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INTRODUCTION 

The use of high-speed data  logging and data  processing equipment i n  

processing plants  i s  not new. In  many processes computer control  i s  being 

applied.  Since the  Fluoride Vo la t i l i t y  process i s  a batch process, t h i s  f ac t ,  

coupled with the  re l iance  on ana ly t i ca l  control  i n  the  f luor inator ,  l i m i t s  

the use of on-line computer process control ,  Therefore the  use of automatic 

da ta  logging equipment and d i g i t a l  computer techniques i n  the  ORNI, Fluoride 

Vo la t i l i t y  Pilo* Plant  i s  l imited t o  data  acquis i t ion and dissemina2ion of 

the  la rge  quant i t i es  of da ta  emanating from the p lan t .  Equipment se lected 

f o r  the  data  processing was l imited t o  f a c i l i t i e s  already avai lable  a t  ORNL, 

namely, the  Giannini da ta  logging system, which was extensively modified, and 

the  Oracle computer (Oak Ridge Automatic Computer and Logical Engine). 

In  the  p i l o t  p lant ,  zirconium-uranium f u e l  elements m e  dissolved 

( ~ i g .  1) with anhydrous HF i n  a fused s a l t ,  equimolar NaF-EF containing 

25-45 mole $ ZrF4 at  500 t o  650°C. The zirconium-uranium a l loy  is  converted 

t o  ZrF4 and UF4, both being soluble i n  the  f luor ide  melt.  After dissol.ution, 

t he  UF i s  converted t o  v o l a t i l e  UF6 i n  the  f luor ina tor  by elemental f luor ine 4 
a t  500°C. The UF6 i s  decontaminated from f i s s i o n  products by an absorption- 

desorption cycle on NaF a t  100°C and 100-400"~, respectively,  and col lected 

i n  cold t raps .  

PILOT PLANT DATA REDUCTION SEQUENCE 

Data from the P i l o t  Plant  runs a re  rout inely  processed and disseminated 

( ~ i ~ .  2 ) ,  Elec t r i ca l  s igna ls  received from conventional p lan t  instrumentation 

( s t ep  1) a re  encoded, and the encoded s ignals  a r e  transmitted t o  the  data  

logger console. Pneumatic s igna ls  a r e  zeceived by two pneumatic comer te rs ,  

which ult imately submit an encoded s igna l  t o  the  console. 

Signals received a t  the  data  logger ( s t ep  2 )  a r e  d ig i t i z ed  and punched 

on paper tape i n  one of f i ve  logging cycles ranging from continuous t o  60 

minutes. The paper tape output is automatically p r in ted  by an on-line t e i e -  

type fo r  monitoring purposes. 

The logger output tapes a r e  processed on the  Oracle ( s t ep  3 ) ,  By 

coded programs, the  Oracle automatically loads the  logs and e i t h e r  processes 

them immediately o r  s t o r e s  them indef in i te ly  on magnetic tape.  T k  logger 

and Oracle a r e  at d i f f e r en t  physical  locat ions  at  the  Laboratory, but a 

telephone transmission f a c i l i t y  between the  two was re jec ted  as impractical .  
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Vartous forms of ORACLE autput 

Phatogrophic curve plots 

Printed sheet copy 

Pneumatlc and electr~col signals from 

Pilot Plant ~nstrumentatian. 

w 
Logger paper tapes processed by ORACLE for data reduction 

Magnetic tape storage 

Fig. 2 .  Volatility pilot plant dota  reduction sequence 



7 natj.cn. The f i n a l  s tep  ( s tep  4)  i s  select ion of the  means of data  dissem: 

Oracle output may be a s  photographic curve p lo ts ,  pr inted sheet copy of the  

logs or  associated computational programs, o r  merely as magnetic tape fo r  

storage. 

DATA LOGGING SYSTEM 

The Giannini data logging system w a s  se lected fo r  use i n  the  Vo la t i l i t y  

P i l o t  Plant because of i t s  ava i l ab i l i t y .  As ins ta l led ,  the components are:  

(1) console un i t ,  ( 2 )  pneumatic uni t ,  (3)  temperature unit ,  and ( 4 )  te le type-  

wri ter  and paper tape punch uni t  ( ~ i g .  3 ) ,  A t o t a l  time of 6 t o  7 minutes 

i s  required t o  log a l l  120 points.  Shorter logging cycle times may be ob- 

tained by removing one or more recorders from the cycle. The system a s  

or ig ina l ly  engineered provided fo r  12 pneumatic and 108 e l e c t r i c a l  s ignals .  

Modifications increased the number of pneumatic s ignals  t o  24 a t  t he  expense 

of 12 e l e c t r i c a l  signals.  

Console Unit 

The console un i t  i s  the  heart  of the  data logging system. Encoded 

s ignals  from the  plant  instrumentation a re  automatically scanned, digi t ized,  

and ser ia l ized  according t o  a preset  logging cycle,  The console has pro- 

visions fo r  eliminating one or  more temperature or  pneumatic recorders from 

a log.  The elimination of one or  more data  points on a recorder i s  not 

Pneumatic Unit 

The pneumatic un i t  consists of two pneumatic servos, each giving a 

s ignal  t o  the console proportional t o  the  pneumatic s igna l  S t  i s  receiving. 

The two uni t s  provide fo r  the encoding of process measurements of flow, 

pressure, l i qu id  leve l ,  and density. 

Temperature Unit 

Eight multipoint recorders, fo r  temperatures ranging from -200 t o  

+1200°c, const i tute  the  temperature un i t .  The recorders a re  connected i n  

p a r a l l e l  with p i l o t  plant  s ignals ,  

Teletypewriter and Paper Punch Unit 

Shown i n  Fig. 3 with the  console un i t  i s  the  logger on-line output equip- 

ment. The teletypewriter and tape reader are  v i s ib le ;  the  tape punch un i t  i s  

located i n  the cabinet.  Logger output i s  i n  the  form of a 7-hole paper tape 

and teletypewriter pr inted sheet copy. 





DESCRIPTION OF THE ORACIZ 

The Oracle ( ~ i g .  4)  performs computations i n  binary ar i thmet ic .  Machine 

f a s t  memory i s  l imited t o  2048 forty-binary-digit  words. Auxiliary memory is  

provided by four magnetic tape un i t s  capable of reading or  wri t ing 2500 words 

per second. Console f a c i l i t i e s  include displays of a l l  primary r e g i s t e r s  al i i  

counters a s  well  a s  cathode-ray-tube monitors of the fast-memory and curve- 

p l o t t e r  output. Tape, both paper and magnetic, i s  the  normal means of data  

input and output with the  Oracle. A n  addi t ional  means of output i n  the  form 

of photographic p lo t s  i s  widely used. 

Codes f o r  the  Oracle a r e  normally wr i t t en  with t he  a i d  of a compiler 

which autonat ical ly  assigns the necessary memory space. An addi t iona l  con- 

p i l e r  i s  available,  the  Orbit, whose language i s  s imilar  t o  t h a t  of Fortran 

i n  t h a t  coding format can use basic algebraic expressions. 

VOLATILITY PILOT PLANT DATA REDUCTION PROGRAMS 

The pr inc ipa l  function of t he  Vo la t i l i t y  P i l o t  Plant i s  t o  provide 

process data. Computer techniques a r e  used i n  t he  p lan t  t o  e q e d i t e  the  

acquis i t ion  and dissemination of the  data. 

When the  logging system was ins ta l led ,  ca re fu l  consideration was given 

t o  a l loca t ion  of the  logger ' s  120-point capacity  a able 1 ) .  I n  many ins-kences 

Table 1. Allocation of Data Logger Capacity 

Approximate Percentage of 
Function of Process Signals Logger Capac i t y  Allocated 

1 Process calculat ions  and photographic 
curve p lo t t i ng  with the  Oracle 

2 Record of equipment temperature 
his tory f o r  metal lurgical  review 

3 Assistance t o  plant  operations ( t o  
minimize manual data  logging) 

a process s igna l  served more than one function. Actual p lan t  experience 

de-emphasized function 3 f o r  two reasons: (1 )  delay i n  providing logger 

printup i n  engineering uni ts ,  and (2)  reluctance of operating personnel t o  

loose the  c lose  l i a i s o n  with the  p lan t  provided by manual da ta  logging. Only 

l imited use of t he  logger output i s  possible without recourse t o  a computer. 

Computer codes wr i t t en  f o r  data  processing were incorporated i n t o  a con- 

sol idated program. The codes provided fo r  both da ta  reduction and engineering 





computations. "Open-end" programming w a s  se lec ted  with executive f e a t u r e s  

f o r  program con t ro l ,  

The s e l e c t i o n  of  t h e  Oracle w a s  not  e n t i r e l y  f o r  a c c e s s i b i l i t y .  Other 

advantageous f e a t u r e s  of  t h e  machine a r e  i t s  exce l l en t  curve p l o t t e r  and 

input-output means f o r  l i a i s o n  during code debugging. Any comparable high- 

speed computer would have suff iced,  and one with more fast memory capaci ty  

would have been more e f f i c i e n t .  

I n  most cases t h e  codes were too  l a r g e  f o r  the  2048-cell Oracle fast 

memory. This necess i t a t ed  breaking t h e  codes i n t o  segments, each segment 

small enough f o r  the  memory. Such a program ( s t o r e d  on magnetic t ape  i n  

t h e  computer a u x i l i a r y  memory) i s  c a l l e d  a "multisegment" program ( ~ i g .  5). 
Approximately 90 per  cent  of  a l l  p i l o t  p l a n t  d a t a  processing i s  performed 

by codes o f  t h e  multisegment program. For s impl ic i ty ,  reference  t o  codes 

w i l l  be as segments of  the  multisegment program. 

Tape Loading 

Data logger output  cons i s t s  o f  four -d ig i t  words represent ing e i t h e r  time 

o r  a percentage o f  s c a l e  reading.  Since such output  format i s  not  d i r e c t l y  

acceptable f o r  computation by the  Oracle, a tape  loading code was w r i t t e n  t o  

convert t h e  logger output  t o  a t e n - d i g i t  hexadecimal word format which i s  

acceptable.  

The code a l s o  serves as a tape  monitor f o r  logger output  e r r o r s  such 8s 

missing ca r r i age  r e t u r n s  and missing spaces. Tape p a r i t y  e r r o r s  a r e  rou t ine ly  

monitored by the  Oracle. Where t h i s  f e a t u r e  i s  not  provided by a computer, 

some means o f  l o g i c a l  check would have t o  be included i n  t h e  code. The code 

can, on request ,  c o r r e c t  the  above e r r o r s  and d i r e c t  t h e  computer t o  punch a 

corrected  dup l ica te  tape.  A l l  p l a n t  logger t apes  t o  be processed by %he eoK- 

pu te r  must pass  through t h i s  code. For convenience, t h e  t ape  loading code 1s 

not a p a r t  o f  t h e  multisegment program b u t  is read d i r e c t l y  t o  t h e  computer 

fast memory. 

Raw Data Conversion 

Two segments o f  t h e  mul%isegment program provide f o r  conversion and 

p r in tup  of  t h e  d a t a  logger output .  

Conversion of  logger percentage of s c a l e  readings t o  engineering u n i t s  

i s  by th i rd-order  l i n e a r  regress ion equations.  Appropriate c o e f f i c i e n t s  are 

used fo r  each logger temperature recorder and each pneumatic s igna l .  The 
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Converts logger output to engineering units 
and serves as executive program. Segment I 

Linkage block provides for automatic 
switching between segments. 

Evaluates range of  data t o  be curve I Segment 2 plotted. 

Provides for automatic curve plot t ing of Segment 3 
data. 

Segment I output; provides printed sheet 
copy of logger values in 'engineering units. 

Segment 4 

Serializes data for photographic curve I Segment 5 
plot t ing.  

Tabulates Pilot Plant system conditions Segment 6 
for  corrosion evaluation. 

Contains segment 6 printed sheet copy Segment 7 
instructions. 

Provides material balance calculations Segment 8 
for each process run. 

Contains segment 8 pr inted sheet copy Segment 9 
instructions. 

Fig. 5. Pi lot  Plant data logger multisegment sequence. 



maximum "standard e r ro r  of estimate" f o r  a l l  ranges was 20.1 per cent, except 

f o r  pneumatic flow instruments where it was k2.4 per cent.  I f  coef f ic ien ts  

must be changed because of instrument recal ibrat ion,  provision i s  made i n  the 

code fo r  automatic loading of the new values. 

A code capable of l a rge  volume output t o  asserrible the  converted data  

i n t o  a format t h a t  i den t i f i e s  the  data  with the  appropriate p i l o t  p lan t  in- 

strumentation was desirable.  Such a code is  included i n  the multisegment 

program and contains the  necessary format ins t ruct ions  and alphameric head- 

ings t o  produce a p r in ted  sheet copy of the  engineering values ( ~ i g .  6 ) .  

The corresponding format of the  data  logger on-line p r in t e r  i s  shown f o r  

comparison. 

1 
Three codes of the  multisegment program are  devoted t o  producing photo- 

graphic curve p lo t s .  The p lo t s  a r e  used i n  the  P i l o t  Plant f o r  run analyses 

and a re  subsequently used i n  formal reports  of the  data.  The photographic 

curve p lo t s  a r e  the most p r ac t i ca l  and e f f i c i e n t  means of data  dissemination 

avai lable  from the data  reduction programs. 

The curve p l o t t e r  codes s e l ec t  the  data  points t o  be p lo t ted  from each 

log.  A maximum of f i v e  independent variables can be p lo t ted  on a s ingle  

curve p lo t ,  each with a d i s t i n c t  p lo t t i ng  symbol. Once selected, the  da ta  

(previously converted t o  engineering un i t s )  a r e  processed and arranged 

s e r i a l l y  f o r  p lo t t ing .  Processing includes conversion of the  log time f o r  

p lo t t i ng  and evaluation of the  range of the  data.  I n  addit ion,  the  ends of 

the  da ta  ranges a r e  expanded 2 per cent t o  avoid crowding of data  near the  

sca le  l im i t s  during p lo t t ing .  Information on paper tape i s  entered during 

execution of the  codes f o r  se lec t ing  the desired p lo t t i ng  symbol(s) and f o r  

label ing the  axes. The codes automatically s e l ec t  the  corresponding y- and 

x- ax i s  variables and p l o t  each variable i n  turn.  The Oracle has provisions 

f o r  monitoring the  curve plots .  

Figure 7 i s  an exaniple of two typ i ca l  p i l o t  p lan t  curve p lo t s .  Eighty 

logs  were p lo t t ed  i n  Fig. 7a during autoresistance heating of a process pipe 

l i n e .  The value of data  logging and curve p lo t t i ng  of p lan t  conditions i s  

graphically i l l u s t r a t e d ,  since the temperature excursion a t  10 hours was 

completely missed i n  the  manual data  logging of t h i s  temperature. 

Figure -@ i s  an example of a multiple-variable curve plot ,  showing 

th ree  process temperatures p lo t ted  during a f u e l  element dissolut ion.  P lo t s  
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PNELTIlGTIC I N S T R W T S  

Tlme Log 

400 6 3 9  

Hy Off Gas  Hy Of f  Gas P r o c e s s  ffi P r o c e s s  ffi 
(FR 1009-1  ) (PR 1 0 0 9 - 1 )  (FR X124-1 )  (PR X124-1 ) 

3LM I n s . , h l a t e r  SCFM 1 n s . f W a t e r  \ 
Fluox. F low F l u o r  P r e s s  F l u o r  P r e s s  F l u o r  P r e s s  
(FR X100)  ( m  X100)  ( m  1 6 1 )  ( m  1 6 2 )  

S Lll P s l g  P s l g  P s l g  

.5262881e+OL .6703512e+01  .3240986e+02 .2984129e+Ol 

H y d r o f l u o r  l l y d r o f l u o r  F l u o r l m t o r  F l u o r l M t o r  
p r e s s u r e  Leve  l L e v e l  D e n s l t  
(PR 1 0 0 0  ) (LPI 1 0 0 0 )  (LR 1 0 0 )  (DR 1 0 8 )  

P s l g  1 n s . f W a t e r  1 n s . f W a t e r  S p .  C r .  

. 3041940e+01  .2831453e+03  .1894333e+G1 .2207170e+01 

V a p o r  Gen V a p o r  Gen W. R e c y c l e  Neutralizer li 
P r e s s u r e  k v e  l r e v e l  L e v e l  
( m  1 2 0 7 )  (LR 1 2 0 7 )  ( m  1 0 0 6 )  (LPI 1 0 0 9 )  

p s l a  1 n s . p a t e r  I n s . / W a t e r  1 n s . f d a t e r  7 ORACLE output of proce 

.7263805e+02 - .I112036 .7351813e+01  .6848745e+02 
as engineering units. 

HF F l o w  N. He Man S. He Van He F low 
(FR 2 2 0 7 )  (PR He N )  (PR He S )  (FR R e )  
Om. Mln. P s l g  P s l g  S W  

.2151838e+03  .3427827e+01  - .5115364e+02 .3427827e+Ol TCI.TEPdrTUiE RECORDFRL.  
(Trnps In D r g r e e s  C .  ) 

HF S u r g e  Tk W. Pum T k  W r t e r  R e t u r n  W a t e r  R e t u r n  
(LR 1 0 0 3 )  (LR 1212  ) FR CWR 2004-1  FR CWR 2004-3  
I n s  h a t e r  1 n s . f W a t e r  SLV S W  Tlmr Loc 
.28&2937e+02 .1932487e+02 .3903700e+Ol .2506749e+01  

no0 6?0 
1ir.c. 11". 

CC23  CC23  CC23  CC23  CC23  CC23 CC23  CC23  CC23  CC29 CC29 CC23  -.46:2E21r+P7 -.35"r?a3e+07 -.17GC?65~+02 
- . ~ 1 ~ 5 ~ ~ ~ ~ + ~ 2  - .58? r7 t~e+oz  . S ~ Z ~ Z ~ ~ P + O I  

LC20  CCCC LC18  L C 1 6  CC18  CC2C CC2C CC21 0 C 2 1  00CC 0 0 2 C  C 0 2 0  
.201035er+b2 .71?6556e42  .2709177e+02 

R P ? .  Iln. 

.l.l40182e+O3 .IiC63567r+C2 .30?39ele+02 

U C C  CC63 C 1 1 7  C 1 C 3  CC61 CC-4 CC34 G I 7 6  CC53 CC36 CC?1 CC35 0CCC 
.3200477e+C2 .3185?62~+02 .a89242ae+02 
.3002737e+02 .A17543:e+02 .3002737~+02 

C 1 3 7  c c c 7  LC23  LC31 CcC7 CC07  COO7 CC33  0 C 2 2  CC2e  C 0 2 1  GO41 R e c .  No. 

C 6 E l  C 6 6 3  C 6 6 2  C 6 8 3  C 6 E 5  C 6 8 6  C 6 6 j  C67E C 6 3 7  C 6 5 3  C 6 6 3  C 6 7 1  .4486000 .2925226e+01 .44860@0 
.2845069e+02 .29868?9e+@2 .2735991e+02 

C j 6 7  L21C C211 C 2 0 8  0 1 8 6  G I 8 3  C 3 2 1  C 2 C l  0 2 C 6  0 2 2 5  0 2 0 2  C 2 5 1  
.4406000 .6C55550e+02 .9379107e+02 

Rec. No.  
C 1 7 3  C 1 8 6  C 1 8 7  L 1 6 1  C 1 6 1  C 1 6 3  C 1 5 3  C l 8 6  CCCC C 1 5 1  C 1 6 6  C 1 4 3  

.4465450c+02 .4465)50*+02 .4465a5Ce+02 

LL65 CC45 CC45 0 C 6 5  CC45  CC45 CC45 0CL5  C 0 4 5  0 0 4 5  0 C 4 5  CC45 
.4465450e+02 .4465050e+02 .4465450e+02 
.4465450e+02 .4465050e+02 .4465a50eXi2 

values 

CC41 CC41 CC41 C C 4 l  CC61 GO41 CC41 CC57  CC49 CC4l  CC41 CC61 Rec. No. 

LC25  CC25 CC25 CC25  CC26 CC27  CC27  CC25 CC25 CC25 CC27  CC27 .:97?622e+02 .3979622e+02 .3171622e+02 .4049714e+02 
.4049714~+02 .3979622e+02 .3769432e+02 .4821656e+02 

CC23  CC23  CC23  CC29  C C 2 3  CC23  CC29 CC2) CC2J CC29 CC23  CC23  
.4540755~+02 .3979622e+02 .397?622e+02 .3979622e+02 

CC2C CCLC C C l 8  C C 1 8  C C l 8  CC2C CC2C 0 C 2 1  CC21 CCCC CC2C CC2C 

O C L  CC63  C 1 1 6  C 1 3 3  CC6C C 0 4 5  CC34 C 1 7 5  CC53 CC12 CC'C LC54 LCCC 

C 1 3 6  CCC7 C 0 2 3  CC29  CCC7 CCC7 CCC7 CC39 0 C 2 2  CC2J  CC2C CC43 
. ~ 1 i i 6 e d e + O 3  .6524996e+02 .5G75a?le+02 .561529?9~+02 
,112ng66et03 .4949PO9e+O? .5745427~+02 .5?5a871e+02 

Logger on-line teletype output 
as  per cent of scale readings. 

Fig. 6 .  Printed sheet copy of raw and converted data 
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P l o t  of  mol ten solt outoresistonce heoted line 
showing temperature excursion ot 10 hours. 

P lot  of  o f f  gas system temperotures dur ing o 
typ ico l  run .  

Fig.  7. ORACLE curve plots of volat i l i ty  p i lo t  plant 
operat ions. 








