.94992E-03 
0 .o 
1.40742E-05 
9.60887E-02 
0.0 
1.75568E-04 
3.75242E-05 
2.45179E-02 
2.03707E-02 

I= 4 
0 .o 
3.70463E-04 
1 . 1 1935E-04 
0.0 
1.38670E-02 
3.57659E-03 
1 .13940E-04 
5.75022E-05 
0 .o 
3.1 121 6E-04 
7.32394E-05 
0.0 
1.81 074E-03 
7.04790E-05 
4.92749E-05 
2.47876E-05 

J =  5 
0 .o 
1.49342E-07 
1.16147E-03 
0.0 
5.9401 OE-06 
4.3856 1E-06 
3.07065E-03 
2.47 123E-03 
0 .o 
1 .18603E-05 
8.58607E-02 
0 .o 
3.97216E-05 
3.481 83E-06 
1.62463E-02 
1.44099E-02 

I= 5 
0 .o 
1.72564E-04 
1.82749E-04 
0.0 
1.381 26E-02 
9.06621E-03 
1 .745 94E-04 
6.9286 1 E-05 
0 .o 
1.08996E-03 
1 .95525E-04 
0.0 
3.81 943E-03 
6.47344E-03 
3.74894E-04 
1.08285E-04 

I =  
0 .o 
4.64575 
2.50974 
0.0 
1.58441 
1.29975 
2.33645 
8.34208 
0 .o 
8.24779 
7.58746 
0.0 
4.67112 
1.31906 
1.33542 
2.12815 
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Fig.  4.1. (cont.) 

0 M= I= 9 
1 0.0 
2 1.00285E-02 
3 1.29359E-02 
4 0.0 
5 8.02823E-03 
6 1.4721 5E-02 
7 9.81 073E-03 
8 2.48843E-03 
9 0.0 

10 2.59098E-02 
1 1 9.07091 E-02 
12 0.0 
13 3.47936E-03 
14 8.641 38E-03 
15 2.85217E-03 
1 6 2.7087 OE-03 

OGROUP = 2 
01-BOUNDARY FLUXES 
0 M= J =  1 

1 0.0 
2 1.39102E-04 
3 5.64833E-03 
4 0.0 
5 3.39746E-03 
6 1.82331E-04 
7 4.10970E-03 
8 4.91 681 E-03 
9 0.0 

10 1.82538E-06 
1 1  2.85021E-05 
12 0.0 
13 6.29313E-05 
14 2.12164E-05 
15 7.621 54E-05 
16 7.90503E-05 

0 J-BOUNDARY FLUXES 
0 M= I =  1 

1 0.0 
2 2.07845E-04 
3 4.38625E-05 
4 0.0 
5 4.53785E-03 
6 4.56674E-04 
7 5.6021 8E-05 
8 3.04749E-05 
9 0.0 

10 8.36543E-05 
1 1 3.86924E-05 
12 0.0 
13 1.38714E-04 
14 9.12655E-05 
15 9.79831E-06 
16 3.1 2926E-06 

I=  10 
0 .o 
3.02962E-03 
1.12887E-02 
0.0 
1.01951E-03 
2.61670E-03 
9.99600E-03 
5.00 1 95E-03 
0 .o 
1 .2283 1 E-02 
8.69936E-02 
0 .o 
1.47753E-03 
4.23882E-03 
9.52907E-03 
5.8 8802E-03 

J=  2 
0 .o 
9.70713E-05 
4.96435E-03 
0.0 
2.14851E-03 
3.15633E-04 
3.52047E-03 
6.38171E-03 
0 .o 
2.42120E-05 
5.10129E-04 
0.0 
2.1 1894E-04 
8.41362E-05 
9.72652E-04 
2.99975E-03 

I =  2 
0 .o 
4.29132E-04 
1 .47033E-04 
0.0 
7.29259E-03 
1.36077E-03 
1.42327E-04 
7.68892E-05 
0 .o 
2.26035E-04 
1 .27 807E-04 
0.0 
3.26487E-04 
1.28728E-04 
6.80481 E-05 
3.42142E-05 

J= 3 
0 .o 
5.96749E-05 
4.54599E-03 
0.0 
5.97205E-04 
1.24254E-04 
5.0933 1 E-03 
7.27557E-03 
0 .o 
2.23280E-05 
3.00886E-03 
0.0 
5.325 16E-04 
1.24178E-04 
4.39582E-03 
9.18279E-03 

I =  3 
0 .o 
1.25560E-03 
3.18421 E-04 
0.0 
1.04856E-02 
1.81 088E-03 
2.91 008E-04 
1.25964E-04 
0 .o 
4.50606E-04 
2.75674E-04 
0.0 
7.43280E-04 
3 -881 79E-04 
1.73280E-04 
9.53869E-05 

J= 4 
0 .o 
6.80444E-05 
3.78744E-03 
0.0 
1.20007E-04 
6.9591 1 E-05 
6.09526E-03 
6.52250E-03 
0 .o 
2.55343E-05 
7.83946E-03 
0.0 
3.83849E-04 
1.43478E-04 
8.33087E-03 
8.1 0320E-03 

I=  4 
0 .o 
1.6 1 1 55E-03 
6.27693E-04 
0 .o 
1.12161E-02 
3.22432E-03 
5.141 72E-04 
1.90279E-04 
0 .o 
1.35837E-03 
7.39038E-04 
0.0 
2.94074E-03 
1 .17603E-03 
5.18666E-04 
2.76950E-04 

J= 5 
0 .o 
7.88709E-06 
1 .15903E-03 
0.0 
3.33583E-05 
3.99101E-05 
2.45452E-03 
2.81 978E-03 
0 .o 
1.06781 E-04 
8.66774E-03 
0 .o 
1.2961 9E-04 
3.55675E-05 
5.82258E-03 
5.6 1 294E-03 

I= 5 
0 .o 
4.71111E-04 
9.64254E-04 
0 .o 
1 .11021 E-02 
7.1541 3E-03 
6.92570E-04 
2.38439E-04 
0 .o 
2.76949E-03 
1 .46733E-03 
0 .o 
4.65857E-03 
6.29907E-03 
1.24527E-03 
7.51 590E-04 

I =  
0.0 
1.041 90 
1.28154 
0.0 
1.33382 
1.04954 
8.82336 
3.15996 
0 .o 
3 2 0 6  16 
2.40986 
0 .o 
5.081 27 
8.82735 
2.32078 
1 .17926 
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Fig. 4.1. (Cont.1 

0 M= I =  9 
1 0.0 
2 2.00400E-02 
3 1.10541E-02 
4 0.0 
5 7.16840E-03 
6 1.25434E-02 
7 9.26367E-03 
8 3.68065E-03 
9 0.0 

10 7.20767E-03 
1 1  2.05056E-03 
12 0.0 
13 3.60226E-03 
14 4.77364E-03 
15 1.44732E-03 
16 2.77446E-03 

OGROUP = 3 
01-BOUNDARY FLUXES 
0 M= J= 1 

1 0.0 
2 1.43885E-04 
3 2.18791E-03 
4 0.0 
5 1.66749E-03 
6 1.85622E-04 
7 1.50280E-03 
8 2.1 5879E-03 
9 0.0 

10 2.19607E-06 
1 1  3.08555E-05 
12 0.0 
13 3.40151E-05 
14 2.01887E-05 
15 6.35706E-05 
16 7.18740E-05 

OJ-BOUNDARY FLUXES 
0 M= I= 1 

1 0.0 
2 1.99540E-04 
3 4.95506E-05 
4 0.0 
5 1.94933E-03 
6 3.83508E-04 
7 6.47673E-05 
8 4.69368E-05 
9 0.0 

10 7.33615E-05 
1 1 4.25288E-05 
12 0.0 
13 1.03854E-04 
14 8.24877E-05 
15 1.23753E-05 
16 4.21 128E-06 

I=  10 
0 .o 
4.391 40E-03 
8.70653E-03 
0 .o 
1.47848E-03 
2.65246E-03 
6.64536E-03 
5.35728E-03 
0 .o 
3.71511E-03 
5.5 9365E-03 
0.0 
1.54544E-03 
2.55699E-03 
3.74 172E-03 
2.76781 E-03 

J= 2 
0 .O 
1.05638E-04 
2.15440E-03 
0.0 
1 .13483E-03 
2.53034E-04 
1 .54913E-03 
2.93 559E-03 
0 .o 
2.90631E-05 
4.03960E-04 
0 .o 
1 .13100E-04 
7.48505E-05 
5.80446E-04 
1.90769E-03 

I= 2 
0 .o 
4.03490E-04 
1.61 536E-04 
0 .o 
2.67088E-03 
1.08677E-03 
1.48543E-04 
1 .10257E-04 
0 .o 
2.1 0937E-04 
1.43976E-04 
0.0 
2.691 22E-04 
1.36574E-04 
7.90888E-05 
4.27151E-05 

J= 3 
0 .o 
6.60698E-05 
2.47387E-03 
0.0 
3.73807E-04 
1.13231E-04 
2.74250E-03 
3.46787E-03 
0 .o 
2.63226E-05 
1.721 25E-03 
0 .o 
2.59483E-04 
1.02549E-04 
2.33 120E-03 
3.89529E-03 

I= 3 
0 .o 
1.0881 9E-03 
3.43550E-04 
0.0 
3.72277E-03 
1 .11721 E-03 
2.89381 E-04 
1.66886E-04 
0 .o 
4.14148E-04 
3.13988E-04 
0.0 
5.72727E-04 
3.82580E-04 
2.05744E-04 
1 ,19626E-04 

J= 4 
0 .o 
7.577 13E-05 
1.78731 E-03 
0 .o 
9.29210E-05 
6.691 28E-05 
2.52927E-03 
3.16274E-03 
0 .o 
2.64206E-05 
3.09978E-03 
0.0 
1.84599E-04 
1.06594E-04 
3.0 1 874E-03 
3.60094E-03 

I=  4 
0 .o 
1.24069E-03 
6.45470E-04 
0.0 
3.78443E-03 
1.27 151 E-03 
4.87279E-04 
2.3081 2E-04 
0 .o 
1.08272E-03 
7.564 91 E-04 
0.0 
1.56364E-03 
8.67989E-04 
5.20435E-04 
3.38891 E-04 

J= 5 
0.0 
3.8481 6E-06 
5.25098E-04 
0.0 
3.09786E-05 
2.79662E-05 
1.001 01 E-03 
1.37934E-03 
0 .o 
8.68418E-05 
2.48800E-03 
0.0 
7.31989E-05 
3.1 2542E-05 
2.03437E-03 
2.241 24E-03 

I= 5 
0 .o 
2.46 27 5E-04 
9.557 19E-04 
0.0 
3.41 890E-03 
2.61140E-03 
6.0821 OE-04 
2.63839E-04 
0 .o 
1.80349E-03 
1.31 034E-03 
0 .o 
2.42790E-03 
2.1491 9E-03 
9.97589E-04 
7.61 514E-04 

I=  
0 .o 
3.56280 
1 .21979 
0.0 
4.00094 
3.30585 
7.38369 
3 29353 
0 .o 
1.25378 
1.77444 
0.0 
2.47946 
3.18739 
1.47375 
1 .04513 
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Fig .  4.1. (Cont.) 

0 M= I=  9 I= 10 
1 0.0 0.0 
2 4.08693E-03 1.77468E-03 
3 1.95673E-03 2.57234E-03 
4 0.0 0.0 
5 2.1 2643E-03 8.96250E-04 
6 3.10350E-03 1.29384E-03 
7 2.67880E-03 2.07940E-03 
8 1.32746E-03 1.85236E-03 
9 0.0 0.0 

10 2.44855E-03 1.35869E-03 
1 1  7.67169E-04 1.69617E-03 
12 0.0 0.0 
13 1.6 1760E-03 6.90681 E-04 
14 1.721 32E-03 9.82930E-04 
15 6.86930E-04 1.30563E-03 
16 1.76 129E-03 1 .17341 E-03 

0" * * TOTAL PROBLEM CPU = 0 HRS, 0.0028 M I N .  * * * CPU INCREMENT = 0 HRS, 0 
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Fig. 4.2. Illustration of RTFLUM Problem Input. 

=RTFLUM 
VARFLM TO DOTIII, EDfT BOUNDARY FLUXES 
1$$ 2 3 10 A7 0 1 E T  
T 

DOTl l I  TO VARFLM, EDIT BOUNDARY FLUXES 
1 $ $ 3 2 1 0 6 3  6 0 1 0  2s 3 1 0 5  E T  
T 

VARFLM TO RTFLUX 
1 $ $ 2 4  A 4 6 3  A 7 0 2  E T  
T 

RTFLUX TO VARFLM, EDIT SCALAR FLUXES 
1$$ 4 2 1 6  3 E T  
T 

RTFLUX TO DOTIII, EDIT SCALAR FLUXES 
1 $ $ 4 2 1 6 3  A 8 1  E T  
T 

DOTl l I  TO RTFLUX, EDIT SCALAR FLUXES 
1 $ $ 3 4 1 6 3  6 0 1 2  2s 3 1 0 5  E T  
T 
=END 
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Section 5 .  Programmer Information for  DOT Subsystem 

W. A. Rhoades 
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5.1. Inter-machine A d a p t a b i l i t y  

The DOT subsystem codes a re  intended t o  be e a s i l y  adaptable t o  any 

type  o f  soph is t  

ized s t r u c t u r a l  

cated computer, and y e t  t o  take  advantage 

fea tures  which may be machine-dependent. 

of c e r t a i n  loca 

In  general, t h e  guide1 ines of ANS-STD.3-1971' a re  f o  lowed. This  

requ i res  general adherence t o  a simple, standard FORTRAN anguage except 

where dev ia t ions  prov lde important improvements i n  capabi i t y  and can be 

documented. I n  addi t ion,  machine-dependent fea tures  have been kept  loca l -  

ized and have been kept  away from t h e  subrout ines which perform actual  corn- 

p u t a t  ion. 

The recommended procedures o f  t h e  Committee on Computer Code Coordina- 

t i o n  (CCCC)2'3 have been f o l  lowed where p r a c t i c a l  . 
standards has been incomplete where cos t  was p r o h i b i t i v e ,  t h e  nature of t h e  

codes d i d  n o t  a l l o w  it, o r  t h e  expected leve l  of performance could n o t  be 

obta ined i n  t h a t  fashion. 

Compl iance w i t h  these 

Where minor machine-dependent fea tures  are  required, a l t e r n a t e  

features are  enclosed i n  p a i r s  o f  3-character "language flags." The a l t e r -  

n a t i v e  statements remain i n  t h e  source program, w i t h  inappropr ia te  sect ions 

transformed i n t o  comment statements. I f  t h e  code is s e t  up for IBM opera- 

t ion ,  f o r  example, it might conta in :  

CIB 

CIB 
CDC 
C ENTRY 
CDC 

ENTRY BCDC (H, E, L, P 1 

BCDC 
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The corresponding CDC con f igu ra t i on  would be: 

CIB 
C ENTRY 
CIB 
CDC 

CDC 
ENTRY BCDC 

A l l  vers ions o f  a g iven procedure are  thus a v a i l a b l e  for inspect ion by a l l  

users. The se lec t i on  o f  op t ions  i s  made by a computer program a t  d i s t r i b u -  

t i o n  time. A l i s t i n g  of machine-dependent sec t ions  can a l so  be prepared i n  

t h a t  process. 

The language f l a g s  achieve t h e  major obJect ive o f  having a single, 

u n i f i e d  source f o r  each program which I s  malntalned for a l l  users. With 

these provisions, t h e  bas ic  FORTRAN programs are  operable on IBM, CDC, 

UNIVAC, CRAY, Amdahl, and o ther  computers, except t h a t  system-dependent 

serv ice  rou t i nes  as spec i f i ed  by CCCC must be provlded. 

Optional packages and procedures which prov ide enhanced convenience 

are  a l so  ava i lab le .  The op t iona l  run-time storage a l l o c a t i o n  requ i res  

system-dependent rout ines.  l n s t r u c t l o n s  f o r  i n s t a l l i n g  these op t ions  a re  

d i s t r i b u t e d  w i t h  t h e  source programs. A l l  known users a t  t h i s  t ime  use a l l  

bas ic  opera- 

ab le I f  

o f  t h e  op t iona l  enhancements a v a i l a b l e  t o  them. Even 

t l o n  w i t h  FORTRAN rou t i nes  p lus  t h e  CCCC package rema 

needed. 

so, t h e  

ns avai 

5.2. Service Subroutines 

Cer ta in  standard serv ice  subrout ines are  s p e c i f i e d  by t h e  CCCC for use 

i n  reac to r  physics codes. The serv ice  rou t i nes  used i n  these codes 

include: 



T I  MER 

REED RITE 1 
DRED DRlT 1 
DOPC 

CRlT CRED I 

Prov 

Prov 
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Provides t l m l n g  and job  l d e n t i f l c a t  

de sequentlal access t o  data f 

de random access t o  data f i l e s  

on data 

I es 

Provides I n i t i a t i n g ,  closlng, and c e r t a i n  r e p o s i t i o n i n g  
o f  data f i l e s  

Provide b lock t r a n s f e r  of data between f a s t  and slow memory. 

Many of these subrout ines a l s o  c a l l  o ther  subroutines. Many are 

e n t i r e l y  system dependent. 

an appropr ia te  s e t  of serv ice  subroutines, i nso fa r  as posslble. 

Each con f igu ra t i on  t o  be d l s t r i b u t e d  conta ins 

The r e a l l -  

on or subs t l tu -  

t h  extens ive 

t i e s  of computing environments may r e q u i r e  loca l  m o d i f i c a t  

t l o n .  The s p e c i f i c a t i o n s  g iven i n  Reference 3, together  w 

in-stream comments, prov ide guides f o r  such mod l f i ca t lon .  

5.3. References 

1. ANS Standard "Recommended Programming Prac t ices  t o  F a c l l l t a t e  t h e  

Interchange o f  D l g l t a l  Computer Programs,11 prepared by Subcommlttee 

10, ANS Standards Committee ( A p r i l  1971). 

2. B. M. Carmlchael, llStandard In te r face  F i l e s  and Procedures f o r  Reactor 

Physcs Codes, Vers 

3 .  R. Douglas O'DelI, 

Physics Codes Vers 

on I I I LA-5486-MS (February 1974) 

"Standard In te r face  F i l e s  and Procedures f o r  Reactor 

on I V,I1 LA-6941-MS (September 1977). 
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Section 6. Abstracts of Modules Previously Published 
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An Updated Version of the DOT 4 One- and Two-Dimensional 
Neutron/Photon Transport Code 

Published as ORNL-5851 (1982) 

W. A. Rhoades 
R. 1. Childs* 

*Computer Sciences Division. 
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1 .l. Program: DOT 4 

1.2. Problem Solved: 

throughout a one- or two-dimensional geometric system due to sources either 

generated as a result of particle lnteraction with the medium or inc dent 

upon the system from extraneous sources. The principal application s to 

the deep-penetratlon transport of neutrons and photons. 

type and search) problems can also be solved. 

the results are available, and results can be transferred to output files 

for subsequent analysis. 

DOT 4 determines the flux or fluence of particles 

Criticality (k- 

Numerous printed edits of 

1.3. Method of Solution: The Boltzmann transport equation is solved, 

using either the method of discrete ordinates or the diffusion theory 

approximation. In the dlscrete ordinates method, the primary mode of 

operation, balance equatlons are solved for the flow of particles moving in 

a set of discrete dlrectlons ln each cell of a space mesh, and in each 

group of a multigroup energy structure. 

implicitness in the coupling of cells, directions, groups, and source 

regeneration has been resolved. Several methods are avallable to 

accelerate convergence. Anisotropic cross sections can be expressed in a 

Legendre expansion of arbitrary order. 

provide an accurate restart of a previous problem or to deliver information 

to other codes. 

Iterations are performed until all 

Output data sets can be used to 

Several techniques are available to remove the effects of negative 

fluxes caused by the finlte dlfference approximation, and of negative 

scattering sources due to truncation of the cross-section expansion. The 

space mesh can be described such that the number of flrst-dimensional (1 )  
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i n t e r v a l s  va r ies  w i t h  t h e  second dimension (j). The number o f  d i s c r e t e  

d i r e c t i o n s  can vary across t h e  space mesh and w i t h  energy. 

can be biased, w i t h  d i s c r e t e  d i r e c t i o n s  concentrated such as t o  g i v e  f i n e  

d e t a i l  t o  streaming phenomena. 

D i r e c t i o n  se ts  

1.4. Related Mater ia l :  

Data F i  les 

Microscopic cross-section input  f i l e  

Independent source f i l e  ( o p t i o n a l )  

F lux  guess i npu t  f i l e  (op t i ona l )  

F lux  r e s u l t  ou tpu t  f i l e s  ( o p t i o n a l )  

Tota l  source ou tpu t  f i l e  (op t i ona l )  

Related Programs 

DOS - a d r i v e r  program which coord inates problem execution 

(IBM o n l y )  

BNDRYS - se lec ts  boundary f l uxes  f o r  subsequent use as i n te rna l  

boundary sources 

GIP - prepares cross-section input  from card o r  tape input  

GRTUNCL - prepares f i r s t - c o l l i s i o n  source due t o  a p o i n t  source 

i n  RZ geometry (on or o f f  ax i s )  

RTFLUM - e d i t s  f l u x  f i l e s  and conver ts  between var ious  f i l e  

formats 

1.5. Res t r i c t i ons :  Externa 

t rea ted .  F l e x i b l e  dimension 

fo rce  f i e l d s  or non l i n e a r  e f f e c t s  cannot be 

ng i s  used throughout, so t h a t  no r e s t r i c t i o n s  
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are  imposed on ind i v idua l  problem parameters. Cer ta in  options, espec ia l l y  

d i f f u s i o n  theory, a re  no t  compatible w i t h  v a r i a b l e  mesh and quadrature 

prob I ems . 
1.6. Computers: DOT 4 i s  designed t o  be app l i cab le  t o  most soph is t i ca ted  

computers which support d i r e c t  (random) access d i sk  s torage o r  t h e  

equiva lent .  I t  has specia l  p rov i s ions  f o r  e f f i c i e n t  use of a large, slow 

memory from which data a re  moved t o  f a s t  memory i n  s t r i ngs .  

d i rect ly -addressed ar rays  of low usage can a l s o  be kept  i n  slow memory, and 

slow memory i s  a l s o  used as a b u f f e r  between f a s t  memory and c e r t a i n  d isk  

f i l e s .  Features which may be troublesome on new machines are  r e s t r i c t e d  t o  

rep laceable packages. Proper operat ion has been demonstrated on many types 

Cer ta in  

of IBM, CDC, UNIVAC, and CRAY computers. 

1.7. Running Time: Running t ime i s  roughly  p ropor t  

F lux  work u n i t s  (FWU) = number o f  space mesh ce 

onal t o :  

I s  x number o f  d l rec -  

t l o n s  x number o f  energy groups x number of l t e r a t i o . . s  per group. 

Depending on t h e  op t i ons  chosen, a r a t e  o f  one m i l l i o n  FWU per minute 

on t h e  IBM 370/3033 i s  t y p i c a l .  Thus, a very la rge  problem w i t h  5,000 

space c e l l s ,  48 d i rec t ions ,  50 energy groups, 10 I teratTons per group, and 

P3 s c a t t e r i n g  would r e q u i r e  roughly  1 t o  1.5 hours of CPU time. Execution 

on CDC o r  CRAY computers i s  usua l l y  f as te r .  

1.8. Programming Languages: The standard FORTRAN described i n  ANS STD.3- 

1971 i s  used. 

t h e  subrout ines necessarv t o  ImDlement I/O. On CRAY. CDC. and UNIVAC SYS- 

The program can be operated w i t h  100% FORTRAN, except f o r  

tems, these subrout ines a re  obtained f r o m  t h e  system l i b r a r y  a t  load time. 
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On IBM systems, they are  suppl fed w i t h  t h e  code. On a l l  systems, op t iona l  

use o f  non-FORTRAN r o u t i n e s  I s  provided i n  order  t o  enhance convenience and 

speed. 

1.9. Operating System: No specia l  requirements a re  made of t h e  operat ing 

system. IBM o r  UNIVAC overlay, CDC overlay, o r  CDC segmentation f a c i l i t i e s  

may be used 

data f i l e s .  

1.10. Mach 

i f  avai 

ne Requ 

able. The system must support d i r e c t  (random) access 

rements: Memory must be approximately 50,000 words for 

small problems. The requirement expands w i t h  problem slze. External data 

storage must be provided f o r  9 scratch f i l e s ,  of which 5 must be d i r e c t  

(random) access. 

p l i e d  on sequential-access devices, i.e., tapes o r  t h e  equiva lent .  

User-supplied input  and ou tpu t  data f i l e s  must be sup- 

1.11. Authors: Many persons have con t r i bu ted  t o  DOT development s ince  

1965. Major c o n t r i b u t o r s  t o  t h i s  vers ion are: 

W. A. Rhoades 

R. L. Chi lds 

Major c o n t r i b u t o r s  t o  previous vers ions include: 

W. W. Engle, Jr. 

M. L. Gr i t zne r  

F. R. Mynatt 

R. J. Rodgers 

D. B. Simpson 

E. T. Tomlinson 
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Questions concerning t h i s  code should be r e f e r r e d  t o  t h e  Radlat lon 

Sh ie ld ing  ln format lon Center (RSIC),  Oak Ridge Nat ional  Laboratory, P. 0. 

Box X, Oak Ridge, Tennessee 37830. 

1.12. References: 

1. F. R. Mynatt, F. J. 

of a Two-Dlmenslona 

Muckenthaler, 

D isc re te  Ord 

Radiat ion Shielding," CTC-INF-952 

2. K. D. Lathrop and F. W. Br ink ley,  

Exportable Version of t h e  TWOTRAN 

port," LA-4848-MS ( J u l y  1973). 

and P. N. Stevens, frDevelopment 

nates Transport Theory f o r  

(August 1969). 

"TWOTRAN-II: An Interfaced, 

Code for Two-Dimensional Trans- 

3 .  W. A. Rhoades and R. L. Childs, "An Updated Verslon o f  t h e  DOT 4 

One- and Two-Dimensional Neutron Photon Transport Code," ORNL-5851 

(1982). 

1.13. Mater ia l  Avai lab le:  

User's Manual 

Source F i l e  i n  Update Form 

Job Control Language f o r  Unloading Source F i l e  and I n s t a l l i n g  Code 

Sample Problem So lu t ions  

1.14. Abstract  Author: W. A. Rhoades, ORNL. 
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A User's Manual for ANISN, A One-Dimensional D isc re te  Ordinates Transport 
Code w i t h  An iso t rop ic  Sca t te r i ng  

Published as K-1693 (1967) 

W. W. Engle, J r .  
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1 .1 .  Name: ANISN 

T l t l e :  A One-Dimensional D isc re te  Ordinates Transpor t  Code w i t h  

An iso t rop ic  Sca t te r l ng  

A u x i l i a r y  Programsr GIP - prepares cross sec t ion  i npu t  

DOGS - provides graphica l  ou tpu t  

1.2. Contributors: W. W. Engle, Jr .  

Oak Ridge National Laboratory 

P.O. Box X 

Oak Ridge, TN 37830 

1.3. Language: FORTRAN I V  

1.4. Nature of Problem: ANISN determines t h e  f l u x  of p a r t i c l e s  throughout 

a one-dimensional geometric system due e i t h e r  t o  sources generated by par- 

t i c l e  i n t e r a c t i o n s  w i t h  t h e  medium or t o  sources which are  independent of 

the  system. 

1.5. Method of Solut ion:  The Boltzman t r a n s p o r t  equation is solved using 

t h e  method o f  d i s c r e t e  ordlnates. Space dependent rebalance us ing an 

automatic coarse mesh c a l c u l a t i o n  i s  used t o  acce le ra te  t h e  convergence of 

t h e  f l u x  l t e r a t i o n s .  

1.6. Res t r i c t i ons :  External  fo rce  f i e l d s  and non-l inear e f f e c t s  cannot be 

t reated.  Var iab le  dimensioning Is used i n  a l l  r ou t i nes  so t h a t  t h e r e  are  

no r e s t r i c t i o n s  on i nd i v idua l  problem parameters. 

1.7. Typ ica l  Running Time: Running t ime i s  propor t iona l  t o  t h e  number of  

space, angle and energy dependent f l u x e s  which are  ca l cu la ted  and can vary 

from less  than a second t o  more than an hour on t h e  IBM 3033 System. 
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1.8. Hardware Requirements: Memory must be approxlmately 50,000 words for 

a reasonable problem, expanding o r  con t rac t l ng  w i t h  problem slze. 

t i a l  sc ra tch  storage 1s requ i red  and lnput  and ou tpu t  f i l e s  must be sup- 

p l i e d  on sequential devices. 

Sequen- 

1.9. Software Requirements: The program i s  operable w i t h  100% FORTRAN bu t  

t h e  standard ORNL vers lon uses t h e  machine language r o u t i n e  ALOCAT t o  

achieve run-time a l l o c a t i o n  o f  memory. 

1 . lo .  References: 

1. W. W. Engle, Jr., "A User's Manual for ANISN, A One-Dimensional 

D isc re te  Ordinates Transport Code w i t h  An lso t rop lc  Scattering," 

K-1693 (March 1967). 
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DOPES: Discrete Ordinates Perturbation System 

E. T. Tomlinson* 
R. L. Chi Ids**  

R. A. L i I  I le 

*TVA, Chattanooga, TN. 

**Computer Sciences Division. 
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1.1. Program: DOPES: D isc re te  Ordinates Per tu rba t ion  System 

1.2. Problem Solved: The D isc re te  Ordinates Per tu rba t ion  System can be 

used t o  perform per turbat ion- theory c a l c u l a t i o n s  uslng e l t h e r  d i f f u s i o n  or 

t r a n s p o r t  theory, and f i r s t  order  or exac t  method. I t  can a l so  be used i n  

o ther  app l i ca t i ons  where t h e  inner  product of two f l u x e s  i s  necessary, 

i.e., s e n s i t l v i t y  c a l c u l a t  

1.3. Method of Sol u t lon :  

t i a l  cu r ren ts  o r  p a r t i a l  f 

ons. 

The DGRAD module ca l cu la tes  c e l l  averaged par- 

ux g rad ien ts  for both forward and a d j o i n t  f l uxes  

based on t h e  geometry, c ross  sec t ions  and d i f f u s i o n  theory f l u x  f l l e s .  

VIP module ca l cu la tes  zone-dependent $,$* t a b l e s  for use I n  pe r tu rba t i on  

analyses f o r  e i t h e r  regu la r  and unco l l i ded  f l u x  f i l e s  using e i t h e r  

t ranspor t - theory  f l u x e s  ( w i t h  f l u x  moments Included) or d i f fus ion- theory  

f l uxes  from DGRAD. The TPERT module can be used t o  c a l c u l a t e  per tu rba t ions  

t o  systems using t r a n s p o r t  or d i f f u s l o n  pe r tu rba t i on  theory. 

order  or exact  pe r tu rba t i on  theory can be used t o  ob ta ln  keff, dose rate, 

etc. pe r twba t ions .  Each component o f  t h e  pe r tu rba t i on  Is ed i ted  

separately, i.e., leakage, f i ss ion ,  removal, etc. 

The 

E i t h e r  f i r s t  

1.4. Related Codes and Mater ia ls :  The GIP, DOT, and RTFLUM programs may 

be used i n  prepar ing i npu t  f i l e s  for DOPES. 

1.5. Res t r l c t l ons :  The variable-mesh fea tures  o f  DOT are  no t  p resent ly  

a v a l l a b l e  I n  DOPES. 

1.6. Computers: 

types of computers, on l y  IBM 360/370 opera t ion  has been demonstrated. 

Although t h e  DOPES codes should be adaptable t o  many 
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1.7. Running Time: DOPES problems r e q u i r e  from 1 second t o  a few minutes 

on conventional computers, dependlng upon t h e  problems solved. 

1.8. Programming Languages: DOPES members are  programmed i n  standard FOR- 

TRAN, insofar  as possible. I n  several instances, op t lona l  IBM assembler- 

language rou t i nes  which enhance program c a p a b i l l t y  o r  convenience are pro- 

vided. 

1.9. Operating System: The DOPES modules present ly  operates under 

MVS/ J ES2. 

1.10. Machine Requirements: Useful problems can be solved i n  270 K-bytes 

o f  memory on a machine having a t  l eas t  t h e  c a p a b i l i t y  o f  t h e  IBM 360/75. 

1.11. Authors o r  major con t r i bu to rs :  

E. T. Tomlinson, Union Carbide Nuclear D iv is ion ,  Oak Ridge, TN 

R. L. Childs, Union Carbide Nuclear D iv is ion ,  Oak Ridge, TN 

R. A. L i l l i e ,  ORNL, Oak Ridge, TN 

1 .12. References: 

1. E. T. Tomlinson, R. L. Childs, and R. A. L i l l i e ,  "DOS Perturba- 

t i o n  Modules DGRAD/VIP/TPERT", ORNL/CSD/TM-116 ( A p r i l ,  1980). 

1.13. Mater ia l  Avai lab le :  

Source Program 

User's Manual (Reference 1 )  

1.14. Abst ract  Prepared By: E. T. Tomlinson 
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DOGS - A Collection of Graphics for Support of Discrete Ordinates Codes 

Published as ORNL/TM-7188 (1980) 

D. T. lngersoll 
C. 0. Slater 
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1 . 1 .  Name: DOGS 

T i t l e :  A c o l l e c t i o n  of r o u t i n e s  for  t h e  graphica l  d isp lay  of calcu- 

l a ted  data generated by d isc re te -ord ina tes  codes. 

I nd i v idua l  Routines: EGAD - P l o t  2-dimensional geometries 

ISOPLOT4 - P l o t  2D f l u x  contours 

FORM - P l o t  2D sur face maps 

ACTUAL - Calcu la te  a c t i v i t i e s  

TOOM - P l o t  1D con t r i bu ton  sur faces 

ASPECT - P l o t  energy/space d i s t r i b u t i o n s  

DOGS rou t i nes  read f l u x  f i l e s  w r i t t e n  by: A u x i l i a r y  Routlnes: 

ANISN - 1 D t r a n s p o r t  code 

XSDRNPM - 1D t r a n s p o r t  code 

DOT - 2D t r a n s p o r t  code 

1.2. Cont r ibu tors :  D. T. l nge rso l l  and C. 0. S la te r  

Oak Ridge National Laboratory 

P.O. Box X 

Oak Ridge, TN 37830 

1.3. Language: FORTRAN I V  and Assembler 

1.4. Nature of Problem: To produce graphica l  d isp lay  o f  f l u x  data calcu- 

l a ted  by common d iscrete-ord inates r a d i a t i o n  t r a n s p o r t  codes. 

1.5. Method of Solut ion:  DOGS uses t h e  DISSPLA p rop r ie ta ry  graphics 

sof tware package t o  prov ide f l e x i b l e  p l o t  cons t ruc t i on  and manipulat ion. 
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1.6. Res t r l c t i ons :  A l l  o f  t h e  DOGS r o u t i n e s  use f l e x i b l e  dimensioning, 

and therefore, no r e s t r i c t i o n s  are placed on problem size. A l l  of t h e  rou- 

I i t y  o f  DISSPLA software. t i n e s  except ACTUAL r e q u i r e  t h e  ava l lab  

1.7. Typica l  Running Tlme: The execut on t ime depends on t h e  number o f  

p l o t s  being generated. 

a few seconds. 

The t ime  requ i red  f o r  each p l o t  i s  on t h e  order  o f  

1.8. Hardware Requirements: The DOGS rou t i nes  are  operat ional  on IBM 

360/91, 370/195, and 3033 systems. 

t i a l  scratch storage device and TOOTH requ i res  a random access device. 

rou t i nes  except ACTUAL r e q u i r e  a p l o t t i n g  device. 

Most of t h e  rou t i nes  r e q u i r e  a sequen- 

A l l  

1.9. Software Requirements: A l l  r ou t i nes  except ACTUAL requ i res  t h e  DISS- 

PLA graphics package so ld  by In tegrated Systems Software Corp. Also, a l l  

r ou t l nes  use t h e  assembly language subrout ine ALOCAT t o  achieve run-time 

a l l o c a t i o n  o f  memory space. 

dimension for t h e  main conta iner  array. TOOTH a d d i t l o n a l l y  requ i res  t h e  

assembly language rou t i nes  DEFILE and CLOSDA t o  manipulate random access 

Th ls  can be avoided by compi l ing a f i x e d  

storage device. 

1-10. References: 

1. D. T. lngersol I and C. 0. Stater, "DOGS - A Col l e c t  

f o r  Support of D isc re te  Ordinates Codes," ORNL/TM-7 

1980). 

on o f  Graphics 

88 (March 
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