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USER'S MANUAL FOR THE TMAD CODE 

1.0 INTRODUCTION 

1.1 PURPOSE 

This  document serves as t h e  system user  documentation f o r  t h e  TMAD code 
system, which inc ludes  the  TMAD code and t h e  LIBMAKR code. 

1.2 SCOPE 

The TMAD code was commissioned t o  make i t  eas ie r  t o  i n t e r p r e t  mo is tu re  
probe measurements i n  t h e  Hanford S i t e  waste tanks.  
an i n t e r p o l a t i o n  r o u t i n e  t h a t  ac ts  over  a l i b r a r y  o f  benchmark da ta  based on 
two independent var iab les ,  t y p i c a l l y  anomaly s i z e  and mois tu re  content .  Two 
a d d i t i o n a l  var iab les ,  anomaly type  and de tec to r  type, a l s o  can be considered 
independent va r iab les ,  bu t  no i n t e r p o l a t i o n  i s  done over  them. The dependent 
v a r i a b l e  i s  de tec to r  response. 
measured d e t e c t o r  responses from two o r  more de tec to rs .  The code then w i l l  
i n t e r r o g a t e  (and i n t e r p o l a t e  upon) the  benchmark da ta  l i b r a r y  and f i n d  the  
anomaly-typelanomaly-size/moisture-content combinat ion t h a t  p rov ides  t h e  
c l o s e s t  match t o  the  measured data.  

I n  p r i n c i p l e ,  t h e  code i s  

The i n t e n t  i s  t o  p rov ide  t h e  code w i t h  

1.3 OVERVIEW 

The pr imary purpose o f  t h i s  document i s  t o  p rov ide  guidance t o  t h e  users 
o f  t h e  code. Guidance cons is t s  p r i m a r i l y  o f  an i n p u t  d e s c r i p t i o n .  

1.4 DEFINITIONS 

The f o l l o w i n g  d e f i n i t i o n s  w i l l  h e l p  t h e  reader  understand the  neutron 
probe measurement process and the  TMAD code: 

TMAD - The name o f  t h e  code being developed. The name was 
de r i ved  from t h e  phrase " tank  mois tu re  and anomaly 
de tec t i on . "  
t h a t  inc ludes  TMAD and LIBMAKR. 

TMAD a lso  r e f e r s  t o  t h e  system o f  codes 

L I BMAKR The name o f  t h e  a u x i l i a r y  code being developed i n  
con junc t i on  w i t h  TMAD as p a r t  o f  t h e  TMAD code system. 
LIBMAKR assembles t h e  benchmark da ta  i n t o  a l i b r a r y  
f i l e .  

Benchmark da ta  - Pred ic t i ons  o f  de tec to r  response t o  d i f f e r e n t  mo is tu re  
contents,  anomaly types, and anomaly s i zes .  These 
da ta  are produced us ing  t h e  MCNP code (LANL 1986) t o  
model t h e  waste tank  and probes. 
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p r e d i c t e d  r e l a t i o n s h i p  between t h e  d e t e c t o r  response and t h e  mois ture content  
( f o r  a g i ven  anomaly t ype  and s i ze ) .  T h i s  message i s  f o l l o w e d  by a d d i t i o n a l  
i n f o r m a t i o n  rega rd ing  t h e  na tu re  o f  t h e  curve. 
message i s  t h a t  t h e  g i ven  anomaly t y p e l s i z e  cou ld  n o t  have r e s u l t e d  i n  the  
measured d e t e c t o r  response, o r  t h a t  t h e r e  i s  no unique mois ture content  t h a t  
can be associated w i t h  i t .  
r e s u l t i n g  s o l u t i o n  f o r  t h i s  p o i n t  i n  t h e  scan may be suspect. I f  t h i s  p o i n t  
i s  o f  p a r t i c u l a r  importance, t h e  user should consu l t  w i t h  t h e  code custodian. 

The i m p l i c a t i o n  o f  t h i s  

The i m p l i c a t i o n  o f  t h i s  message i s  t h a t  t h e  

"warning! s p l i t  curve n, j, i" 

This  warning message, w r i t t e n  t o  t h e  f i l e  tmad.debug, i s  generated by t h e  
G e t f i t  module o f  t h e  TMAD code. 
anomaly s i z e  curve, f o r  a g i ven  d e t e c t o r  typelanomaly type, i s  s p l i t  i n t o  two 
reg ions  and t h e  second r e g i o n  i s  being a r b i t r a r i l y  d iscarded. The i m p l i c a t i o n  
o f  t h i s  warning i s  t h a t  t h e  r e s u l t i n g  s o l u t i o n ,  f o r  t h i s  p o i n t  i n  t h e  scan, 
may be suspect. I f  t h i s  p o i n t  i s  o f  p a r t i c u l a r  importance, t h e  user should 
consu l t  w i t h  the  code custodian. 

This  message i n d i c a t e s  t h a t  t h e  mois ture/  

4.2  UNDOCUMENTED ERRORS 

I n  t h e  event t h a t  an undocumented e r r o r  (one n o t  discussed i n  Sect ion 
4.1) i s  discovered by the  user, t h e  user  should r e p o r t  t h a t  e r r o r  t o  t h e  code 
custodian. 
custodian can reproduce t h e  e r r o r  b u t  may otherwise be i n fo rma l  i n  nature.  

The r e p o r t  should i n c l u d e  enough i n f o r m a t i o n  so t h a t  t h e  code 

4.3 SYSTEM FAILURE AND RECOVERY 

I n  t h e  event t h a t  t h e  TMAD code system f a i l s  t o  f u n c t i o n  as documented, 
t h e  user should r e p o r t  t he  problem t o  t h e  code custodian. 
i n c l u d e  enough i n f o r m a t i o n  so t h a t  t h e  code custodian can reproduce t h e  
problem b u t  may otherwise be i n fo rma l  i n  nature.  
i n f o r m  t h e  users when the  code i s  again a v a i l a b l e  f o r  use. 

The r e p o r t  should 

The code custodian w i l l  
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APPENDIX A 

SAMPLE BENCHMARK DATA F I L E  
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t m d  test benchnerk 
9 
0. 9 

0. 1947. 20. 
10. 3363. 25. 
20. 4571. 33. 
30. 5596. 50. 
40. 6474. 49. 
50. 7241. 64. 
70. 8143. 77. 
80. 8473. 80. 

100. 8907. 61. 
1 .  9 

0. 1701. 18. 
10. 2981. 28. 
20. 4050. 30. 
30. 4944. 36. 
40. 5683. 51. 
50. 6526. 54. 
70. 7362. 74. 
80. 7632. 77. 

100. 8076. 69. 
2. 9 

0 .  1478. 16. 
10. 2602. 20. 
20. 3532. 33. 
30. 4359. 41. 
40. 5066. 38. 
50. 5701. 44. 
70. 6492. 53. 
80. 6711. 54. 

100. 7230. 54. 
4 .  5 

0 .  1095. 14. 
10. 1973. 19. 
20. 2729. 23. 
30. 3320. 26. 
50 .  4355. 30. 
8 .  5 

0. 695. 12. 
10. 1286. 16. 
20. 1695. 19. 
30. 2077. 20. 
50. 2677. 25. 
11 .  5 
0 .  521. 7. 

10. 921. 17. 
20. 1260. 23. 
30. 1477. 26. 
50 .  1929. 22. 
1 5 .  5 
0. 261. 5 .  

10. 655. 9.  
20. 843. 11 .  
30. 1031. 13. 
50.  1304. 25. 
20. 5 

0 .  200. 5 .  
10. 443. 9 .  
20. 574. 10. 
30. 695. 1 5 .  
50 .  904. 19. 
25. 5 

0. 141. 5 .  
10. 309. 7. 
20. 419. 11. 
30. 478. 12. 
50. 570. 12. 
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data, detector type 1 ,  anomaly type 1 
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APPENDIX B 

SAMPLE SCAN DATA F I L E  
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