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ABSTRACT 

Computerized methods of monitoring process functions and alarming o f f  - 
standard conditions were implemented and demonstrated during the FY 1979 
Uranium Run. In addition, prototype applications of instruments for the . 
purpose of tamper indication and surveillance were tested. 
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1.0 INTRODUCTION 

A l a r g e  nuc lear  f u e l  reprocess ing  f a c i l i t y  is a very complex system wi th  
many p o s s i b i l i t i e s  f o r  p rocess  u p s e t s  - and f o r  p o t e n t i a l  d i v e r s i o n  of 
Spec i a l  Nuclear Mater ia l  (SNM). It is with t h i s  i n  mind t h a t  t h e  Pro-  
c e s s  Monitoring/Process Su rve i l l ance  (PM/PS) subsys tem of t h e  Ba rnwe l l  
Nuclear Fuel P l an t  (BNFP) Computerized Nuclear Ma te r i a l s  and Accoun t ing  
System (CNMCAS) was developed. 

The PM/PS program, which was developed and t e s t e d  i n  FY 1979, c o n s i s t s  
of two pa r t s .  The f i r s t  pa r t  involves  a series of s p e c i f i c  CNMCAS func- 
t i o n s  which were developed and t e s t e d  i n  the  BNFP S e p a r a t i o n s  F a c i l i t y  
and the  Plutonium N i t r a t e  S t o r a g e  Area (PNSA). The programs a r e  a s  
fo l lows  : 

Parameter Monitoring Alarm Funct ion (PAMALA) 
Quant i ty  Transfer red  Versus Received Comparison Function (QTvRC) 
Phys i ca l  Inventory Monitoring Funct ion (PIM)* 
Process  S t a tu s  Function (PSF)* 
Ana ly t i ca l  Summary Function (ASF)* 
High Ac t iv i t y  Feed (HAF) Flow Rate Function (HAF)* 
Transfer  Flow Di rec t ion  Confirmation Function (TFDC)** 
PNSA Storage Function (SF)** 

The purpose of these f u n c t i o n s  (wh ich  a r e  e x p l a i n e d  i n  d e t a i l  i n  t h e  
t e x t  of t h i s  r e p o r t )  i s  to  p r o v i d e  au tomated  computer  m o n i t o r i n g  and 
s u r v e i l l a n c e  of key process  v a r i a b l e s  and t o  n o t i f y  the  opera tors  i f  any 
l i m i t i n g  va lue  is  exceeded. 

The second pa r t  of the  PM/PS program was c a l l e d  the  Pro to type  Instrument  
Tes t  Program. The pu rpose  of t h i s  program was t o  i d e n t i f y  and tes t  
va r ious  instruments  a s  divers ion/ tamper  i n d i c a t o r s  on ou t -o f - ce l l  l i n e s  
wi th  d i r e c t  access  t o  product so lu t ions .  

*Separat ions F a c i l i t y  only. 
**PNSA only. 
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2.0 SUMMARY 

A l l  of t he  computerized PM/PS f u n c t i o n s  per formed a s  i n t e n d e d  d u r i n g  
t e s t i n g .  A number of s o f t w a r e  problems were e n c o u n t e r e d  i n i t i a l l y ;  
however ,  w i t h  a  nomina l  amount of "debugg ing , "  t h e  p r o b l e m s  w e r e  
co r r ec t ed .  I n i t i a l  checkout of t he  f u n c t i o n s  i n  t h e  PNSA was d e l a y e d  
due t o  a  datum t r a n s m i s s i o n  problem; however ,  program debugging  was 
c a r r i e d  on while t he  da t a  t ransmiss ion  l i n e  was m o d i f i e d  and t h e  t es t  
programs were s u c c e s s f u l l y  completed. 

One problem wi th  t h e  PM/PS f u n c t i o n  programs is  t h a t  t h e y  t a k e  up a 
s i g n i f i c a n t  amount of processor  t i m e  and memory space. Since t h e  v a r i -  
ous func t ion  ope ra t i ons  a r e  c a r r i e d  out i n  t he  CNMCAS c e n t r a l  p r o c e s s o r  
a long  with the CNMCAS programs, the  processor  would be s e r i o u s l y  over -  
loaded i n  normal opera t ion .  

To a l l e v i a t e  t h i s  p o t e n t i a l  p roblem,  an  e f f o r t  s h o u l d  be made i n  t h e  
f u t u r e  to:  

Rewrite the  v a r i o u s  programs i n  a  more t i m e -  and  s p a c e - e f f i c i e n t  
computer language. 

Combine a s  many of t he  var ious  f u n c t i o n s  and programs a s  p o s s i b l e .  
Right now t h e r e  i s  a  l o t  of d u p l i c a t i o n  ( t h e  same da t a ,  p r e s e n t e d  i n  
a  d i f f e r e n t  form). 

Reassess the  program p r i o r i t i e s  and r e a r r a n g e  i n  a  more e f f i c i e n t  
manner. (Temporary da t a  f i l e s  s e t  up i n  memory could be a c c e s s e d  by 
a  number of d i f f e r e n t  programs a t  t h e  same t i m e  i f  p r i o r i t i e s  and 
schedules  were s e t  properly.  ) 

.! The prototype instrument  t e s t s  involved s i x  d i f f e r e n t  types of s e n s o r s ,  
inc lud ing  pressure  s w i t c h e s ,  p o s i t i o n  s w i t c h e s ,  r a d i a t i o n  m o n i t o r s ,  
t h e r m a l  f l o w m e t e r s ,  c o n d u c t i v i t y  m e t e r s ,  and  u l t r a s o n i c  l i q u i d  
d e t e c t o r s .  Appl ica t ions  of these  sensors  were on a  p r o d u c t  pump f l u s h  
l i n e ,  a  product tank a i r  sparger  l i n e ,  and a  product tank instrument  d ip  
tube. 

With the  except ion of the  r a d i a t i o n  monitors ,  t e s t s  i n d i c a t e d  t h a t  a l l  
t h e  instruments  were adaptab le  a s  d ive r s ion /  tamper d e t e c t o r s ;  however ,  
some were r e l a t i v e l y  more s e n s i t i v e  than o thers .  The t e s t  of the  radia- 
t i o n  monitors were inconc lus ive  because the t e s t  sources  were not s t rong  
enough. Based on r e s u l t s  of t h e  t e s t s ,  some a l t e r n a t i v e  i n s t r u m e n t  
arrangements should be t r i e d  and modi f ica t ions  should be made to  some of 
t h e  e x i s t i n g  arrangements. The in s t rumen t s  s h o u l d  a l s o  be i n t e r f a c e d  
wi th  CNMCAS t o  demonstrate remote s u r v e i l l a n c e  c a p a b i l i t i e s .  



3.0 ' PROTOTYPE INSTRUMENT TEST 

'3.1. Purpose 

The o v e r a l l  i n t e n t  of the  t e s t  i n s t a l l a t i o n s  was t o  d e v e l o p  a  sys t em 
which w i l l  d e t e c t  any a t tempted  t h e f t l d i v e r s i o n  of p lu ton ium p r o d u c t  
f rom t h e  a s s o c i a t e d  p l u t o n i u m  p r o d u c t  s t o r a g e  t a n k  ( 35-D-306 ). A 
v a r i e t y  of instruments  were i n s t a l l e d  t o  determine t h e i r  a p p l i c a b i l i t y  
and r e l a t i v e  e f f e c t i v e n e s s  a t  d e t e c t i n g  a  p o t e n t i a l  d ivers ion .  

3.2 Ins t rumenta t ion  

3.2.1 U l t r a son ic  Level Detec tor  wi th  Hieh Alarm (LSH-333) -- N a t i o n a l  
Sonics  Model No. 621s-16 

This  u n i t  uses an u l t r a s o n i c  s i g n a l  t h a t  can be t ransmi t ted  t h r o u g h  t h e  
w a l l s  of a  pipe o r  ve s se l  f i l l e d  with l i q u i d  but w i l l  not t r a n s m i t  when 

. -  t -he 'vesse l  is f i i l e d  with a  gas. 

U l t r a son ic  d e t e c t i o n  is  unaffected by v a r i a t i o n s  i n  t e m p e r a t u r e ,  p res -  
s u r e ;  r'eflect'ed l i g h t ,  i i q u i d  conduc t iv i t y ,  o r  v ib ra t i on .  

f . 

3.2.'2 Thermal Flowmeter w i t h  Low Flow Alarm (FSL-327) -- C e l e s c o  -- 
Model .No. MF-10 

Detec t ion  i n  the  sensor  head i s  achieved by the  use of a  sensing thermo- 
r e s i s t o r ,  a  r e f e r e n c e  t h e r m o r e s i s t o r ,  and a  h e a t e r .  The h e a t e r  i s  
loca t ed  i n  the flow stream so t h a t  during flow the  hea t  i s  c a r r i e d  away 
from both sensors .  When the  flow s t o p s ,  c o n v e c t i o n  c u r r e n t s  h e a t  one 

,sens.or above the  temperature of the  other .  This t e m p e r a t u r e  imba lance  
c a u s e s  a  v o l t a g e  change  i n  t h e  b r i d g e  c i r c u i t r y ,  s i g n a l i n g  a  f l o w  
stoppage. 

I 

The sensor  head c r e a t e s  an i nc reas ing  s igna l  a s  the flow r a t e  decreases .  
Extremely s t a b l e  i n  opera t ion ,  t h i s  u n i t  i s  v i r t u a l l y  unaffected by l i n e  
vo l t age  f l u c t u a t i o n s  and wide temperature changes i n  f l u i d s  o r  ambien t  
condi t ions .  

3.2.3 Radia t ion  Monitor w i t h  High Alarm (RISH-396 and  RISH-3103) -- 
Baird Atomic -- Model No. 904-443 

This  monitor p resen ts  v i s u a l  and audib le  i n d i c a t i o n s  of r a d i o a c t i v i t y .  
A f r o n t  panel' r ed -a l a rm f l a s h e s  when the p re se t  alarm value i s  r eached .  
Simultaneously,  an op t iona l  remote alarm i s  t r i g g e r e d .  The m o n i t o r  i s  
ad jus t ab l e '  from 10% t o  100% f u l l  sca le .  

3.2.4 High C o n d u c t i v i t y  Swi t ch  (CSH-395 and  CSH-3102) -- Leeds  and  
Northruv -- Model No. 7085-1-101-102-000 

'This conduct iv i ty  r e s i s t i v i t y  c o n t r o l l e r ,  designed f o r  use with the 7086 
-cel ls ' ,  i s  a  low-cost instrument  f o r  accu ra t e ,  con t inuous  m o n i t o r i n g  of 
e l e c t r o l y t i c  conduct ivi ty .  



3.2.5 Valve Tamper Device (ZS-3101, ZS-3107, ZS-3105, and  ZS-3106) -- , 

Mercoid -- Model No. DA-961 

These mercury switches were a t t ached  t o  the  handles  of b a l l  v a l v e s  and 
would s e t  off an alarm whenever a handle was moved. 

3.2.6 Low Pressure  Switch (PSL-316 and  PSL-317) -- Mercoid -- Model 
No. DA-521-3 

This pressure  device w i l l  de t ec t  a pressure  i nc rease  o r  d e c r e a s e  which . . '  

is  more than the p re se t  range. 

3.2.7 Ba l l  Valves with Valve P o s i t i o n  Ind ica to r s  (ZS-397 a n d  ZS-3100) 
-- Jamesbury -- Model No. A36-TT 

These valves have l i m i t  switches which w i l l  i n d i c a t e  a t  a remote l o c a -  
t i o n  what pos i t i on  the valves a r e  i n  (opened, c losed) .  

3.2.8 Thermal Flowmeter with Low 'Flow Alarm (FSL-328) -- F l u i d  Compo- 
nen t s ,  Inc. -- Model No. 12-64-4 

This device d e t e c t s  v a r i a t i o n s  i n  flow v e l o c i t y  by s e n s i n g  changes  i n  
t h e  hea t  t r a n s f e r  p rope r t i e s  of t he  f lowing  l i q u i d .  The s e n s i n g  head 
c o n s i s t s  of t h ree  thermowelds, which con ta in  a matched p a i r  of r e s i s t i v e  
temperature sensors  (one a c t i v e  and one r e f e r e n c e ) ,  and a low-powered 
hea t ing  element. The hea t e r  i s  loca t ed  so t h a t  it  w i l l  always h e a t  t h e  . .  . 

a c t i v e  t e m p e r a t u r e  s e n s o r .  T h i s  c r e a t e s  a t e m p e r a t u r e  d i f f e r e n c e  
between the a c t i v e  and re ference  sensors  which can be converted t o  f low.  
r a t e .  

3.2.9 Thermal Low Flow Switches (FSL-329) -- F l u i d  Components, Inc .  , 
Model No. FR-70-4 

T h i s  mon i to r  o p e r a t e s  j u s t  l i k e  t h e  model 12-64-4 e x c e p t  t h a t  t h e '  
FR-70-4 w i l l  d e t ec t  lower flows. 

3.3 General Information 

3.3.1 I n s t a l l a t i o n  

There were three  t e s t  i n s t a l l a t i o n s ,  a l l  of which were connec ted  t o  
p r o c e s s  l i n e s  go ing  t o  t h e  No. 3 p l u t o n i u m  p r o d u c t  s t o r a g e  t a n k '  
(35-D-306). The instruments  f o r  Test  1 were connected t o  t h e  d e n s i t y -  
probe purge l i n e  f o r  t h a t  tank. For T e s t  2 ,  t hey  were i n  t h e  s p a r g e r  
l i n e  f o r  t h a t  tank, and f o r  T e s t  3 ,  t h e y  were connec ted  t o  t h e  f l u s h  
l i n e  on t h e  pump f o r  t h a t  t a n k  ( s e e  E x h i b i t s  3-1, 3-2, and 3-3 f o r  
drawings).  

3.3.2 Test  

An instrument  technic ian  was present  a t  each  t e s t  t o  a d j u s t  t h e  a l a r m  
p o i n t  f o r  each  i n s t r u m e n t .  A p o r t a b l e  a l a r m  pane l  was f a b r i c a t e d  

-< 



and c a r r i e d  t o  e a c h  t e s t  s i t e .  A l l  t h r e e  t e s t s  w e r e  d o n e  u s i n g  
demineralized wa te r ,  and b e c a u s e  of t h i s ,  t h e  t e s t  of t h e  r a d i a t i o n  
monitors  was conducted i n  t h e  labora tory .  

3.4 Test  System No. 1 -- Density Probe -- Purge Line  

3.4.1.  I n s t a l l a t i o n  (See Exh ib i t  3-1) 

Thi s  sy'stem has t h e  ins t rumenta t ion  t o  d e t e c t  low p r e s s u r e ,  h i g h  con- 
. d u c t i v i t y ;  any l i q u i d  l e v e l ,  a flow of l i q u i d ,  h igh  r a d i a t i o n ,  and t h e  

p o s i t i o n  of two valves.  The pressure '  switch w i l l  b e  s e t  t o  d e t e c t  t h e  
d i f f e r e n c e  between t h e  normal pressure  of purge a i r  and a nega t ive  pres- 
s u r e  of a n  a t t e m p t e d  d i v e r s i o n .  The c o n d u c t i v i t y ,  l e v e l ,  and f l o w  
ins t ruments  a r e  s e t  t o  d e t e c t  t h e  d i f f e r e n c e  between t h e  normal conten ts  
of t h e  process  l i n e  ( a i r )  and any l i qu id .  The r a d i a t i o n  monitor w i l l  be  
s e t  t o  d e t e c t  t h e  gamma a s s o c i a t e d  w i t h  t h e  p lu ton ium p roduc t .  The 
va lve  p o s i t i o n  i n d i c a t o r s  a r e  t h e r e  t o  g i v e  a warn ing  when someone i s  
opening a va lve  t h a t  i s  a d i r e c t  connect ion between t h e  o p e r a t i o n s  a r e a  
and t h e  process  l i n e .  

3.4.2 Tes t  of System No. 1 

3 The dens i ty  t r a n s m i t t e r  and tank were i s o l a t e d  from t h e  t e s t  i n s t a l l a -  
t ion .  A metered water supply was i n s t a l l e d  on one t e s t  c o n n e c t i o n  and 
t h e  o ther  t e s t  connect ion was used a s  a drain.  Flow of water a s  low a s  
0.0001 gpm was t e s t e d  through t h e  system. This  t e s t e d  t h e  f l o w  s e n s o r ,  
t h e  l e v e l  sensor ,  and the  conduct iv i ty  sensor. The pressure  s w i t c h  was 
t e s t e d  by i s o l a t i n g  i t  a n d  a p p l y i n g  a vacuum t h r o u g h  t h e  t e s t  
connection. 

3.4.3 Tes t  Resu l t s  and Conclusions 

Valve P o s i t i o n  Switches 

- The devices  which were i n s t a l l e d  on the  va lves  a t  t h e  two t e s t  con- 
. nec t ions  were very e f f e c t i v e  a s  i n d i c a t o r s  of va lve  p o s i t i o n .  These  

switches were s e n s i t i v e  t o  va lve  handle movement and a lways  a l a rmed  
: , when t h e  handle was between t h e  comple te ly  c l o s e d  p o s i t i o n  and t h e  

p o s i t i o n  where t h e  va lve  a c t u a l l y  s t a r t e d  t o  open. 

Level Detector  

The l e v e l  sensor (LSH-333) was extremely s e n s i t i v e  t o  l i q u i d  t n  t h e  
l i ne .  No matter  what t h e  flow r a t e ,  t h i s  sensor would d e t e c t  i t  and 
would not c l e a r  u n t i l  t he  l i n e  was blown c l e a r  with a i r .  

Conduct ivi ty  Detector  

The conduct iv i ty  sensor .  (CE-395) was almost a s  quick r e a c t i n g  a s  t h e  
l e v e l  sensor ,  but  because the  sensor had t o  be cove red  w i t h  l i q u i d ,  
i t  woul,d take  a few seconds  l o n g e r  when a ve ry  low f l o w  r a t e  was 
used. (Sensor i s  housed i n  a 314-inch tee. ) 



. Pres su re  Sensor 

The pressure  s e n s o r  (PSL-316) h a s  a minimum span  of 3  p s i .  T h i s  . . 

means when the high pressure  t r i p  is s e t  a t  0  p s i ,  t h e  c l o s e s t  t h a t  
t h e  low pressure  t r i p  can be s e t  is -3 p s i .  During t h e  a c t u a l  t e s t  
of PSL-316, i t  was determined t h a t  w i t h  t h e s e  s e t t i n g s  t h e  s w i t c h  
a c t u a l l y  t r i pped  a t  a  nega t ive  p re s su re  of 3.7 p s i  and would reset at 
0 p s i .  To remove plutonium product from 35-D-306 (assuming a dens i ty  
of 1.4 g r a m s / m i l l i l i t e r ) ,  i t  would r e q u i r e  a  vacuum of 4.45 p s i  o r  . . 

more ( s e e  Drawing E x h i b i t  3-4). T h e r e f o r e ,  t h e  PSL would a l a r m  
be fo re  t he  n e c e s s a r y  vacuum r e q u i r e d  t o  remove p lu ton ium,  p r o d u c t  
could be appl ied.  

3.5 Tes t  System No. 2  -- Storage Tank -- Sparger Line . . .  

3.5.1 I n s t a l l a t i o n  (See Exh ib i t  3-2) 

This  system has i n s t rumen ta t i on  to  d e t e c t  low pressure  and i n d i c a t e  t h e  
p o s i t i o n  of one valve. The p r e s s u r e  s w i t c h  c o u l d  have  two p u r p o s e s ,  
depending on how i t  is set t o  alarm: 

( 1 )  It could be s e t  t o  d e t e c t  the  d i f f e r e n c e  between no pressure  (spar- 
g e r  o f f )  and a  n e g a t i v e  p r e s s u r e  (vacuum on sys t em)  due t o  an  
a t  tempted d ivers ion .  

( 2 )  It could be s e t  t o  d e t e c t  t he  d i f f e r e n c e  between no pressure (spar- 
g e r  o f f )  and a  small  p ressure  ( sparger  on). This could be t i e d  t o  
t h e  CNMCAS measurement system to monitor the  sparge t i m e  and ensure 
t h a t  t he  tank has mixed long enough before  the sample is taken. 

The va lve  p o s i t i o n  i n d i c a t o r  is t h e r e  f o r  the  same reason a s  i n  Tes t  1. 

3.5.2 Tes t  of System No. 2  

Two s e p a r a t e  t e s t s  were run on the PSL. F i r s t ,  35-D-306 was .  f i l l e d  t o  
80% of overf low and the sparger  was s e t  a t  f u l l  f low to  see i f  i t  would 
d e t e c t  t he  d i f f e r e n c e  between no pressure  and sparging p re s su re .  . Then, 
t h e  d ive r s ion  func t ion  was t e s t e d  by applying a  vacuum through t h e  tes t  
connection. . . ' 0  

3.5.3 Tes t  Resu l t s  and Conclusions 

Valve P o s i t i o n  Switches 

The r e s u l t s  of the t e s t  of the  valve p s i t i o n  i n d i c a t o r  i n  t h i s  t e s t  
were the  same a s  i n  Tes t  1. The i n d i c a t o r  (ZS-3107) a lways  a la rmed 
before  the va lve  a c t u a l l y  began to  open. 

( 1 )  PSI, Test  1  -- Diversion Detec t ion  - The PSL i n  t h i s  t e s t  has the 
same range a s  PSL-316 (Test  l ) ,  bu t  t h e  d i s t a n c e  t h e  s o l u t i o n  
would h a v e  t o  be p u l l e d  by a  vacuum h a s  i n c r e a s e d  ( s e e  



Exhib i t  3-5). I n  t h i s  ca se ,  t h e  amount of vacuum r e q u i r e d  t o  
p u l l  t he  s o l u t i o n  out  of t he  s to rage  tank is  5.25 p s i  f o r  w a t e r  
and 7.36 p s i  f o r  a  p l u t o n i u m  s o l u t i o n  w i t h  a  d e n s i t y  of  
1.4 g r a m s / m i l l i l i t e r .  For the  purpose of de t ec t i ng  an attempted 
d i v e r s i o n ,  t h i s  PSL (PSL-317) would a l a r m  l o n g  b e f o r e  t h e  
r equ i r ed  vacuum on the  system could be obtained. 

(2 )  PSL Tes t  2  -- Sparge D e t e c t i o n  - Because  of where PSL-317 i s  
loca t ed  i n  the  sparge l i n e  (downstream of t he  flow o r i f  i c e )  and 
because of the  3  p s i  range, it could not d e t e c t  t h e  d i f f e r e n c e  
be tween  s p a r g i n g  and n o t  s p a r g i n g  ( s e e  Drawing  35PA3X1-3, 
Exh ib i t  3-1). A d i f f e r e n t i a l  p ressure  t r a n s m i t t e r  set t o  s e n s e  
t h e  p r e s s u r e  d r o p  a c r o s s  t h e  f l o w  o r i f i c e  would be a  b e t t e r  
d e t e c t o r  of sparger  flow. 

3.6 Tes t  System No. 3  -- Storage Tank -- Pump Flush 

3.6.1 I n s t a l l a t i o n  (See Exhib i t  3-3) 

 his. i n s t a l l a t i o n  has ins t rumenta t ion  to  de t ec t  no flow, low flow, f l u s h  
flow, h i g h  c o n d u c t i v i t y ,  h i g h  r a d i a t i . o n ,  and v a l v e  p o s i t i o n  of two 
valves.. The r a d i a t i o n  m o n i t o r ,  c o n d u c t i v i t y  m o n i t o r ,  and t h e  v a l v e  
p o s i t i o n  i n d i c a t o r s  have the  same purpose a s  i n  T e s t  1. They . w i l l  go 
o f f  during a  normal f l u sh ing ,  but the  system w i l l  be drained a f t e r w a r d s  
and r e s e t  t o  d e t e c t  t h e f t l d i v e r s i o n s .  The two f l o w  s w i t c h e s  work 
toge ther .  When n e i t h e r  switch is  a c t i v a t e d ,  no flow i s  ind ica ted .  When 
both a r e  a c t i v a t e d ,  i t  i n d i c a t e s  f l u s h  f l o w ;  and  when FSL-329 o n l y  i s  
a c t i v a t e d ,  i t  i n d i c a t e s  low flow o r  a  poss ib le  t h e f t l d i v e r s i o n .  

3.6.2 Tes t  of Svstem No. 3 

The test i n s t a l l a t i o n  was i s o l a t e d  from t h e  s t o r a g e  t a n k  and a  demin- 
e r a l i z e d  w a t e r  hose  was a t t a c h e d  t o  one of t h e  f l u s h  c o n n e c t i o n s .  
Another . h o s e  was a t t a c h e d  t o  t h e  o t h e r  t e s t  c o n n e c t i o n  a s  a  d r a i n .  
Flows of water were var ied  through the  test i n s t a l l a t i o n  t o  e n s u r e  t h a t  
f l u s h  flow, no flow, and r eve r se  flow could be detected.  The water a l s o  
t e s t e d  the  conduct iv i ty  device.  

3.6.3 Test  Resu l t s  and Conclusions 

Valve P o s i t i o n  I n d i c a t o r s  

The r e s u l t s  of t he  checkout of the va lve  pos i t i on  i n d i c a t o r s  f o r  t h i s  
t e s t  were the same a s  i n  Tes t s  1  and 2. 

Conduct ivi ty  Detector  

The conduct iv i ty  sensor  (CE-3102) f o r  t h i s  t e s t  would be more ef f  i- 
c i e n t  i f  i t  were i n s t a l l e d  i n  t h e  lower  s e c t i o n  of t h e  i n s t a l l i o n  - 
nea r  FSL-329. With it i n  i t s  present  pos i t i on ,  i t  d i d  no t  a l a r m  on 
low or  reverse  flow but only on the h i g h e r  f l u s h  flow. I f  i t  were 



moved t o  the lower ' s e c t i o n  of t he  i n s t a l l a t i o n ,  i t  would d e t e c t  any  
l i q u i d  t h a t  en te red  the  l i n e  (h igh  o r  low flow). 

Flow Switches 

The f low switches operated a s  designed. . When t h e r e  was no f l ow ,  t h e  
green  l i g h t  on the  panel was l i t  i n d i c a t i n g  no flow. When a  low flow 
was s t a r t e d  through t h e  system, a  red l i g h t  ind ica ted  low o r  r e v e r s e  
flow. However, when a  f a s t  f low was used, a  blue l i g h t  on t h e  p a n e l  . 

a 
i n d i c a t e d  a  f l u s h  flow. To ensure t h a t  t he re  is neve r  a  f l u s h  f l o w  
i n d i c a t i o n  when a c t u a l l y  t h e r e  i s  a  r e v e r s e  flo'w, a  check  v a l v e  . . 

should be placed near  FSL-328 on the  pump side.  This would prevent a  
f a s t  f low from coming from the  pump through both FSL1s ,and g i v i n g  a . 
f l u s h  f low ind i ca t ion .  (See Drawing Exhib i t  3-2.) 

3.7 Radia t ion  Monitor Tes t  

The t e s t  of the r a d i a t i o n  monitoring device was done i n  t h e  l a b o r a t o r y  
a r e a  using the  Baird Atomic r a d i a t i o n  m o n i t o r  and GM t u b e ,  two s e a l e d  
sou rces ,  a  114-inch t h i c k  p iece  of styrafoam, and a  118-inch t h i c k  piece 
of s t a i n l e s s  s t e e l  p l a t e  ( see  d e t a i l  "A" of Exhib i t s  3-1 and 3-3). The 
s t a i n l e s s  steel p l a t e  is the  same th ickness  a s  t he  wa l l s  of t he  314-inch 
p i p e  which t h e  m o n i t o r  w i l l  be t r y i n g  t o  d e t e c t  p l u t o n i u m  p r o d u c t  
through. The Styrofoam is  a  cushion f o r  the  GM tube. Ca lcu l a t i ons  were 
made using the  fol lowing assumptions: 

(1 )  Fresh plutonium product - no Am-241 o r  U-237 p re sen t ,  

( 2 )  Plutonium product a t  250 grams p l u t o n i u m l l i t e r ,  

( 3 )  About a  4-inch s e c t i o n  of 3 /4 - inch  s t a i n l e s s  s t e e l  p i p e  w i l l  be 
. . . . 

exposed to  the  GM tube, and ,s 
(4 )  The plutonium product w i l l  c o n t a i n  t h e  f o l l o w i n g  p e r c e n t a g e s  of 

each i so tope  : 

From these  assumptions,  a  su r f ace  dose r a t e  of a p p r o x i m a t e l y  14 m r e m l  
hour was ca l cu l a t ed .  With the  pro jec ted  maximum dose  r a t e  of 10  mreml , ' 

hour i n  the piping and instrument  g a l l e r y ,  the r a d i a t i o n  m n i t o r  s h o u l d  
a 

be a b l e  t o  d e t e c t  t h e  p r e s e n c e  of p lu ton ium s o l u t i o n  i n  t h e  p i p e .  
Fu r the r  t e s t i n g  with app rop r i a t e  gamma sources, is planned. 



3 . 8  Recommendation 

Fu r the r  t e s t i n g  and deve lopment  work s h o u l d  be done on a l l  t h r e e  of 
t h e s e  sys t ems .  The t es t  s h o u l d  be conduc ted  when t h e r e ,  i s  uran ium 
s o l u t i o n  i n  the  plutonium product s t o r age  tank. 

The output  of t he  alarms should be t i e d  i n t o  the  CNMCAS., 

On T e s t  2 ,  a  d i f f e r e n t i a l  p r e s s u r e  t r a n s m i t t e r  s h o u l d  be hooked up 
a c r o s s  the  flow o r i f i c e  t o  d e t e c t  flow. 

The conduc t iv i t y  i n d i c a t o r  on ~ e b t  3 needs t o  be moved' t o  a  lower l i n e .  

A check va lve  should be i n s t a l l e d  i n  t h e  l i n e  between FSL-328 and t h e  
pump, and the  system should be t e s t e d  again.  . . 

Other instruments  which could be used t o  d e t e c t  a '  d i v e r s i o n  s h o u l d  be 
i d e n t i f i e d  and t e s t e d  f o r  a p p l i c a b i l i t y .  

, . 
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4.0 PARAMETER MONITORING AND ALARM PROGRAM (PAMALA) 

4.1 Descr ip t ion  

This  program takes  the  r e a d i n g s  g a t h e r e d  by t h e  Real-Time P e r i p h e r a l  
(RTP)* system and compares them t o  a  predetermined set  of l i m i t s  ( h i g h  
and low). I f  a  p a r a m e t e r  i s  o u t s i d e  t h e  l i m i t s ,  t h e  i n s t r u m e n t  
i d e n t i f i c a t i o n  number, measured read ing ,  l i m i t  v a l u e s ,  t i m e ,  and d a t e  
a r e  d i sp layed  on a  c o l o r  CRT as an  Alarm. T h i s  p r o c e s s  is  r e p e a t e d  
every  few minutes ,  depending on processor  load. 

4.2 Tes t  
. . 

4.2.1 Separa t ions  F a c i l i t y  Tes t  

A t e s t  of the  PAMALA program was conducted i n  the  S e p a r a t i o n s  F a c i l i t y  
d u r i n g  t h e  FY 1979 r u n  a n d .  i n  the .  PNSA a f t e r  t h e  u r a n i u m  r u n  was 
completed. 

The fol lowing PAMALA program func t ions  were t e s t e d  i n  t h e  S e p a r a t i o n s  
F a c i l i t y  during the  t h i r d  campaign of t he  M 1979 uranium run. 

(1 )  Display of Alarms - The alarms a r e  accumula t ed  i n  memory and a r e  
d i sp layed  on a  co lo r  CRT. The a b i l i t y  of t h e  PAMALA program t o  
d i s p l a y  more than one page of alarms was t e s t e d .  I t  d i s p l a y e d  up 
t o  four  pages of alarms with no problems. 

( 2 )  Dump of Alarms t o  DEC Writer - The PAM program h a s  t h e  a b i l i t y  t o  
p r i n t  all the  displayed alarms to  the  RTP DEC wri ter .  T h i s  func-  
t i o n  w i l l  g ive  a  hard copy of a l l  a c t i v e  alarms, including those on. 
t he  second, t h i r d ,  and f o u r t h  page of d i s p l a y  (see'  Exhib i t  4-1). ', 

( 3 )  Dump of Alarms t o  Floppy Disk - The alarms , t h a t  a r e  d i s p l a y e d  can 
be s to red  on a  f loppy disk.  This func t ion  was t e s t e d  and found t o  
work s a t i s f a c t o r i l y .  

( 4 )  Dump of S tored  Alarms t o  D E C  W r i t e r  - The a l a r m s  t h a t  have been 
s t o r e d  on floppy d i sks  can be pr in ted  a t  the RTP DEC w r i t e r .  T h i s  
func t ion  a l s o  performed a s  designed. 

( 5 )  DisableIEnable of Alarms - This  func t ion  was used during t h e  t h i r d  
campaign. It allowed Operat ions personnel t o  d i s a b l e  a l a r m s  t h a t  
were out-of- l imits  because of maintenance o r  t e s t i n g  of t h e  t r a n s -  
m i t t e r .  The func t ion  performed a s  designed. 

*Real-Time Pe r iphe ra l  (RTP) a l s o  c a l l e d  Remote Data A c q u i s i t i o n  System 
(RDAS) - See S e c t i o n  4.6 i n  document ,  AGNS-35900-2.2-22 f o r  f u l l  
explana t ion .  



4.2.2 PNSL Tes t s  

When the  PAMALA program was s t a r t e d ,  t he  PNSL ins t ruments  were t i e d  i n t o  
t h e  system. Almost a l l  of these  ins t ruments  were reading out of l i m i t s  
due t o  problems experienced with da t a  t ransmiss ion  from the  PNSL. These 
alarms from the  PNSL were so numerous t h a t  i t  was d i f f i c u l t  t o  . p i c k  o u t  
t h e  v a l i d  Separa t ions '  alarms. Since i t  had been p lanned  t o  check  o u t  
t h e  PNSL a r e a  a f t e r  the  uranium run, it was dec'ided t o  t e m p o r a r i l y  d i s -  
c o n n e c t  i t s  i n s t r u m e n t a t i o n  from t h e  RTP c o l l e c t i o n  sys tem.  T h i s  
e l imina t ed  the  problem of too many alarms. 

The d a t a  t r a n s m i s s i o n  problems were n o t  s o l v e d  u n t i l  mid-September ,  
l e av ing  time enough t o  perform only Quant i ty  Transfer red  Versus Received 
Comparison (QTVRC), Transfer  Flow D i r e c t i o n  C o n f i r m a t i o n  (TFDC)., and 
S torage  Function (SF) programs with the PNSL i n s t r u m e n t  d a t a  d i r e c t l y .  
The PNSL PAMALA program was checked o u t  from t h e  RTP u s i n g  a  d a t a  
s imu la to r  t o  e n t e r  manual d a t a .  F i n a l l y ,  l a t e  i n  September ,  c h a n n e l  
checks were performed to  confirm s a t i s f a c t o r y  d a t a  r e c e i p t  a t  t h e  RTP 
system. Fur ther  t e s t i n g  w i l l  be scheduled i n  FY 1980 t o  con£ i r m  t h a t  . 

t h e  PNSL PAMALA program i s  opera t iona l .  

4.3 Evalua t ion  

The PAMALA program was a  succes s fu l  f i r s t  s t e p  i n  t h e  deve lopment  of a  
CNMCAS process  monitoring system. This program performed i t s  f u n c t i o n  
e x a c t l y  a s  i t  was designed with only minor problems. 

The alarm message t h a t  i s  used i n  the  presen t  form of the  PAMALA program. 
c o n t a i n s  t he  following : 

(1) Time 
( 2 )  Date 
( 3 )  Instrument  Number 
( 4 )  Low Limit 
( 5 )  High Limit  
( 6 )  Measured Value. 

The low l i m i t  is pr in ted  i n  b lue ;  t h e  high l i m i t  is pr in ted  i n  r e d ;  and  
t h e  measured value is  p r in t ed  i n  red i f  i t  is  above t h e  l i m i t  and b l u e  
i f  i t  is  below the  l i m i t .  

I n  order  t o  more e a s i l y  i d e n t i f y  t h e  v e s s e l  and sys t em w i t h  which a 
p a r t i c u l a r  alarm i s  a s s o c i a t e d ,  t h e  v e s s e l  name and number s h o u l d  be 
inc luded  i n  the  d i sp lay .  

4.4 Recommendations 

Based on t e s t  r e s u l t s ,  the  fol lowing r ev i s ions  to  the PAMALA program are. 
recommended: 

I n  order  t o  more r a p i d l y  survey the  ope ra t i on  'of the e n t i r e  p r o c e s s ,  
i t  would be h e l p f u l  t o  combine t h i s  PAMALA i n f o r m a t i o n  w i t h .  t h e  



information gathered by the  Process  S t a t u s  Function and t h e  A n a l y t i -  
c a l  Summary Program. 

Use of a combined graphic  d i s p l a y  of PAMALA, PSF, and AS d a t a ,  by 
process  systems, appears  t o  be an e x c e l l e n t  way t o  t ransmi t  t he  data .  
The program could be des igned  t o  c y c l e  t h r o u g h  t h e  s y s t e m s  ( i . e . ,  
codecontamination, second uranium, second plutonium, e tc . )  a u t o m a t i -  
c a l l y  with a manual ove r r ide  t o  lock  a s p e c i f i c  system on t h e  s c r e e n  
i f  des i red .  A schematic of t he  system could be displayed w i t h  para-  
meters  shown a t  t h e i r  process  l oca t ions .  

The program should be expanded t o  permit mu l t i p l e  alarm l e v e l s  t o  be 
app l i ed  t o  a given reading. Responses t o  var ious  alarm l e v e l s  would 
be d i f f e r e n t  i n  terms of t iming,  degree of c o r r e c t i v e  a c t i o n  app l i ed ,  
e t c .  

An alarm eva lua t ion  and suggested response(s )  should be added t o  t h e  
program. T h i s  would n e c e s s a r i l y  have t o  be an  on-going e f f o r t  
because of the  v a r i e t y  of pos s ib l e  causes f o r  a given alarm. 

The c a p a b i l i t y  t o  p rompt ly  u p d a t e  t h e  RTP d a t a  base  f i l e  when 'an 
instrument  range is  changed should be provided. .This would a l s o  be 
u s e f u l  f o r  making l i m i t  adjustments  on read ings  t h a t  may change  from 
process  campaign t o  process  campaign. 

The c a p a b i l i t y  t o  review and f l a g  out-of- l imit  values  f o r  a n a l y t i c a l  
r e s u l t s  would be another  u s e f u l  ' add i t ion  to  PAMALA. 

An o p e r a t i o n s  i n p u t  f o r  e a c h  PAMALA a l a r m  s h o u l d  be . i n c l u d e d  t o ,  . 

provide documentation of t h e  r e s p o n s e  t o  each  a la rm.  A t  p r e s e n t ,  
t h e r e  i s  no explana t ion  a s  t o  how, when, o r  who c leared  an alarm. 



EXHIBIT 4-1 

PRINTOUT OF PAMALA ALARMS 

T IME 
-.- + 415: 27 Lzl. 
:'> 7, : ,g 1:: 
i i- : 4 i 
22 ; 45; 48 
'-,Pi 1 4 C:. . c. 
Li; o --,a * .J4 
22 :.<+5: 1 1  
') ,'> .' ,,+46:41 
22.: 46: 48 
22:46:54 
22:47: 0 

22:47: 7 
22:47:13 

LOU L I M I T  
13.00 
7.30 
10.00 
10,oo 
10,oo ****** 
21.00 
78  . 00 
4.00 
50 00 
32 . 00 

I-IIGH L:CMI'I 
*%*f ** 
73 9 00 
180 , 00 
180+00 
110.00 
49 00 
61.00 
84.00 ****** 
90 00 
46 + 00 



5.0 QUANTITY TRANSFERRED VERSUS RECEIVED COMPARISON 

5.1 Purpose 

. , 
5.1.1 QTVRCS (Sepa ra t i ons )  Subprogram 

The purpose of t h i s  program is  to  compare t h e  q u a n t i t y  t h a t  i s  t r a n s -  
f e r r e d  from the  uranium product sample tank t o  the  quan t i t y  r e c e i v e d  i n  
t h e  a c c o u n t a b i l i t y  tank and a l a r m  t h e  o p e r a t o r  of t h e  s i t u a t i o n  t h a t  
r e q u i r e s  i n v e s t i g a t i o n .  

5.1.2 QTVRCP (Plutonium N i t r a t e  S torage  Area -- PNSA) Subprogram 

The purpose of t he  Quant i ty  T r a n s f e r r e d  V e r s u s  Rece ived  Comparison - 
PNSA (QTVRCP) Program is  to  compare the quan t i t y  of s o l u t i o n  t r a n s f e r r e d  
wi th  the  quan t i t y  of s o l u t i o n  received and alarm the  c o n t r o l  room opera- 
t o r  of a  s i t u a t i o n  t h a t  r e q u i r e s  i n v e s t i g a t i o n .  The s e n d i n g /  r e c e i v i n g  
v e s s e l  c.ombination i s  such t h a t  the  t r a n s f e r  may be from t h e  P l u t o n i u m  
Product Cel l  (PPC) a r e a  t o  t he  PNSA o r  may be wi th in  the  PNSA. Consid-  
e r a t i o n  is  a l s o  given t o  the  f a c t  t h a t  t he  sending o r  r e c e i v i n g  v e s s e l  
may be a  module (combination of s i x  tanks)  a s  opposed t o  a  s i n g l e  tank. 

5.2.1 QTVRCS (Sepa ra t i ons )  Subprogram 

T h e , Q u a n t i t y  T r a n s f e r r e d  Ver sus  Rece ived  Comparison ( S e p a r a t i o n s )  
Subprogram i s  i n t e g r a t e d  with the  measurement programs f o r  t h e  uran ium 
product sample tank and the  a c c o u n t a b i l i t y  tank. 

When the  uranium product sample tank ' s  measurement program completes the  
a f t e r - t r a n s f e r  measurement ,  t h e  q u a n t i t y  of s o l u t i o n  t r a n s f e r r e d  i s  
c a l c u l a t e d  and i s  saved i n  t he  a c c o u n t a b i l i t y  t a n k ' s  t empora ry  f i l e . *  
When the  a c c o u n t a b i l i t y  t ank ' s  measurement program is. r eac t iva t ed  by the  
o p e r a t o r  ( a f t e r  t h e  t r a n s f e r  i n t o  t h e  t a n k  i s  c o m p l e t e d ) ,  t h e  
measurement program g e t s  the before-sample da t a ,  c a l c u l a t e s  the quan t i t y  
of s o l u t i o n  rece ived ,  and saves t h i s  value i n  the a c c o u n t a b i l i t y  t a n k ' s  
t empora ry  f i l e .  The QTVRCS s u b p r o g r a m  i s  now a c t i v a t e d  ( b y  t h e  
a c c o u n t a b i l i t y  t a n k ' s  measurement  program).  The QTVRCS subprogram 
a c c e s s e s  t h e  a c c o u n t a b i l i t y  t a n k ' s  t empora ry  f i l e  and compares t h e  
q u a n t i t y  t r a n s f e r r e d  with the quan t i t y  received.  I f  t h e  d i f f e r e n c e  i s  
g r e a t e r  than the  s p e c i f i e d  l i m i t ,  t he  comparison is  flagged. A f t e r  t h e  
QTVRCS subprogram p r i n t s  a  r epo r t  t o  the  ope ra to r ,  i t  r e tu rns  c o n t r o l  t o  
t he  a c c o u n t a b i l i t y  tank ' s  measurement program. 

*This f i l e  i s  s e t  up by t h e  measurement program a s  an i n t e r i m  d a t a  
s t o r a g e  a rea .  



5.2.2 QTVRCP (PNSA) Sub~roe ram 

. , 
The QTVRCP (PNSA) subprogram c o n s i s t s  of a  gene ra l  measurement  r o u t i n e  
s i m i l a r  t o  t h e  measurement  programs f o r  i n p u t l o u t p u t  p o i n t s .  . T h i s  
measurement  r o u t i n e  a l l o w s  f o r  d a t a  c o l l e c t i o n  and t e m p o r a r y  d a t a  
s to rage .  This r o u t i n e  g u i d e s  t h e  o p e r a t o r  t h r o u g h  bef o re - sampl ing  , 
a f  ter-sampling, and af t e r - t r a n s f e r  measurements f o r  t h e  s o u r c e  v e s s e l  
and  t h r o u g h  b e f o r e - r e c e i p t  , b e f o r e - s a m p l i n g ,  and  a f  t e r - s a m p l i n g  
measurements f o r  t he  r ece iv ing  vesse l .  The subprogram c a l c u l a t e s  t h e  • 
q u a n t i t y  t r a n s f e r r e d  and t h e  q u a n t i t y  r e c e i v e d  and compares  t h e  two 
va lues .  I f  t h e  d i f f e r e n c e  i s  g r e a t e r  t h a n  t h e  s p e c i f i e d  l i m i t ,  an  
ou t -of - l imi t s  message is  p r in t ed  t o  the  opera tor .  A summary , r e p o r t  i s  . . . . 
a l s o  p r in t ed  t o  t he  opera tor  ( see  Exhib i t  5-1). 

5.3 T e s t s  

5.3.1 Separa t ions  Tes t  

During the  Subruns 2 and 3 of the  FY 1979 Uranium Run, t r a n s f e r s  made 
between the  uranium product sample tank and the  a c c o u n t a b i l i t y  tank were 
checked wi th  the QTVRCS program. 

5.3.2 PNSA Test  

A test of the  QTVRCP program was conducted a f t e r  the  i n t e g r a t e d  uran ium 
run. Ruskas* were hooked t o  t he  l e v e l  and dens i ty  t r a n s m i t t e r s  of PNSA 
t anks  36-D-312A and 36-D-314A and PPC t a n k  35-D-304. The program was 
s e t  up t o  read these  Ruskas a s  wel l  a s  the Taylor* ins t ruments .  Manual . . 

r ead ings  were a l s o  recorded from the  Ruska and T a y l o r  i n s t r u m e n t s .  By . . 

us ing  these  s i x  Ruskas, the  fol lowing v e s s e l s  were represented : 

(1 )  35-D-304 -- PPC Plutonium Product Storage Tank 
(2 )  36-D-312A -- PNSA Plutonium Product Storage Tank 
(3 )  36-D-314A -- PNSA Plutonium Product Storage Tank 
( 4 )  Module 5 -- PNSA Plutonium Product Storage Module*" 
( 5 )  Module 7 -- PNSA Plutonium Product Storage Module*" 

The QTVRCP program was t e s t e d  on each of the fol lowing t r a n s f e r s :  

( 1 )  From a PPC p lu ton ium p r o d u c t  s t o r a g e  t a n k  t o  a  PNSA p lu ton ium 
s t o r a g e  tank 
35-D-304 + 36-D-312A 

*A Ruska i s  a DDR-6000 p r e c i s i o n  d i f f e r e n t i a l  p ressure  gauge. A Taylor 
ins t rument  i s  the  brand name of the  p r o c e s s  i n s t r u m e n t s  used i n  t h e  
Sepa ra t i ons  F a c i l i t y .  

**The d r a i n  va lves  f o r  a l l  s i x  v e s s e l s  i n  a module a r e  opened and t h e  
l e v e l  and dens i ty  t r a n s m i t t e r s  on the  "A" tank a r e  used t o  r e p r e s e n t  
t h e  whole module (MOD 5 = 36-D-312A, MOD 7 = 36-D-314A). 



( 2 )  From a PPC p lu ton ium p r o d u c t  s t o r a g e  t a n k  t o  a  PNSA p l u t o n i u m  
s t o r a g e  module 
35-D-304 -t MOD.' 5  

( 3 )  Between two PNSA plutonium s t o r a g e  tanks  
36-D-312A -t 36-D-314A 
36-D-314A + 36-D-312A 

(4 )  Froin a PNSA p lu ton ium p r o d u c t  s t o r a g e  t a n k  t o  a  PNSA p l u t o n i u m  
s t o r a g e  module 
36-D-312A + MOD 7 
36-D-314A -t MOD 5 

(5 )  Between two PNSA plutonium s to rage  modules 
MOD 5 -t MOD 7 
MOD '7 -t MOD .5 

5.4 ~ v a l u a t  i o n  

' The QTVRCP program is  very s i m i l a r  t o  the  measurement programs used f o r  
normal input  /output  measurements. These measurement programs have  been 
under develqpment . f o r  two y e a r s  and have  v e r y  few bugs l e f t  i n  them. 
Because of t h i s ,  v e r y  few problems were e n c o u n t e r e d  w i t h  t h e  QTVRCP 

. '  program. 

One minor problem with the  QTVRCP (PNSA) program is  t h a t  t h e  o p e r a t o r  
i n p u t s  the  measurement po in t  f o r  the source and d e s t i n a t i o n  v e s s e l s  a t  
t h e  beginning of each t r a n s f e r .  I f  a  mistake i s  made here  and the  wrong 
measurement point  number is  en t e r ed ,  then measurement da ta  is c o l l e c t e d  
on the  wrong vesse l .  A double check of the  numliers s h o u l d  be i n c o r p o -  
r a t e d  i n t o  t he  program. 

The QTVRCS program c a r r i e d  o u t  i t s  f u n c t i o n  f o r  t h e  whole FY 1979  
campaign with no problems o r  changes. 

5.5 Recommendat i ons  

.Have the  Transfer  Flow Di rec t ion  Confirmation (TFDC) program run a s  a  

. subprogram of t h e  QTVRC program. (See  S e c t i o n  9 . 0  f o r  a  f u l l  
d e s c r i p t i o n  of TFDC.) 

Se t  up QTVRCP s o  t h a t  t h e  l a s t  s t e p  w i l l  a u t o m a t i c a l l y  e n t e r  t h e  
. d e s t i n a t i o n  v e s s e l  ' i n  the l i s t  of tanks being mon i to red  by t h e  PNSA 

. s t o r a g e  func t ion  program. (See Sec t ion  10.0 f o r  a  f u l l  d e s c r i p t i o n  of 
. SF.) 

Another program which w i l l  probably be required is a  Product Transfer  
.' Author iza t ion  Program. Transfer  of SNM would r e q u i r e  an i n p u t  from 
. .  o p e r a t i o n s ,  reques t ing  permission to  t r a n s f e r  a  s t a t e d  q u a n t i t y  of 

. m a t e r i a l  from point  A to  po in t  B. This ,  i n  t u r n ,  would be app roved  
. . "  . with  an input  from NMC (and  p o s s i b l y  o t h e r s ) .  The QTVRC program 

could be rev ised  to  check the  t r a n s f e r  and r e c e i v i n g  p o i n t s  b e f o r e  

~. proceeding. 



EXHIBIT 5-1 

SUMMARY OF TRANSFER FROM QTVRCP 

. .\ ........... .I . . . : . . . . .  ....... . . .  .... . . . . . . . . . . .  . : A .+.. .'<& ;.::.:. -1::. . . .  . . r... ..I .: 
' I '  .,. 

F - ~ W  - TO d3b- STR 

* 
8 

SOURCE VESSEL 8 DESTINATION VESSEL 
. . . . .  I 

AFTER 8 '  . . BEFDRE AFTER BEFORE . BEFORE AFTER 
SAHPLE SAMPLE TRANSFER 8 RECEIPT SAMPLE SAMPLE 

* * u ~ * * * * * * * * U U U * * * * * * * * * * * * * S $ * * * * * *  * ........................................................... 

- -. . - - . - - - - . - 
TJR-3602-13(DEG C) 32.0 32.0 32.1 '8 TJR-3602-1 (DEG C 25.2 25.2 35.1 
*u**u*******************************t.*************%******** .* ******************************************~***~*.*?~*4~**#*. :~. '  - 

- - . -- .. - - -, . - ....... -.- --.. -_ 
i3629.790. , VOLUHE- (LITERS - ., . . 1974.900 1?73-.850. -. -- .- 1388.360 * -.--. VOLUHE '(LITERS) ~ O . ~ O , , P ~ O  -.  - 362?17?O -. . - -  - : 

SOLUTION (KG) 1964.370 i 5&4.2+r; 1361.090 8 SOLUTION (KC)" ' . 2837.970 3441 190 3441.600 
r n s * * * * * * * * ~ * * * r ~ d * * # * % * * * * * ~  . . * * t % * * * r ~ * * * * * * * % w * ~ , s u ~ ~ x ) i : i i . 6 i ~  . . . .  

VOLUHE TRnNSFERRED 585.486 LITERS 8 VOLUME RECEIVED 618.881 LITERS 
SOi 

888-**************: ::;:::*4:*********n******* 
LD 8 SOL-LD 603.218 K r  * ******$**************************************************** 1 

. . .  . . .  . . . .  . . .  .... . . . . .  . :  

L t V t L  l3lwmmm 366 ,562 398 % LtVtL LOW- - 4 4 -4.61r 
DENSITY COHPARISON -el58 - r  158 -el73 8 DENSITY COHPARISON -. 200 -. 195 - 4  196 
BS TO AS COHPARISON el23 * ' BR TO BS COHPARISON -603.218 

. . . . .  . , . ' , . , : . , . ~  :. . .. . . . . . .  .. ,-: ' .$...-603 624 . . .  :: i: :: . .. : ... .: - -  i.::::g:.y? ,-* ,,.-: i*$ r. . : .:.p ........ . .  . . .~ . . .>~$ . s .... ~\ -;,,f: a::SE;= . . . . .  . . -.407 ' 

. .:. . 

*~~~t**t~******~~t*tt**f*~*****;*****tt~$~$tii:;~*i+i.**fr* : . t **t*ttirtrmttS,*lr*t)t***t***ttt*t*r******tim*~rtt***~**ii* 

TRANSFERRED VERSUS RECEIVED DIFFERENCE -*0667725 KO 
. . . . . .  . . .  . . .  . . . . .  ( AS-AT TO BR . . ......- . . . :  , 

. .  .#,:...: ;~;$:,;:~..~ ;,.:..:.;.:.::. ' : . . x  .:. :LA.,;* 

. . . .,:. ,::i,l"..;i",l'"7u;...-̂ .".- ". . . . . . . . . . . .  ' <. . . . .  . . . .  
,. ,,,<* ,,, ,&+$::.::":" ..  :. :, G . . .  . ... .. ..: . . . b C ~ E p r r ~ ~  RA*oE =; .' ;$ 



6.0 PHYSICAL INVENTORY MONITORING 
. . 

One of t he  problems a s soc i a t ed  with t h e  performance of a  phys ica l  inven- 
tory  i n  a  reprocess ing  p lan t  i s  t h e  v e r i f i c a t i o n  t h a t  n o t h i n g  h a s  been  
added t o  or removed from a  v e s s e l  once t h e  o f f i c i a l  i n v e n t o r y  measure-  
ments and samples have been taken. The purpose of t h e  PIM program i s  t o  
per£orm t h i s  v e r i f i c a t i o n  f u n c t i o n ,  upon r e q u e s t ,  a s  each  v e s s e l  i s  
inventoried.  I f  t h e  l i q u i d  l e v e l  of s o l u t i o n  i n  t h e  v e s s e l  changes  by 
more than  a  p re se t  amount p r i o r  t o  comple t ion  of t h e  i n v e n t o r y ,  i t  i s  
flagged. 

6.2 Test  

The PIM program was , t e s t ed  during t h e  inventory of t h e  t h i r d  campaign. 
The ope ra t ion  of PIM c o n s i s t s  of s e l e c t i n g  one of s i x  o p t i o n s  f o r  . t h e  
program t o  perform. The fol lowing i s  a  l is t  of t h e s e  opt ions :  

. .  ' 

; LIS -- L i s t  Act ive  Data Base 
ADD -- Add New Vessel  t o  Act ive  Data Base 
DIS -- Disable  RTP Measurement For a  Vessel  
RTP -- C o l l e c t  RTP Measurement Data 

.t ,SUM -- P r i n t  Summary of a l l  P o i n t s  
DEL - Dele te  PIM Data Base. 

A t e s t .  of each opt ion  was conducted. 

The "DIS" opt ion  was added during the  conduc t  of t h e s e  t e s t s .  It was 
discovered t h a t ,  a f t e r  en t e r ing  a  v e s s e l  i n t o  the  program, t h e r e  w a s  no 
way t o  remove i t  i f -  i t  became n e c e s s a r y  t o  r e i n v e n t o r y  t h a t  v e s s e l .  
With t h e  DIS op t ion ,  i t  i s  possible .  

To t e s t  t he  o v e r a l l  performance of t h e  program, a n  au to  va lve  w a s  opened 
s l i g h t l y ,  a l lowing 12 M HNO3 t o  l e a k  i n t o  a  ves se l  t h a t  was b e i n g  moni- 
to red  with the  PIM program. The program was a r b i t r a r i l y  s e t  t o  alarm i f  
t h e  cu r r en t  reading changed from the  o r i g i n a l  reading by more than  seven 
inches  of water. The program alarmed when the  l i m i t  was exceeded. The 
va lve  was c losed  and the  reading s t a b i l i z e d  ( see  Exhib i t  6-1). 

To be an  app l i cab le  monitoring t o o l ,  t h e  alarm s e t t i n g  must be  r educed  
considerably.  Based on t h e  f a c t  t h a t  t h e  l e v e l  i n  t h e  o t h e r  v e s s e l s  
v a r i e d  by l e s s  t h a n  0 . 2 0  i n c h e s  of w a t e r  d u r i n g  t h e  t e s t  ( s e e  
Exhib i t  6-2), a n  accep tab le  lower l i m i t  of a p p r o x i m a t e l y  0.25 i n c h e s  
could be appl ied.  



6.3 Evaluat ion 

Even though t h i s  was the  f i r s t  a t tempt  a t  d e s i g n i n g  a  PIM .p rogram,  i t  
does a  thorough job of monitoring the  inventor ied  v e s s e l s  and a l a r m i n g  . . 

t h e  ope ra to r  of abnormal condi t ions .  The re  were some minor  p rob lems ,  . . 

but  they do not a f f e c t  t l ~ e  basic design. ' 

Even though the process lcvcl I n s t r u m e n t a t i o n  used i n  t h e  PIM program 
may not be the  most accu ra t e  a v a i l a b l e ,  i t  h a s  been shown t o  be v e r y  
c o n s i s t e n t .  This  w i l l  permit narrowing t h e  " a c c e p t a b l e  l e v e l  change"  . . . . 

w i t h i n  the  program to  where the program can d e t e c t  very small i n c r e a s e s .  . . 
o r  decreases  i n  l eve l .  

. . 

6.4 Recommendat i ons  

Based on the  experience &ned during t h i s  t e s t ,  t h e  f o l l o w i n g  changes  
. . 

a r e  recommended t o  improve t h i s  program: 
. . 

. . 

The "RTP" opt ion ,  which c o l l e c t s  measurement da t a  on a l l  t h e  v e s s e l s  . . . 

i n  t he  PIM d a t a  base,  only runs when requested by t h e  o p e r a t o r .  I n  
. . 

o r d e r  t o  t r u l y  mon i to r  t h e  i n v e n t o r i e d  v e s s e l s ,  t h e  RTP r e a d i n g s  
should be taken on a  r egu la r  basis without opera tor  a s s i s t ance .  

This  program should be s e t  up t o  work a u t o m a t i c a l l y  i n  con j u n c t i o n  . 

with  the Phys i ca l  Inventory Program which has  n o t  been implemented 
ye t .  (The P h y s i c a l  I n v e n t o r y  Program w i l l  c a l c u l a t e  t h e  volume, 
ki lograms uranium, kilograms s o l u t i o n  f o r  a l l  the  v e s s e l s  which have. ' , .  

been measured and i s o l a t e d  f o r  inventory. ) 

Enough measurement d a t a  on each  ' v e s s e l  s h o u l d  ' b e  c o l l e c t e d  a n d  . . 

eva lua ted  so t h a t  a  minimum "acceptable  l e v e l  change" can be s e t  f o r  ' .  

each vesse l .  

When t h e y  occu r , '  a l a r m s  s h o u l d  be t r a n s m i t t e d  t o  t h e  S a f e g u a r d s  . . 

Contro l  Center (SCC) f o r  recording and monitoring of the  response. 



. PRINTOUT FROM PIM TEST ,' 

. - 
G2040 IITSS ACID SURG .TK LR-607 

T IME 

8 :  3 '  
9: 29 

12:!54 
15:4.1 
18:40 
23: 4 
23: 43 

13: 1 
3:44 
Y:26 
13: 7 
15: 3 
15:58 
20 : 46 

8 t 4 7  
10:46 
12:24 
15:l.l 
19:25 
-0 I 
LL* 4 
17:24 
23:47 

6: 39 
17:16 

7 :  5 1  
9: 12 

LEVEL 

ACCEPTABLE LEVEL CHANGE = 7 

LEVEL 
CHANGE FLAG 



EXHIBIT 6-2 

DATE 

PRINTOUT OF NORMAL PIM.DATA 

LR-102 ACCEPTABLE LEVEL CHANGE = 

TIME LEVEL 
LEVEL 
CHANGE FLAG 



7.0 PROCESS STATUS FUNCTION 

. . 
7.1 Desc r ip t i on  

The purpose of the  Process  S t a t u s  Funct ion  (PSI?) i s  t o  r e p l a c e  manuai 
ope ra t i ons  da t a  c o l l e c t i o n  ,with computerized da t a  c o l l e c t  i o n ,  s t o r a g e ,  
and r e t r i e v a l .  

T h e  PSF program has divided the  process i n t o  17 s e c t i o n s  and t h e  ope ra -  
t o r  can reques t  t h a t  da t a  be c o l l e c t e d  f o r  any o r  a l l  of t h e  f o l l o w i n g  
s e c t i o n s  : 

0 - Terminate 
, 1 - Feed Pre.paration 

: *  2 - Co-decontamination.and P a r t i t i o n i n g  
3 - Second Uranium Cycle 
4 - Uranium Product Concentrat ion and S torage  
5 - ,Second Plutonium Cycle 
6 - ~ h i r d  Plutonium Cycle 
7 - Plutonium Product Concentrat ion and S torage  
8 - VOG/DOG 
9.  - HAW Concentrator 

: 10 - .  General Purpose concen t r a tb r  
11 - LAW Concentrator  
12 - Serv ice  Concentrator  
13 - Acid F rac t iona to r  and, 0,verhead Vaporizer 

* 14 . -  1s System 
15 - No. 1 Solvent System 
16 - No. 2 Solvent System 
17 - Chemical Tanks. 

The opera tor  s e l e c t s  a s e c t i o n  of the  process on which da ta  n e e d s  t o  be 
taken. The PSF program sends a reques t  f o r  the  required readings t o  the  
RTP d a t a  c o l l e c t i o n  system. When the da t a  has been co l l ec t ed  by RTP, it 
i s  t r ansmi t t ed  t o  the  PSF program. The PSF program p r i n t s  t h e  d a t a  on 
t h e  ope ra to r  terminal  i n  t he  format shown i n  Exh ib i t s  7-2 and 7-3. 

7.2 Tes t  

The PSF program pe r fo rms  two s i m p l e  f u n c t i o n s .  It c o l l e c t s  d a t a  on 
s e l e c t e d  PSF v e s s e l s  and provides a pr in ted  .summary of t h e  d a t a .  Both 
of these  func t ions  were t e s t ed  during the  i n t e g r a t e d  uranium'  run  and a 
p r i n t o u t  of a l l  17 s e c t i o n s  was obtained. 

7.3 Evaluat ion 

This  program s a t i s f a c t o r i l y  performs the  f u n c t i o n  of g a t h e r i n g  ope ra -  
t i o n a l  da ta  on c e r t a i n  v e s s e l s ,  pu t t i ng  the  da t a  with the proper v e s s e l ,  
and combining the number of v e s s s l s  i n t o  a p r o c e s s  s e c t i o n .  I t  t h e n  
a l lows  the  opera tor  to  choose which p r o c e s s  s e c t i o n  he would l i k e  t o  
have p r in t ed  out.  



Af te r  the  opera tor  has chosen a  s e c t i o n  of t he  process f o r  d a t a  c o l l e c -  
t i o n ,  t he  readings a r e  co l l ec t ed .  The problem i s  t h a t  whether  o r  n o t  
t h e  ope ra to r  chooses one o r  all  of t he  s e c t i o n s ,  t h e  program. c o l l e c t s  
d a t a  f o r  every v e s s e l  i n  a l l  .17 s e c t i o n s .  It t h e n .  g i v e s  a  p r i n t o u t  of 
t h e  ones choosen. 

The p r i n t o u t  of e a c h  s e c t i o n  c o n t a i n s  time, d a t e ,  measurement  p o i n t  
number, instrument  i d e n t i f i c a t i o n ,  range, and reading..  The v e s s e l  ' name 
i s  a l s o  given with t he  measurement number i n  some c a s e s .  The v e s s e l  
name is very h e l p f u l  t o  the  ope ra to r  i n  using the  i n f o r m a t i o n  p rov ided  
by t h i s .  p r in tou t .  

7.4 Recommendations 

A s  a  r e s u l t  of t he  tests run on the  PSF program, i t  is bel ieved t h a t  the' 
fo l lowing  changes would improve t h e  o p e r a t i o n  and use£ u l n e s ' s  of t h e ,  
program: 

Se t  up the  program t o  take  only readings on the process  s e c t i o n  t h a t  
has  been requested. This would g r e a t l y  reduce t h e  t i m e  i n v o l v e d  i n  
running t h i s  program. 

Update the  tank I.D. f i l e  t o  inc lude  the  ves se l  name o r  flow n a m e  f o r  
every  measurement point.  This  would, improve t h e  f l e x i b i l i t y  of t h e  
f i l e s .  

. . . . A s  ind ica ted  i n  the  f i r s t  i t e m  of Sec t ion  4.4, t h i s  func t ion  cou ld .  be 
combined with t h e  P 'a rameter  M o n i t o r i n g  and Alarm Program and t h e  
Ana ly t i ca l  Summary Program. 



. . 
EXHIBIT 7-1 .. 

. . 

PROCESS STATUS FUNCTION (FEED PREPARATION) 

FEED PREPARATION 1 7 - S ~ P - 7 9  01 :19 PH PAGE 1 

TIHE 13 :05  12:41 18:24 l e g 4 0  02:35 19:21 19:00 .18:13 1 2 1 5 3  11: lO 
DATE 9 /17  9 / 1 7  7 / 1 0  7 / 0 9  7 /09  7/03 7/03 7/03 6 / 2 7  6/26 

0 2 0 0 1  F n  SURG TK 

LR-121 3-62.5 INCHES 26.9 26.9 11.6 11.9 12.0 12.9 13.0 13.0 13.8 14.7 
DR-164 14.5 INCHES 10.5 10.6 9.1 9.1 9.1 9.1 9.1 9.1 10.0 10.2 

02003  ACCT TK 

LR-125 25.8-129 INCHES 4 3 4.3 55.6 20.0 70.7 173.6 173.6 173.7 16.5 19.5 
DR-166 14 .95  INCHES 9.1 9.1 15.0 14.9 14.9 14.5 . . 1 4 . 5  1 4 . 5 '  14.6 14.1 

0 2 0 0 2  D ISS FLSH ACCUM TK 

LR-128 0-136.3 INCHES 
DR-167 15.4 INCHES 

0 2 0 0 5  1 FD ADJ TK 

LR-129 . 114-142.5 INCHES 
DR-168' 14.5  INCHES 

02006  2 FD ADJ TK 

LR- 130 114-171  INCHES 
DR-169 14.5 INCHES 

L I - 1 3 1  0-17.2 INCHES 



EXHIBIT 7-2 

PROCESS STATUS FUNCTION (CO-DECONTAMINATION ANJI PARTITIONING 

CO-DECON AND PARTITIONING 17-Ser-79 01 $20 PM PAGE 1 

TIME 13105 12141 18:24 18140 02:35 19:21 19:00 18113 12153 1ltiO 
DATE 9/17 9/17 7/10 7/09 ' . 7/09 " '-7?V3----. 7t03-' - 7105-' -''6/27'' "" 6-i- ' 

LR-201 0-181 INCHES 24.9 24.9 20.2 68.1 93.0 52.5 55.6 63.3 133.2 120.1 
. . .-.... .- -.-. DR-201 14.41 INCHES 13.5 12.8 14r4 14.3 1 12.3 ....1%4..- 12'- • 3 33.9 t2.7- 

02075 

FH-241 741 LPH 

L 1-203 84.8 INCHES 
DR-206 11.95 INCHES 

02134 HAP 

FR-242' 13.56 INCHES 

DR-207 18.42 INCHES 

02136 HSP 

TJR-206-5 30 DEG C 28.8 28.7 '36.8 36.0 40.3 35.8 36.0 ' .  3'6-:6' . -  '37.6.. " 38.0. - 

02103 HSS 
. . .  

UR-208 400-464 INCHES 
LR-205 19.07 INCHES 
DR-209 ' 8.92 INCHES 
L 1-206 21.2 INCHES 

02032 .1 BU REC TK 

LI-209 13 42-43'. 92 INCHES 



EXHIBIT 7-2 (CONTINUED) 

CO-DECON AND PARTITIONING 17-S~P-79 01 :20 PM PAGE 2 

.. - ........................ ..... - .. TIME 13:05 12:41 18:24 18:40 02:35 19:21 19:00 18:13 12:53 1l:lO 
DATE 9/17 9/17 7/10 7/09 7/09 7/03 7/03 7/03 6/27 6/26 

UR-215 123.75 INCHES 5.5 5.5 124.5 123.0 122.8 123.3 124.8 123.3 127.2 126.3 
. . . .  

'- 7112-720- - -8; 9s INCHES - 5.1 5.2 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 
LR-212 9.95 INCHES 3r9 3.9 5.2 5.4 5.3 5.2 5.2 5.3 Sr8 5.8 

FR-205 439 LPH 
... - .... ...................... , . . . . .  

- m-224 ' '469 7 m s  
DR-223 -9.04 INCHES 
LR-216 - . .  .- .. . . . .  

18.7. INCHES - 
02105 

- .)lR-2-23- - .- . .- 391 + 25 INCHES 
LR-219 18.42 INCHES 
DR-226 , 8.05 INCHES 

. . . . . . . . . . . . .  

LE*21- . 90 INCHES . 
DR-230 10.75 INCHES 



BLANK PAGE 



,- . , 8.0 ANALYTICAL SUMMARY PROGRAM 

8.1 Desc r ip t i on  

CNMCAS rece ives  a n a l y t i c a l  r e s u l t s  from t h e  Lab D a t a  System (LDS) and 
s t o r e s  them by measurement point.  When the  A n a l y t i c a l  Summary Program 
(ASP) is  run, it  w i l l  ask t he  opera tor  which measurement po in t  he  needs  
a n a l y t i c a l  r e s u l t s  f o r .  The o p e r a t o r  e n t e r s  t h e  measurement p o i n t  
number and the  ASP provides  a  p r i n t o u t  of the  last 50 a n a l y t i c a l  r e s u l t s  
( s e e  Exh ib i t  8-1). The p r i n t o u t  conta ins  the  fol lowing:  

- Heading: (1 ) .  Measurement Poin t  Number 
, , , ; 

(2 )  Tank I.D. 
. . 

(3)  Date and Time of t h i s  Request 

.  able: (1 )  Batch Number - where app l i cab l e  

(2 )  Log Number - i d e n t i f i c a t i o n  number of t h i s  p a r t i c u l a r  
. sample 

. , (3) '  Date - d a t e  sample was pu l led  

( 4 )  Time - t ime sample was pu l led  

( 5 )  Density - i n  grams/volume 

( 6 )  Temp - temperature  of the  sample "C 

( 7 )  Acid - HN03 mo la r i t y  

. .  . .(8). Uranium Concentrat ion U n i t s  -- Method - r e s u l t s  a r e  . 

g i v e n  i n  g r a m s / l i t e r  and m i l l i g r a m l g r a m ,  then,  t h e  
method of a n a l y s i s  is given. 

. . 

( 9 )  D i lu t i on  Factor  - t h e  amount t h e  sample was d i l u t e d  
before  a n a l y s i s  was performed. 

8 . 2  Test  
' 1  - 
The only func t ion  ASP has t o  perform is  t o  r e t r i e v e  d a t a  from a  CNMCAS 
f i l e  and provide a  p r in tou t .  The t e s t i n g  and development of t h i s  func-  
t i o n  was c a r r i e d  o u t  d u r i n g  a l l  t h r e e  campaigns of . t h e  i n t e g r a t e d  
uranium run. 

V e r i f i c a t i o n  of the  ASP was c a r r i e d  out  t o  e n s u r e  t h a t  t h e  a n a l y t i c a l  
r e s u l t s  were b e i n g  put  i n t o  t h e  CNMCAS f i l e  and t h a t  t h e  ASP was 
r e t r i e v i n g  and p r i n t i n g  them co r r ec t ly .  A s  a  c ros s - check  of t h e  ASP, 
i t s  p r i n t o u t  was compared t o  the f i n a l  a n a l y t i c a l  r e s u l t s  i s s u e d  by t h e  
Ana ly t i ca l  Serv ices  Department. 



A g r e a t  dea l  of the  t e s t i n g  t h a t  was done t o  improve ASP r e l i a b i l i t y  was 
done on the  communications l i n k  between LDS and CNMCAS.' The ASP o u t p u t  
relies completely on the  information t h a t  i s  s u p p l i e d  from t h e  CNMCAS . . 

d a t a  base v i a  t he  LDS communications program. 

8.3 Evalua t ion  
. . 

The a n a l y t i c a l  summary program provides  a  qu ick  and e a s i l y  . read p r in tou t  
of t he  50 most recent  r e s u l t s  for. most measurement p o i n t s .  T h i s  i s  a  ' 0  
b i g  improvement over the  manual logbook system. 

. . 

.The ASP proved t o  be a  r e l i a b l e  program a s  long a s  t h e  LDS-CNMCAS com- 
municat ions l i n k  was working. Although most of t he  problems i n  t he  . l i n k  . , . , . . 

were worked ou t ,  i t  s t i l l  seems t o  be the weak p o i n t  i n  t h e  c o l l e c t i o n  . . 

and r epo r t i ng  of a n a l y t i c a l  r e s u l t s  by CNMCAS. 

The ASP p r i n t o u t  p r o v i d e s  a n a l y t i c a l  r e s u l t s  f o r  a c i d ,  d e n s i t y ,  'and , .  . 

uranium. This was a  good s t a r t  i n  the  development of r e p o r t h g  ana ly t i -  , . ' 

c a l  r e s u l t s ,  but t he  next s t e p  s h o u l d  be t o  s t o r e  and r e p o r t  a  w ide r  
v a r i e t y  of ana lys i s .  

. . 
Because t h i s  was the  f i r s t  s t e p  i n  t he  development of t he  ASP, a n a l y t i -  
c a l  d a t a  f o r  a l l  measurement p o i n t s  was n o t  c o l l e c t e d .  An i m p o r t a n t  . . 

p a r t  of t he  next s t e p  should be t o  inc lude  all measurement po in t s  i n  t h e  
. . 

c o l l e c t i o n  and r epo r t i ng  of data .  

8.4 Recommendations 
, . .  . 

, . . . 
The next  s t e p  i n  t he  development 'of t he  ASP should inc lude  these  i tems:  . ' 

Update the "TANK I.D." f i l e  ( s ee  Appendix B ,  Page B-12) t o .  i n c l u d e  , . : 
a l l  measurement po in t s  and sample points .  

Expand t h e  t y p e s  o f '  a n a l y s i s  r e p o r t e d  by ASP t o  i n c l u d e  N2 H,, , 
% organ ic ,  disengaging time, % TBP, e t c .  

Develop a  b e t t e r  l i n k  between LDS and CNMCAS. In p a r t i c u l a r , ,  r ep ro -  
gram the  LDS to  use t he  same computer l a n g u a g e  o p e r a t i n g  sys t em a s  
t h e  CNMCAS. 

A s  i nd i ca t ed  i n  the f i r s t  i tem of Sec t ion  4.4, t h i s  func t ion  could be 
combined with t h e  P a r a m e t e r  M o n i t o r i n g  and Alarm Program and , t he  
Ana ly t i ca l  Summary Program. 



BATCH 
NUMBER ------ 

315 
314 
313 
312 
31 1 
310 
309 
308 
307 
307 
306 
305 
304 
303 
302 
30 1 
300 
299 
298 
297 
296 
295 
294 
293 
292 
291 
290 
289 
288 
287 
286 
285 
284 
283 
282 
281 
280 
279 
278 
277 
276 
275 
274 
273 
272 
27 1 
270 
269 
268 
267 

LOG 
NUMBER ------ 
31251 
31230 
31223 
31060 
31045 
30855 
30818 
30771 
30743 

0 
30707 
30686 
30653 
3061 1 
30579 
30538 
30518 
30484 
30452 
30422 
30353 
30322 
30296 
30221 
30090 
30053 
3001 1 
29971 
29941 
29897 
29861 
29825 
29792 
29758 
29735 
29668 
2961 4 
29537 
29513 
29425 
29392 
29326 
29066 
29058 
29058 
28948 
28830 
28819 
28735 
28659 

DATE ----- 
7/16 
7/16 
7/15 
7/12 
7/11 
7/10 
7/10 
7/10 
7/ 9 
o/ 0 
71 9 
7/ 9 
7/ 9 
7/ 8 
7/ 8 
7/ 8 
7/ 7 
7/ 7 
7/ 7 
7/ 6 
7/ 6 
7/ 6 
7/ 5 
7/ 5 
7/ 3 
7/ 2 
7/ 2 
7/ 2 
7/ 1 
7/ 1 
7/ 1 
6/30 
6/30 
6/30 
6/30 
6/29 
6/29 
6/28 
6/27 
6/27 
6/27 
6/26 
6/22 
o/ 0 
6/22 
6/19 
6/16 
6/16 
6/15 
6/14 

TIME DENSITY ----- ------- 
13:48, 1.0215 
3:25 1.0172 

20:13 1.0199 
12:54 0.0000 
6:16 0.0000 

22:11 1.5258 
16:13 1.5290 
5:49 1.5306 

23:31 1.5112 
0: 0 0.0000 

15:i l  1.5146 
8:35 1.5133 
0:59 1.5101 

19:48 1.5116 
9:50 1.4916 
0:33 1.4705 

18:37 1.4666 
10:35 1.4756 
4: 9 1.4710 

23:19 1.4642 
9:58 1.4511 
0:24 1.4580 

19: 0 1.4619 
3:17 1.4704 
4:35 1.4724 

21: 0 1.4629 
12:11 1.4546 
3:51 1.4814 

23: 1 1.4848 
14:26 1.4917 
5:34 1.4893 

22:32 1.4709 
14:47 1.4661 
7:27 1.4661 
0:28 1.4615 
9:12 1.4468 
0:56 1.4521 
5:54 1.4944 

21:28 1.5071 
9:20 1.4856 
2:43 1.4762 

14: 7 1.4584 
14:47 0.0000 
0: 0 1.4692 
8:41 0.0000 
2: 6 1.4667 

17:16 0.0000 
log59 1.4956 
13:29 1.5124 
22:25 1.5126 

EXHIBIT 8-1 

ANALYTICAL SUMMARY PRINTOUT 

02003 ACCT TK 

09-Oct-79 09:51 AM 

U CONCENTRATION UNITS - UETHOD ........................................................ 
TEMP ACID e l  PPIMARY $2 PRIMARY e l  BACKUP 82 HACKUP ---- ---- ----------.--- ------------- .------------- ------------- 
25.0 0.8 0.0 G/L-F 0.0 G/L-F 
25.1 0.6 0.1 G/L-F 0.1 G/L-F 
25.0 0.7 0.1 G/L-F 0.2 G/L-F 

0.0 0.0 75.4 MG/G-UP 72.5 ?- 
0.0 0.0 

25.0 0.5 251.7 ?- 250.9 MG/G-UP 
24.9 0.6 251.3 ?- 250.2 MG/G-UP 
25.0 0.7 249.9 ?- 248.5 MG/G-UP 
25.0 0.6 245.1 ?- 244.1 MG/G-UP 
0.0 0.0 

25.0 0.6 247.0 ?- 245.6 MG/G-UP 
25.0 0.6 246.4 ?- 246.3 MG/G-UF 
24.9 0.6 245.3 ?- 244.9 MG/G-UP 
24.9 0.6 245.7 ?- 245.4 MG/G-UP 
25.0 0.7 236.7 ?- 235.0 MG/G-UP 
25.0 - 0.8 228.3 ?- 229.4 MG/G-UP 
25.0 0.6 229.9 7 -  229.9 MG/G-UP 
25.0 0.5 233.8 ?- 232.3 MG/G-UP 
25.1 0.6 231.8 ?- 229. 5 MG/G-UP 
25.2 1.3 218.0 ?- 222.3 HG/G-UP 221.5 MG/G-UP 
25.0 0.6 224.6 ?,- 224.7 MG/G-UP 
25.0 0.6 226.2 ?- 227.6 BG/G-UP 
25.0 0.8 225.0 ?- 225.4 MG/G-UP 
25.0 0.7 230.1 ?- 229.6 MG/G-UP 
25.0 0.8 227.4 MG/G-UP 
25.1 0.6 228.2 BG/G-UP 
25.0 0.5 225.7 MG/G-UP 
25.0 0.4 236.1 MG/G-UP 
25.0 0.5 237.0 MG/G-UP 
25.0 0.7 236.8 MG/G-UP 
25.0 1 .O 231 - 5  BG/G-UP 
25.0 1.0 223.8 MG/G-UP 
25.0 1 . O  222.1 MG/G-UP 
25.0 1.1 220.3 MG/G-UP 
25.2 1.4 215.7 ?- 215.2 MG/G-UP 
25.1 1.2 212.2 ?- 211.7 MG/G-UP 
25.0 1.8 206.4 ?- . 205.1 MG/G-UP 
25.0 1.1 231.8 ?- 231.6 MG/G-UP 
25.0 1.0 237.5 ?- 236.9 MG/G-UP 
25.0 0.9 231.7 MG/G-UP 
25.0 1.0 226.0 MG/G-VP 
25.0 1.6 210.4 BG/G-UP 
0.0 0.0 

25.0 1.7 214.3 MG/G-UP 
0.0 0.0 

25.0 1.7 213.1 ?- 213.6 MG1G-UP 
0.0 0.0 238.1 ?- 237.3 MG/G-UP 

24.9 1 1  232.5 ?- 232.8 MG/G-UP 
25.0 1.1 238.4 MG/G-UP 238.0 ?- 
25.0 1.0 240.6 MG/G-UP 239.7 ?- ' 

DILUTION 
FACTOR -------- 

80.0000 
80.0000 
X 200 
0.0000 0.0000 

0.0000 
0.0000 0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0,0000 
0.0000 
0.0000 
0 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 0.0000 

0.0000 
0,0000 
0.0000 
0 + 0000 
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9..0 TRANSFER FLOW DIRECTION CONFIRMATION 
i 

The purpose of the Transfer  Flow Direc t ion  Confirmation (TFDC) Program 
i s  t o  monitor a t r a n s f e r  r o u t e  and a l a r m  t h e  o p e r a t o r  of s i t u a t i o n s  
where the  s o l u t i o n  flow is misdirected (completely o r  p a r t i a l l y ) .  T h i s  
func t ion  r equ i r e s  a dedicated terminal.  

When ac t iva t ed  by .th$ ope ra to r ,  the  TFDC Program prompts  t h e  o p e r a t o r  
f o r  t he  source ' .  and d e s t i n a t i o n  v e s s e l  i d e n t i f i c a t i o n .  The program 
a c c e s s e s  t h e  TFDC (1) F i l e  t o  d e t e r m i n e  which a 1  t e r n a t e  d e s e i n a t  i o n  
v e s s e l s  must be monitored,, and g e t s  RTP l e v e l  measurement d a t a  fo r '  t h e  

. s o u r c e  v e s s e l ,  d e s t i n a t i o n  v e s s e l ,  and a l l  a l t e r n a t e  d e s t i n a t i o n  
ves se l s .  The program t h e n  m o n i t o r s  t h e  s o u r c e  v e s s e l  a t  one-minute 
i n t e r v a l s ,  using cu r ren t  RTP measurement da t a  t o  c a l c u l a t e  the change i n  
l i q u i d  l e v e l  from t h e  o r i g i n a l  l e v e l .  When , t h i s  change i n  l e v e l  i s  
g r e a t e r  than the.. " l eve l  change ind ica to r "  (2) (contained i n  the TANK. I. D. 
f i l e ) ,  the l i q u i d .  l e v e l  change h a s  been c o n f i r m e d .  The program t h e n  
b e g i n s  m o n i t o r i n g ,  a t  one-minute i n t e r v a l s ,  t h e  d e s t i n a t i o n  and  
a l t e r n a t e  d e s t i n a t i o n  vesse ls .  

During each one-minute i n t e r v a l ,  t h e  program c o l l e c t s  RTP l e v e l  mea- 
surement da t a ,  c a l c u l a t e s  the  change i n  l i q u i d  l e v e l  from t h e  o r i g i n a l  
l e v e l ,  and. compares it t o  the  l e v e l  change ind ica to r .  I f  the change i n  
l e v e l  .is g r e a t e r  t,han the i n d i c a t o r ,  the change i n  l e v e l  i s  flagged. The 
program then p r i n t s  the  time and da t e ,  change i n  l e v e l  f o r  ,each t ank ,  
and any f l a g s  t h a t  have been se t .  See E x h i b i t  9-1 f o r  example of t h e  
r epo r t .  . : 

When the opera tor  confirms t h a t  the co r r ec t  t r a n s f e r  r o u t e  was chosen ,  
t he  program i s  terminated and the terminal  assumes a nondedicated nmde. 

9.2 Test  

To t e s t  t h i s  program, t r a n s f e r s  were made from a PPC p lu ton ium p roduc t  
s t o r a g e  t a n k  (35-D-304) t o  a PNSA p lu ton ium p r o d u c t  s t o r a g e  t a n k  

( 1 )  An a n a l y s i s  has  been made f o r  each  t r a n s f e r  r o u t e  ( i . e . ,  p o i n t  
A +- B, A + C, e t c . )  i d e n t i f y i n g  p o t e n t i a l  a l t e r n a t e  d e s t i n a t i o n  
ves se l s .  Unauthorized t r a n s f e r  to  these o ther  d e s t i n a t i o n  v e s s e l s  
could occur because of valving e r r o r s ,  leaky valves,  plugged l i n e s ,  
o r  use of the wrong t r a n s f e r  device a t  the source vessel .  

( 2 )  The " l eve l  change i n d i c a t o r  ," which i s  t h e  amount t h e  l e v e l  can 
change due to  normal v a r i a t i o n  i n  the t r a n s m i t t e r ,  was se t  on a l l  
v e s s e l s  a t  an a r b i t r a r y  number. It  w i l l  be p o s s i b l e ,  a f t e r  co l -  
l e c t i n g  ,enough data  on each v e s s e l ,  t o  s e t  t h i s  v a l u e  based on a 
s t a t i s t i c a l  var iance.  



(36-D-312A). Ins tead  of te rmina t ing  the  program when the co r r ec t  t rans-  
f e r  rou te  was confirmed, i t  was allowed t o  r u n  u n t i l  t h e  t r a n s f e r  was 
complete. During one of t he  t r a n s f e r s ,  a mi sd i r ec t ion  t e s t  was done .by 
opening the  i n l e t  valves on two of the  a l t e r n a t e  d e s t i n a t i o n  vesse ls .  

. . 
9.3 Evaluat ion 

The only input  from the  opera tor  f o r  t h i s  program is: 

( 1 )  S t a r t  program 
( 2 )  Enter  source and d e s t i n a t i o n  ves se l  measurement point numbers 
( 3 )  Stop program. 

. ' I f  the  wrong numbers were .en tered  f o r  e i t h e r  the  s o u r c e  o r  d e s t i n a t i o n  
v e s s e l ,  the  program would do a l l  of i ts opera t ions  on the  wrong vesse ls .  
T h e r e f o r e ,  i t  is  i m p o r t a n t  t o  e n t e r  t h e  p r o p e r  m e a s u r e m e n t  p o i n t  
numbers. 

i his program ran smoothly during a l l  t r a n s f e r s ,  including the  m i s d i r e c -  . , 

t i o n  t e s t .  The d i a log  between the program and the  opera tor  was easy  t o  . . 

understand and the  f i n a l  p r i n t o u t  c l e a r l y  showed the  ves se l s  which were 
ou t  of l i m i t s .  

. . 

9.4 Recommendations 

(1) A f t e r  e n t e r i n g  t h e  s o u r c e  and d e s t i n a t i o n  v e s s e l  m e a s u r e m e n t  
po in t s ,  the program should p r i n t  them back t o  the ope ra to r  and a s k  
f o r  confirmation. 

. . . . ( 2 )  H i s t o r i c a l  i n f o r m a t i o n  s h o u l d  be c o l l e c t e d  on each  measurement 
p o i n t  t o  d e t e r m i n e  what t h e  " l e v e l  change i n d i c a t o r "  f o r  t h a t  . . 

v e s s e l  should be. . . 

( 3 )  The program should be s e t  up t o  run a s  a subprogram of the Quanti ty  
Transfer red  Versus Received Comparison (QTVRC) program. 

(4) Development work s h o u l d  be done t o  t i e  t h i s  program i n t o  t h e  
Closed-Loop Control* (CLC) demonstration i n  the PNSA. (See  Repor t  
No. AGNS-35900-3.2-57 f o r  explanat ion of CLC system.) 

*An Advanced Safeguards System Development Act ivi ty .  



EXHIBIT 9-1 

TRANSFER FLOW DIRECTION .CONFIRMATION PRINTOUT 

02011 1 P U  PROD S T  TK 

03025 P U  N I T  STR *S 
- .-- . .  -- 

13-Ser-79 07:40 PM 

- -- - - - - - - . . . - . . . . -. -- -. 
TANK TANK TANK TANK TANK TANK TANK TANK TANK TANli  TANR T m  TIUI)( 

T I N E  02011 03025 03003 03009 03015 03021 03026 03027 03028 03029 03030 03033 03039 0-5 

ORIG 265.211 130.751 -1.28055 -.781342 -.I95343 -4.64468 75.2698 61.8295 59.4963 62.3287 -88.314 91.9114 78.883S 72.6599 

TFDC . YOU MAY NOY START THE TRANSFER 
- . . . . - - . - - .- - - - - --- - .  . .. - . 

. - . - - . - - - . -- 
2007 238.59 131.277 -1.30768 -.781342 -.I95343 -4.64468 75.2698 61.7699 58.9973 61.8567 -88.314 91.4122 78.7696 72.5514 
FLAG 
FW-". . . . . - - - - . - . , . . - . . - - - . . - 
-*--- 

F L A G  
TFDC: TYPE 'S' TO E X I T  TFDC> .... PROCEEDING.... 

- . . -. . - . . . . . -- . 

2011 229.001 144.777 -1.28055 -.781342 -.I95343 -4.64468 75.1342 61.930 59.800- 69.6957 -88.2689 92.2207 78."107 -.>.?ZUI --- -. - -  . .- 
'TF DC: TYPE 'S'  TO E X I T  TFDC;- . ... PROCEEDING.. . . . . 

- ---. . . . . . . - . - . - . - . -. - . 
2014 113.133 149.53 -1.28055 -.781342 -.I95343 -4.64468 75.1342 61.938 S9.8002 62.6869 -88.2869 92.2207 78.9107 '3.8281 
F L A G  
4 F W -  +-I:: P,. - - ... . .- . . - . . -. . - . - 

F L A G  
1FDC. TYPE 'S. TO E X I T  TFDC, .... PROCEEDING.... - -- 
2018 178.832 164.224 -1.28055 -r781342 -.I95343 -4.64468 74.4396 61.5474 58.8288 61.6342 -88.314 91.3851 78.7425 73.3242 

-fM6 -- - . . - -- . . . . - 
TFDC:, TYPE 'S' TO E X I T  . TFDC) ....PROCEEDING.... 

- - - - - . .. - - - . - . - -- 
2030 178.832 164.891 -1.28055 -.781342 -.I95343 -4.64468 74.8303 61.7156 58.9646 61.8024 -88.314 91.6076 78.6882 72.9914 
F L A G  

.- . - - - . . . . . -. . . . .-- - 

F L A G  
T F D C r  TYPE 'S' TO E X I T  TFDC> .... PROCEEDING.... 

2025 178.92 164.029 -1.28055 -.781342 -.195343 -4.64468 74.8303 61.8024 59.2468 62.1063 -88.314 91.6944 78.8022 72.6056 
.--. 

TFDC> TYPE 'S' TO E X I T  TFDC> PRUCEEDINO.... 

- --- - -.-- -- 
2027 178.92 164.029 -1.28055 -.781342 -el93343 -4.64468 74.8303 61.8024 59.2468 62.1063 -86.2869 92.2207 78.9649 72.8281 
Fl dG . 
TFDC> TYPE 'S' TO E X I T  S - - -- -- - . -  
TFDC> E E X I T I  
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10.1 Desc r ip t i on  

A Storage Function (SF) Program h a s  been deve loped  t o  m o n i t o r  s t a t i c  
cond i t i ons  i n  a  vesse l .  The program a l a r m s  when a  s i g n i f i c a n t  change  
occurs .  This program monitors s p e c i f i e d  v e s s e l  s f o r  changes  i n  e i t h e r  
t h e  i nd i ca t ed  l e v e l  reading o r  i n  the mass of so lu t ion .  When k i t h e r  the  
i n d i c a t e d  l e v e l  o r  t h e  mass of s o l u t i o n  e x c e e d s  a  p r e s e t  l i m i t ,  a n  
a p p r o p r i a t e  message i s  p r o v i d e d  t o  o p e r a t i n g  p e r s o n n e l  r e q u i r i n g  
c o r r e c t i v e  ac t i on .  The S torage  Function Program c o n s i s t s  of two p a r t s .  
One p a r t  c o l l e c t s  RTP measurement da t a ,  c a l c u l a t e s  the  mass of s o l u t i o n ,  
compares cu r r en t  l e v e l  reading and mass with o r i g i n a l  l e v e l  r e a d i n g  and 
mass, and s t o r e s  these  da ta  i n  t he  SF d a t a  base. The second pa r t  of t he  
program genera tes  alarm and d e t a i l e d  da t a  r epo r t s .  

. . 
10.2 Tes t  

10.2.1 Storage Function 

The s t o r a g e  f u n c t i o n  was t e s t e d  u s i n g  21 o f  t h e  p lu ton ium n i t r a t e  
s t o r a g e  tanks.  With water i n  each of these  tanks,  the  S torage  F u n c t i o n  
Program was s t a r t e d ,  monitor ing these  21 tanks .  The program c o l l e c t e d  
and s to red  l e v e l  and d e n s i t y  v a l u e s  f o r  e a c h  of t h e s e  v e s s e l s  e v e r y  
20 minutes f o r  a  23-hour period. A t  the  end of t h i s  p e r i o d , - ' a  summary 
r e p o r t  f o r  e a c h  t a n k  was o b t a i n e d .  Two examples  of t h e s e  summary 
r e p o r t s '  a r e  provided a s  Exhib i t  10- 1. 

To provide information on the s e n s i t i v i t y  of process i n s t r u m e n t a t i o n  t o  
l i q u i d  removals, a  t e s t  was conducted. With the  s to rage  f u n c t i o n  moni- 
t o r i n g  s i x  tanks,  water was drained from one t a n k  i n  0 . 1 - l i t e r  i n c r e -  
ments. The 0 .1 - l i t e r  removals were taken four  minutes  a p a r t  w i t h  t a n k  
instrument  da t a  c o l l e c t e d  by the  program a f t e r  each  removal  and add i -  
t i o n a l  manual readings taken from a  Ruska DDR-6000 p r e c i s i o n  p r e s s u r e  
gauge hooked i n  p a r a l l e l  t o  the  process ins t rumenta t ion .  

10.3 Evaluat ion 

10.3.1 Storage Function 

The program performed a s  designed. The measurement da ta  were c o l l e c t e d  
and s to red  a s  expected. Reports of these  da t a  were produced f o r  i n d i -  
v idua l  tanks and f o r  summary of alarm condi t ions .  The measurement d a t a  
s t o r e d  cons is t :  of an average of four  t o  f i v e  i n d i v i d u a l  r e a d i n g s  c o l -  
l e c t e d  over a  40-second span. 

A pre l iminary  eva lua t ion  of t h e s e  d a t a  i n d i c a t e s  ' t h a t  m o n i t o r i n g  t h e  
process  t r a n s m i t t e r s  p r o v i d e s  a  d e t e c t i o n  s e n s i t i v i t y  of l e s s  t h a n  
0.6 l i t e r  f o r  an i nd iv idua l  tank. Addit ional  da ta  a r e  needed on e f f e c t s  



of time and t empera tu re  on t r a n s m i t t e r  v a r i a b i l i t y  and s t a b i l i t y  t o  
provide a more d e f i n i t e  assessment. 

1) 
10.3.2 TheftIDiversion Tes t s  

. .  . 

The t h e f t l d i v e r s i o n  t e s t  da t a  showed a s i g n i f i c a n t  s h i f t  i n  l e v e l  a f t e r  
0.6 l i t e r  w a s  removed. Addit ional  da t a  a r e  r e q u i r e d  t o  d e t e r m i n e  t h e  
s e n s i t i v i t y  when i n s t r u m e n t  d r i f t s  w i t h  t i m e  and  e n v i r o n m e n t a l  

. . 
condi t ions .  

. . . . 

Manually co l l ec t ed  da t a  showed t h a t  the  l e v e l  change a s s o c i a t e d  wit.h a .  ' , '  , 

0 .1 - l i t e r  'removal was c l e a r l y  de tec tab le .  These d a t a  a r e  p r e s e n t e d  i n  , , 

Exh ib i t  10-2. 

10.'4 Recommendations 
. . 

Fur ther  t e s t i n g  and development work should be done t o  e s t a b l i s h  t h e  . . 

d r i f t  and v a r i a t i o n  of the process t r ansmi t t e r s .  
, . 

, . 

Work should be completed t o  t i e  t h i s  program i n t o  t h e  Closed-Loop 
Control* (CLC) demonstration i n  the  PNSA. 

The following th ings  should be t e s t e d  while the  s t o r a g e  f u n c t i o n  is  
i n  operat  ion  : 

. . 

( 1 )  Thef t l d i v e r s i o n  t e s t  of a module . . 

( 2 )  Determine i f  pu l l i ng  a sample can be de tec ted  . I 

(3) Determine the ef f e e t  of mixing a tank o r  a module (pimp holdup). ' . 

*An advanced safeguards system development a c t i v i t y .  
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EXHIBIT 10-1 

STORAGE FUNCTION SUMMARY REPORT 

MASS ( K G )  LEVEL tcn SOLN) ........................................ . . 

O R 1  G CURR CHNG LIHIT FLAG . ONIG CUNN CHNG LIMIT FLAG DENS 



EXHIBIT 10-1 (CONTINUED) 

MASS ( K G )  LEVEL (CM SOLN) ........................................ 
ORIO CURR CHNG LIHIT FLat ORIG CURR CHNG LIMIT FLAG 

-----.-----------.----------------------------------------------------- ----------- DENS -------------- 



EXHIBIT 10-2 

RUSKA READINGS FROM THEFT/DIVERSION TEST 

The following are the Ruska readings taken a f t e r  each 100 mi l l i grams  of 
so lut ion was removed: 

Converted to  
Number Ruska Reading Zero Reading Ruska - Zero Centimeters 

1 LR = .7517 -. 0011 -7528 52.85 
Original DR = 3988 -. 0006 .3994 28.04 
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11.0 HAE FLOW RATE PROGRAM 

The PM/PS subsystem has a  program which c a l c u l a t e s  the flow r a t e  of t h e  
High-Activity Feed (HAF) stream. The program computes the f low r a t e  two 
s e p a r a t e  ways and d i sp l ays  the  r e s u l t s  of both methods on a  CRT i n  t h e  
c o n t r o l  room. One method is  a  subprogram which uses the  output  from the  
HAE flow t r a n s m i t t e r  and c a l c u l a t e s  the  f l o w  i n  l i t e r s  p e r  hour  ( l p h )  
and met r ic  tonnes uranium (MT~)/day. The o the r  method i s  a  subprogram 
which Aeasur'es t he  dep le t i on  out  of the  No. 1 and No. 2  Feed Ad jus tmen t  
Tanks   FAT"^) and o u t  of .  t h e  HA f e e d  t a n k ,  a d d s  them t o g e t h e r ,  and 
conve r t s  i t  t o  a  flow r a t e  i n  l p h  and MTU/day. 

11.1.1 HAE Flowmeter Subprogram 

Between the  HA feed tank and the  HA c o n t a c t o r ,  t h e r e  i s  a  f l o w  t r a n s -  
m i t t e r  w h i c h  m e a s u r e s  t h e  f l o w  r a t e  o f  t h e  HAF s t r e a m  ( s e e  
Exhib i t  11-1). The HAF flowmeter subprogram g e t s  a  raw reading from RTP 
f o r  t h i s  flow t r a n s m i t t e r  and does a  c a l c u l a t i o n  t o  c o n v e r t  i t  t o  l ph .  
Then, t he  program g e t s  the  RTP-raw reading f o r  the  HA feed t a n k  d e n s i t y  
t r a n s m i t t e r  and c a l c u l a t e s  the  dens i ty .  Using t h a t  dens i ty  and assuming 
t h e  ac id  molar i ty  i n  the HA feed tank is 2.5 M ,  t he  program c a l c u l a t e s  a 
uran'ium concent r .a t ' io 'n  u s i n g  t h e  UCALC* f o r m u l a .  Next t h e  p r o g r a m  
, ca l cu l a t e ' s  met r ic  tons of uranium per day (MTUIda'y). This f i n a l  answer  
,is- d isp layed .  on' a  CRT i n  t he  c o n t r o l  room. T h i s  f l o w  r a t e  i s '  upda t ed  
. , 
every  20 minutes.  

. . 

1'1.1.2 HAF Tank Deplet ion Subprogram 

Af t e r  t he  s o l u t i o n  i n  e i t h e r  of t he  feed adjustment tanks (FAT) has  been 
a d j u s t e d ,  i t  is j e t t e d  through the  c e n t r i f u g e  t o  t h e  HA f e e d  t a n k  from 
which . . -  it is  cont inuously fed t o  the  so lven t  e x t r a c t i o n  system. 
. .  The tank 
d e p l e t i o n  program uses RTP r ead ings  t o  c a l c u l a t e  the  flow ' ( dep l e t i on )  i n  
1 i t e r ' ~ ' ' ~ e r  hour f o r  each of the t h r ee  tanks. The following i s  a  break-  

' down of how the c a l c u l a t i o n  is  done: 

Where H+'= H N O ~  mo la r i t y  and D N  = s o l u t i o n  dens i ty  i n  @/cc. 



RTP Readings 

1 st  Reading 
wai t  ( 4  min. 1 

Volume d i f f e r e n c e  
i n  l i t e r s  

Volume d i f f e r e n c e  
. i n  l i t e r s  

Volume d i f f e r e n c e  
i n  l i t e r s  

I Volume d i f f e r e n c e  
i n  l i t e r s  

5 t h  Reading 

Average Volume Dif fe rence  
( l i t e r s )  

Average Volume Dif fe rence  ( l i t e r s )  15 . . 
x  - = lph 1  hour 

A nominal 5% d i l u t i o n  f a c t o r  ( t y p i c a l  f o r  a  steam j e t  t r a n s f e r  s y s t e m )  . . 

i s  a d d e d .  t o  t h e  c a l c u l a t e d  f l o w s  f o r  t h e  No. 1 and t h e  No. 2  f e e d  . . 
. . adjustment  tanks and the  t h r e e  r a t e s  a r e  combined t o  y i e l d  an  HAF f l o w  

r a t e .  Now the  tank  dep le t i on  program goes through the  same c a l c u l a t i o n .  
t h a t  t h e .  flowmeter method does t o  f i g u r e  MTUIday. The f i n a l  r e s u l t  i s .  
d i s p l a y e d  on t h e  CRT i n  t h e  c o n t r o l  room d i r e c t l y  u n d e r n e a t h  t h e  . . 
f  lowmeter r e s u l t  ( s e e  Exhib i t  11-21. 

11 .2  Test  

T e s t i n g  of t h i s  program cons i s t ed  of allowing i t  t o  run on i t s  20-minute 
c y c l e  dur ing  normal process  opera t  ions and comparing r a n d o m l y  -se  l e c  t e d  
f low r a t e s  aga ins t  manually-derived d a t a .  

11 .3  Evalua t ion  

This  program ran  with no problems during the second and t h i r d  campaigns 
of  t h e  1979 i n t e g r a t e d  uranium run. It proved t o  be an a c c u r a t e  c a l c u -  
l a t  ion  of t h e  flow r a t e  i n  lph and i n  ~ ~ U l d a ~ .  Since t h e  flow r a t e  was 
c o n s t a n t l y  d i s p l a y e d  on t h e  CRT i n  t h e  c o n t r o l  room, i t  was a lways  
a v a i l a b l e  t o  a s s i s t  process  ope ra t i on .  

The uranium concent ra t ion  of t h e  HA f e e d  t a n k  i s  c o n s t a n t l y  chang ing  
because e i t h e r  one o r  t h e  o t h e r  of t h e  FAT'S is  a lmos t  a lways  be'ing 
j e t t e d  i n t o  i t  and the  HA feed tank is cont inuously t r a n s f e r r e d  t o  t h e .  
HA con tac to r .  Normally,  t h e  HA f e e d  t a n k  is  n o t  sampled.  F'or t h i s  
reason ,  t he  UCALC method is  used f o r  determining the  uranium c o n c e n t r a -  
t i o n  i n  t he  HA feed tank. 



11.4 Recommendations 

(1 )  There a r e  o t h e r  flows i n  t he  process  which a r e  a l s o  i m p o r t a n t  and 
i t  would be a d v a n t a g e o u s  t o  a u t o m a t i c a l l y  c a l c u l a t e  t hem a n d  
d i s p l a y  the  r e s u l t s  along wi th  t he  HAF flow. For example: 

HAX = l p h  
2DX = l p h  
2EU concen t r a to r  overflow r a t e  = l p h  + MTU/day 
HWW buildup rate = l p h  HAF + HSS 
HWW concen t r a t i on  f a c t o r ,  = -7 = K 

(2 )  Because i n t e n t i o n a l  changes i n  flow r a t e  can be accomplished i n  one 
o r  two minutes, t h e  c a p a b i l i t y  should be provided t o  c a l c u l a t e  flow 
r a t e s  on reques t  a s  w e l l  a s  under the  automatic  20-minute cycle.  



HAF now RATE 

HA 
Con tac tor 



EXHIBIT 11-2 

DISPLAY OF HAF FLOW RATE 

The HAF flow r a t e  is  d isp layed  on the '  co lo r  CRT d i r e c t l y  unde rnea th  t h e  
s t a t u s  of the  fou r  measurement programs. 

Measurement Program S t a t u s  a s  of J u l y  6, 1979 - 01:45 pm 

Batch 
Tank , I D  Number I n i t i a l  BR BS Sample AS Transfer  ' AT - - - - 

Flow Rate = 6.17 MTUIday ( 1,039 l i t e r s l h o u r )  by flowmeter. 

Flow Rate = 5.71 MTU/day (960 l i t e r s l h o u r )  by d e p l e t i o n  
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12.0 CONCLUSIONS 

T h i s  s e c t i o n  p r o v i d e s  a summary of t h e  c o n c l u s i o n s  drawn f rom t h e  
e v a l u a t i o n  of t he  PMIPS subsystem. . , 

: An o k e r a l l ,  look a t  t h e  PM/PS  subsys t em i n d i c a t e d  t h a t  t h e  programs,  
'which .were w r i t t e n  and t e s t e d  t h i s  year ,  formed a goo'd f o u n d a t i o n  f o r  
f u t u r e  development of t he  system. 

It was demonstrated t h a t  during nea r ly  every minute of o p e r a t i o n  a l l  
process  instruments  could be read, compared to  a p r e s e t  l i m i t ,  and an 
a la rm given i f  ou t s ide  t h a t  l i m i t .  

Monitoring v e s s e l s  f o r  a l e v e l  i nc rease  a f t e r  t h e y  have been inven-  
t o r i e d  and alarming any abnormal condi t ions  were demonstrated . 
Calcu la t i on  of t he  quan t i t y  of s o l u t i o n  t r a n s f e r r e d  and t h e  q u a n t i t y  

. of s o l u t i o n  rece ived ,  comparison of t h e s e  two v a l u e s ,  and p r i n t i n g  
ou t  t he  r e s u l t s  were demonstrated f o r  t h e  S e p a r a t i o n s  and t h e  PNSA 
a reas .  Also i n  the PNSA, the  QTVRC program demonstrated t h e  a b i l i t y  
t o  coord ina te  the c o l l e c t i o n  of measurement d a t a  needed t o  comple t e  
t h e  c a l c u l a t i o n ,  comparison, and p r in tou t .  

The a b i l i t y  t o  c o l l e c t  real- t ime information on se l ec t ed  s e c t i o n s  of 
t h e  process and produce a p r i n t o u t  of i t  was demonstrated. 

The communications l i n k  between the Lab Data System (LDS) and CNMCAS 
was used t o  c o l l e c t  s e l e c t e d  a n a l y t i c a l  i n f o r m a t i o n  and make i t  
a v a i l a b l e  on command t o  the opera tor .  

Ca l cu l a t i on  of an important flow r a t e  and d isp lay ing  i t  c o n t i n u o u s l y  
was accomplished. 

Monitoring the  l e v e l  of the  sending and rece iv ing  v e s s e l s ,  a s  wel l  a s  
t h e  l e v e l  of p o s s i b l e  r e c e i v i n g  v e s s e l s  i n  o r d e r  t o  c o n f i r m  f l o w  
d i r e c t i o n ,  was demonstrated. 

A system which monitors the  l e v e l  and k i l o g r a m s  of s o l u t i o n  i n  t h e  
PNSA s to rage  t a n k s  f o r  change  and a l a r m s  when an abnormal  change  
occurs  was demonstrated. 

Evaluat ion of the  PMIPS prototype instruments  ind ica ted  t h a t  a possi-  
b l e  t h e f t l d i v e r s i o n  could be de tec ted  by using one o r  more of t h e s e  
ins t ruments  on a purge  a i r  l i n e ,  a s p a r g e r  l i n e ,  o r  a pump f l u s h  
l i n e .  



12.2 Problem Areas 

* .  A s  could be expected with a l l  programming, we had t y p i c a l  s o f t w a r e  
"bugs". 

Although t h e r e  were no problems w i t h  t h e  Remote D a t a . A c q u i s i t i o n  
System (RDAS) t h i s  yea r ,  a problem c o h d  a r i s e  when more t h a n  one 
program is  running. Some of t h e  programs c o l l e c t  d a t a  on  a l a r g e  
number of measurement po in t s  and may slow down the  RDAS system. F o r  
example: (1) Process  S t a t u s  Funct ion,  ( 2 )  PNSA Storage  Funct ion,  and 

a 
(3) Phys i ca l  Inventory Monitoring. . . 



13.0 RECOMMENDATIONS 

13.1 Software 

13.1.1 Parameter Monitoring and Alarm program 

. . 
I n  order  t o  more r a p i d l y  survey the ope ra t i on  of the  e n t i r e  p r o c e s s ,  i t  
would be h e l p f u l  t o  combine t h i s  PAMALA information with the information 
ga the red  by t h e  P r o c e s s  S t a t u s  F u n c t i o n  and t h e  A n a l y t i c a l  Summary 

Use of a combined co lorgraphic  d i sp l ay  of PAMALA, PSF, and AS d a t a ,  
a by.process  systems, appears  t o  be an e x c e l l e n t  way t o  t r a n s m i t  t h e  

da ta .  The program would be d e s i g n e d  t o  c y c l e  t h r o u g h  t h e  s y s t e m s  
(i .e. ,  co-decontamination, second uranium, second  p lu ton ium,  etc.  ) 
au toma t i ca l l y  with a manual ove r r ide  t o  lock  a s p e c i f i c  system.on the  
s c r een  i f  des i red .  A schematic of t he  system could be displayed with 
parameters shown a t  t h e i r  a c t u a l  p l an t  l oca t ions .  

The program should be expanded t o  permit mu l t i p l e  alarm l e v e l s  t o  be 
. . app l i ed  t o  a given reading. Responses to  var ious  alarm l e v e l s  would 

be '  d i f f e r e n t  i n  terms of t iming, degree of c o r r e c t i v e  a c t i o n  app l i ed ,  
e t c .  

An alarm eva lua t ion  and suggested response(s )  shou ld ' be  added t o  t h e  
, .program. .This  would n e c e s s a r i l y  have  t o  be an  on-going e f f o r t  

becayse o f .  t he  v a r i e t y  of pos s ib l e  causes f o r  a given alarm. 
, 

- .  The c a p a b i l i t y  t o  promptly u p d a t e  t h e  RDAS d a t a  base  f i l e  when an  
' inst rument  range i s  changed should be provided. T h i s  would a l s o  be 

u s e f u l  f o r  making l i m i t  adjustments  on readings t h a t  may change from 

, . process  campaign t o  process campaign. 

The c a p a b i l i t y  t o  review and f l a g  out-of- l imit  va lues  f o r  a n a l y t i c a l  
r e s u l t s  would be another  u s e f u l  a d d i t i o n  t o  PAMALA. An o p e r a t i o n s  

' i npu t  f o r  each PAMALA alarm should be included t o  provide documenta- 
t i o n  of the  response t o  each alarm. A t  p r e sen t ,  there  is no explana- 
t i o n  a s  t o  how, when, o r  who c leared  an alarm. 

The c a p a b i l i t y  of being ab l e  t o  run t h i s  program independent ly  of the  
. graph ic s  d i sp l ay  should be re ta ined .  

13.1.2 Quanti ty  Transfer red  Versus Received Comparison 

The QTVRCP program should r equ i r e  the  o p e r a t o r  t o  doub le  check  t h e  
source  and d e s t i n a t i o n  ves se l  measurement p o i n t  numbers b e f o r e  any 
measurements a r e  made. 

Include the  Transfer  Flow Di rec t ion  Confirmation (TFDC) program run 
a s  a subprogram of the  QTVRC program. 



a Have the  QTVRCP program to  au toma t i ca l l y  e n t e r  the  d e s t i n a t i o n  ves se l  . 

i n  t he  l i s t  of tanks being m o n i t o r e d  by t h e  PNSA S t o r a g e  F u n c t i o n  ;. 

Program. 

Have a Product Transfer  A u t h o r i z a t i o n  Program which would r e q u i r e  
Operat ions t o  reques t  permission t o  t r a n s f e r  a quan t i t y  of SNM. The 
t r a n s f e r  would be approved by NMC, and t h e  t r a n s f  e'r and r e c e i v i n g  
' po in t s  would be checked by the  QTVRC program. 

13.1.3 Process  Inventory Monitoring 

. S e t  up PIM t o  take  RDAS read ings  a t  timed i n t e r v a l s .  

This  program and the  Phys i ca l  Inventory Program s h o u l d  work i n  con- 
j unc t ion  with each o the r  o r  be combined i n t o  one b i g  program. A s  a 
v e s s e l  is e n t e r e d  i n t o  t h e  PIM program, t h e  volume,  k i l o g r a m s  of . . 

s o l u t i o n ,  and kilograms uranium should be ca l cu l a t ed .  

Se t  t he  amount t h a t  a l e v e l  can change before  g e t t i n g  an  a l a r m  t o  a ' , 

minimum. 

When t h e y  o c c u r ,  a l a r m s  s h o u l d  be t r a n s m i t t e d  t o  t h e  S a f e g u a r d s  . ,  . . 

Control  Center (SCC) f o r  recording and monitoring of response. 

13.1.4 Process  S t a t u s  Funct ion 

A s  with the  P1U4ALA program, t h e  c a p a b i l i t y  of be ing  a b l e  t o  run  t h i s  , .. 

program independently of the  graphics  d i sp l ay  should be re ta ined .  

This  program should be s e t  up t o  t a k e  r e a d i n g s  o n l y  on t h e  p r o c e s s  
s e c t i o n  t h a t  has been requested.  

A s  an a i d  i n  i d e n t i f y i n g  v e s s e l s ,  the  tank i d e n t i f i c a t i o n  f i l e  should 
be upda t ed  t o  i n c l u d e  t h e  v e s s e l  name o r  f l o w  name f o r  e v e r y  
measurement point .  

13.1.5 Ana ly t i ca l  Summary Program 

Reta in  t he  c a p a b i l i t y  of being ab l e  t o  run t h i s  program independent ly  of 
t h e  graphics  display.  

Update the  tank i d e n t i f i c a t i o n  f i l e  t o  include a l l  measurement po in t s  
and sample po in ts .  

Expand the  t ypes  of a n a l y s i s  r e p o r t e d  by t h i s  program t o  i n c l u d e  
N2Hq, % organic ,  disengaging time, % TBP, e t c .  

Improve the l i n k  between LDS and CNMCAS. I n  p a r t i c u l a r  , r ep rog ram . . 

t h e  LDS t o  use the same computer  l a n g u a g e  o p e r a t i n g  sys t em a s  t h e  
CNMCAS . 



, 13.1.6 T rans fe r  Flow Di rec t ion  Confirmation 

The program should r e q u i r e  the  o p e r a t o r  t o  double-check  t h e  s o u r c e  
and  d e s t i n a t i o n  v e s s e l  measu remen t  p o i n t s  b e f o r e  t h e  p r o g r a m  

' progressed. 

H i s t o r i c a l  information should be c o l l e c t e d  on each measurement p o i n t  
t o  determine the  amount of l e v e l  change t h a t  can be t o l e r a t e d  b e f o r e  
a mi sd i r ec t i on  of flow is claimed. 

. . 
This  program should be s e t  up to  run a s  a subprogram of t h e  Q u a n t i t y  

' '  .' 
. ~ r a n s f e r r e d '  Versus Recelved Comparison Program. 

Development work should be done t o  t i e  t h i s  program i n t o  t h e  Closed-  
Loop C o n t r o l *  (CLC) s y s t e m  i n  t h e  PNSA. (See  Repor t  No. AGNS- 
35900-3.2-57 f o r  explana t ion  of CLC system.) 

13.1.7 PNSA Storage Function 
..., . 

This  program should be t i e d  t o  the  Closed-Loop C o n t r o l  (CLC) s y s t e m  
i n  t he  PNSA. 

Fur ther  t e s t i n g  and development work should be done to  e s t a b l i s h  t h e  
d r i f t  and v a r i a t i o n  of the  process t r ansmi t t e r s .  

The fol lowing th ings  should be t e s t e d  while the  s t o r a g e  f u n c t i o n  i s  
i n  opera t ion :  

- . ' (1) The f t l d ive r s ion  test of a module' 
: . .- ( 2 )  ~ e t e r m i n e  i f  pu l l i ng  a sample can be de tec ted  

( 3 )  Determine the  a f f e c t  of mixing a tank o r  module (pump holdup). 

13.1.8 .HAF Flow Rate Program 

There a r e  o the r  flows i n  the process  which a r e  a l s o  important ,  and it 
would be' advantageous t o  c a l c u l a t e  them and d i sp l ay  the  r e s u l t s  along 
wi th  the  HAF flow. 

Because i n t e n t i o n a l  changes i n  flow r a t e  can be accompl i shed  i n  one 
o r  two minutes,  the  c a p a b i l i t y  should be provided t o  c a l c u l a t e  f l o w  
r a t e s  on reques t  a s  wel l  a s  under the  automatic 20-minute wait. 

13.2 PM/PS Prototype Instrument Tes t  

Fur ther  t e s t i n g  and development work should be done on a l l  t h r e e  of 
t he se  systems. A t  l e a s t  pa r t  of these  t e s t s  should be conducted when 
t h e r e  is  uranium s o l u t i o n  i n  the plutonium product s t o r age  tank. 

*An advanced safeguards system development a c t i v i t y .  



A l l  t h e  instruments  on these  systems s h o u l d  be t i e d  t o  CNMCAS and 
e i t h e r  included i n  t he  Parameter Monitoring and Alarm Program o r  i n  
t h e  Storage Function Program. 

On Tes t  2 ,  a  d i f f e r e n t i a l  p r e s su re  t r a n s m i t t e r  should be connected 
a c r o s s  the  flow o r i f i c e  t o  d e t e c t  sparger  flow. 

The conduct iv i ty  i n d i c a t o r  on T e s t  3  n e e d s  t o  be moved t o  a  l ower  
l i n e .  

I n  Tes t  3, t he  l i n e  between FSL-328 and the  pump needs a  check  v a l v e  
i n  i t  t o  prevent  a  r eve r se  flow from causing a  f l u s h  flow i n d i c a t i o n .  

Other ins t rumenta t ion  which may be used t o  d e t e c t  a d i v e r s i o n  s h o u l d  
be t e s t e d  f o r  a p p l i c a b i l i t y .  

13.3 Addi t iona l  Video Terminal 

I n s t a l l  a  video te rmina l  i n  the  c o n t r o l  room f o r  use by the  c o n t r o l  room 
o p e r a t o r s  and t h e i r  superv isors .  

A simple program can be w r i t t e n  t h a t  would f i g u r e  t h e  volume of any 
v e s s e l  and d i sp l ay  the  r e s u l t  (used when making batch t r a n s f e r s ) .  

A simple program can be w r i t t e n  which would conta in  t he  e l e v a t i o n  and 
west coord ina te  of every value i n  the  piping and instrument  g a l l e r i e s  
and would d i sp l ay  t h i s  l o c a t i o n  upon request .  

This  terminal  would g i v e  t h e  c o n t r o l  room o p e r a t o r  and t h e  s h i f t  
supe rv i so r  immediate access  t o  real- t ime information . .col lected by the  
PM/PS and CNMCAS programs. 

By u s i n g  a  combina t ion  of t h e  v i d e o  and g r a p h i c s  t e r m i n a l  ( f rom 
Sec t ion  13.1.1), ope ra t i on  of the  process  could be improved. 

A l l  of these  th ings  would h e l p  t h e  o p e r a t o r  keep t h e  p r o c e s s  runn ing  
smoothly, and t h a t  is an important f a c t o r  i n  accomplishing e f f e c t i v e  SNM 
c o n t r o l .  
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Scientific Systems Services 

SECTION VIII 

PROCESS MONITORING/PROCESS SURVEILLANCE SYSTEM 

The purpose of the Process '~onitorin~/~rocess 

Surveillance (PM/PS) System is to monitor selected ' , , 

vessels in the separations and PNSL' areas and .to 

alarm the Control Room operator of situations 

that require investigation. The PM/PS System 

consists of the following programs: . . 

- Transfer Flow Direction Confirmation (TFDC) 

- Process Status Function (PSF) 

- Analytical Summary Function (ASF) 

- Storage Function (SF) 

- Quantity Transferred Versus Received' Comparison- 
Separations (QTVRCS) 

- Quantity Transferred Versus Received Comrarison- 
PNSA ( QTVRCP ) 

- Physical. Inventory Monitoring (PIM) 

'These programs are described in Sections 8.1 

through 8.7. 
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1 8*1 TRANSFER FLOW DIRECTION CONFIRMATION PROGRAM 

The purpose of the Transfer Flow Direction Confirmation 

(TFDC) Program is to monitor a'transfer route and 

alarm the operator of situations where the solution 

flow is misdirected (completely or partially). This 

function requires a dedicated terminal'.' 

When activated by the operator, the TFDC Program 

prompts the operator for the source and destination . 

vessel identification. The program accesses the 

TFDCDB File to determine which alternate destination 

vessels must be monitored, and gets RTP level 

measurement data for the source vessel, destination vessel, 

and all alternate destination vessels. The program 

then monitors the source vessel at one-minute 
.. .. 

intervals, using current RTP measurement data to 

calculate the change in liquid level from the 

original level. When this change in level is 

greater than the "level change indicator" (contained 

in the TANKID file), the liquid level change has 

been confirmed. The program then begins monitoring, 

at one minute intervals, the destination and alternate 

destination vessels. 

I Scientific Systems Services 
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l 

During each one-minute interval, the program collects 

RTP level measurement data, calculates the change 

in liquid level from the original level, and compares 

it to the level change indicator. If the change in 

level is greater than the indicator, the change in 

+.level is flagged. The program then prints the time 

and date, change in level for each tank, and any 

d flags that have been set. See Fiqure 8.1 for 

format of the report. 

>when the operator confirms that the correct transfer 

route was chosen, the program is terminated and the 

. terminal assumes a nondedicated mode. 

C' 
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TRANSFER FLOW DIRECTION CONFIRMATION 

02011 1 1  PU PROD STR TK 

TRANSFERRED TO 

03025 PU NIT STH TK 

02011 03025 03003 03009 03015 03021 03026 03027 03028 03029 03030 03033 03039  0 3 0 4 s  
LR- WR- U R -  LJR- LJR- U R -  LJR- LJR- U R -  LJR- LJR- LJR- LJR- LJR- 

TInE 3602-1 3601-3 3601-9 3601-15 3601-21 3602-2 3602-3 3602-4 3602-5 3602-6 3602-9 3602-15 3602-21 



I 

? 

1 

1 

I 
.f 

- .. 

8.2 PROCESS STATUS FUNCTION 

The purpose of the Process Status Function (PSF) 

is to replace manual data collection with computerized 

data collection, storage, and retrieval.   his function 
.-1 

consists of two programs, one for data collection and 

storage and another for data retrieval. These programs 

are described in Sections 8.2.1 and 8.2.2. 

8.2.1 Process Status Data Collection and Storage Program 

The Process Status Collection and Storage Program is 

automatically activated by the PSF Data Retrieval 

Program after operator communication is completed. The 

program accesses the RTPID File and determines which 

instruments have a PSF indicator set. RTP data is 

mllected for these instruments. This data is 

saved in the PSF data base in a circular file which has 

space allocated for a maximum of ten measurements per 

instrument. Each time a new measurement is taken, 

the oldest reading is deleted from the file. 
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1 8.2.2 Process  S ta tus  Data Re t r i eva l  Program 

When a c t i v a t e d  by t h e  o p e r a t o r ,  t h e  Process s t a t u s  

Data Re t r i eva l  Program asks t h e  opera to r  i f  t h e  r e p o r t  

should be p r i n t e d  on the  NMC p r i n t e r .  I f  t h e  response 

i s  YES, a l l  ou tpu t  i s  spooled t o , t h e  p r i n t e r .  Otherwise, 

I t h e  output  i s  t r ansmi t t ed  t o  t h e  o p e r a t o r ' s  te rminal .  

The program now asks  the  opera tor  i f  a  l i s t  of r e p o r t  

types  i s  des i red .  I f  t h e  response i s  YES, t h e  follow- 

i n g  l i s t  i s  displayed a t  the  terminal :  

0 = TERMINATE PROGRAM 
! 

1 = FEED PREPARATION 

I 2 = CO-DECON AND PARTITIONING 

3 = 2ND U CYCLE 
* . . 

4 = U PRODUCT CONCENTRATION AND STORAGE 

I .  5 = 2ND PU CYCLE 

I 6 = 3RD PU CYCLE. 

t 
t 7 = PU PRODUCT CONCENTRATION AND STORAGE 

8 = VOG/DOG 

! 
9 = HAW CONCENTRATOR 

I 10 = GENERAL PURPOSE CONCENTRATOR 
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I 12 =. SERVICE CONCENTRATOR . . . , 
. . . .  , 

13 = ACID FRACTIONATOR AND OVERHEAD VAPORIZER. 
. . 

14 = 1s SYSTEM 

15 = #1 SOLVENT SYSTEM . . 

. ,. , , -. 16 = # 2  SOLVENT SYSTEM 

17 = CHEMICAL TANKS 

The program now prompts with the following: 

ENTER LIST OF REPORT NUMBERS (SEPARATED BY 

. . COLWS) OR ALL , 
- .  ' 1'5 ALL is entered, the program prints the 17 reports. ' ,  

Otherwise, the program prints only the reports. ' . 
. * 

- specified by the input list. When all operator 

communication is completed, the program'activates 
. - 

the PSF Data Collection Prosram to get RTP measurement 

data. (See Section 8.2.1.) 

To print a spe.cific report, the program accesses the 

PSFRPT File which identifies the tanks and instruments 

associated with the report. This file also contains 

indexes into the PSFDAT file which contains the RTP 

measurement data. The data is then printed in the 

format shown in Figure 8-2. If all desired reports 

have been generated, the program exits. 
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! 
PEED PRZPARATION . . . h h : n n d d n m ~ y y  P A G E 1  

DATE dd/rmmo dd/KWl dd/nEllm dd/- dd/6EE dd/- dd/lrsW dd/mrmp d d / ~ :  dd/lamp 

TIW hr:mm h r : m  h r : m  h r : m  hr:mm h r r m  hrrrmn tu:= hr:m h r r l s .  

2 - 0 1  PEED' SURGE TANK 1 7 D - 1 1 3  

I 2 1 . 4 - 4 8 . 3  UI U U . X  XXX-X U U . X  U U . X  XXX-X XXX.X XXX.X U U . X  10Q.X XXI -X  

2 - 0 3  ACCOUNTABILITY TANK 1 8 - 1 0 1  

XXX. X 

I 2 - 0 5  NO. 1 PEED A D J U S - ~ ~ E N T  TANX 1 7 0 - 1 0 3  

XXX. X 

U U . X  

XXX. X 

U U . X  

XU. X 

UQ.x 
1 2 - 0 6  NO. 2 PEED AWUSTPIENT TANK 17D-104 

XU; x 

I PEED PREPARATION 

ONLY 
ON 
PRIKSD 
~ R T s  

dd numa yy PAGB 1 

DATE dd/mm dd/mnrm dd/mmm dd/mmm dd/- 

TInX hrrm h r : m  hr:m hr:m h r : m  

FIGURE 8-2. PSF REPORT FORMAT 
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ANALYTICAL SUMMARY PROGRAM 8 . 3  . . 

The purpose of  t h e  Ana.lytica1 Summary : (AS) P.rogram 

is  t o  provide a p r i n t o u t  of a n a l y t i c a l  d a t a  f o r  

any measurement p o i n t  t h a t  t h e , - l a b  has  analyzed.  

A s  t h e  a n a l y t i c a l ,  d a t a  i s  t r a n i m i t t e d  o y e t  t h e  LDS 

I . .  , output-only t e rmina l ,  t h e  d a t a , i s  rou ted  t o  CNMCAS 

and s t o r e d  i n  t h e  d a t a  base by measurement p o i n t .  

A t y p i c a l  f i l e  format i s  shown i n  F igure  8 - 3 .  

The d a t a  base r e t a i n s  only  t h e  f o u r  most r e c e n t .  

weeks of d a t a  f o r  each p o i n t .  ' A s  t h e  f i l e  i s  

updated, any d a t a  over  f o u r  weeks o l d  i s  d iscarded .  

When t h e  AS Program i s  a c t i v a t e d  by' t h e . o p e r a t o r ,  

t h e  measurement p o i n t  of t h e  d e s i r e d  d a t a  i s  en te red  

and t h e  e n t i r e  con ten t s  of t h e  f i l e  i s  p r i n t e d  t o  

t h e  t e rmina l  i n  t h e  format shown i n  F igure  8-4.  The 

program now e x i t s .  
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BATCH NUMBER 

SAMPLE LOG NUMBER 

TIME/DATE (Y,M,D,H,M) 

LAB DENSITY 

LAB TEMPERATURE 

LAB ACID 

U CONCENTRATION # 1 PRIMARY 

U CONCENTRATION # 2 PRIIURY 

U CONCENTRATION # 1 BACKUP 

U CONCENTRATION # 2 BACKUP 

METHOD # 1 PRIMARY 

METHOD # 2 PRIMARY 

METHOD # 1 BACKUP 

METHOD # 2 BACKUP 

SPARE 

SPARE 

SPARE 

Scientific Systems Services 
1135 JOHN RODES BOULEVARD P.O. BOX 610 MELBOURNE, FLORIDA 32901 (305) 725-1300 



FIGURE 8 - 4 .  ANALYTICAL SUFSEWRY FOFUIAT 
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The Storage Function (SF) Program monitors 'particular 

storage vessels for a change in solution mass and alarms 

I the control room operator of a situation where the change I a 

is out-of-limits and requires investigation. The SF 

Program consists of two programs. The first program collects 

I RTP measurement data, calculates the mass of solution, I 
compares current mass with original mass, and saves. the 

I current mass in the SF data base. The second program I 
generates the Alarm Summary and Current Change-In-Mass I 
reports. 

, 8.4.1 Storage Data Collection and Alarm Program I ' 

I .  When activated by the operator, the program collects 

RTP measurement data for the instruments that have an 
. I 

I ' SF indicator set in the RTPID File. The program now I 
calculates the original mass of the solution in each 

I 

vessel andsavesthis value with time and date in the 
I 

I SF data base. The program sleeps for 10 minutes. 

When "awakened", the program again collects RTP data 

and calculates a current mass of solution. The program 

then saves the current mass in the data base. The program 

now compares the current mass with the original mass. 

t 

q Scientific Systems Services 
1135 JOHN RODES BOULEVARD P.O. BOX 610 MELBOURNE, FLORIDA 32901 (305) 725-1300 

A-12 
! 



I f  t h e  d i f f e r e n c e  i s  g r e a t e r  t han  t h e  s p e c i f i e d  l i m i t  

( con ta ined  i n  t h e  TANKID F i l e ) ,  t h e  program p r i n t s  a  

"f lagged" message on t h e  t e rmina l .  (See F igu re  8-5.) 

The program s l e e p s  ano the r  10 minutes ,  t h e n  performs t h e  

f u n c t i o n  aga in .  Th i s  program must be  te rmina ted  by t h e  
8 

o p e r a t o r .  

 h he SF d a t a  base  i s  conta ined  i n  SFDAT, a  c i r c u l a r  f i l e  

w i t h  space a l l o c a t e d  f o r  a  maximum of s i x  v a l u e s  p e r  t ank  

(one hour of  d a t a ) .  A s  t h e  most r e c e n t  va lue  i s  added 

t o  t h e  d a t a  base ,  t h e  o l d e s t  va lue  i s  thrown o u t .  

8.4.2 S to rage  Report Generat ion Program 

When a c t i v a t e d  by t h e  o p e r a t o r ,  t h e  program prompts w i t h  

t h e  fo l lowing  op t ions :  

1 = ALARM REPORT 

2 = CURRENT REPORT 

ENTER REPORT OPTION 

I f  a 1 i s  e n t e r e d ,  t h e  program (1) a c c e s s e s  t h e  SFDAT 

f i l e ,  ( 2 )  c a l c u l a t e s  t h e  c u r r e n t  change i n  mass from 

t h e  o r i g i n a l  m a s s ,  and ( 3 )  p r i n t s  t h e  v a l u e s  shown i n  

F igu re  8-6 i f  t h e  change i s  ou t -o f - l imi t s .  A l l  d a t a  

f o r  each t ime r e f e r e n c e  a r e  grouped t o g e t h e r .  When a l l  

ou t -o f - l imi t  d a t a  a r e  p r i n t e d ,  t h e  program e x i t s .  
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A-14 ! 

haauremnt Original Current Current &coptablo 
Datm '?in10 'Point Number 0 (kilograms) 0 (kilogr-) bQ (kilogram) AQ m g e  (kilogr-) 

Mu/= 0000-2400 xx-xxx xxxx.xx X I O D I . ~ ~  - +XUU.XX 2xx.m 
hours 

FIGURE 8-5. PNSA STORAGE A Q  ALARM REPORT - EXAMPLE FORMAT 

/ 



' ,  

Noaaur-t Original Current Current 
Point Number 0 (kilograms) Q (kiloqramcl) A0 (kilogtanu) 

u - X W I  x x u .  XX XXXX.XX +xxxx.u 
u - z z t  ' Z Z Z Z . Z Z  ZZZZ. zz - +ZZZZ .zz  

. . 
X X - U U  ' X X x x . X x  YIlX.WI . - +uWI.u 
XI-zzz Z Z Z Z .  zz zzzz.  z z '  - +zzzz.zz , 

X X - U U  . x x u . X X  Y X Y T . u  - +uOo(.u 

u - z t z  ZZZZ.ZZ ZSZZ.  a z  - +ZZZZ.ZZ 

1340 u - x x x  X X X X . ~  xxxx.xx - +XXXX.XX 
1340 xx-zzz zzzz.zz ZZZZ. zz - +ZZZZ.  zz 

Acceptable 
AQ Ranqe (kilograms) , , ' :, 

uou.xx XIQX.xx + x x x X . x x  . +xx .u  , . .  1350 u-xxx - - 
1350 xx-zzz zzzz.zz szzz . z t  +ZZZZ.ZZ . +=.XI . ' ,  - - . . 

. . 

FIGURE 8-6. PNSA STORAGE A Q  ALARM SUMMARY REPORT - EXAMPLE FORMAT 
' 
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PNSA STORAGE CURRENT 'a REPORT - ALL POINTS 
EXAE(PLB POMAT 

Date : xx/xx/xx TIPI . :  1400 hours 

)Ira*-nt Original Current Current Acceptable 
Point Number Q (kilograms) 0 (kilograms) A Q  (kilogra~18) AQ Range (kilograms) Alarm Plaq 

03-001 UUX.XX XXXX. xx WUX.XX XX.XX 
03-002 

, y y  I 'PLRG' 

03-048 z t t z .  2% zzzz.zs zzzz.za 

t 
L 

b 

FIGURE 8-7. PNSA STORAGE CURRENT A Q  REPORT - ALL P O I N T S  
EXAMPLE FORMAT 

4 

I 

I 
- -  * 

/ 



8.5 QUANTITY TRANSFERRED VERSUS RECEIVED COMPARISON-SEPARATIONS 
SUBPROGRAM 

The purpose of this program is to compare the quantity 

of solution transferred from the uranium product sample 

tank to the quantity of solution received in the ac- 

countability tank and alarm the operator of a situation 

that requires investigation. The Quantity Transferred 

Versus Received Comparison - separations (QTVRCS) Sub- 
program is integrated with the measurement programs for 

the uranium product sample tank and the accountability 

tank. 

When the uranium product sample tank's measurement pro- 

gram completes the AT measurement, the quantity of 

solution transferred is calculated and is saved in the 

accountability tank's temporary file. When the ac- . ' 

countability tank's measurement program is reactivated 

by the operator (after the transfer into the tank is 

completed), the measurement program gets BS RTP data, 

calculates the quantity of solution received, and saves 

this value in the accountability tank's temporary file. 

The QTVRCS subprogram is now activated (by the account- 

ability tank's measurement program). 
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The QTVRCS subprogram accesses the accountability 

tank's temporary file and compares the quantity trans- 

ferred with the quantity received. If the difference 

is greater than the specified limit (contained in the 

CONLIM File), the comparison is flagged. The sub- 

program now prints on the terminal the report shown in 

Figure 8-8 which also contains a flag if the comparison 

is out-of-limits. The QTVRCS subprogram now returns 

control to the accountability tank's measurement program. 

I 



SOLUTION QUANTITY TRANSFERRED VERSUS RECEIVED 
( E x a m p l e  R e p o r t  F o r m a t )  

. . 
. . 

TRANSFER: 02007 t o  02003 

T r a n s f e r r e d  D a t a  

B a t c h  No .  : 02-007-XXX 

Sol Kg = XXXX. X 

R e c e i v e d  D a t a  

B a t c h  No .  : 0:2-00 3-XXX 

Sol Kg = XXXX.X 

TRANSFERRED VERSUS RECEIVED DIFFERENCE = XXXX.X 

ACCEPTABLE RANGE = XX..X 

FIGURE 8-5. SOLUTION QUANTITY TRANSFERRED VERSUS 
RECEIVED (EXAMPLE REPORT FORMAT) 
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8.6 QUANTITY TRANSFERRED VERSUS RECEIVED COMPARISON - 
PNSA PROGRAM 
PNSA PROGRA 
The purpose of the Quantity Transferred Versus 

Received Comparison - PNSA (QTVRCP) Program is 
to compare the quantity of solution transferred 

with the quantity of solution recei;ed and 

alarm the control room operator of a situation 

that requires investigation. The sending/receiving 

vessel combination is such that the transfer may be 

from the PPC area to the PNSA or may be within the 

PNSA. Consideration is also given to the fact that 

the sending or receiving vessel may be a module 

(combination of six tanks) as opposed to a single 

tank. 

The QTVRCP program consists of a general measurement 

routine similar to the measurement programs for the 

four 1/0 points. (See Section 2.1.) This measure- 
I 

ment routine allows for data collection and temporary 

data storage. The sequence of the measurement 

routine is detailed in the following descriptions of 1 

STATES 1 through 24. 

) 
/ 



STATE 1 

When the program is activated by the.operator, the 

program prompts: 

ENTER SOURCE'VESSEL ID 

When the operator enters a valid measurement I 
point, ID, the program prompts: 

ENTER DESTINATION VESSEL ID 

When the operator enters a valid measurement I 
point ID, the program updates the state pointer 

to STATE 2 and passes control to that STATE. 

STATE 2 

The program communicates with the RTP System to 

collect BS measurement data for the source vessel. 
,, 

This data is saved in the program's temporary I 
. . 

data area. The state pointer is updated. to STATE 3, 
. I 

and control is passed to that STATE. 

STATE' 3 

The program removes the source and destination 

vessels from the active PIM,data base. (See Section 

8.7.) The state pointer is updated to STATE 4, 

and control is passed to that STATE. 
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STATE 4 

The program determines if the source vessel is 

in the PPC area or PNSA. If the vessel is in the 

PPC area, the state pointer is updated. to STATE 5 .  

If the vessel is in the PNSA, the state pointer 

is updated to STATE 7. The program passes control 

to the next STATE to be executed. 

STATE 5 

The program prompts the operator to determine if , 

the solution in the source vessel is to be recir- 

culated. If the operator responds with YES, the 

state pointer is updated to STATE 6. If the response is 

NO, the state pointer is updated to STATE 9. The 

program now passes control to the next STATE to be 

executed. 
, 

STATE 6 

The program prints the following message: 

CALL ME BACK WHEN RECIRCULATION IS COMPLETE 

The state pointer is updated to STATE 9 and 

the program exits. 

STATE 7 

The program prompts the operator to determine if 

the solution in the source vessel is to be mixed. 

If the operator responds with YES, the state pointer is 

updated to STATE 8.' 



4 

If the response is NO, the state pointer is updated 

to STATE 9. The program now passes control to the 

next STATE to be executed. 

STATE 8 

The program prints the following message: 

CALL ME BACK WHEN MIXING IS COMPLETE 

I The state pointer is updated to STATE 9 and the 

program exits. 

'STATE 9 

/ I  The program communicates with the RTP System to 

. I  collect AS measurement data for the source vessel. 

t :I This data is saved in the program's temporary data 

I area. The state pointer is updated to STATE 10 and 

control is passed to that STATE. 

STATE 10 

I The program now makes a BS to AS solution quantity 

comparison as defined in Section 3.2.13(h). The difference 

in.solution quantity is saved in the temporary data 

I area, the state pointer is updated to STATE 11, and 

control is passed to that STATE. 

I 
/' 
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STATE 11 

The program communicates with t h e  RTP System t o , .  . . .  : I . . 
collect  BR measurement d a t a  f o r  t h e . d e s t i n a t i o n  vessel'. 

This d a t a  i s  saved i n  t h e  program's temporary d a t a .  . ' , , . , , .  

area.  he, s t a t e p o i n t e r  i s  updated t o  STATE 1 2  and 

c o n t r o l  is' passed t o  t h a t  STATE. . . 

. . 

' 'STATE '12 

The program p r i n t s  t h e  fol lowing message: 

I CALL ME BACK WHEN TRANSFER-IS COMPLETE 

I The s t a t e  p o i n t e r  i s  updated t o  STATE 13  and t h e  , . . 
. . 

. . program . e x i t s .  

STATE 13 

*The program communicates with t h e  RTP System t o  
. - . . 

c o , l l e c t  AT measurement da ta  f o r  - t h e  source v e s s e l  .' 
4 

This da ta  i s  saved i n  t h e  program's temporary d a t a  

a rea .  The s t a t e  p 0 i n t e r . i ~  updated t o  STATE 1 4  and 

c o n t r o l  i s  passed t o  t h a t  STATE. 

STATE 1 4  

The program r e i n s t a t e s  t h e  source v e s s e l  i n  t h e  
. . .  

a c t i v e  PIM d a t a  base,  updates. t h e  s t a t e  p o i n t e r  t o  

I STATE 15, and passes  c o n t r o l  t o  t h a t  STATE. 
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STATE 15 

The program makes a BS to AT solution quantity 

comparison and an AS to AT solution quantity com- 

parison.. The program then saves these comparison 

values in the temporary data area. The calculation 

is made only for the source vessel. The program 

updates the state pointer to STATE 16 and passes 

control to that STATE. 1 f 
I 

STATE 16 

The program communicates with the RTP System to 

collect BS measurement data for the destination 

vessel. This data is saved in the program's 
t 

temporary data area. The state pointer is updated 

to STATE 17 aild control is passed to that STATE. 

STATE 17 

The program prompts the operator to determine if 

the solution is to be mixed in the destination 

vessel. If the operator responds with YES, the 

state pointer is updated to STATE 18. If the response 

is NO, the state pointer is updated to STATE 19. 

The program now passes control to the next STATE 
to be executed. 

/ 
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STATE 18 

The program prints the following message: 

CALL 'ME BACK WHEN MIXING IS COMPLETE 

The state pointer is updated to STATE 19 and the 

program exits. 
I 

I 
i 
I STATE 19 

The program reinstates the destination vessel in 
I 

the active PIM data base, updates the state pointer 
1 

to STATE 20, and passes control to that STATE. 
+ .  

STATE 20 ' 

The program communicates with the RTP System to 

collect AS measurement data for the destination 

vessel. This data is saved in the program's 

temporary dataearea. The state pointer is updated 

to STATE 21 and control is passed to that STATE. 

STATE 21 ' 

The program now makes a BS to AS solution quantity 

comparison as defined in Section 3.2.13(h). The difference 

in solution quantity is saved in the temporary data 

area, the state poiiter is updated to STATE 22, and 

control is passed to that STATE. 



STATE 2 2  

The program now makes a  BR t o  BS s o l u t i o n  q u a n t i t y  

comparison and a  BR t o  AS s o l u t i o n  q u a n t i t y  comparison 

and saves these  comparison values i n  t h e  temporary 

d a t a  a rea .  The c a l c u l a t i o n  i s  made only f o r  t h e  

I d e s t i n a t i o n  v e s s e l .  The program updates t h e  s t a t e  

I p o i n t e r  t o  STATE 2 3  and passes  c o n t r o l  t o  t h a t  STATE. 

STATE '23 

The program makes t h e  q u a n t i t y  t r a n s f e r r e d  versus 

received comparison and saves t h e  d i f f e r e n c e  i n  t h e  

I temporary da ta  a r e a .  The s t a t e  p o i n t e r  i s  updated 

t o  STATE 24  and c o n t r o l  i s  passed t o  t h a t  STATE. 

I 'STATE 2 4  

The program p r i n t s  a  summary of the  t r an ' s fe r  f o r  both 

t h e  source and d e s t i n a t i o n  v e s s e l s  on t h e  te rminal  

I and the  NMC p r i n t e r .  The s t a t e  p o i n t e r  i s  updated 
I 
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8.7 PHYSICAL INVENTORY MONITORING (PIM) PROGRAM. 

8.7.1 ~escription of the PIM Program 

The purpose of the Physical Inventory Monitoring (PIM) 

Program is to monitor the liquid level in a process 

vessel and alarm the operator of any change that 

required investigation. Once a vessel has been 

isolated for inventory purposes, the vessel must be 

added to the active PIM data base. 

~nitially, all tanks in the PNSA are contained in 

the active data base, but separations vessels must 

be added. When a vessel is added to the data base, 

the vessel's PIM indicator (contained in the TANKID 

File) is set. Upon operator request, the PIM Program 

accesses the TANKID File and collects RTP level 

measurement data for all tanks that have a set 

indicator. This data is saved in the PIM data base 

with time and datp of measurement. The difference 

in level between the original measurement and the 

current measurement is compared to a preassigned 

limit (also contained in the TANKID File). If the 

difference is greater than the limit, a message 

indicating the situation is printed on the Intecolor 

8001 CRT in the control room and on the NMC terminal 

in the Safeguards Coordination Center (SCC). 
i 
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--' I' At any point during the data retention period, the p operator can request a summary for all active vessels. 

4 

I 

I 
I 
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The summary includes [l)date and time of each 

measurement, (2)original and current liquid level, 

(3)change in liquid level, and (4)the specified limit. 

If any measurement is outside this limit, a flag is 

also included in the summary. (See Figure 8-9.) 

When the inventory process is completed, the PIM 

data base-must be reset. Upon operator request, 

the program accesses the TANKIU File, resets all 

PIM indicators, and deletes all files'associated 

with the PIM function. 
I 
I 

When a transfer is started and is monitored by the 

QTVRCP Program (See Section 8.6), the source and 

destination vessels are temporarily removed from the 

active PIM data base (by QTVRCP). This allows the 

transfer to be completed without alarming the 

operator of the liquid level change. When the 

transfer is completed, the removed vessels are added 

back to the data base. 

Operator communication for the PIM program is 

described in the following section. 



FIGURE 8-9. PHYSICAL INVENTORY MONITORING SUMMARY 
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02003 ACCOUNTABILITY TANK (LR-125) . . . . . . ' * 

. . LEVEL ALEVEL , . . 

DATE - TIME . - 'LEVEL CHANGE LIMIT - FLAG 
. . . . .  

9-SEP-78 I5:23 . 32,.4 3.5. 
10-SEP-78 2:15 32.9 0.5 3.5 . . 
.lo-SEP-78 20: 42 34.8 ' .  2.4 3.5 

. . 11-SEP-78 5 : 18 31.7 -0.7 3.5 
11-SEP-78 17: 02 33.6 1.2 3.5 . 
12-SEP-78 3:34 36.1 3.7 3.5 . , 
12-SEP-78 . 19:51 33.7 1.3 3.5 

. . 

0205.2 HA FEED TANK (LR-201) . . 

LEVEL ' ALEVEL 
DATE - TIME LEVEL CHANGE LIMIT FLAG - . - 

9-SEP-78 15:31' . 15.6 2.0 
10-SEP-78 2:21 14.2 -1.4 2.0 
10-SEP-78 20:49 14.6 -1 0 2.0 
11-SEP-78 5: 24 13.8 -1.8 2.0 
11-SEP-78 17:11 14.0 -1.6 2.0 
12-SEP-78 3:39 13.2 -2.4 2.0 * 
12-SEP-78' 19:57 13.7 -1.9 2.0 

. . 

I 

I 
- .  . 

/ 

4 

, 
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8.7.2 PIM Operator Communication 

When the PIM program is activated by the operator, 

the program prompts (Prompt #1) with the following 

options: 

1 = LIST ACTIVE VESSELS 

2 = ADD NEW POINTS 

3 = GET RTP LEVEL MEASUREMENTS 

4 = PRINT SUMMARY ON ALL ACTIVE POINTS 

5 = CLEAR DATA BASE 

The program now prompts in one of the five ways 

depending on the code entered by the operator for 

Prompt # 1. 

1. If a 1 is entered (in response to Prompt #1) , 

the program accesses the TANKID File and prints 

the name of each tank that has a PIM indicator 

that is set. The program returns to Prompt #l. 

2. If a 2 is entered (in response to Prompt #I), the 

program responds with Prompt #2: 

ENTER MEASUREMENT POINT 

If an invalid measurement point (or a carriage 

return with no data) is entered, the program 

returns to Prompt #l. Otherwise, the program 

.> 1 
I 



I 
s e a r c h e s . t h e  TANKID F i l e ,  sets t h e  ~~~.indicator 

f o r  t h e  inpu t  measurement p o i n t ,  and r e t u r n s .  t o  
. . 

Prompt # 2 .  

3. I f  a 3 is en te red  ( in  response t o  Prompt #l) ,  t h e  

program searches  t h e  TANKID F i l e  f o r  any PIM 
. . 

indica t0r . s  t h a t  a r e  set. When one i s  found, . , 

theprogramcommunicateswiththe RTP S y s t e m t o  ' 

g e t  l e v e l  d a t a  f o r  t h a t  p o i n t ,  make$ t h e  requi red  . 

. . 
.comparison, p r i n t s  t h e  d a t a  i f  it i s  out-of-range, 

and saves t h e  d a t a  i n  t h e  d a t a  base. When a l l  

a c t i v e  p o i n t s  have been measured, t h e  program 

e x i t s .  

4 .  I f  a 4 i s  entered  ( in  response t o  Prompt #l) ,  

t h e  program searches  t h e  TANKID ~ i l e  f o r  any 
. . 

PIM i n d i c a t o r s  t h a t  a r e  s e t .  When a PIM i n d i c a t o r '  

i s  found, t h e  program accesses  and p r i n t s  a l l  . : 

d a t a  contained i n  t h e  d a t a  base f o r  t h a t  p a r t i c u l a r  

tank i n  t h e  format shown i n  Figure 8-9 . When 

d a t a  f o r  a l l  a c t i v e  p o i n t s  have been p r i n t e d ,  t h e  

program e x i t s .  

5. I f  a 5 i s  entered  ( i n  response t o  Prompt # I ) ,  t h e  

program searches  t h e  TANKID F i l e  f o r  any PIM 
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Appendix B l is ts  the  programs, modules, and d a t a  base  f i l e s  deve loped  
and used f o r  the  Process Monitor ing/Process  S u r v e i l l a n c e  s u b s y s  tem'  of 
t h e  Computerized Nuclear Mater ia l  Control  and Accounting System f o r  . t h e  
FY 1979 demonstration. The l ists a r e  tabula ted  a s  fol lows:  

Table B-1: PM/PS Programs and Modules which include:  
1. Quanti ty  Transferred Versus Received Program 
2. Physical  Inventory Monitoring Program 

. 3. Process S t a t u s  Function Program 
4. Analy t ica l  Summary Program 

- 5. Transfer  Flow Di rec t ion  Confirmation Program . . 

6. Storage Function Program . . 

7. HA Feed Tank Flow Rate Program /, 

. . Table B-2: RTP Program which inc ludes  a s  an i n t e g r a l  pa r t  the  
Process  Alarm Monitoring Function 

Table B-3: LDS and RTP Network Communication Programs and Modules " 

, . 

Table B-4: Miscellaneous/Support Programs 

  able B-5: PM/PS Data Base F i l e s .  

Information presented i n  the  t a b l e s  inc ludes  program/module/f i l e  name, 
. i d e n t i f i e r ,  and purpose. 

. Many of the da t a  base f i l e s  a r e  r ep re sen ted  by a l e t t e r  f o l l o w e d  by a 
f i v e - d i g i t  number. In  t h i s  r ep re sen ta t ion ,  the f i ve -d ig i t  number corre- 

. sponds. t o  the measurement p o i n t  number a s s o c i a t e d  w i t h  a p a r t i c u l a r  
, . v e s s e l ,  while the pref ix ing  l e t t e r  denotes  t h e  t y p e  of t h e  d a t a  f i l e . .  

Table B-5 iden t i ! f i e s  these  f i l e s  w i t h  t h e  l e t t , e r  f o l l o w e d  by "nnn.nnW' . ' 

(ex. Xnnnnn). The "nnnnn" s tands  f o r  the f i v e - d i g i t  measurement p o i n t  . .  . . 
number . 



TABLE B-1 

PROCESS MONITORING/ PROCESS SURVEILLANCE PROGRAMS AND MODULES 

Name ID Purpose ................................. ----------- ............................................................................ 
Quantit~.Transferred Versus Recieved Pro9ram: 

1. Main Pro9rau1 
installed as: 

PRTVRC 
QTURC 

To coordinate and monitor a vessel to vessel transfer, collect and store 
measurement data, and print transfer comparison and summary report. 

2 ,  Calculation Module CALCOT Make instrument and solution comparisons, convert RTP readinas* calculate 
liouid level, volume (via TVOL), and solution ouantities, initialize batch 
parameters, mark option and marginal indicators. 

3. Volume Calculation Module 

4. Password Hodule 

5. Operator Initials Hodl~le 

TVOL 

PA SQT 

OPI QT 

Calculates solution volume given level and density. 

Determines if an enterred supervisor password is valid. 

Reouests and stores the operator's initials at each step of the measurement 
seouence. 

6. Branch Option Hodule OPTRT Based on operator decision, performs a branch to the desired step in the 
measurement seouence. (Ex. If* for any reason, an invalid measurement is 
taken, the operator can decide to remeasure,) 

7. Initializatior~ Hodl~le INITOT Initializes the temporary data file and common area at the start of each 
transfer. 

8 ,  Heasurement Data Collection RTPRT 
Modl~le 

Assembles measurement reouest parameters and initiates measurement reouests 
and recieves measurement data from the preprocessor (RTP swstem). 

9. PNSA Ruska Transducer Units RUSKA2 
Module 

Transforms units of data recieved from the PNSA Ruska Universal Controller 
into standardized units. 

10. Reading Summary Hodule RUSQT Summarizes measurement readings for operator approval. 

11. Response Hodule RE SOT Ge.t a *YESm or *NOe response from the terminal. 

12.  Vessel Inrut Hodule VESOl Get a vessel ID from the terminal and store it'. in the temporarm data file. 

13. Physical Inventory Hodule PIHQT Remove and reinstall a vessel from the active Physical Inventorw Monitorin9 
data base. 

14. Temporary File Update Hodule TPUD 

15. Transfer Summary Hodule SUMQT 

Update the temporary data file. 

Print the transfer suimaru report at the operator's terminal and at the NHC 
Administration office. 

16. Data Base Update Hodule DBUDOT Update the permanent PH/PS data base with measurement data at the end of a 
transfer measurement seouence. 

17. Product to Input Quantity 
Transferred vs. Recieved 

OTVRC A module of the measurement Prosrams which monitors and compares the 
solution and uranium ouantitw transferred from the Uranium Product Sample 
Tank to the Input Accountability Tank with the ouantitw recieved in the 
Accountabilitv Tank. 



TABLE B-1 (CONTINUED) 

PROCESS MONITORING/PROCESS SURVEILLANCE PROGRAMS' AND MODULES 

Name ID Purpose 
................................. ----------- ............................................................................ 

Physical Inventor~ Monitorins Program: 

1. Main Prodram PIM 

2. Add Vessel Module PIMADD 

3. Disable Vessel Module 

\. 
Uonitor the liouid level in Process vessels that have been isolated for 
inventory purposes and alarm the operator of any chanse that reouires 
investisation. 

Add a neu vessel to the active PIU data.base. 

PIMDIS Disable RTP measurement for a vessel in the active PIN data base but retain 
the data accumulated prior to disablins. 

4. Delete PIH Data Base Hodule PIHDEL 

5. List Active Vessels Hodule PIMLIS 

6. Measurement Data Collection PIMHTP 

7. Summary Module PIMSUM 

8. Time and Date Module YMDHM 

Delete the entire PIU data base at the end of a ~hmsicel inventory. 

List the vessels currently active in the PIU data base. 

Collect vessel measurement data from.RTP for vessels in the active PIU 
data base. 

Print a summarr history of all PIU measurements taken during the current 
physical inventory fo.r all vessels in the current PIU data base. 

Get the current time and date from the system clock. 

Process Status Function Prosram: 

1. PSF Data Collectiont Storase PSF To replace manual data collection with computerized data collectionr stora9e 
and Retrieval Program and retrieval. 

2. PSF Data Base Builder Prosram PSFBLD. create the Process Status Function ~ a t a  Base. * 
. . 

Analytical Summary Prosram: . . 

1. Analytical Summarr Prosram #1 ASP 

2. Analrtical Summaru Program 82 
. . 

Transfer Flow Direction Confirmation 

1. Transfer Flou Direction' , . 
Confirmation Prosram.' 

.. 2. Ti.me and Date ~odul'e : .. ' 

ANSUU 

Program: 

TFDC . . 

YUDHU 

To provide a printout of analutical data for inm measurement point for 
which the laboratorv performs routine analyses. Results for the last 50 
samples analwzed are reported. , . 

Identical'to ASP. except the table 'is printed in. reverse order with the 
la,test ,!ample results first. 

. . 

Monitor s transfer route end alarm the .operator of .situations where the 
solution f l o w . 1 ~  misdirected (com~letelm or ~artiallu,). 

Oet the current time and date from the smstem clock. 



TABLE B-1 (CONTINUED) 

PROCESS MoNITORING/PROCESS SURVEILLANCE PROGRAMS AND MODULES 

Name - 

Storage F I J ~ I C ~ ~ O ~  Program: 

2. Add Vessel Hodule 

3. Disable Vessel nodule 

4. Current Report Hodule 

'f" 5. Delete SF Data Pase nodule 
C 

b .  List Active Vessels nodule 

7 .  Summarr Module 

8 .  Storage Data Collection and 
Alarm Kerort Prosram 

9. Volume Calculation nodule 

10. Time Ans Date nodule 

HA Feed Tank Flou Rate Program: 

1. Flou Rate F'rosram 

ID Purpose ---------- -------------i-------------------------------------------------------------- 

SFADD 

SFDIS 

SFDEL 

SFLIS 

SFSUM 

SFRTP 

TVOL 

YMDHM 

FLOU 

The storage function monitors particular storage vessels for a chande in 
solution mass and alarms the control room operator of a sitiation where 
change is out-of-limits and reauires investisation., The SF consists of two 
prosrams; an operator option select and report generation ProHram (SF) and 
a storage data collection and a l a r ~  Program (SFRTP). 

Controls the execution of the Storage Report Generation Function Prodramr 
permitting the operator to select the desired report or function option. 

Add a neu vessel to the active SF data base. 

Disable RTP measurement for a vessel in the active SF data base but retain 
the data accueulated prior to disablind. 

Print a summarr report of the most current measurement data for all vessels 
in the SF data base. 

Delete the entire SF data base at the end of a monitorind session. 

List the vessels currently active in the SF data base. 

Print a summarr history of all SF measurements taken since the last deletins 
of the SF data base for one vessel which must be in the current SF data 
base. 

To collect RTP measurement data on all measurement points which have an SF 
indicator set in the RTPID filer calculate solution aassr and alarm the 
operator whenever the solution mass chanses in any vessel. 

Cplculates solution volume diven level and density. 

Get the current time and date from the system clock. 

Read floumeter and depletion parameters and calculate the throughput of 
uranium through the HA Feed Tank* Results are printed by the status Prosram 
in HTU / Dar and are updated everv 10 minutes. 



TABLE B-2 

REMOTE DATA ACOUISITION SYSTEM'PRO%RAM -- MAIN mTNCTONS 

Name ................................. 
1. Executive Operating System 

2. Scheduler Func.tion 

3. Collect Function 

4.  Operator Function 

5. Communication F ~ ~ n C t i o n  

6. Calibrate Function 
m 
I 7. Alarm Checking Function 
VI 

8. Ruska Collect Function 

SCHED 

COLECT 

OPR 

COHHC 

CALIBR 

THPALH 

RUSCOL 

Purpose ............................................................................ 
As a 'priorit9 interr.upt executive~ this routine initializes system 
parameters and contains the entry point to start system operation. 

Controls execution of other main functions. 

Collects data from process instruments interfaced vie the Computer Productsr 
Inc. RTP eouipment. 

To allou the operator to enter the system time* activate alarm edit* reouest 
dumpst ask for help* activate ~ ~ O P P Y  data loflainflr and activate hard COPY 
alarm reports. 

To process reouests for data from the Central Sustem communication link. 

To calibrate the ~roflrammable voltage calibration devices. 

To examine each point in the srste. and report any that are alarmins. 

To.collect data from the Ruska transducers. 



. .  . . .  

TABLE B-2 (CONTINUED) 

REMOTE DATA ACQUISITION SYSTEM PROGRAM -- SUBROUTINES 

ID Name Purpose ................................. ----------- ............................................................................ 

1 1. Address Find ADDFND To find any uord location in any table* 

1 2, Alarm Edit AEDIT To enable or disable alarming for one or all channels. 

3. ASCII to Binary 

4. Average 

ATOB To convert ASCII data in conti9uous memory locations to an absolute binary 
value in one 16-bit uord. 

AVRGE To average scan mode 2, 3r and 4 point readings, Calculates the most recent 
reading br dividing the accumulation br the sample count. The most recent 
reading becomes the first reading uhile the oldest reading is deleted. The 
accumulation and sample count are cleared. 

5. BCD to Binary Conversion BCDB To convert a BCD number to a positive binary integer. 

6. Binary to ASCII Decimal Conversion BTOA To convert a single 16-bit binary value into five decimal ASCII characters. 

7 .  Check Device Readiness 

m 
I 
m 8. Clear History 

CHECK To check if input device is clear and uait until clear if the device is 
busy. 

CHIST To clear the priority tables; P2Tr P3Tr P4Tr and Ruska P2T. 

9. 1nterrl;rt Service Routine for CF I DT 1 Handles data interrupt from the CPI 7480 Anal09 Input System on parallel 
CPI dear link. 

! 10. Julian Date DAYHON To convert Julian days to months and days. 

I 11. Fixed Point to ASCII FF2A To convert fixed point to binarrr and then to its decimal ASCII eauivalent. 

12. Gain Value GAINVL 

13. High-Lou Samrle Routine HILOU 

To find the gain value associated uith a ~oint'number. 

To compare the last sample uith the.hish and lou values accumulated and 
replace them if appropriate. 

14. Inrut INPUT To reauest data from CPI channel. 

15. Inter~olatiort Table Entry Point ITEP To find the interpolation table entru point num,ber and determine whether the 
LIT or PLIT tables are to be accessed. 

16. Linear Inter~olation Function LIF To derermine Y on a set curve uith the followins eauation: 
Y = (X-XI) / (X2-XI) * (Y2-Y1) t Yl 

MEASURE To calculate via interpolation in the interpolation table the engineering 
units for measurements of all instrument twpes. 

18. Month-Day to Julian Date MONDAY To convert the month and dau to the Julian date. 

19. H u l t i ~ l r  and Divide HUDIV To perform software m u l t i ~ l u  and divide opeeations. 

20. Pieceuise Linear Interpolation PLIF 
Fl~nct i on 

To convert rau readinss to enSineerin9 units via interpolation fn the 
Piecewise Linear Interpolation table. 



25. Read All Ruska Points 

2 6 .  Reauest Time and Date 

27. Short Integer Hultiplr 

28. Target Update 

RRPT To zero if necessarrv l o c k ~ u ~  the DVHsv and read all Ruskp transducers. 

RTD To reouest time and.date from the operatori and t o  update the srstem clock 
and time table. 

S ~ U L  To perform a short inteser .ulti~lication. 

TARGET To update a Tiae Table Entry. 

TABLE B-2 (CONTINUED) 

REMOTE DATA ACQUISITION SYSTEM PROGRAM -- SUBROUTINES 

Name ID - Purpose ................................. ----------- ............................................................................ 
21. Point Device Locator PNTDEV To determine device number from point number. 

22. Put Current Time In Global PUTTIH To convert current time and date to ASCII and store in dlobal common memory. 
Common 

23. ~ ~ o s r a m e a b l e  Voltage Calibration PVCDEV 
Device Routine 

24. Convert Rad 50 to ASCII RDJOTA 

To determine the device number from the point numberr check lor PVC on 
devicer ,and return the calobrated voltaee. 

To convert Rad 50 format to 3 ASCII characters* 

29. Time Check TI HCHK To adjust the time for 6 0  seconds/minutev 6 0  minutes/hourv 24 hours/darr 
and 365 dars/rear (except leap vearsr 366 daws/near). 

30. ~ i x e d '  to Floating Subroutine TDFLT To convert s fixed point number to floatina point* 

31. Uord to Serial Output Format U ~ S O F  To convert a data s.tream to a serial link format. 



TABLE B-2 (CONTINUED) 

REMOTE DATA ACOUISITION SYSTEM PROGRAM -- TABLES 

Name ................................. 

1. Alarm Table 

2. Calibration Point Definition 

3. Data Base Tahle 

4. Device Table 

5. Gain Table 

ID Purpose ----------- ............................................................................ 
ALT 

CPDT 

DBASE Contains general information including addresses and offsets for other 
tables in the Data Base Table structure. 

DEVT Contains hardware interface information reouired to communicate with CPI 
front end sear eouipeent. 

8. Priority Tahles 

Contains 26 entries for each ~rodrammable voltage calibrator which describe 
the calibration points. 

GNT 

6. Interpolation Tables LIT 
w 
I 
00 

7. Transducer Point Definition Table PDT 

9. Ruska Device Tahle 

10. Ruska Transducer Point 
Definition Tahle 

11, Time Table 

12. Unithersal Reference Table 

Entries in the Alarm Table provide high and low alarm limit values. The 
value of minus one (-1) implies there is no alarm limit. 

PRIOR 

RDEVT 

RFDT 

TTBL 

UTRT 

The gain table is 26 words configured as 13 fixed point numbers, one for . 
each gain range. The values are constants (in units of millivolts/bit) 
which, uhen multiplied by a raw datum gives a reading in millivolts. 

Defines the Linear Interpolation Table, the Piecewise Linear Int~rpolation . 
Table, and the Calibration Linear Interpolation Table. These tables provide 
the means to convert raw values in millivolts to engineering units. 

The PDT table contains pertinent information describing the measurement 
point (scan mode* instrument class and type, etc.) and pointers to 
other applicable tables. 

Each scan mode 29 3 ,  and 4 measurement point has a unioue entry in one 
of the priority tables; the P2T, the P3T9 or the P4T res~ectivelu. Each 
entry in these tables provides data storage. for multiple readines and hieh 
and low samples. 

The RDEVT contains information for each remote serial link universal 
controller pair. 

Describes each Ruska'measurement point. The RPDT provides storage for the 
last data sample and the Ruska Priority Table entry number. 

The Time Table provides tareet time data for each of the eidht function 
codes; FC 1 = Start scan mode 2, FC 2 = Start scan mode 31 FC 3 = Scan 
interval 2 complete, FC 4 = Scan interval 3  complete^ FC 5 = Start cali- 
bration, FC 6 = Trigtier alarm function, FC 7 = Start scan mode 41 and 
FC 8 = Scan interval 4 complete. 

Contains the 'scale factors and variabilitv constants reouired t o  carrv out 
the temperature conversion calculations involving the thermocou~les. 



TABLE B-3 

LDS AND RTP NETWORK COMMUNICATION PROGRAMS AND MODULES 

Mame ID Purpose ................................. ----------- ............................................................................ 
1. LDS Data Recieving Program LDSLN2 t Recieves laboratory data at the Central System as sent from the LDS via 

the DATA proerame The data-type is determined* the data properly formatted 
and stored in the Analytical Summary Data File. If the data is associated 

. uith the Accountabilit~ Tank or the Uranium Product Sample Tank? Uranium 
Concentration data is filed in the permanent Analytical file for that tank 
and a flad is set which will cause the DBUPD module of the Accounting 
Program to update the data base for this tank on its next Pass. 

2. LDS Read nodule 
- 

LDSRED t Subprogram of LDSLN2 which oueues nine reads on the LDS cliannel for 
processing by LDSLN2. 

3 .  Analytical Sample Reauest LDSLNl $ Processes saa~le.reouests from the reouest oueue bufferr formats the sample 
Sending Program -- installed as: LDSCOM 8 reouest parameters* and passes the reouest over the communication line to 

the LDS S a m ~ L e  Authorization Pro9ram. 

4. Fieauest Getter nodule LDSGET t Module of the LDSLNl Prodram uhich'gets sample reouests from'the reoueet 
oueue buffer. The reouests 3r.e put in the buffer bu the LDS module of the 
Measurement Programs. 

5. LDS Intermediate Module , LDSINT t Subroutine of the LDS Module of the Measurement Prodrams which puts sample 
reouests in the reouest oueuc buffer. 

6. Analytical Chemistry Methods Mnaaaa S t  Accepts analytical data* computes results* sends results to control room 
Programs (n = 2 seouenced didit* and the Central Srstem Cornputerr reports them to the analvstr and stores 
aaaa = an acronym for the method name) the results on disk. 

7. Data Reporting Prodram DATA S t  Selects and controls the execution of the a~rrorriate Hethods Prosram. 

0 .  Sample Authorization Program SPLAUT 88 Accepts reauests for analysis from any device on the LDS confisured as 
'a terminal including the CNHCAS Central System. The reouest is passed 
on to Analytical personnel* with en updated (if necessaw) batch number. 

9. RTP Communications Program 

10. Send RTP Reauest Module 

RTOCOM t 

SEND t 

~athe&,reouests for RTP measurement data Tram the RTP reouest buffer oueue 
on a first-in-first-out basis* formats the reouest and transmits it down the 
serial co~municatiom link to the remote data acouisition svstem computer. 

A subroutine module of all Prodrams which access RTP'measurement data. Its 
function is to format the reouest parameters and place the measurement 
reouest in the RTP reouest buffer oueue in preparation for trsnsmittal 
to the RTP system. 

8 Denotes Prodrams and Modules resident on the CNHCAS Central System 
t t  Denotes Prodrams and nodules resident on the Laboratory Data Srstem 



Name ................................. 

1. Create Analrtical Summary File 
Program 

2 .  I~ounloader Prodram 

3. Laboratory Data Find, List and 
Edit Prosiram 

4. Measurement Frodrams Status 
Program 

5. Temporary, Hiscellaneous and 
Support Data File List Programs 

?' 
I 

c-' 6 ,  Temporary, Miscellaneous and 
0 Support Data File Edit Pro9rass 

TABLE B-4 

MISCELLANEOUS/ SUPPORT PROGRAMS 

ASPCRE 

LAB 

STATUS 

Purpose . ............................................................................ 
Create a circular file for laboratory analytical data for an operator 
enterred measurement point. 

Download the RTP Prodram to the remote data acouisition sustem computer 
from the host srstem. 

Check to see if a laboratory analytical sample resuest was properly sent and 
to list the results for the current batch at any material balance measure- 
ment point. The operator mar edit the results if anu are in error* 

Runs in the background mode once everr minute to constantlm update the color 
CRT monitor display of the Prodress of everr measurement prosram throush the 
measurement seouence. Also prints plant flow rate on the color monitor. 

To list the contents of the various temporarw,  miscellaneous^ ~ n d  support 
data files. ( x x x  = a mnemonic identifrind which file is to be listed.) 

To edit the contents of the various t e m ~ o r a r ~ r  miscellaneousr and SUP POP^ 
data files. ( x x x  = a mnemonic identifrind uhich file is to be editted.) 



TABLE B-5 

PM/PS DATA BASE FILES 

ID Purpose ----------- ............................................................................ Name ................................. 

CALCUL Contains indexes into the Temporary file for the storade of the results 
produced br the CALCOT module of the ouantitv transferred vsr recieved: 
Program. 

1. Calculation File 

CONLIH Contains the limits. for the various comparisons made during execution of the 
auantitr transferred vsr recieved Prosram. 

2. Control Limits File 

HESAGE Contains message text used br the OTVRC prodram in constructing the dialos 
- and operator information messases. 

3 .  Hessase File 

4. Hessade Help File HESHLP Contains numerical fields for use br the OTVRC prosram in printins messase 
text containing numerical data. 

5. Password File PASSYD Contains a list of supervisor passwords against which rassword input is 
coa~ared whenever the supervisor password is reouired br the OTVRC prodram. 

PIHSEP Data filk in which the Physical Inventorr Monitorin3 date is ;tored for 
Separations Area vessels. 

6. Physical Inventory Honitor Data 
File for Separations Area Vessels 

I 
7 .  Physical Inventory Honitor Data 

F File for PNSA Vessels 
I r 
I 8 .  Process Status Function Data 

i File 

PIHPNS Data file in which the Phrsical Inventory lionitorins data is stored for 
PNSA vessels. 

PSFDAT 

PSFINT 

Contains the measurement data collected br the Process Status Function 
Prosram. 

9. Process Status Function Data 
Base Structure Definition File 

Used by the PSF Data Base builder prosram to define the three levels of the 
PSF Data Base includina the process sectioner measurement points* and 
individual instruments. 

10. PSF Item Data File PSFITH Gives header information correspondins to the PSFDAT file and contains 
various indices into the TANKID and RTPID files which are used and stored 
by the Process Status Function Program. . 

11. PSF Title File PSFTIT 

Onnnnn 

Contains report titles and index to the first report item in the PSFITM 
file. 

12. OTVRC Heasurement Callection 
Data File 

Contains measurement date obtained via the Ouantitv Transferred vs. Recieved 
Program for each measurement point monitored br the OTVRC Program and 
orsanized bv batch number. 

13. RTP Instrument Data File RTPID Contains instrument and channel identification rarameters and cross- 
referrences used bu the verious programs which access RTP data* 

14. Storage Function Data File 

15. State Table File 

SFDAT 

SOTVRC 

Contains measurement data collected bu the Storage Function Prosram. 

The state decision table associeted with the OTVRC prodram. Its function is 
to direct the ~rofiression of the OTVRC program throuah its various modules. 

16. Measurement Prosrams Status File STATUS Contains the measurement point numberr current batch numberr and status of 
 roara ass ion throush the measurement seouence for each material balance 
measurement point. The status file also contains the most recent plant 
flow rate data. Its contents are alwatis dis~lar?d on the color CRT monitor. 



TABLE B-5 ( CONTINUED) 

PM/PS DATA BASE F I L E S  

Name ID Purpose ................................. ----------- ............................................................................ 
17. Tank Identification File TANKID 

18. Transfer Flou Direction TFDCDB 
Confirmation Data Base File 

19. Temporary QTVRC Data File TOTVRC 

Contains measurement point cross referrence information widelv used br most 
subsrstems of the CNMCAS, Two identical copies are maintained to avoid 
conflicting access situations. (One has the suffix *.DATm and the other has 
the suffix '.PIM') 

For each pair of vessels between uhich the Transfer Flow Direction 
Confirmation Program monitors transfers, the file contains the pair of 
measurement points for the transferrin9 and recievina vessels and an 
associated list of measurement points to be monitored as possible diversion 
routes for the particular transfer. 

During each batch transfer monitored br the OTVRC proeram the measurement 
data is retained in the TOTVRC until the end of the batch transfer seouence 
at uhich time the data is transferred into the appropriate permanent * O e  
files. 

2 0 .  Process S ~ ~ ~ I J S  Function Units UNITS Identifies the units associated uith the data collected br the Process 
File Status Function Prosram and printed on the PSF reports. 

21. Volume File VOLUHE 

23. Analytical Sunmarr Data Files Xnnnnn 

24. Uiscellaneous File ZOTVRC 

Contains the necessary coefficients for use in calculating the volume for 
any vessel. 

Circular files containing the 50 most recent sample results of laboretoru 
analytical data for every measurement point. 

A file containins the various indicies and messaee table pointers used br 
the various states of the ouantitr transferred vs. recieved Prosram. 
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SECTION 2000 
LIQUID CONTROLS 

;g;i&~l 
' S O  8 

SENSALL MODEL 8ZlS 
NON-PENETRATION 

LIQUID LEVEL SENSOR 

WHAT K DOES OPERATINO ADVANT&QE(I 

PRODUCT DATA SHEC 
ad... "a Qrurau.. 

TheSensall Model621Snon-penetration liquMlevelsy$t.+mis The sensor never wntads the process llpuid 
used 10  rode pofmlwel control ofaliquidlnanexlslingtub. . The system can be Inetait& withm shutting down Nant 
pipe w vessel. The ultrasonic sensor  an be installed operations. 
permanentiyortempcfarify wnhoutlntenuplionof any process. 
The Mn-penetration system be ,,,slatled and operating in 6 Simpkt instslh#gn requires e minimum amount ot Hme- no 
a matter of miqutw. This offers a simple and inexpenswe 3$ be 

no w81dingofmngs, n o s ~ e M l  t*ls 
' means ot point l e d  detection wilhout WNn conlacling the 

liwid itsell. . The sensor (if not permanentiy instalred) can be movedto e 
ditferent level M even moved to another location with 
minimum elfon and without re-adjuslment of Uw$y#~m. . Ultrasonic detection Is unaffected by varlatlons In 
temperature, pressure, relbcted lght, liquid wnducllvlty or 
vlbRliOn. 
Repestabiliiy of sensing better tharl0.M of an im. . The control unit is free trom measurement drin; no 
recallbral~m is required after lnniel adjWmem. 
The sensing elements are rugged end Gompletely encap. 
SUIBtBd. 
Ultrasonic measurement provides a non-hezardws low 
energy system. 
The control unit Incorporates reliable solid-state elm- 
tronics. 

HOW IT WORKS 

The Sensir11 Model 6elS Sensor uses a unlque ultrasonic 
s~gnal that can be transmined through the wallsof a tube, ppe. 
or vessel filled will! liquid buf w~li not transmi4 when the vessel 
IS f~lled wllh a gas. In operation, the control unit generates an 
electr~cal slgnal that is conveitedtoan uilrssonic aignal at the 
transmiller transducer When the vessel la filled Uth lbuidthls ~ - - -  . ~- ~ -- - 
signal is lransmllled through the lront walls, through the I~quld. 
throqh the rear wells, to the receiver transducsr and 
reconverted to an elecwlcal sgnal. The signal is amplified in 
the control unit anda relay isenerglzed. When liquid falls below 
the sensor gap level the signal 1s attenuated by the alr or gas 
(the electrical Slgnal is greatly reduced) and Ae rcley 
becomes de-emrgked - 

. - 
3) 

." 
NATIONAL SONlCS 250 Marcus Boulevard. Hauppsugs, N.Y. 11787, (516) 2X4-6600 Telex 144545 
h ~ s m  d EnmrdBCh Comnalcon 



. . 
TECHNICAL SPECIFICATIONS 

. . 
SIMPLE INSTALLAtlON 

DIVERSIFIED USES 

The Sensall621S has many dtuersified uses especially when 
non-penetration liquid level sensing IS a conventence or a 
must Non-penetratm senstng can be applied to most sght 
gauges, pipe secttons, small diameter uessels, etc. Other 
Sensall non-penetration systemsareavailabiefwapplications 
Where proportional output is required. For accurateevaluation 
of your inlended application, contact the laclory or your local 
Sensall representative. 

DIMENSIONAL DATA - 

The Sermall Mcdd 6215 ins(alb qulckly, easihl, @ wlthoul 
any special tools. Inaallatbn d the sanra does nU rsquire 
any modfficalion ol tha exiatrng vguwL The unwrs an 
acoustically cwpled wlth gma8e uspmyanlothauallsdlha 
wrssel laOO anall and in-llne at tha rao ihd M lha - ~~ 

~ - -  - 
semun, are mrinected to tha control v~ ~ t &  
coaxlal cable terminated in shielded p(ups and the I- 
ts complete 

Requires pleclng a small amount of sllkotw gmnse on tha 
transducer kcas and joining logethr at the desired level on 
Me vessel to achleve acoustical cwplh. Thb 'W d 
installation is best in applications where tha eenw must ba 
moved occaslonslly to rrense at dlfknml lsvels of in 
requirements m lhe he mmuet ba removed lor 
re~nstallatlon ox" to another vend. 

L ~ ~ m l r r o  

PERMANENT INSTAUATION 

Requires placing a small amount d epoxy on h a  transduun 
faces and bonding tcgether at thedaeired level on the vessal. 
(Epoxy, tadmy supplied with every ader.) 

ORDERING INFORMATION 
To order a complete Sensall system specify: 
1 Sensor Model 621s supplied wlth dx feet Teflon* m- 
axlal cable, tarm~nated wnh wnnectcm 
2 For longer cable lengths (In excess of six feet) ordsr 
extenston cable per length needed Cabta supplied tsrmi. 
nated wllh connectom on both ends. 
3. Specify outside diameter of pipe or vegssl that sensor 
mll be atiixed to. Standard models are available to lit d ~ -  
ameters of W. W of W (other sizes available optmal). 
4 Model 4WC-1 Control Unit in a JIC enclosure (for watar- 
ttght spectfy NEMA 4, for explosm proof specify NEMA 7). 

NO= Epoxy adhestve. lactory supplied wnh every sen- 
sor order 

Dupont Trademark 
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Field adjustable switch point range for typical media 

FCI 
Series 
Thermally Actuated 

VELOCITY FllSEC 

Flow SwitchIMonitor 
The FCI 12-64 Series Flow SwitchlMonitor is a thermally ac- 
tuated, ruggedly designed flow sensor that will provide 
maintenance-lree performance over long periods of time in a 
wide range of applications. It features: 
Versalility - The 12-64 will detect the flow of virtually any 
medium at virtually any pressure, ternperature or viscosity. 
Design variations are available tor all mounting requirements. 
Electrical oplions include SPDT. DPST and dual swi ch 

"Y- 7--Lsnrol as well as millivolt and milllamp anaog outputs 
eliablllty - No moving parts assures years of reliable. 

maintenance-tree operation. The Switch/Monitor is designed to 
withstand abnormally high flow velocities. All welted parts are 
of stainless steel. 
Sensitivity - Flow velocities as low as 0.01 ltlsec in liquids 
and 0.05 ftlsec in gases may be detected regardless of process 
line diameter. 
Rangeability - Switch points may be field adjusted over a 
range o l  100 to 1. 
Repeatability - 0 5  to 1 0% of fuil signal (depending on 
medium) st constant conditions. 

PRINCIPLE OF OPERATION 
The Model 12-64 detects variations in llow velocity by senslng 
changes in the heal lransfer properties of the llow~ng med~um 
The senslr g head conststs of three stalniess steel thermowells 
In direct contact with the product A matched palr 01 reslstlve 
temperature sensors one active and one reference IS precise- 

ly located In respective weils These sensors are selt- 
rnmpensatlng for tluctualions in product lemperature A low- 
powered heallng elemenl IS Installed in the third well and is 
located so that I! wlll always preterentlally heat the acllve 
ternperature sensor Thls creates a temperature difterenllal 
between the actlve and reference temperature sensors Mlnute 
changes in flow rate alter lhe heat transfer path between the 
heater and actlve temperature sensor causlng a relatlve 
change in temperature d~fferent~ai 
Thls temperature dlfferent~ai 1s electron~cally converted to a 
signal that is Inversely related toactual ttow rate (See Flgure 1 
and 2 )  At any predetermlned level of thls signal a poten- 
flometer can be f~eld adjusted to actuate the relay External 
voltage IS switched across the normally open or normally 
closed contacts of the SPDT relay to lndlcate that llow rate is 
above or below the deslred switch polnt The standard clrcultry 
16 designed so that at low flow or no tlow the slgnal IS grealest 
and the relay 1s deenerg~zed 



Approximate bridge voltage for typical media. 

SPECIFICATIONS 
R-8 conmctlonr: 1" or 1 ?A" MNPT: llanged mountings avaitable. 
I m m n  knpth: 2" tip ot probe to process connection IU dimension). 
customer specllled U length available. 
MalarW: AII wetted surleces 316,stainless sleel and nickel brazed per pro- 
cess specillcallons AMS 4777 Other materials, wetding malerials. brazlng 
prowsses and coatin s available 
FbM wiwObh s w d  pol,: ~ n j  value wnnin the indicatsd l l w  range. 5 
millivolt deadtand. All units preset with swilch polnt at mid.range In water. 
Factory certilied switch points ava~labb. 
uactriDll mnmtbns :  t !/I" FNPT 
R&y: SPOT contacts rated at 2 amps @ 115 VAC or 24 VDC resistlue. 
reby coil de-energized at no flow. Other contacts andlor coll arrangements 
available. 
h l ( r inp~I :  100-130 VAC. 50or 60 Hz 6 watts maxlmum. 24 VRC or OC 
a d  mher power inputs available. 
EhLMu l  rang:  The conlrol clrcull is mounted in a lunctlon box raled tor 
halardous areas and complies wllh NEC Class I. Groups C and 0. O r  1 
and 2: Class 11. Groups E. Fan0 G. Div. 1 and 2: UL standard 886 Class I. 
Group B. Ow. 1 and 2 iunctlon bon.avadabte. 
RaprlrbMy: 0.5 to 1.0% ot full slgnai range (dependmg on medluml a1 
Constant conditions 
OmanLp b m ~ m r a s :  Sensor head: .lOOO lo  +350°F. sensor heads to 
+ 7 M W  available. 
Ebm*rl oonlrols: -50' lo + t50DF 
Note: For apf l isat t~a where control houslng lempcralure exceeds150DF. 
Ihe mntrol eectrnn~cs should be located remotely See Model 12WR an 
hack age photo 4 
0 erain i n n u n . ~ e n r b r  assembly hyarostatlcally pressure checlled lo 
4 b ~  P S ~ .  Units lbr hlgher prsssvre applications avaliabte 
shi plng wel#ht: 7 Ibs standard. 14 Ibs remote 
0 p t L s :  
Sensor assembly: Relraclable prow and packlng gland assembly to 111 
thrWgh I 'A" lull bore bail valve. 
Sanitary construclion wdh lerrule mounllng flanges 
Shroud assembly (S A) lor hlgner swltch point flow ranges 
Electronic circuihy:. 
Dual switch paint clrcult ba rd  
h a l o g  output: ellher mllllvotl or mlltlamp 

INSTALLATION RECOMMENDATIONS 

mp I*U tr 

NOTES 
(I, The 1 2 6 4  rpec~led lo, thgv~o servlce snoblo oe locate0 in Dsprocsss pipeso 
lnat ,I *.I ranam wettw a l a  I tnmr durmg operallon I1 per~od~cdra!n~np 01 Far. 
I 101 BO t lwtno lhnes norm I" mcur consblt man~laclvrsr or rsprsrenlatlvss 
lor kcommendatins 
(21 The I 2  64 mounted ln a me of section ol plpe largarthan the normal procsss 
nlnm .hna,m he lnrltad in a ventcat run a l  O I D ~  w~ tn  llow unward This wlil or* ~. ~ ~~ 

renl lhe lrapphng ol a ,  or pas hon le r  at ink sensol assernblr 
(31 The 1264.315 an0 12.644 r I. 1,ncton nany or~snlalon, but Wdllon must 
be tagen lo plevenl condensat on b ~ ~ l o , p  .n a PO601 assmnnly IMl IS mslaltsd 
with the probe lnsened downward 



t 7 weld I %' neck or lar aanae er 

1 % ' threaded 
high pressure 
mounting hub 

I rating 
blind llange 

1% SCh. 40 plpe 
extension 

. - 
Oversized hub w ~ t h  
reducing bushing 
(Sensor wlfh standard 
U does not extend into 
flow stream ) 

TYPICAL MOUNTING IN A VERTICAL PlPE 

TYPICAL MOUNTING IN HORIZONTAL PlPE 
For horizontal p ip .  the preferred probe orwntatlon is 

slde mounled In liquid servlce, 11 IS recommended 
that thesensor assembly be 

locmed in sections of the 
pipe that remain wetted dur- - , ing sensor operation 

Equlppsd w~th I 2' sensor 
probes, the 1' MNPTl2.M 

sensor assembly may be 
mounted in a 1 ' NPT tee 

This mwnllng arrangement. 
wlth raduclng bushings, will 
accmmodate smaller than 
, 1 ' NPT p i p  or tublng 

FSR STRIP 
CHART 

RECORDER 

Tho 12,MR rsmne elsct!lcel 
enclosbre musl De used In 
areas 01 hlah temoeralure 
excessive <lbratlon and ex- 

extra electrical hOUSlm mav 
not be necessary, or liac- 
cesslble senmr assembly 
lmatlons The sensor and 
control circultrv mav be 
separated up t i  50d ll. with a 
shielded inlerconnaollng 
cable 

-- 
(A) (8) (0) 

r-z :I FM.71 

MONITOR1 
CALIBRATOR 

Th. FM 71 Monltorl 
Callbr~tor and FSR Strlp 
C h r l  R.corc(.r are used to 
dbsplay andlor record flow 
changes al the sensor 
assembly These accesmrles 
aid In establlshina and verllv- 
Ins a switch ~otni. and trou: 
ble shooting process and in. 
strument problems Either 
device may be plugged 
dlrectlY Into the control 
circuitry 01 all FCI switch1 
monitors 

EXAMPLES OF OPTIONAL 
12.64 SENSOR ASSEMBLIES 
(A1 and181 Flange mounted wlth customer 
speclllsd lnserllon length (U) 

ICI Soeclal 011 well producllon monitor 
ID) 2" MNPT mountrng wllh customer spectt~ed U 
IEI Rellaclable probe lncludlng gland nut packing 
assembly lor lnserllon lhrouph I '/.' lull bore ball 
MlV0 
IF1 1 'A' MNPT wllh stamara 2' u 
IG; 1' MNPT wllh standard 2" U 
(Hi 1' MNPT wllh 1 2' U to Ill In a 1" NPT tee 
ti1 I N '  MNPT wlth customei specitled U 
I 1 >G ' MNPT wllh shroud assembly 1%) opllon 
lor hlgh llow SWIIC~ polnl 

- -- 
P. 0. Box 1165 Cano a Park. Call1 91 304 
(213) 341 -7722 ~ol lpree (800) 423-5081 



BULLETIN FR 7013 

Blocked Nozzle - Monitor 
Identifies Malfunction 

' Typical Flow Characteristic 

Field Adjustable 

Lube 011 Monllor 
Normal Flow 
Range High M a n  

Activated 

Flow Vel~city - 

Bearing Seal Leak Deleclor 



FCI Model FR 70 Low Flow Monitor 

Kkswiwh ~ I T U  WR beSw 8t mt~ 11) sny M w 4  BY 
any m m .  kmpwatwe ~1 v W W .  Vw FRm it 
u l t u m r a l ~  aa~lrnyarrn# 
reli- mnoe-tm m%ii 

- ~ - . . - .  ~- . - -. -.- . 
~rr i~?e&t i *  tempsr+r~ mw, of~$i.s;~.Gda"ir 
r $ f ~ , m ,  is prgu;i+. xjly-kb@d M%u %p*b+ widla. 
E s e  eri;nsors iim ~ . b o m ~ n n a t m p  for ftpluatkins rh 
profluct lmpaW'~g, A iw;~@~iWi fW&fi i2ele~nt  i~ 
msla l [ed in lhe .h i rdwe l l~ .s~daoWi t~ l lWfs  
@t$rMwlt RWW Bdi~~B.ranipmeganW, ?tile 
wa!& aterowattire dilteylidW8enfhs %ti@ enti 
&rew te~p~f@tws~ W U ~ B ,  Mim& eRan3.w in flaw 
rateiGlW the heart Wsf€~peth h.tMtqQ t% "elter and 

Tha!m~u,frtdWfe~M I~fwwntcallyeooIlmeElM 
a s m i  that i s  lnversery related ru ~ 1 6 1 ~ l  flaw new @se 
PI@ 1 ma 23 ~ x s n y p m e n n ~ i e v ~ ~  orm~a~@rw~. a 
m- m befhe~ w w  ru mtme the reiay 
W n a l  mUa@ B rnt%??&d aeMaS lne noWnBlty BpMfdr 
riphml4qeWd cantmctsaf m a ~ T w l y r o m a l ~ m t l s i i t  
f&w rate 39 bt beJim rw aslred WEB mit%l The 



INSTALLATION RECOMMENDATIONS 
PlPlNP ARIUNPEMMI I 8ERVICE 1 ~ R ~ o ~ ~  I Y E R n a  I ~I%!!Dw 

i I r m . . l  vm I I W k b l  

R M I v* II U*DlruUR gm 
141 (11 19 V* 18 W r * l ( s l  

monitor. 

Operdna UIlnpwaUrea: Sensar head -100 to 
+350DF (hbghsr lernperature on appilcatlon) Elec- 
t r o n ~ ~  control -50 la +150eF (Note For aoollca- 
t~ons mere conlrul no-slog len e,alwro esceecs 
1500F tne canlrol a.eclron#cs sto-lo be ocalea 
{ernole, See Moae FR7OR on bacl  page Pro'o 
7 ,  -, 
Operating peroure:To2WO p a  (h~gher on appllca- 
tlon) 
RematebnW: 2a m~lllvolls (Constan1 or equal flow 
colid~tion) - 
Pnver Input: 90-130 VAC, 60 Hz, 2 walls nominal 
lmodele avatlable for 24 volls AC or DC) 
~lexrid ral!ag: The mnlro, c rc,.l is rno-nloa .n a 
l ~ n ~ t n n  oox ratea lor nazaraous areas and Corn. 
ploes wrh NEC Csass I Groups C and D Class I1 
G ~ L O P  E. F. and G bL standard 866 

ApmnnecUons:%" NPTpons. (Whenuslng inlec- 
lion lube lnletporl will be Y1" NPT.) 
ElecbM mnmMs: I>+" lernale poll 
Shipping weight: 8 lbs. standard: 14 ibs remora 
Oplkns: Dual witch point circunl board. Injection 
tube lor very low llow rates (interchangeable In 
field). Bleed and venl port for horimntai mounltng 
Flange mounted lhnaslzes 101" plpe. Analog slanal 
available. Mounl~ng bracket lor inslallal~on in any 
position. 

,ID 
1\11,, I 11111111  1 I1111111 1 1 1 1 1  I hq  1 Tvplcal llow characlerist&csm alr 

HEATER WAlTAGE CONTROL 

W m I  Resistor Healer Wanage 

91 ohm 1 .O 
220 ohm = 0.5 

I I 

, .I I.... . , . .... ~ 

: '1, 

. 1 ,  

, , .  , I 

.a1 D a,-,! 1 11 t I 4 8 I0 I * S O 1 1  

S E l r  



SWIIC~ Paint 
PO~ntlolMler 

Vertlc8l mounllng nsornmmnded tor llquld 
rrma ( n p u r p n  mnid g u n ) .  nnm 
w8Um8 mnb-ol rnI.101 MY b n c l n n d  inh. 

r 
h W  
Port Optional 1ni.clbn - Tuba Rsduca. Bwhlng 

- lnbt b . m ~ a  ~ r "  NPT 
potl wlmn using ini.cwr 
tuba 

Model FR7OR nmateelectmnicstor~pplications that 
require sapsratlon of control sl.ctron~" mnd sensor 
assembly. Includes high temperature, high vlbratlon. 
and remote control mnsl aDDl~cstions. Electronics 
may ba separated u i  to 200'fl. from wnror 

Horizonal mounting In *in. p ip.  showing blaed and vent port 
tor purglng entrapped ailpr g ~ ,  when umd In liquid se~lce. 

MANUFACTURED BY 

P 0 Box 1165 Canoga Park. Calll 91304 
(213) 341-7722 Toil Free (800) 423-5081 

Vartknlmountlng for liquid m i c a  with o p t i o ~ l  lniactlontub.forlw 
flow .pplicatlone. lniectlon tuba may be umd in aimer wrtlcal or 
horizontal applications. 

19 tor either hock 
icatlons. Specify 
pm~surn ntlng 

Model FM 71 
Monitor Calibrator 

FM-71 Monitorlcallbralor ~ndicalea thean8logoutpdof 
the control circuitw. Untaue calibration circuit aids in 
the adtustment sndvenlication cf awllch point sentng. 
FSR recorder records the analog oulpul lorprmanent 
record of flow CharaetsnUacs. 60th are powered from 
FR 70 clrcvlt board 

DISTRIBUTED BY 



HEAT ACTUATED 

FLOW MONITOR 
Detects liquid flow rates as low as 

0.1 milliliter per minute (2 drops per minute) 

he MODEL MF-10 Flow Switch has no moving parts, and is 
esigned to detect "no-flow," or extremely low flow rates in 

liquids. 

PRXNCIPLE OF OPERATION: 
Detection in the sensor head is achieved by the use of a 
sensing thermo.resistor, a reference thermo.mistor and 
a heater. 
The heater Is located in the flow stream so that, duringflow, 
the heat is carried away from both sensors. When the flow 
stops, convection currents heat one sensor above the tem- 
perature of the other. This temperature imbalance causes 
a voltage change in the bridge circuitry, signaling a flow 
stoppage. 
The unlaue sensor head creates an increasing signal as the 
flow ratddecreases. Extremely stable in operation, thin unit 
is virtuallv unatfected by line.voltage fluctuations and wide 
temperatire changes influids or ambient conditions. 



FEATURES: 
Detects flow ratesas low as 2 drops per minute 
No moving parts 
Adjustable switch point 
Low p m u r e  drop 
Fluid temperatures to f300.F. (higher M application) 
Pressures up to 2000 PSI (higher onapplication) 
All wetted surfam are stainless steel 
Viton "0" rings 
Explosion pmof housing 
Solid staecircuitrythroughout 
One.pieceelectronics, moduleconstruction 
In.place, in.line calibration during operation orshut.down 
Thermal delay characteristics accommodate pulsating flows 
Analog signal available 

MODEL MF-10 
SPECIFICATIONS: 

Switchingvelocities: Adjustable switch paints can be sorhead should baseparated from eiectmniccontrol. 
set at flow rates as low as 2 drops per minute and (Interconnectingcable available.) 
higherdependingon liquid properties. Material stainless steel (all wetted parts), viton "0" 
Power input 90-130VAC 60 cps 2 watts. ring seals. 
Model avaiiablefor 28Volt DC. Weight 9 lbs. 
Circuit components: A l l  solid state elements, isola . p r e s s u r e ~ t o 2 0 ~  psi, (higher on tion transformer provided. 

Electronics mounted within exolosion.pmaf housing, Relay type: SPDT Contacts rated at 1 amp @ 115 Rated - dust.ignition.~roof, mather resistant VACor 24 VDC resistive. raintight 
Pipeconnections I,$'' NPT ports. Class I, Groups C and D; Class II, Groups E, Fand G; 
Operating Temperatures: Class Ill. 
Electronic Control: -50to 135-F 9 Fail Safe. 
Sensor Head: -100 to3W°F Specify service, temperature range and desired 
Note: When used in temperatures above 150'F sen. trigger velocities. 

MICRO-FLOW SWITCH 
Spacify MODEL MF-10. 



INSTRUMENTS 

RATEMETER 

Paw. . . . . .  . . . . . . . .  
controt, . . . . . . . . . . . .  

Mnu 0.6 . 10V. sdiustllble 
DW, 1,000, 3,000, (OK. 30K. 1WKcPII) 
m s  man 3% full -10. dl rannor 

than 6% lull rule, all ran& 3% at  
rr0rd .r  oumutr. 
I mond, ldrnonh 
Intern# 3MY) wm (80 Hz1 
3 112" loudmsakar. Adiuslnl~lu tndrwdent 
drtwelrwit prevents volume ehanyn when 

to iw%lullrul.. smectsd bv 1ronl.ps"el 
mtml.  2 amp nonnllv open or nolmsllv 
r l d m n t m  Ldtchinm omral~on lfront -, --- - .- - .- - - 
mnd raaluttonl. nu16.i6 laat mode. Int- 

OEICRIPIION 
Modsl 004-443 Solid S W  Wlomory MOtIltW ps- 
rants visual and wnl lndkatlom Ot ndlolotlviW fU 
research p u r w r  and for ainClnp p m n a l  to  th 
prernm of radiation hPudl. I t ,  rpdlMions indub  
continuous backpfwnd RwnlWling, s d u u t ~ w l  &- 
momtrationr and ergarlnm0. rmdlai i10tope s t ~  
disc. and mewring labor8tay conurnination. A 
front pawl red rlrrrn fUlha on at m alarm valw 
p~erer from 10% to 100% full male, all r a m .  
Simultamsly, m o p t h l  mmOt0 l lann is Viw 
cad. 
M&I 9041.443 u m  OM &actors, p* flow muntan 
or rintil lrtion dometon. 

MOOEL0 

804443 Lab. Monitor R n r n O r  ~ORGM kintillnion 
and gas detectors 
804.446 Lab Monitor S ~ m m  Consim of: 904443 
plus 908-108 End Window OM T u b  M d  804 168 
Tube Holder 

Em alarm rdlst. 
0 - ZlSOV, rwlated 0.1% psr l%chsnp 
In l m a ~ l - .  h n e r n d  tine connols. ( Luted k i d a r e  in this Cst.log: ......... . . .  
D W C ~ O ~  Inwt. Comblned HV and signal 
~l(i&tlU IMHv tv-i in rear. Mdltionai 1 941-233 Alarm ...... ....... . . r - . .  
signal inwt on W r m l ~ l  mlp. 
11OV. BO Hz, 10 uattr. I220150 wtionall 
Master llor ulibration, HV and CPM mngnl. 
nigh voltage (rapsrste knob lor coarseand 
fitieadjua. Oto 2150Vl. 
Volume Mf.On isdiurtchle to rwm vofuml. 
CBIib~tion iedjusts all  IS simultanawslv 
uitk inrcrnal 3RW corn Pullerl. 

G s  Flow Counters 
Scintillation p o b a  
OM complete proba. us9 ch.  Modd -188 PIUS 
h o l m  of GM tub. or u r  the alE.289 End window 
Prbbe wilh tube. Indu th  a 846823 wbh. 

....................... 
lime canstant. 1 or 10 andnds.. 
nivrimimtar I l12Vto 1OV via antma1 mtl. I REMOTE ALARM 

I MODEL S0CP5S 

Model 941-733 1s a remom alarm unlt for the 
904443 Lab. Monitor Rabmtw. Comisllng of a 
flashing lamp and h m ,  the 941 733 is activated 
w h n  radiation lawls ex& the rat a ln t  selected on 
the 804.443 Ratamrur. TIM horn may be switched 
OR so that onlv the l y l t  f l~hes to indicate a 
radiation hazard. A f u r  prma~ts the 941.233 and 
llshas an luriiiary li*t in w of a i>l~nw~r lura. 
T-N five feat 01 WIN IS meluded w that the darm ................... 
w n  b. used long d i r t a m  8 w y  from tho ratemeter. 
The alarm ~ q u i r a  mnrmlon to llOV:60 HZ. 
(220160 optional) Sin:  m'' x 6H" x 3%". Weight: 6 

- I BAIRD-ATOMIC. INC.. 125 Middiesex ~Umplke. Bedford. Massachueelh01790 Tel. 617-276-62t 
i Sao Paulo. Brazil Eraintree, Essex, England . The Hague. Holland 



- I ~ W  w *titin th. tub. N hi- plum 
dxwn of CI in popah &mmlmd by th dvuur. 
ln~cr mmd. To pmm me tutlo horn RIY Ulm mtlnu. 
o!s di- rnL. n pull  ir inllllad by ndlmlon. D 
altmdll p g  h hk4ud.d In H l n p r  miM.. Tlun UI 2 
typn of 3 !  w; wpnb ~d m. mh 
t v h  of# proord P w d  nm dw m hvlMlll8 ~ l d  -. . 
Or*: A i m  ImX mffkimfc far wide rnrrl dn 
somitiu w m  & a t & .  1-1 for lawn-w 
Ik .bout 6r1P muw. Mod.1 %We4 m th n w  
muflu OM tub. tar W i w  v m k  bwm. , 

INSTRUMENTB 
GEIQER MUEUER TUBES 
AND PROBES 

aaaiw ' * *" &, -&, nap.. q *v* * i ! . ~ d i  m tbikrnd*tlonlonbrtBr~hQuOlYnnol,&~ 

Tho GM tub lined above are defectors only, and general lab montmring, a hand held GM probe ' 
cannot b. ucsd by thernmlves with rnmt d~splay assembly such n those ltsted next pdw IS ~dcal For 
Instrummu. Innsad they must bn umd wlfh a tube more exacting mearunments requlrlng rcpua!dblyacc- 
holder or mourn ot wns sort. For survey work and ulals pornetries, a tube stand should lx uretl 

? BAIRD-AmMIC 'BARD-ATOMIC. INC., 125 Middlesex Turnpike. Bedford. MassachusellsOli30 Tel. 617-276-6Zd ~ 1 . .  .. . . . j 8ao Pado, Brazil . BrYntree, Essex. England . The Hague Holland 



INITRUMENTS 
QElQER MUELLER TUBES 
AND PROBES 

904.419 Probe Assembly cmtl lb d uM. md 
a 808.152 end window GM tubC KWOH BOB141 . 

a 908288 Cunplsb End Win- kobr lntb?81a a 80n-133 Side Window Pmba. Uwd cpsclficany wllh 906280 end window ,,,,- br the 804.121 SurvsV Mstlr. s- miu* alpha. ma md gamma. *he BOB1BB hm I right npia 
phone t v p  C0n-r n d  .(O im)l cable. Ths hmls BNC cmrmtcr. ~,,d&hn(a*l 
904-133 Prob Assembly mnblrb d a 904.132 Tuba lMHV BNCl far -lo,, wr6 
holder with cshla and a 808- Sidn window GM Atomic mian rmmrarr .,.b , ."-. 

904.388 S ib  Window Tub. Hdk*r rrkh a mating 
a 8114.188 OM Tuba pu- prob. st& shield ond MUchd ubk WMI MkiV ~UIWJW. 

wembly leu tub. Urar BOB829d& wall GMtulr. fnot indudwll 
Nber Has a cable 

I 

- 
OM Tuba 

BAIRD-ATOMIC, INC . 125 Mlddlesex Turnpxke. Bedlord. MaasachuaellsOl730 Tel. 817-2766204 
. - . . I Sao Paulo. Bra211 . Braimrw. Esaex. England . The Hague. Holland 

m 



CABLES, CONNECTORS, ADAPTERS 

BAlRo AmMlC BAIRD-ATOMIC. INC.. 125 Mnddleoex 9 . -1 Sao Paulo, Brazil . Braintree, EMX 

CONNECTORS AND ADAPTERS 

021-389 '7" Conructor. BN(~ 
001441 HN ro MHV 
MO-818 Adrplar .nifleands, 
034.274 Faid* W V  (odq HN 
021.398 W. HN tg l b l o  HN 
031-671 "1" (;on-, MHW 

CONNECTORWPES I 

HN - T h n ~ d q i e  
! ' 

~ngiand . The ~ i g u s ,  Holland 



I - I  

7085 Dual-Range I 

I ' Conductivity/Resistivity 
, Controller 

Low=cont, rugged compact contmlhr 
. * Switch-salected dual r a m  (1:lO) for wMs 

versatility, mare accurate readablllty on 
7-Inch soale circumfecanca 
Widn choice of llnaar resllfanca rmgw up to 
20 megohms, expandad conduclanca ran* 
dawn lo 0.05 mieromha 

, Salld.stala circuitry with bullMn alarm/ 
control functlon 

I Satabiflly on remktanw nngaa bettor than' 
, r 1% of readlng 

'* Rad (hlgh) and ambar (low) LU)r I n d W  
I mlrured value above or k l o w  nbpdnl 
' 

Dalay circuit pennlts readlng vrlw on seller 
4 dlalwlthout upsatling control 
1 * AulomaRe Cmparabra compma.Uon en a l  

rangan to m u r e  aoGumcy undw mtylng 
I proersrcondit~m 
1 = WNthe-f, durt-pmot ond oonorlorc 
I 
t mslrtsnt plastlc cam 

Panel- or wall-mounHng 
* Used wlth 7088 conducllvlty dlr of mo1d.d 

I Won. 

The 7085 Conductivity/ Reslstivi!y Controller, debigned 
for use with the 7086 Cells. Is a low-coat. non-lndicat- 
lng Instrument for accurate, QMtinUWs control of el=- 
tmlylic con~luctivily in such varbd appllEaHons as 
platlng rinse tanks, cocling towers, boiler water, boiler 
condensate demlneralizers and Ion exchsngen. 

Control set point is eslabllshad by e clrwlar m l a  
wilh 7" calibrated circumferenw. (One slde of !he 
scale is calibrated in conductivity, the nnrsnc) side In 
eauivaient resistivity.) Red and amber LED IlgMs a b m  
the scale indicate when lhe reading la abova or below 
the set poinl. 

A rotary selector switch pennfts cho~w 01 dubX. 
ranges (lo:l), with the approprla!a rave multipliars 
for " A  and "B" indicated on the W e .  A "Cbck" 

, posltian permits a caiibmtlon chack egalmd Internal 
precision resislors. A tima-delay dlrcult p m b  alarm 
action when the operator c h w w  the wtllng lo &hack 
tha inskrument operation or read !he mewred valw 
(using the alarm lights). 

Housed in a rugged, compact. all-plantlo o m ,  (ha 
7085 Controller is designed to withstand owrmlon In 
adverse and outdoor envlmnmanla. 

The 7Oea ConduclIvHy -114 wllh integral aubmatic 
temmrature oompenslltm, am ~~~cN lca l l y  deaigned 
lor use wlth the 7085 Controller. The wged, amosion 
reslatant Won bcdy is suitabl@ br 811 mlatad .pplica. 
li0N. 

Leeds 81 Northrup 











I MERCOlD SERIES "D" PRESSURE SWITCHES 
WITH HERMETICALLY SEALED h t ~ ( U R y  SWITCH CONTACTS OR SNAP-ACTION (ONTA(TS 





A"--- '  3 0-30' H C .  V ~ C .  T O  300 PSIC.  B R A S S  B O U R D O N  T U B L S  

5::. , TYPES 01. OAF. DAU. DAHF. DAW. NtOAW. 
. .  , % 

tuulmm. r i i n  two outstn. .4u.tn.=nw on. vw.sAtang .~hw , - 
-,new.,.. n,lr.,,ng ponl m., on* lo. .n,l"S "lo"," *m.ur. U1 

L<( , .? l l l . l l  ailh u n C  r q . d % m n T  for Wlln9 mss,*t,n(l ilo,,l# onlv 
A .nq lo l  ) ~ , ~ t n  nn inn u ~ n m  -19 m. oenrsl.r. w-nt unr. s w t r h  

TYPES DR. ORF. DRU. DRUF. DRW. N3ORW: lwbth .at**.. .L". 
- -  n "U', A ..nqr ",,,*,.,..", r t .  I". ",,e..,lng '4ol.u ," ".,"., . . . -- .-{PC *.. 'A. '.CI.OSI" rh. cnca-r ,.~,owt*nr/!v r,,ov. r iwwtr., 

,I,,.I.I,.O. ".,uv A'.,.*,,,,,tmn.rul .. s.,,t,ro,n..,."t.....r..nlr 

Id48  

*a&. 





prtssrrrtJ . s ~ c ~ i l ~ , . . . ~ ~  , 

MERCOID -. 30" HC. VAC. TO 5,000 PSIG. 4 0 3  S T A l N L f S S  STEEL BOUROON TUBES 

d I% nw.,*nnr nr vtt8hs i.ntl, r.,.#,tn. t 1- *~*atl.$r .I$ - 1 ~  
dew.-I YqlbnO m.m - lhr r6lnr v.nw r.11.. L .nw.la ralh lmlh 
wontw. ,..I .t arm law D,I a.l, WII el.nl ww.l ,.,.. l.rr an..u- uar. WLTI~LE c m w ~ n  IN. ~ v r - 1 ~  XSTI .r mu. 
10 1-A m,. ehrn L-WI.I.I ~LI..-I in 131i L S S * ~ .  L I . ~  WIII .UIO ~ N G L E  ISUVEWENV r ~a( l  I*- RESEI .. . ,'.~.i.~~@&?<T+,'. 
nltrn*~~. 11-v II!.O t*-w ,n,+m 14 p v ~ .  1m4.t .~<1.1 13% enq.~. E X H A U S T . D R Y L C A P ~ O ~ ~ ~  rl ,n  . . .,+... upr.-j$ 

. . 
FIXEDDIFFERENTIAL . . . . .. TYPES DS. DSF, DSU. WWF. Dm. N3.DSW " ' 

i # ~ n ~ a I  rnrh n me- r l v ~ n m l  S. vro. .~ow.#nwg#.ol l  on,". . 
. A v u r t a ~ n l n  on ah.,  *.I- wll.(.thriwm~Crlni.l *nrrrir.l.h . . . . 

.m.$~on (w.<rr ~. II.W r l ~ l l r m l r v l  r tatr ul -,I #-a* I- 
' rmnCrr. 
.I I ~ t n n h  wlvtne I.P ir. .. >i.> I*.,M~. I,, an, puq 19 O.WIT.I n r., 

y rr im mu. ~ t r . i a , - r , . + #  *,It ..,r,.ta. 11. turn . ~ r u o  rr IM nu" 
,!in. HI  (.t $ 6 1  . w t w t  w t r l -  wl*,*.r vta<,e* I nu. **.I.. * I I o . .  ;*.- dlll*..l.IYI (3" I*,. t.l*V. I W " ' 1 U I I  

. ' .  . .. ... 
. . .  

:I 

.,. . . - .  . ,.. 
/,* ,:. a 

.- ,.. . . .!i& "-. : $ ,.c:,.'~. .' 
. . *I 



cl LIM!IT SW~TCHES FOR BULLETIN . . .  :... _. ,.. 262 . 

. . VTD . .:.:.:: . . . , . .  . . . ,  , .. 

! . . 
. , , . . . . . ... , 

IJmlt htchec &:be kmlshed m manually oprmt~d 
hmesb$y 114"-11" ball valve6 whenever indication 111 the 

MOM, 9 mquendng ope ratio^. 

The sdtehn are cobtoinad In a bomprt die mt holl-inc 
which h dgidly inodntmd onto Ulc dsa; The limit a\cileh 

Is UL Ilstmd. illling N E ~ A  4. 7, and 9 swi l lea-  

double-thn~w 

N/)TE: Ref~r to the ball valve acetion of ll1i.i 
c$alog lor complete valve-limlt witch awm 

cocks) that nny Factory M ~ I  

Deslen!tlons of these units md salteh ntinm are: 

F . . . . . . 

- . 
- i 

FLANT,I)T) VALVE 

E'HCI, END VALVE 

. , 



LIMIT SWITCHES FOR 
MANUAL VALVES 

d BULLETIN 262 

limlL iwllchm cm be furnkhrd on rnmually r~prncvd . . . .,,. . 
__.. .. . -- ' 

. . . . :\. Jamesbubun' 114";6" ball mlw whenerrrt Indication trf Ihp L . " . 'r 
pacillnn 01 the wlve is kqulred at 1 remote lncalion Intm 
the valw. ADDlications tor thaw limit swttches inrlllr'r 1 he 

Ihe sktchca are WnWned In 1 ompact die a s 1  ho~ming 
which !a riddly mounted onto the nlw. We limit swileh 
~nemhly is UL listed. fflIi11g NIMA 4. 7, and 9 spwifira. 
tions for combined watertleltt and e~nlaston.omof d~nsien. 
In addition, this ddgn pro& theswitchss hom cnmi;,n 
and prsvents their wttinm from behy hxidently chang~d. 

Unlb ak available alth eltbsr two dngle-pde double-thmw 
ISPDT)' or two double-pole da~ble.Uuow @PDT) switchm. 
7 h ~  Sm swltchca are designed to bRIL one contact while 
annthet contact !a mads. DPDT switbhca almulhner~~isly 
break snd mskr two Independent drcuita. Unless otherwise 
specified, these units ale adjusted at the factory so that one 
of the bwo swilchrr ia actuated when the valve is fully oven. 
and the other switch when the valm is doacd. 

~ O T E :  Rekr to the ball d m  aeftlon of this 
catalog for complete nlve4lmit switch assem- 
blies (supewlsor~ cocks) that any Factory Mu- 
tual approval. 

Ilerienltinns of t h w  unlb and rwlteh ntlnes a*: 

I RATINW IN AMPERES 
mi+ ~~sipr u t l o n ~ l 2 6 ~ A C ~ 2 S I J V ~ i 2 ~ l Z 5 ~  DCJZWVDC 

VALVE SIZE AWROX. DIMS. Ilnoh*) 

114"-3/4' 

14-1R 

22-1 n 
TWOS~OT 

Two D DT 

32EX4IJ 

MEX4B 

20 

10 . - ..- 



. . 
d . BULLETIN 262 

. . .  , . .  _ . &... L 
, , , .  . :  .. . . . . : ' .  , . ~ . . . ,  . . 

! . :  ... . . . . ,  
. . .  L' . . , .. " 

br v d d a ~ e  flul&, or am n d m d  lot ~ppllcatlona cov~md by . ,  . . . ,  
& :, . 

nrtaid gmemmrnl :relulatloru, dlablr locking d~~rbr>s rim 
, . 

I LO& OPEN I ,.,:L nl>l.llt~~~:k ..III,I con LOCK SHUT 
I,.. .,llt.,,l.llllly ,,,1,11I," 

I ,,,.l,:l,", ..,,",11,11.11. 

I 11.. I!. 

I.OCIKINC FRAME 

1MI)ILATOR STOP 
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