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PREFACE 

Th is  r e p o r t  was prepared f o r  t h e  U.S. Nuclear Regulatory Commission, O f f i c e  

o f  Nuclear Regulatory Research under research order  no. 60-7.7-012 and under the  

auspices o f  t he  U.S. Energy Research,and Development Admin is t ra t ion .under  c o n t r a c t  

no. W-7405-ENG-48. 

The contents of t he  r e p o r t  a re  in tended t o  prov ide  an 'example o f  a hypo- 

t h e t i c a l  Special Nuclear Mater ia l  (SNM) Safeguard.Materia1 Control  and Accounting 

(MC&A) System which w i l l  be used as a sub jec t  f o y  t h e  demonstration o f  t he  

Lawrence. Livermore Laboratory MC&A .System Eva luat ion  Methodology i n  January o f  

1978. This method01 ogy i s  t o  become a t o o l  i n  the  NRC eva luat ion  o f  1 icense , 

appl i c a n t  submit ta l  s f o r  Nuclear Fuel Cycle f a c i  1 i t i e s  . 
The s t a r t i n g  p o i n t  f o r  t h i s  t e s t  bed design was t h e  Al l ied-General Nuclear 

Services - Barnwell Nuclear Fuel P l a n t  Reprocessing p l a n t  as described i n  t h e  

F i n a l  Safety Analys is  Report (FSAR) , o f  August' 1975. The t e s t  bed design e f f o r t  

was l i m i t e d  t o  p rov id ing  an SNM safeguard system f o r  t h e  plutonium n i t r a t e  storage 

area o f  t h i s  f a c i l i t y  f o r  several reasons. These inc lude:  

1. The need t o  l i m i t  t he  resources expended on t h i s  non-mainstream e f f o r t .  

o f  t he  LLL MC&A eva luat ion  p ro jec t .  

2. The requirement t o  prov ide  a system which p ro tec ted  " A t t r a c t i v e "  t a r g e t  

mater i  a1 . 
3 .  The need t o  use an e x i s t i n g  f a c i l i t y  so as t o  reduce the  design e f f o r t .  

This t e s t  bed design i s  no t  in tended e i t h e r  as a c r i t i c i s m  o f  t h e  AGNS Fuel 

Reprocessing f a c i l i t y  o r  as an "exemplary design" o f  a good safeguard system. It 

i s  in tended on ly  as an u n c l a s s i f i e d  sub jec t  f o r  t he  development and t e s t  o f  t h e  

LLL MC&A eva luat ion  methodology. The design has a1 so n o t  been reviewed i n  d e t a i l -  

f o r  c o s t  e f fec t iveness o r  f o r  p o t e n t i a l  sa fe ty  o r  compati b i  1 i ty c o n f l  i c t s  w i t h  

t h e  opera t i  on o f  a reprocessing f a c i  1 i ty . 
The t e s t  bed design e f f o r t  was coordinated by Ivan Sacks. The major c o n t r i -  

bu tors  t o  the  design e f f o r t  were: 

W i l l i am Ross - Physical Conf igura t ion  

S te in  Wei ssenberger - Mate r ia l  Contro l  System Dec is ion  Logic 

W i  11 iam Harr ison - Procedure Design 

Russel 1 Sanborn - P lu ton i  um Product Analys is  

Donald Dunn - Mate r ia l  Es t imat ion  
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Gregory C lark  - Ins t rumenta t ion  

Robert  da Roza 

Jack Sa l isbury  - P o r t a l  Contro l  System 

John Huebel - Mater i  a1 Accountabi 1 i t y  System 

This r e p o r t  was reviewed by several ou ts ide  i n d i v i d u a l  s. P a r t i c u l a r  

thanks are  due t o  B. M. Leg le r  o f  A l l i e d  General Nuclear Services and the  

Pro fessor  A. Schneider of Georgia I n s t i t u t e  o f  Technology f o r  t h e i r  valuable 

comments. 
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a r e  ca lcula ted t o  r e s u l t  i n  any one incident  exceeding 
2% of the l i m i t s  s e t  f o r t h  i n  10 CFR Par t  100 a t  the  s i t e  
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1 .O' DESIGN OVERVIEW 

The design o f  t e s t  bed Mate r ia l  Contro l  (TB-MC) System was undertaken 

t o  prov ide  a  sub jec t  which would a l l  ow t h e  t e s t i n g  and f u r t h e r  development 

o f  the  Ma te r ia l  Control  and Accounting (MC&A) eva luat ion  method01 ogy be- 

i n g  developed a t  t h e  Lawrence Livermore Laboratory. The s t a r t i n g  p o i n t  f o r  

t h i s  design was the  AGNS-BNFP Reprocessing p l a n t  as described i n  the  F i n a l  

Safety Analys is  Report, (FSAR) o f  August, 1975. (Reference 1-1 ) 

Const ra in ts  which have been i n t e r n a l l y  imposed i n  the  t e s t  bed design 

inc lude:  

P l  a n t  Operations have been 1  e f t  manual, t h a t  i s operat ions a re  n o t  

automated, b u t  r e q u i r e  a  human t o  perform t h e  actual  operat ions. 

Almost a1 1  a c t i v e  decis ions r e l a t i n g  t o  s e c u r i t y  system response . 

have a  human as t h e  f i n a l  step. That i s ,  no s e c u r i t y  response can 

occur w i thou t  .human concurrence. There are  no automatic door locks,  

d i s a b l i n g  gas releases, e tc .  It was f e l t  t h a t  such automatic ' 

responses were hazardous and p o t e n t i a l l y  l e t h a l ,  espec. ia l ly  i n  a  

r a d i a t i o n  environment which cou ld  e x i s t  i n  an upset cond i t ion .  

Th is  sec t ion  summarizes the  s a l i e n t  fea tures  o f  t he  test-bed MC System, 

TB-MC, w i t h  d e t a i l e d  i n fo rmat ion  g iven i n  the  succeeding sect ions o f  t h e  

repor t .  

1  .1 DESIGN PHILOSOPHY 

',There i s  a  two p a r t  phi losophy under ly ing  the  TB-MC design f o r  the  

n i t r a t e  storage area. The f i r s t  and most important  p a r t  o f  t he  design 

phi losophy i s  the  reduct ion  o f  oppor tun i t i es  which cou ld  l e a d  t o  removal 

o f  t h e  SNM from the  storage tank containment c e l l s .  This has been acc.om- 

p l  i shed hy the  a d d i t i o n  o f  check valves i n  process and ins t rumenta t ion  1  i n e s  

which p ie rce  the  containment c e l l  wa l ls .  The on ly  l i n e s  which are  n o t  

blocked i n  t h i s  manner are: the  product  i n l e t  1  i n e  from t h e  plutonium product  

c e l l ,  t he  product  t r a n s f e r  1  i n e  t o  the  Pu02 conversion f a c i l i t y ,  t h e  rework 

1  ines,  and the  Pu(NO3I4 product  sample l i n e s .  None o f  t he  above l i n e s  has 

a  connector which i s  accessib le except by physical  des t ruc t i on  o r  major 

mod i f i ca t i on  except f o r  t he  sampler 'I ines. Check valves cannot be added t o  



t h e  sampler 1  i ne's w i t h o u t  i n t e r f e r r i n g  w i t h  t h e i  r funct ion.  Attempted d i ve r -  

s i o n  o f  SNM through these product  sample 1  ines  w i l l  be detected through the  

mon i to r i ng  descr ibed below and i n  more d e t a i l  l a t e r  i n  t h i s  document. 

The second aspect o f  t he  design i s  the  moni to r ing  o f  a1 1  opera t i ng  

procedures, c r i t i c a l  va lve  pos i t i ons ,  opera t ing  environments and personnel 

i n  t h e  ma te r ia l  access area (MAA). Personnel access t o  the  MAA i s  con- 

t r o l l e d  through t h e  use of a  card  e n t r y  p o r t a l  booth and the  automatic 

enforcement o f  a  two-man r u l e  f o r  a l l  opera t ing  procedures. There a re  no 

normal ope ra t i  ng procedures i n  which on ly  one i n d i v i d u a l  woul d  be a1 1  owed 

i n  t h e  MAA. The p o s i t i o n s  o f  c r i t i c a l  va lves and o f  pump power du r ing  'a1 1  

opera t ions  are  moni tored and compared t o  pro to type templates s tored i n  the  

dual (redundant) MCS computer Systems. I n  add i t i on ,  hea l th  physics rad ia -  

t i o n  detec tors  moni to r  t h e  exhaust a i r  stream from t h e  MAA and g love boxes 

f o r  a i  rborne Pu p a r t i c l e s .  Extensi ve CCTV moni t o r i n g  w i t h  automatic mot ion 

d e t e c t i o n  (MTI ) i s  used t o  v e r i f y  opera t iona l  procedure compl i ance. Com- 

p l  iance i s  a l so  moni tored by means o f  f l o o r  pressure mats l oca ted  i n  

s t r a t e g i c  p o s i t i o n s  throughout t h e  MAA. Access and egress i s  monitored 

by r a d i a t i o n  and metal de tec t i on  devices i n  t h e  Por ta l  Control  Booth. 

Possib le negat ive sa fe ty  i m p l i c a t i o n s  o f  t h i s  design have been m in i -  

mized by the p r o v i s i o n  f o r  "un res t r i c ted "  emergency access t o  and egress 

f rom t h e  MAA through bo th  the  p o r t a l  c o n t r o l  booth and emergency e x i t s .  

Emergency opera t ion  b r i n g s  the  MCS t o  t h e  h ighes t  degree o f  a l e r t  w i t h  

guards d i  rec ted  t o  t h e  emergency a c t i  vated e x i t s .  

The MCS i s  shown schemat ical ly  i n  F igu re  1.1-1 and discussed i n  t h e  

f o l  lowing subsect ions--af ter  a  b r i e f  d e s c r i p t i o n  o f  t he  f a c i  1  i ty .  

1.2 PLANT DESCRIPTION 

The p l a n t  taken as a  bas is  f o r  th i .s  Test  ,Bed i 's  t h e  AGNS-BNFP Reproces- 

si\ng f a c i l  i t y .  The Safeguard system has been 'I i m i  t e d .  t o  t h e  P lu ton i  um N i t r a t e  

Storage Area o f  t h i s  f a c i l i t y .  A  n i t r a t e  t o  ox ide  conversion p l a n t  has been 

added t o  the  bas ic  design so as t o  prov ide  a  rece ive r  f o r  t h e  n i t r a t e  product. 

The f a c i 1 i . t ~  i s  shown i n  F ig .  1.2-1. The p o r t i o n  o f  p l a n t  inc luded i n  the  

Test  Bed design i s  i nc luded  w i t h i n  the  heavy o u t l i n e  shown i n  t h e  p l a n  view 

o f  F ig.  1.2-2. The second storage c e l l ,  PNC2, has been e l im ina ted  t o  reduce 

t h e  scope o f  t h e  design e f f o r t .  The o the r  major m o d i f i c a t i o n  made t o  the  basic 
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f a c i l i t y  design i s  t h e  removal o f  t h e  n i t r a t e  loadout  and shipping f a c i l i t y  

made &necessary by the  a d d i t i o n  o f  t h e  oxide conversion f a c i l i t y  (CF). 

The storage area i s  d i v ided  i n t o  f o u r  modules o f  s i x  s lab  storage 

tanks each. (Fig. 1.2-3). A l l  f o u r  modules are  w i t h i n  one concrete 

containment c e l l . .  The storage tanks a re  approximately twenty f e e t  1 ong, 

e i g h t  f e e t  h igh,  and two inches wide and a r e  made from t i tan ium.  The 

containment c e l l  i s f i 11 ed w i t h  'these tanks and moderator s l  abs+ There i s 

n o t  enough room i n  t h e  containment c e l l  f o r  a person. 

The Mate r ia l  Access Area (MAA) i s  adjacent  t o  t h e  storage c e l l .  Th is  

area i s  used f o r  c o n t r o l  1 i ng the  n i t r a t e  f low i n t o ,  o u t  o f ,  and between 

storage tanks and f o r  sampling t h e  tank contents. Valv ing operat ions and 

sampling operat ions a re  conducted through t h e  use o f  g love boxes loca ted  

a t  each o f  t h e  th ree  l e v e l s  o f  t he  MAA. (F ig.  1.2-4). Access t o  the  

MAA i s  made through t h e  Por ta l  Control  Booth and i s  under the  superv is ion  

o f  t h e  s e c u r i t y  s t a t i o n  operator.  (See Sect ion 1.3.1 ) 

Product f o r  t h e  n i t r a t e  storage area i s  t r a n s f e r r e d  from the  p lutonium 

product  c e l l  (PPC) approximately tw ice  a week i n  730 l i t e r  batches. The 

product  i s  sampled and analyzed p r i o r  t o  t rans fe r .  

1.3 MATERIAL CONTROL SYSTEM CONFIGURATION 

The c o n f i g u r a t i o n  o f  t he  MC system i s  shown schemat ical ly  i n  F ig.  1.1-1. 
t h e  basic components used i n  t h i s  system a re  b r i e f l y  described i n  t h i s  sec t i on  

and described i n  much more d e t a i l  i n  f o l l o w i n g  sec t ions  o f  t h i s  repor t .  The 

two bas ic  components o f  t h e  MC system a re  oppor tun i t y  reduct ion  and monitor ing. 

Overa l l  c o n t r o l  o f  t h e  MC system res ides  i n  computerized Mate r ia l  Contro l  
** 

S ta t i ons  w i t h  f i n a l  a u t h o r i t y  re ta ined  by t h e  Nuclear Mater i  a1 s Control  

O f f i c e r .  Because o f  t h e  importance of these computerized systems, they w i l l  

be d i  s c ~ ~ s s e d  f i r s t .  

1 .3.1 Mater i  a1 Contro l  System Supervi s i  on 

Mater i  a1 Contro l  supervi  s ion  res ides  i n  two independent MC s ta -  

t i ons .  The f i r s t  o f  these, MC-1, i s  1,ocated i n  the s e c u r i t y  s t a t i o n  and i s  

respons ib le  f o r  t h e  r o u t i n e  moni to r ing  o f  SNM conta ined w i t h i n  the  p lan t .  The 

second s t a t i o n ,  MC-2, i s  l oca ted  i n  t h e  Process Control  Center and i s  respon- 

s i  b l e  f o r  the  response t o  c e r t a i n  abnormal cond i t ions .  Th is  s t a t i o n  a1 so pro- 

v ides  data t o  t h e  process operator  on t h e  d e t a i l e d  s t a t e  o f  t he  process. Each 
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o f  t he  MC s t a t i o n s  has i , t s  own computer system and non in te r rup tab le  power 

supply. The two computer systems a re  in terconnected and have t h e  same data 

i n  memory. The software f o r  the  two systems i s  i d e n t i c a l  except f o r  t h e  f o l -  

1  owi ng major d i f f e rences  : 

Software' modi f i c a t i  ons can be made on ly  through. t h e  MC-2 system 

D a i l y  work r o s t e r s  can be read on ly  i n t o  the  MC-2 system 

Personnel au tho r i za t i ons  and i d e n t i  t i e s  can be read on ly  i n t o  

the  MC-2 system 

MC-2 can reduce the  in te rmed ia te  l e v e l  t h e f t  danger r a t i n g  ( w i t h  

the  concurrence o f  MC-1) whereas M C - 1  cannot do t h i s  alone. 

A t h i r d  computer system i s  l oca ted  i n  t he  a n a l y t i c  labora tory .  

This  l abo ra to ry  data system (LDS) i s  u.sed t o  au tomat ica l l y  reco rd  the  r e s u l t s  

o f  a l l  chemical and phys ica l  analyses. Th i s  system i s  n o t  supp l ied  f rom a  

non in ter rup tab le  power supply. Reduced data s to red i n  t he  magnetic d i s k  memory 

o f  the  LDS i s  au tomat ica l l y  dup l i ca ted  i n  bo th  the  MC-1  and MC-2 computer 

systems. Data from the  a n a l y t i c  1  aboratory a1 ong . w i t h  cont inuous ly  moni tored 

storage tank measurements i s  processed i n  t h e  MC computer systems t o  main ta in  

a  cont inuous inventory  o f  the  SNM i n  t he  storage area. 

A  f o u r t h  computer system i s  used t o  mon i to r  and c o n t r o l  t he  computer 

c o n t r o l  l e d  access system, CCAS. Th is  computer i s  l oca ted  adjacent  t o  t h e  MC-1  

. s t a t i o n  and i s  connected t o  both MC computers. Th is  system i s  supp l ied  from 

a  noni n te r rup tab l  e  power supply. 

The Mater ia l  Contro l  System i s  composed o f  bo th  passive and a c t i v e  

components. The passive components a re  r e l a t e d  t o  the  reduc t i on  o f  t h e  

oppor tun i t y  o f  a p o t e n t i a l  adversary t o  acqu i re  SNM. The a c t i v e  components 

inc lude:  the moni%tori  ng o f  c r i t i c a l  .process, personnel, and p l a n t  s ta tes ;  

t he  c o n t r o l .  o f  access t o  the  MAA; t h e  a u t h o r i z a t i o n  o f  steps i n  p l a n t  opera t ing  

procedures; and the  determinat ion o f  ongoing o r  pas t  d i v e r s i o n  o f  SNM. 

1.3.2 Opportuni ty  Reduction Components 

I n  o rder  t o  reduce the. ab i  1  i t y  o f  a  p o t e n t i a l  adversary t o  acqui re 

SNM, t h e  f o l l o w i n g  components have been designed i n t o  the  MC system and t h e  

p l  a n t  phys ica l  conf igura t ion .  

1.3.2.1 Flow ~ e s t r i c t i o n  

A1 1  p o t e n t i a l  ma te r i a l  f l ow  paths from t h e  containment 

c e l l s  and g love b o x e s - i n t o  the  MAA have- been blocked. This has been accom- 



p l  i shed  by t h e  a d d i t i o n  o f  check valves t o  the  f o l l o w i n g  p i p i n g  thus prevent ing 

reverse f l  ow o u t  o f  con ta i  nment: 

1) Check valves i n  t h e  1  i q u i d  l e v e l l d e n s i  t y  bubbler 

system f o r  each tank (b lock l i q u i d  f l ow) .  

2) Check valves i n  t h e  pump f l u s h  l i n e s  (a l l ow  inward 

f l o w  on ly ) .  

3 )  Check valves i n  t h e  n i t r i c  a c i d  makeup 1  ines  ( a l l o w  

i nward f 1 ow on ly  ) . 
1.3.2.2 P o r t a l  Access R e s t r i c t i o n  

A l l  personnel entrances and e x i t s  t o  t h e  MAA have been 

sealed. Use o f  these entrances i s possi  b l  e i n  emergency condi t ions.  . Openlng 

o f  t h e  e x i t s  causes two events: 

A 1  ocal gas-powered aud ib le  a1 arm i s  t r i g g e r e d  

and a  s igna l  i s  sent  t o  the  CCAS computer and t o  MC-1  and 

MC-2 computer systems. 

1.3.2.3 Equipment Transport  

En t ry  and removal from the  MAA o f  l a r g e  equipment o r  

t o o l  s  i s accompl ished by a  specia l  t r a n s p o r t a t i o n  'team. Fqui pment and t o o l s  

removed from t h e  MAA a re  scanned w i t h  hand h e l d  r a d i a t i o n  detec tors  and disas- 

sembl ed when possi  b l  e. 

1.3.2.4 Two Man Rule 

A "two-man r u l e "  i s  enforced f o r  a1 1  procedures w i t h i n  

t h e  MAA. This r u l e  i s  enforced through t h e  MC Computer System. 

1.3.3 Moni to r ing  Components 

1 he a c t i v e  p o r t i o n  o f  t h e  MC System i s  composed o f  several 

components. Thest! I n c l  ude: 

a) Continuous Mnni t o r i  ng o f  process var iab les .  Thi s S s accom- 

p l  i shed through t h e  cont inuous reading o f  t h e  ins t rumenta t ion  associated 

w i t h  each storage tank. 

b )  Automated data co l  1  e c t i o n  from the '  Ana ly t ica l  Laboratory. The 

Laboratory Data System (LDS) computer c o l l e c t s  and reduccs a l l  chemical 

analyses and t r a n s f e r s  the  reduced r e s u l t s  t o  the  MC computer system. 

c )  Maintenance of a  cont inuous inven to ry  o f  _SNM s tored w i t h i n  

t h e  containment c e l l .  Th is  i s  maintained by t h e  MC Computer System and i s  

based on t h e  tank s ta te '  in fo rmat ion  and the  a n a l y t i c  1  aboratory measurements. 



d)  Continuous mon i to r i ng  o f  t he  MAA environment. ' 

The MAA i s  equipped w i t h  the  f o l l o w i n g  mon i to r  devices which 

communicate w i t h  the  MC computer System: 

1.3.3.1. Pressure Sens i t i ve  F l o o r  Mats 

The e n t i r e  f l o o r  o f  a l l  l e v e l s  o f  the  MAA a re  so equipped. 

.1.3.3.2 Microwave I n t r u s i o n  Detectors 

C r i t i c a l  Areas i n  t he  MAA a re  monitored. 

1.3.3.3 Ai rborne Pu ~ e t e c t i o n  

An a i r  sampl i n g  system moni to rs  approximately 10% o f  t he  

a i r  f l o w  through t h e  MAA. 

1.3.3.4 Closed C i r c u i t  T e l e v i s i o n  (CCTV) 

Closed C i r c u i t  t e l e v i s i o n  cameras a re  mounted a t  s t r a -  

t e g i c  l o c a t i o n s  i n  t he  MAA. The outputs  from these 

cameras a re  processed by a  mot ion detector .  Detec t ion  

o f  a c t i v i t y  sends an a l e r t  t o  t h e  MC System and a c t i -  

vates the  TV monitors. 

The gloveboxes w i t h i n  the  MAA a re  a l s o  equipped w i t h  mon i to r i ng  
' 

devices which communicate w i t h  the  MC Computer System. These inc lude:  

1.3.3.5 Glove Box D i f f e r e n t i a l  Pressure Detectors 

These alarm on the  change i n  t h e  d i f f e r e n t i a l  a i r  pres- 

sure between the  MAA and t h e  g love box i n t e r i o r .  

1.3.3.6 Glove Box Bag - i n /ou t  P o r t  Switches 

These send s igna ls  t d  t h e  MC Computer System on t h e  

d e t c c t i o n  o f  an open bag i n / n u t  p o r t  on the  g love boxes. 

The v a l v i n g  f o r  t he  p i p i n g  and i ns t rumen ta t i on  i s  a1 so moni tored 

by the  use o f  1  i m i t  switches on c r i t i c a l  valves. Th i s  i n fo rma t ion  prov ides  

the  MC Computer System w i t h  i n fo rma t ion  as t o  t h e  tank in te rconnect ions  

and hence p o t e n t i a l  SNM f l o w  paths. The a i r  supply valves f o r  the  product  

sampl i n g  1  i nes  are  a l s o  monitored. The 2 3 9 ~ u  concent ra t ion  o f  p roduct  being 

sampled i s  a l s o  cont inuously  monitored by the  use of an i n - l i n e  Y spectrometer. 

The output  o f  t h i s  device i s  t ransmi t ted  bo th  t o  the  LDS and MC Computer 

Sys tem. 

1.3.3.7 P o r t a l  Mon i to r ing  

The normal e n t r y  t o  and e x i t  f rom the  MAA i s  made through 

t h e  P o r t a l  Contro l  System Booth. Use o f  t h i s  booth requ i res  the  use o f  a  



personal I D  badge and a personal I D  number. The booth, i n  add i t ion ,  pro- 

v i  des mon i to r i ng  o f  t h e  f o l l  owing parameters: 

1.3.3.7.1 Weight o f  Booth Contents 

T h i s  i s  compared t o  pres tored personnel weights. 

1.3.3.7.2 Rad ia t ion  I 

Neutron and Y r a d i a t i o n  l e v e l s  are  monitored f o r  t he  

i n d i c a t i o n  o f  t he  presence o f  2 3 9 ~ u .  

1.3.3.7.3 Ferrous and Non Ferrous Metals 

These are monitored f o r  p o t e n t i a l  s h i e l d i n g  ma te r ia l  s. 

1.3.3.7.4 Contents o f  t h e  Booth 

The contents o f  t he  booth are  moriitored by means o f  a 

CCTV camera system. 

1.3.4 Procedure Mon i to r i ng  and Au tho r i za t i on  

The MC Computer System moni tors the  steps i n  each opera t ing  

procedure and a l e r t s  the  MC operator  i f  a discrepancy between the  measured 

and author ized i s  detected. This i s  accomplished by t h e  moni to r ing  o f  f l o o r  

mats, g love box p o r t s ,  p i  p i n g  and ins t rumenta t ion  va lve  pos i t i ons ,  and the  

P o r t a l  Contro l  System Booth. The MC Computer System memory conta ins  

procedural  sequences f o r  a1 1 normal opera t ing  procedures. I n  add i t ion ,  a t  

t h e  beginning o f  each work s h i f t ,  t h e  MC-2 opera tor  loads the  approximate 

t ime per iods  f o r  each procedure t o  be performed t h a t  s h i f t ,  a long w i t h  the  

i n d i v i d u a l s  author ized t o  perform them. The MC Computer System then 

c o r r e l a t e s  attempts a t  access t o  the  MAA w i t h  those author ized and p l a n t  

s t a t e  w i t h  expected s ta te .  A discrepancy a l e r t s  t h e  MC S.ystem. 

1.3.5 A l e r t  Levels 

The MC System has f o u r  1 cvc l  s o f  a1 e r t  i a l  l e d  Thef l: Danger 

Ratings, TDR. The lowest  o f  these, TDR-0 i s  t h e  normal opera t ing  a l e r t  

1 evel  o f  t h e  p lan t .  The n e x t  h ighest  1 evel , TDR-1, correspondc t.o a m i  nor 

abnormal s i t u a t i o n  and requ i res  on ly  an i nformat ion-gather i  ng response from 

t h e  p l  a n t  MC personnel. The next  h i  gher a1 arm 1 evel , TDR-2, i s reserved f o r  

t h e  s i t u a t i o n  i n  which i t  appears t h a t  SNM cou ld  e a s i l y  be removed from the  

MAA. Th is  requ i res  a low l e v e l  s e c u r i t y  f o r c e  response and an in fo rmat ion  

ga the r ing  response. The h ighes t  l e v e l ,  TDR-3, corresponds t o  an MC system 

assessment t h a t  d i v e r s i o n  has occurred o r  i s  occurr ing. The response t o  TDR-3 

i s  a f u l l  s e c u r i t y  f o r c e  response along w i t h  the  a l e r t i n g  o f  ou ts ide  agencies. 



The decis ions as t o  the  alarm l e v e l  a re  made by t h e  MC Decis ion Logic. 

1.3.6 MC System Operator R e s p o n s i b i l i t i e s  

There are  th ree  l e v e l s  o f  r e s p o n s i b i l i t y  i n  t h e  MC System cha in  

o f  command. These are: . ' 

  he MC-1  opera tor  - respons ib le  f o r  normal operat ion.  

The MC-1.operator can reduce (autonomously) a  TDR-1 t o  TDR-0. 

The MC-2 opera tur  - i n  t he  c o n t r o l  center.  This  

i n d i v i d u a l  loads the  work r o s t e r s  and program changes. Re- 

duc t i on  o f  a  TDR-2 a l e r t  l e v e l  ( requi res bo th  MC-2 opera tor  

and MC-1' operator  concurrence).  

Nuclear Mater i  a1 s  Cont ro l  O f f i c e r  (NMCO) - general l y  n o t  

i nvo l ved  i n  MC operat ions. The NMCO i s  respons ib le  f o r  

' t he  reduc t i on  o f  a  TDR-3 a larm l e v e l  ( requ i res  MC-1, MC-2 

operator  concurrence). Fu r the r  d e s c r i p t i o n  o f  t h e  f u n c t i o n  

o f  the  NMCO i s  g iven i n  Sect ion 7.4. 
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2.0 PHYSICAL CONFIGURATION 

A plutonium n i t r a t e  storage area, s i m i l a r  t o  P C N l  o f  t he  AGNS Barnwell 

Nuclear Fuel P lan t  has been selected as the  area f o r  t he  t e s t  bed design. 

Th is  t e s t  bed f a c i l  i ty f o l l o w s  the  general c o n f i g u r a t i o n  o f  t h e  AGNS p l a n t  

b u t  d i f f e r s  from i t  i n  d e t a i l .  I n  general,  t he  d i f f e rences  r e f l e c t  an 

at tempt t o  provide a d e t a i l e d  mater ia l  con t ro l  system as .a sub jec t  f o r  t he  

LLL developed MC&A* eva luat ion  technique. ' Thi s  d iscussion i s based on 

~ e f e r e n c e  2-1. 

The t e s t  bed storage f a c i l i t y  i s  designed f o r  storage o f  P u ( N O ~ ) ~  a t  

a nominal concent ra t ion  o f  250 g / l .    he f a c i l i t y  i s  s i zed  t o  prov ide  

secure storage f o r  approximately 90 opera t ing  days product  o f  plutonium n i -  

t r a t e  s o l u t i o n  between the  plutonium processing c e l l  (PPC) on the  upstream 

s ide  and the  conversion f a c i l i t y  (CF) on the  downstream side. 

It must be emphasized again, t h a t  t h e  design, a l though based on t h e  

AGNS-BNFP design, i s  n o t  a d e t a i l e d  opera t iona l  design, o r  even an "exemplary 

'design" and must a1 so n o t  be taken as a c r i t i q u e  o f  t h e  AGNS design. 

2.1 BUILDING DESCRIPTION** 

The plutonium. n i t r a t e  storage f a c i l i t y  cons is t s  o f  a . s t ruc tu re  o f  

r e i n f o r c e d  concrete approximately 64 f e e t  wide, 82 f e e t  long, and 28 ' f e e t  

high. It i s  l oca ted  contiguous t o  both  the  processing f a c i l i t y  and the  

conversion f a c i l i t y  as shown i n  Fig.  2.1-1. F igures 2.1-2 and 2.1-3 pro-  

v i d e  p lan  and e leva t ion  views o f  t he  reg ion  o f  t h e  t e s t  bed design. The 

Mate r ia l  Contro l  System Test Bed Design i s  r e s t r i c t e d  t o  the  areas out1 i ned  

by the  heavy boundary on Figs. 2.1-2 and 2.1-3. 

*MC&A - Mate r ia l  Contro l  and Accounting 

**This document describes the  c o n f i g u r a t i o n  f o r  t he  t e s t  bed design. As 

such, 1 t may deviate from the  actual  c o n f i g u r a t i o n  o f  t he  AGNS f a c i l i t y .  



F igu re  2.1-1  Reprocess i'ng F a c i  1 i t y  
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2.1.1 PARTITIONS 

Two-foot-thick i n t e r i o r  wa l l s .  form two c e l l s ,  each 21.5 ft. x 38.3 ft. 

One o f  these c e l l s  (PNC1.1 i s  u t i l i z e d  f o r  p lutonium n i t r a t e  storage; t h e  o the r  

i s  unused, p rov id ing  space f o r  f u t u r e  expansion. I n  a d d i t i o n  t o  the  c e l l  

w a l l  s, two o ther  p a r t i t i o n s  d i v i d e  the  b u i l d i n g  lengthwise i n t o  areas f o r  

glove box operat ions, support work; and a room f o r  mechanical equipment. A 

s ta i rway provides access t o  a mezzanine above t h e  storage c e l l s  where t h e  

sampl i n g  box and the  a i r  condi t io r r ing  equipment are  located. F igures 2.1-2 

and 2.1-3 present the  p l a n  and e l e v a t i o n  o f  t he  i n t e r i o r  o f  t he  storage fac i  - 
l i t y .  

2.1.2 ACCESS TO MATERIAL ACCESS AREA 

Only th ree doors are  provided i n t o  t h e  ma te r ia l  access area. One i n  

the  NE corner o f  t he  equipment room f o r  t h e  movement o f  equipment, one i n  the  

NW corner  o f  t h e  same room f o r  personnel en t r y  and a t h i r d  door f o r  emergency 

access o r  egress. An a i  r l o c k  provides access t o  t h e  support work area from t h e  

equipment area and the  p o r t a l  c o n t r o l  booth connects t h e  support work area t o  

the  glove box and mezzanine area. 

Three process 1 i nes  pass t o  the  storage f a c i l i t y  (SF) from t h e  PPC; one 

t o  c a r r y  product i n ;  one t o  permi t  product  t o  be re turned f o r  rework; and one 

t o  r e t u r n  process off-gases t o  the  o f f -gas  t reatment  system. Only one process 

l i n e  leaves the  SF t o  the  conversion f a c i l i t y .  A l l  l i n e s  a re  double jacketed 

s t a i n l e s s  s tee l  as they pass through the  c e l l  w a l l s  and are f r e e  d ra in ing  i n  

t h e i r  normal d i r e c t i o n  o f  f low. 

A l l  o ther  penet ra t ions  o f  t he  bu i  1 ding, ( t o r  ven t i  1  atSon, serv ice  p i - 
ping, etc.)  are adequately pro tec ted t o  preclude unauthorized access through 

these routes. 

2.1.3 VENTILATION 

The a i r  f l ow  enters  the  b u i l d i n g  through i n l e t  f i l t e r s  i n t o  the  mechani- 

c a l  equipment room. It passes then t o  t h e  support area; thence through w a l l  

openings t o  the  opera t ing  and mezzanine area. The glove boxes draw t h e i r  a i r  

through i n l e t  f i  1 t e r s  from the opera t ing  area. The atmosphere i n  t h e  c e l l  i s  

drawn from the  glove boxes, and r e c i r c u l a t e d  through the  c e l l  and the  c h i l l e r s  

on t h e  mezzanine t o  prov ide  a c o n t r o l  1 ed temperature w i  t h i  n  the  c e l l .  A small 

( ~ 1 0 % )  p o r t i o n  o f  t h e  r e c i r c u l a t e d  c e l l  a i r  i s  cont inuously withdrawn and passed 

through the  a i rborne p l u t o n i  um moni tor  system. 



2.2 STORAGE CELL DESCRIPTION 

The c e l l  i s  a Q designed area which conta ins 24 storage tanks 

separated from each o the r  and the  end w a l l s  by moderator slabs. The.spacing 

o f  t h e  tanks and s labs i s  shown i n  Fig.  2.2-1. The f l o o r  o f  t he  c e l l  i s  

1 i ned w i t h  s t a i n l e s s  s tee l  and provided w i t h  a sump- designed t o  prevent  

c r i t i c a l i t y  i n c i d e n t s  i n  the  event o f  a tank rupture. No p rov i s ions  f o r  

man-access dur ing  r e g u l a r  operat ions i s  incorpora ted i n t o  the  design o f  t he  

c e l l  .* 
2.2.1 CELL WALL PENETRATIONS 

P ip ing  penet ra t ions  through the  c e l l  wa l l  a re  a1 1 o f  s t a i n l e s s  s tee l  

and are  l i s t e d  i n  Table 2.2.1-1. 

Purpose 

Vent Hdr. 

Tank d r a i n  

Tank f i l l  

Dens i ty  bubbl er-1 o 

Dens1 t y  bubbl e r - h i  

Tank s t a t i c  pressure 

Tank purge 

Condui t-thermocoupl e 

Sump r e t u r n  

V e n t i l a t i o n  r e c i r c .  

Hz Analyzer i n l e t  

H2 Analyzer o u t l e t  

TABLE 

C e l l  

S i  ze Locat ion Q u a n t i t y  

1" W. w a l l  1 

1-112" E. wa l l - low 2 4 

1-1/2" E. wa l l -h igh  2 4 

114" r o o f  2 4 

114" r o o f  24 

1/4" r o o f  24 

114" r o o f  24 

1 / 4 ' b o o f  48 

1" E. wa l l - low 1 

var ious r o o f  10 

114" r o o f  1 

1" r o o f  1 

2.2.1-1 Storage C e l l  Penetrat ions 

Remarks 

t o  PPC 

i n t o  pump glove box 

from valve glove b o ~  

t o  mezzanine 

t o  mezzanine 

t o  Inrrrdrr i ne 
t o  mezzanine 

t o  mezzanine . 

re tu rns  sp i  1 lage 

a i  r duc t i  ng 

connects t o  vent 

connects t o  vent 

*A crane'-removable manhole p lug  i s  l oca ted  i n  t h e  r o o f  o f  P N C l  near 

t h e  SE corner  f o r  emergency access t o  the  tank area. (Note: No 

b u i l d i n g  crane i s  p rov ided so p lug  removal i s  considered .a major 

repa i . r  i nci  dent. ) 



Storage Cell Detail 



2.3 STORAGE TANK DESCRIPTION 

The storage c e l l  conta ins  24 t i t a n i u m  storage tanks separated from 

each o the r  and the  end w a l l s  by moderator slabs. The tank character-' 

i s t i c s  are  l i s t e d  i n  Table 2.3-1. 

Length - 20' 

Height  - 8 '  

Thickness - 2-118" 

Capacity ( t o  overf low connect ions) - 756 1 i t e r s  (200 ga l  ) 

Nominal Pu Concentrat ion - 240 gram/l .i t e r  

Platerlal - e'itariium: ASTM 8265-72, Gr.  1 o r  2 

TABLE 2.3-1 Tank c h a r a c t e r i s t i c s  

F igu re  2.3-1 presents a .cross-sect ion o f  a t y p i c a l  tank. Note t h a t  

t h e  tanks are rec tangu lar  b u t  t h a t  a slope o f  5" toward t h e  d r a i n  i s  obta ined 

by t h e  d i f f e r e n t  he igh ts  o f  the  two support ing legs. 

2.3.1 Penetrat ions 

Each tank has 11 penet ra t ions  t o  prov ide  f o r  inst rumentat ion,  a i r  

scavengi ng , process 1 i qui  d f 1 ow, and ove r f  1 ow. A d e s c r i p t i o n  o f  these 

penet ra t ions  ' f o l  lows: 

2.3.1.1 Product i n l e t  

Four pe r fo ra ted  d i p  tubes extend near ly  t o  t h e  bottom o f  the  tank 

from f o u r  f langes on the  top. The tubes are  manifolded together  t o  a 1" sup- 

p l y  p ipe  outs ide  t h e  tank. The per fora t ions ,  (114" dia. w i t h  a x i s  para1 l e l  t o  

w a l l  s o f  tank) ,  a re  spaced a t  6" i n t e r v a l s  a long the  l e n g t h  o f  t h e  d i p  tubes 

t o  i nsu re  t u r b u l e n t  mix ing  dur ing  the  " s t i r r i n g "  mode o f  operat ions. The per- 

f o r a t i o n s  i n  the  d i p  tube a re  such t h a t  t he  uppermost p e r f o r a t i o n  l i e s  above 

t h e  maximum h e i g h t  o f  t h e  l i q u i d  i n  the storage tank. Thus, removal o f  SNM 

f rom t h e  storage tank by use o f  suc t i on  on t h e  product  i n l e t  d i p  tubes i s  un- 

l i k e l y .  - 

2.3.1.2 Product O u t l e t  

A 1-112" p ipe  leads from t h e  lowest  p o r t i o n  o f  each tank t o  a valve 

i n  t h e  pump and pump maintenance glove box. Th is  valve i s  a combinat ion gate 

va lve  and check valve w i t h  the  f ree  f l ow  d i r e c t i o n  o u t  o f  t he  tank. 



Ambient pressure 
1 

1 112" dia 

Figure 2.3-1 Typical  Storage Tank 



2.3.1.3 Common Overf low 

A 1-112" p i p e  l o c a t e d  92.25" above the  low p a r t  o f  t he  tank i n t e r -  

connects a1 1. tanks i n  a  s i n g l e  module ( s i x  tanks)  .p rov i  d ing  a  common over f low.  

2.3.1.4 A i r  Scavenging 

A 114" tube en te rs  through a  f l ange  and terminates above the  h ighes t  

1  i q u i d  l e v e l  t o  p r o v i d e .  a  sweep of a i r  across the  1 i q u i d  sur face and o u t  a  

1" vent  l i n e  a t  t he  oppos i te  end o f  t he  tank. This  f l ow  o f  a i r  prevents ac- 

cumulat ions o f  r a d i o l y t i c a l  l y  produced hydrogen w i t h i n  the  tank. 

2.3.1.5 Bubbler Tubes 

Two 114" tubes e n t e r  through a f lange over t he  deepest p o r t i o n  o f  the  

tank ( d i r e c t l y  above t h e  o u t l e t )  and d i p  i n t o  the  l i q u i d ;  one tube extending 

t o  314" from t h e  bottom o f  the  tank, t he  o the r  t e rm ina t i ng  10" above the  f i r s t .  

Th is  prov ides a  head d i f f e r e n c e  t o  a i r  f l o w  through ' t h e  two tubes t h a t  i s  a  

f u n c t i o n  o f  t h e  dens i t y  o f  t he  1  i qu id .  A t h i r d  tube penetrates the  f lange 

t h a t  t h e  scavenging a i r  en te rs  and prov ides a  reference pressure above the  li- 

q u i d  surface. The d i  f f e re .n t i a1  between t h i s  reference pressure and the  1  ower 

d i  p  tube, combined w i  t h  ' t he  dens i ty  measurement, prov ides a  1  i qui  d  1  eve1 i ndi  - 
ca t i on .  The two tubes which d i p  i n t o  t h e  1  i q u i  d  con ta in  1 i q u i d  check. valves 

t o  p revent  f l o w  o f  l i q u i d  up these tubes. The check valves a re  l oca ted  above 

t h e  tank b u t  below the  c e l l  roo f .  

. 2.3.2 TANK 1NPERCONNEC"TlUNS 

PNCl c o n s i s t s  o f  f o u r  modules o f  s i x  tanks each. F igure  2.3.2-1 pre-  

sents  a. schematic diagram o f  the  in te rconnect ions  between tanks and modules. 

The diagram makes a  d i  s t i n , c t i o n  between th ree  l e v e l s  o f  accessib i  1  i t y  t o  the  

p i  p i n g  ( t h e  c e l l ,  t he  g love boxes and the  manned area) b u t  does n o t  show t h e i r  

re1  a t i  ve spa t i  a1 p o s i t i o n .  A1 1  p i  p ing.  i s 304 S ta in less  Steel ,  we1 ded construc-  

t i o n ,  w i t h  the except ion  o f  f langed and b o l t e d  connect ions t o  t h e ,  pumps t o .  

f a c i l i t a t e  t h e i r  maintenance and replacement. Th i s  i n te rconnec t i on  u f  tanks, 

va lves,  and pumps permi ts  t h e  t r a n s f e r  o f  s o l u t i o n  between tanks and modules, 

t h e  homogenizing o f  batches o f  so lu t i on ,  the  t r a n s f e r  o f  any tank contents t o  

t h e  Conversion F a c i l i t y ,  t h e  recovery o f  any leakage, t h e  sampling o f  any tank 

contents ,  and t h e  r e t u r n  o f  any tank contents  t o  the  P I  u t o n i  um Product Ce l l ,  

PPC, f o r  rework. 
--- 



Figure 2.3.2-1 Test Bed Tank ~nterconnectichs 



Three o f  the four  modules are ident ical .  The four th  has addi- 

t i o n a l  piping t o  provide f o r  co l lec t ion  from the sump and t ransfer  to' the 

Conversion Fac i l  Sty. Items performing s imi la r  functions i n  each module are 

simi 1 a r l y  numbered according t o  the f o l l  owing convention: 

XX - hand-operated gate val ve 

XXLS - hand-operated b a l l  val ve w i th  pos i t ion  monitor switch 

( l i m i t  switch) 

XXC - check valve i n  f l u i d  l i n e  

BXC - check valve i n  a i r  (bubbler) l i n e  

PXX - pump 

SXX - sampler 

A complete tabulat ion o f  the f low control  Stems i s  presented i n  

Table 2.3.2-1. 



P = Pump 

S = Sampler 

MODULE ITEM 

. 1 .' 1 

2 

3 

TYPE PURPOSE 

Tank Dra in  Valves - 
+ Checked t o  Prevent 

Reverse Flow 

Col d Chemical Addi - 
t i o n  Valves Located 

C loses t  t o  Tank I n l e t  - 

:: J Man i fo ld  

12 

13 L S )  

14 

15 Tank I n l e t  Valves 

16 . LS. 

17 L S 

MODULE ITEM TYPE 

LS 

PURPOSE 

Pump Washdown Valve 

@ Pump 

Cold Chemical Addi- 

t ion-Externa l  Val ves 

Pump Washdown 

External  Val ve 

3 0 

31 

3 2 Cold Chemical Addi - 
t i o n  Check Valves. 

33 (Flow towards tanks)  

34 C 

3 5 

36 . C Pump Washdown Check 
18 Ls J Valve (Flow Towards 

Pump 
19 LS Module Header To 3 7 LS Trans fer  Pump 

Product I n l e t  Header 45 P Trans fer  Pump 

2 0 LS Module Header t o  Pump 4 6 S Sampler Loop 

2 1 LS Module Header t o  Trans fer  B 1 Check Valves i n  

Header B 2 Bubbler L ines 

TABLE 2.3.2-1 Tank Valv ing Desc r ip t i on  



MODULE ITEM TYPE PURPOSE 

2 

3 .  LS Tank Dra in  Valves. Ls I 
Checked t o  Prevent 

4 Reverse Flow 

5 L S 

6 L S 

Cold Chemical Addi- 

9. " t i o n  Valves Located 

10 C loses t  To Tank I n l e t  

MODULE ITEM TYPE PURPOSE 

2 2 2 LS Pump Washdown 

Valve @ Pump 

Cold Chemical Addi- 

). ti on-External Val ves 

29 . Pl~mp Wpshdown 

External  Valve 

Mani f o l  d  3 0 

3 1 

12 3 2 

13 
, . 

33 

14 34 

15 LS 35 C 
Tank I n l e t  Valves 

16: L S 36. 
Valvc*  (Flow 

'Towards Pump) 

3 7 I S  . . 

45 P Trans fer  Pump 

/ Product  I n l e t  Header . 46 S Sampler Loop 

20 LS Module Header t o  ' B 1  Check "'Valves i n  
I ,  

Pu~up Bubbler L ines  

LS Module Header t o  

Trans fer  Header 

.TABLE 2.3.2-1 Tank ~ a l  v i  ng Descr i  p t i 'on  (cont inued).:  



.3DULE ITEM 

3 1 

2 

3 

, TYPE PURPOSE 

LS Tank  rain Valves, Ls I 
) Checked To Preven t  

Col d Chemical 

Addi ti on Val ves 

Located C loses t  

To Tank I n l e t  

Mani f o l d  

I n l e t  Valves 

L S 

LS Module Header To 

Produc t  In1 e t  Header 

LS Module lleader t o  Pump 

LS Module Header To 

T rans fe r  Header 

MODULE ITEM 

3 2 2 

TYPE PURPOSE 

LS Pump Washdown 

Valve (h Pump 

Cold Chemical Addi-  

t i on -Ex te rna l  Va lves  

Pump Washdown 

Ex te rna l  Valve 

C Cold Chemical Addi - I 
t i o n  Check Valves. 

( F l  ow Towards Tanks j 

C Pump Washdown Check 

Valve (Flow Towards 

Pump) 

LS 

45 P T rans fe r  Pump 

46 S Sampler Loop 

B 1 Check Valves i n  

B2 Bubbler  L i nes  

TABLE 2.3.2-1 Tank Val v i  ng D e s c r i p t i o n  ( con t i nued )  



MODULE ITEM 

4 1 

2 

3 

TYPE PURPOSE 

Tank Dra in  Valves 

Checked t o  Prevent 

Reverse Flow 

Col d Chemical 

Addi ti on Val ves Located 

Closest  t o  Tank I n l e t  

Mani f o l d  

LS \ Tank I n l e t  Valves 

LS Module Header To 

Product In1 e t  Header 

LS Module Heddev To 

Pump 

tS Modulc Hcadcr To 

Transfer  Header 

MODULE 

4 

ITEM 

22 

TYPE 

L S 

PURPOSE 

Pump Washdown 

Valve Q Pump 

Cold Chemical Addi - 
ti on-External Val ves 

Pump Washdown 

External  Valve 

Cold Chemical Addi - 
ti on 

Check Valves. (Flow 

Towards Tanks) 

C :I 
C Pump Wast~down Check 

Val ve. ( F l  u w  Tuwards 

Pump 

3 7 LS 

45 P Transter  Pump 

4 6 S Sampler Loop 

Ct~eck Vdl ves ,In 

Bubbler L ines 

TABLE 2.3.2-1 Tank Val v i  ng Desc r ip t i on  (cont inued) 



MODULE .ITEM TYPE 

4 ( Con ti nued 1 
4 39 LS 

PURPOSE 

Transfer  Header To 

Conversion F a c i l i t y  

Sump Pump 

Sump Pump t o  Pu 

Rework Header 

Sump Pump t o  

Tank #6 

Sump Pump I s o l a t i o n  

(Pressure Side) 

( s u c t i o n  Side) 

Sump Washdown 

Add i t i on  L ine  

Sump Washdown Check- 

Flow Towards Sump 

Sump Washdown 

External  Valve . 

TABLE 2.3.2-1 Tank Va lv ing  Desc r ip t i on  (cont inued) 



2.4 SAFEGUARD COMPONENTS 

Check valves have been incorporated i n t o  a l l  p o t e n t i a l  ma te r ia l  ' f low 

paths which penet ra te  t h e  c e l l  w a l l  s  o r  t h e  glove box areas. I n  add i t i on ,  

sensors which i n d i c a t e  a valve c losed o r  n o t  c losed (va l ve  p o s i t i o n  moni t o r s )  

have been provided t o  f u r n i s h  a b inary  s igna l  t o  t h e  Ma te r ia l  Contro l  System 

computers. I n  order  t o  prevent  unauthorized opera t ion  o f  t he  t r a n s f e r  pumps 

(P45), t he  pump c o n t r o l l e r  i s  enabled by a s igna l  from the MC computer; 

ac tua l  s t a r t i n g  o f  t he  pump i s  a l o c a l  operator  act ion.  For sa fe ty  reasons, 

t h e  sump pump has no enabl ing t i e  t o  the  MC computer; however, any opera t ion  

o f  t he  sump pump i s  sensed by the  computer which sends an alarm s igna l  t o  the  

MC o f f i c e r .  

Other safeguard fea tu res  a re  associated w i t h  the  physical  arrange- 

ment o f  the  f a c i l i t y  components. A l l  exposed p i p i n g  i s  k e p t  as s h o r t  as . 

poss ib le  and i s  unobscured f o r  v i sua l  inspect ion.  The t r a n s f e r  pumps are 
. . 

operated from the remote panel ou ts ide  t h e  Por ta l  Control  System, booth. A l l  

sensi ti ve i nstrumentat ion and e l e c t r i c a l  connections a re  contained w i t h i n  

i n t e r l o c k e d  cabinets.  The c e l l  w a l l s  a r e  assumed contiguous w i t h  t h e  PPC 

on the  upstream side, and the  conversion f a c i l i t y  on t h e  downstream side.* 

For  the purposes o f  eva luat ing  t h i s  Test Bed Storage F a c i l i t y  design, 

some est imates o f  re1 i a b i l  i t y  o f  check valves and 1 i m i  t switches have been 

made. It should be emphasized t h a t  these are  est imates based on t h e  use o f  

check valves and switches i n  environments q u i t e  d i f f e r e n t  than the  Test  Bed 

Storage Faci 1 i ty. Cred ib le  re1 i abi  1 i ty data woul d have t o  be determined 

a f t e r  t h e  s e l e c t i o n  o f  t h e  p a r t i c u l a r  equipment i s  made. Th is  re1 i a b i  1 i t y  i s  

d i  scussed f u r t h e r  i n  the  sect ions on Materi  a1 Control  System instrumentat ion.  

7.4.1 Tank Tnstrumrlntation 

The f o l l o w i n g  va r iab les  r e l a t i n g  t o  the  s o l u t i o n  s tored w i t h i n  t h e  

PNCl a r e  measured: 

Densi t y  : measured by a d i  f f e r e n t i  a1 pressure transducer between 

. t h e  l ong  and shor t  bubbler  tubes o f  each tank. The f i x e d  l e n g t h  d i f f e r e n c e  

o f  these two tubes i s  10" - + 1/64". 

*This i s  a t  var iance w i t h  t h e  Barnwell arrangement where the  l i n e s  between 

t h e  PPC and PNC pass through a manned area. 



Pressure head ( a  func t ion  of l e v e l  f o r  a gi.ven d e n s i t y ) :  measured - 
by d i f f e r e n t i a l  pressure transducers between t h e  l ong  bubbler  tubes and t h e  

s t a t i c  pressure tubes which te rminate  above the l i q u i d  l e v e l .  The l ong  

bubbler  tube terminates 314" - + 114" above the  bottom o f  t he  low p o i n t  o f  t h e  

tank. 

Temperature: -- s e n s e ~  by two thermocouples l oca ted  a t  approximate 

113 p o i n t s  on the  ex te rna l  sur face o f  t he  bottom o f  each tank. The general 

design phi losophy o f  the  process ins t rumenta t ion  system i s  t o  p rov ide  a 

maximum amount o f  phys ica l  p r o t e c t i o n  aga ins t  unauthorize'd tampering w i t h o u t  

compromi s ing  accuracy'. Operat ional convenience i s considered t o  be o f  

secondary importance. 

2.4.2 Contro l  Panel s 

2.4.2.1 Local Panel 

The l o c a l  panel i s  an enclosed box on t h e  mezzanine, runn ing  

the  f u l l  length  o f  the  c e l l  and l oca ted  d i r e c t l y  above t h e  low end o f  

t he  tanks. The bubbler  and s t a t i c  pressure tubes a re  welded t o  l i q u i d  check 

valves, penetrate the  r o o f  o f  the  c e l l -  through grouted sleeves, and are  
, 

welded t o  i s o l a t i o n  valves (g lobe valves)  a t .  the  ou te r  sur face o f  t he  roo f .  

The base o f  the l o c a l  panel box i s  approximately 1 f o o t  above these valves,; 

l eav ing  on ly  a very s h o r t  l eng th  o f  exposed tub ing  between the  valves 

and the  box. A l l  exposed connect ions between t h e  l o c a l  panel box and t h e  

c e l l  r o o f  a re  welded. 

The l o c a l  panel box i s  .d iv ided i n t o  f o u r  sect ions;  one f o r  each 

modulei Each sec t i on  i s  equipped w i t h  a hinged, h igh  impact c l e a r  p l a s t i c  

cover t h a t  i s  i n t e r l o c k e d  t o  the MC computer t o  p rov ide  n o t i f i c a t i o n  o f  

unauthorized access. A l l  adjustments t o  bubbler  a i r  f l o w  ra tes ,  t he  d i f -  

f e r e n t i a l  pressure transmi t t e r s ,  connect ions f o r  c a l  i b r a t i o n ,  etc.  r e q u i r e  

the  opening o f  t h i s  cover; so, as a consequence, can be done on l y  w i t h  t h e  

cognizance o f  t h e  MC O f f i c e r .  Each l o c a l  panel box module conta ins  the  

f o l l o w i n g  pieces of r  equipment 1ist.ed i n  Tab le  2.4.2.1-1. 



ITEM 

DP* Transmi t t e r  

Ro tome t e r  

Panel Meter 

Power supply 

Val ves 

Valves 

Valves 

NUMBER 

12 

12 

12 

12 

18 . 

REMARKS 

Measures dens i ty  & pressure head 

Measures bubbler a i  r supply 

0-loo%, 1 ocal readout 

f o r  t r a n s m i t t e r s  

f o r  connections o f  micromanometer 

f o r  .cal i b r a t i  on 

f o r  i sol at.ion o f  t ransmi t te rs  

f o r  rotometer i sol a t i  on 

Table 2.4-2.1-1 Contents of Local Panel 

A1 1 d i  f f e r e n t i  a1 t r a n s m i t t e r s  a re  Tay lor  model 1303T, fo rce  balance 

instruments** which measure d i f f e r e n t i a l  pressure and t ransmi t  a p ropor t i ona l  . 

4 t o  20 mA dc e l e c t r i c a l  ou tput  s ignal .  Th is  model inst rument  i s  ad jus tab le  

f rom 20 t o  250 i n .  water f u l l  scale. An e l e c t r i c a l  accessory i s  at tached 

t o  each t r a n s m i t t e r  t o  prov ide  a l o c a l  panel meter reading 0-100% o f  f u l l  

scale. The ou tpu t  f rom t h e  t r a n s m i t t e r  i s  a two w i r e  system which provides 

t h e  24 V dc power as we l l  as t h e  output  s igna l .  The power supply, i n  t h i s  

i n s t a l  1 a t i on ,  w i  11 be l o c a t e d  w'i  t h i  n the  panel box and the  t r a n s m i t t e r  out-  

p u t  w i  11 be r u n  i n  heavy w a l l  condu i t  f rom t h e  1 ocal panel t o  the  rcmotc panel. 

2.4.2.2 Remote Panel 

The remote panel i s  l oca ted  i n  t h e  Support Work Area (see Fig.  

2.1-2). This panel i s  an enclosed cabinet ,  i n t e r l o c k e d  w i t h  t h e  MC computer 

i n  a s i m i l a r  fash ion t o  t h e  l o c a l  panel. I n  order  t o  prov ide  i n t e r l o c k  pro-  

Leetion, the  f o l l o w i n g  i tems are  l oca ted  w i t h i n  the  cabinet.  

1 )  te rmina l  boards f o r  thermocoupl es 

2 )  A t o  D conver ters  f o r  d i f f e r e n t i a l  transmi tter s igna ls  

3 )  te rmina l  boards f o r  a l l  va lve  l i m i t  switches 

4) te rmina l  boards f o r  a l l  MC computer connections 

5) t r a n s f e r  pump i n t e r l o c k  t o  MC computer 

6) sca le  adjustments t o  a l l  meters and recorders 

* D i f f e r e n t i a l  Pressure 

**Described i n  more d e t a i l  i n  Sect ion 8. 



* 

7 )  intercom system t o  g love box area 

8) a1 1 h i  g h l l  ow l e v e l  a1 arm adjustments 

The surface ' o f  t he  cab inet  supports a1 1 read-out and annunciator 

equipment which are requ i red  f o r  t h e  opera t ion  o f  t h e  Test-bed Storage '  

F a c i l i t y .  These items inc lude,  b u t  a re  n o t  l i m i t e d  to ,  t he  fo l l ow ing :  

1 )  24 p o i n t  s t r i p  c h a r t  recorders f o r  temperature record ing 

2) I n d i c a t o r  l i g h t s  showing the  p o s i t i o n  o f  each l i m i t  sw i tch  

equipped va l  ve 

3) Two s t r i p  c h a r t  recorders f o r  each module w i t h  a se lec to r  .swi tch 

p e r m i t t i n g  the  dens i ty  and pressure head o f  any one p a r t i c u l a r  tank 

t o  be recorded 

4)  Panel meters d u p l i c a t i n g  t h e  0-100% readout meters ' a t  t he  l o c a l  

Panel 

5) H i  gh, 1 ow, and temperature, a1 arm 1 i g h t s  

6) Transfer  pump opera t ing  swi tch  

7) Sump pump opera t ing  swi tch  

8) Sump l e v e l  alarm i n d i c a t o r  

2.4.3 GLOVE BOX DESCRIPTION 

Three glove boxes are  provided f o r  r a d i o l o g i c a l  sa fe ty  o f  personnel 

per forming t h e  manipulat ion o f  valves, pumps, and samples. F igure 2.4.3-1 i s  

t y p i c a l  o f  these g love boxes. One box, a t  f l o o r  1 eve1 , extends t h e  1 ength 

o f  t h e  n o r t h  wa l l  o f  t h e  c e l l  and conta ins  tank d r a i n  valves 1-6, pumps 

P45 and P48, and sump valves 53 and 54. (See Fig. 2.3-3). A second'box, 

accessib le from a balcony and contiguous w i t h  the  pump' box, provides access 

t o  the  remaining v a l v i n g  f o r  the  tank interconnect ions.  The t h i r d  g love - 

box i s  l oca ted  on t h e  mezzanine. above t h e  c e l l  s, i s  contiguous w i t h  the  

valve box, and provides an enclosure f o r  f o u r  sampling s t a t i o n s  and the  

sampl e b o t t l e  t rans fe r ,  tube t o  t h e  a n a l y t i c a l  1 aboratory . The re1 a t i  ve 

l o c a t i o n s  o f  these th ree boxes pe rm i t  a l l  p i p i n g  connections between them 

t o  be conta ined w i t h i n  an enclosure and v e n t i l a t i o n  a i r  t o  c i r c u l a t e  f r e e l y  

between them. 

2.4.3.1 Valve - Glove P o s i t i o n  Re la t ionsh ip  

Figures 2.4.3.1-1 and 2.3.2-1 .and Table 2.4.3.1-1 g i ve  the  r e l a t i o n -  

sh ip  hetween the  glove p o s i t i o n s  and the  valves. 



GLOVE PAIR 

Modul e 
VALVE 

TABLE 2.4.3.1-1 Val ve/Glove P o s i t i o n  Re1 a t i o n s h i p s  



GLOVE PAIR 

Module 
VALVE 1 2 3 4 

5 7 - - 
. . 

0 = Outside o f  ~ i o v e  Box 

TABLE 2.4.3.1-1 Valve/Glove P o s i t i o n  Re la t ionsh ips  (Continued) 



4 

1 7 ,  - 
I> 

HOMELITE 
VIEWPORT OPTIGEL - 

X-,RAY GLASS { 0 I7 

VIEWPOR 

3-6' 

GLOVE PORT ACID RESISTAN 
PAINT COATED 
CARBON STEEL 

3. LINER 

r . -BENELEX . ', -I' . 
v 

FOR PUMP 
BOXES 

Figure 2.4.3-1 Typical Glove Box 



.. . 
'..4. 

Sample glove box : ;:. , 
Circulating air coolers ... 

?;- y:' 

Valve glove box 

Pump maintenance 
and valve glove box 

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 

Glove pair numbers 

Figure 2.4.3.1-1 Glove Box Numbers 



2.4.3.2 Glove Box Mon i to r i ng  

The th ree  g love boxes a r e  mainta ined a t  negat ive pressure r e l a t i v e  

t o  t h e  M a t e r i a l  Access Area, MAA. Glove box- i n t e r n a l  pressure i s  monitored 

by d i f f e r e n t i a l  pressure t ransduce r / t ransmi t te r  u n i t s .  These u n i t s  a re  

mounted i n  enclosures a t tached t o  t h e  box o f  each g love box. These inst ruments 

a r e  capable o f  d e t e c t i n g  a pressure change o f  0.1 p s i .  The s igna l  from these 

t ransducers i s  t r a n s m i t t e d  v i a  cab le  through pressur ized condu i t  t o  t he  MC 

System. The bag i n / o u t  p o r t s  on a l l  g love boxes a re  monitored by a  Form C,  

magnetic reed re1  ay door switch. 

The sw i t ch  i s  po l  l e d  asynchronously, by the  MC computer system 

f o r  bo th  the  normal ly  open (N.O.1 and nnrmnl ly  c losed (N.C.)'contacts. A 

magnet embedded i n  t h e  door i t s e l f  prov ides the  ac tua t i on  f o r c e  f o r  t h i s  

swi tch.  

2.4.3.3 ' Penet ra t ions  , 

I n  a d d i t i o n  t o  t h e  g love p o r t s  t o  p rov ide  man ipu la t ive  access, 

each box' i s  p rov ided w i t h  bag i n/out  p o r t s  f o r  t he  en t ry  and removal o f  

maintenance t o o l s  and equipment. The c o n d i t i o n  o f  these bag- in/out  p o r t s  

( i  .e., c losed o r  n o t  c losed)  i s  moni tored by the  MC computer. P i p i n g  

which penetrates box w a l l s  i s  t abu la ted  i n  Table 2.4.3.3-1 below. 

Purposes S i  ze -.-". Box Location_ Q u a n t i t y  Remarks 

Tank d r a i n  

Tank . f i l l  

Product  Hdr. 

Rework I.ldr. 
Del i very  Hdr. 

Chem addi ti on 

Pump/sump wash 

Rabbi t 

Pump 

Val ve 

Val ve 

Val ve 

Val ve 

Val VP 

Pump 

Sampl e  

S. w a l l  

S. w a l l  

W .  w a l l  

W. wa'l l 
S. w a l l  ' 

N. wa l l  -h i  gh 

N. w a l l  -h igh  

top  

from PNCl 

t o  P N C l  

from PPC 

t o  PPC 

t o  CF 

from Oper. dVed 

f rom Oper. area 

t o  A n a l y t i c a l  Lab. 

TABLE 2.4.3.3-1 Glove Box Penet ra t ions  



2.4.4 Plutonium N i t r a t e  S p e c i f i c a t i o n s  

The s o l u t i o n  s to red  w i t h i n  P N C l  i s  p lu tonium n i t r a t e ,  P U ( N O ~ ) ~ .  

The s p e c i f i c a t i o n s  o f  t h i s  s o l u t i o n  a r e  g iven  i n  t h e  t a b l e  below: 

Proper ty  o r  Impur i t y  

P l  u t o n i  um concent ra t ion  

N i t r i c  a c i d  concen t ra t i on  

E n t r a i  ned organic  so l  vent  

I n s o l u b l e  res idue ( 1  

Urani um 

Americi  um 

Other metals 

S u l f u r  (as  s u l f a t e )  

F l u o r i n e  & c h l o r i n e  . 

Equ iva len t  boron conten t  

(exc lud ing  uranium and americium) 

F i  s s i  on products 

Gamma-emi tti ng ( 3 )  

Z i  r con i  um-niobi um-95 

Val ue 

maxi mum 

maxi mum 

maxi mum 

maxi mum 

maxi mum 

maxi mum 

maxi mum 

maxi mum 

U n i t  . 

40 .maximum 

5 maxi mum 

. . 

g  k l  
.mol a r  

vo l  % 

PPm Pu 

PPm Pu 

PPm Pu 

PPm Pu 
ppm .Pu 

PPm Pu 

PPm Pu 

TABLE 2.4.4-1 P l u t o n i  um Ni  t r a t e  Spec i f i ca t i ons '  
. . 

NOTES : 

(  he i,nsoluble res idue a f t e r  f i  1  t e r i  ng t h e  p l  u t o n i  um n i t r a t e  s o l u t i o n  

through a  100 micron f i l t e r  and washing w i t h  8M - n i t r i c  a c i d  f o r  one 

hour a t  25°C. 

( 2 ) ~ s  determined w i t h i n  120 days f rom t ime o f  separat ion. 

(3)~amma-emi t t i n g  f i s s i o n  products whose paren t  i so topes  have a h a l f - 1  i fe. 

o f  30 days o r  g rea ter .  



2.5 INTERFACES WITH REMAINDER OF FACILITY 

For purposes o f  1  i m i  t i n g  t h e  scope o f  t h i s  t e s t  design o f  a  Storage 

F a c i l i t y  Ma te r ia l  Cont ro l  System, the  upstream and downstream i n t e r f a c e s  

were k e p t  as simple and s t ra igh t - fo rward  as possib le.  The upstream i n t e r -  

face w i l l  be w i t h  t h e  PPC, the  downstream i n t e r f a c e  w i t h  a  Conversion Fac i -  

1  i ty presumed t o  be i n  the  l o c a t i o n  shown i n  Fig.  2.1-1. 

The PPC i s  a  Ma te r ia l  Balance Area, MBA, as are t h e  PNC and the  CF. 

Th i  s c reates  t h e  requ i  rement t h a t  t h e  mater i  a1 ba l  ance around each ares, 

PPC, PNC1, and CF must close. 

2.5.1 Upstream I n t e r f a c e  

The f i n a l  stages o f  the PPC are shown i n  a s i m p l i f i e d  schematic* i n  

F ig.  2.5.1-1 where s i x  tanks are interconnected t o  prov ide  concentrator  

surge capac i ty  , sampl i n g  holdup, i n t e r i m  storage, and capabi 1  i ty f o r  100-1 i t e r  

ba tch  measurements. The opera t ing  p l a n  hypothesizes t r a n s f e r s  from any 

two o f  t h e  i n t e r i m  storage tanks, i n  batches o f  approximately 730 l i t e r s ,  

w i  t h o u t  incremental measurement i n  the  100 1  i t e r  measuring tank. Thi s  neces- 

s i t a t e s  c a r e f u l  c a l i b r a t i o n  o f  t h e  th ree i n t e r i m  storage tanks and the  p i p i n g  

h o l  dup, as the  ma te r ia l  w i  11 be pumped t o  the  e l e v a t i o n  o f  t he  100-1 i t e r  tank 

and w i l l  g rav i  t y - f l  ow through the  tank t o  t h e  Storage F a c i l i t y .  

2.5.2 Downstream I n t e r f a c e  

The Conversion F a c i l i t y ,  t h a t  i s  f e d  on demand from the  Storage 

F a c i l i t y ,  i s  pos tu la ted  t o  have two feed prepara t ion  tanks o f  260-1 i t e r  

c a p a c i t y  each. The p i p i n g  from PNCl passes through t h e  south wa l l  d i r e c t l y  

i n t o  t h e  Conversion Faci 1  i ty  and w i l l  be f ree -d ra i  n ing  between valve 4-39 

LS and t h e  feed prepara t ion  tank i n  use. 

*The purpose o f  t h i s  f i g u r e  i s  on l y  t o  show PPC Ma te r ia l  Accoun tab i l i t y ,  n o t  

t o  be inc luded as a  t a r g e t  i n  the  t e s t  bed design. 



From 3P 
concentrator 

Liters 6 

.. . 

Measuring 
tank 

Sample tank 

212 100 
Liters Liters 

i 

! 
TO 
storage 
facility 
(PNC1) 

Interim storage tanks 

F igu re  2.5.1-1 PPC Load-Out: S i m p l i f i e d  Schematic 

2.29 



REFERENCES f o r  SECTION 2 

2 -1  W. N. Ross, "Tes t  Bed Desi gn--Physical  Conf i  gu ra t i on ,  " Lawrence L i  vermore 
Labora to ry ,  MC 77-300 J u l y  8, 1977. 



3.0 MATERIAL CONTROL SYSTEM D E C I S I O N  LOGIC* 

The f u n c t i o n  o f  t h e  M a t e r i a l  Con t ro l  Dec i s i on  Log i c ,  MCL, i s  t o  gener- 

a t e  compensatory responses t o  t h e  l o s s  o r  p o t e n t i a l  l o s s  o f  SNM i n  t h e  P lu ton ium 

  it rate Storage Area. These responses a r e  o f  two types:  I n f o r m a t i o n  ga the r i ng  . 

and/or s e c u r i t y  f o r c e  deployment. The' response t o  s p e c i f i c  s i t u a t i o n s  w i  11 be 

decided by t he  MCL based on process and p l a n t  s t a t e  measurements. 

The d e c i s i o n  l o g i c  i s  organized i n  a  h i e r a r c h i c a l ,  redundant fash ion ,  

making use o f  i n f o r m a t i o n  'from a  v a r i e t y  o f  mon i to rs ,  l o c a l  - l e v e l  1  og i c  subsys- 

tems, computers, and human' operators .  The f o u r  p r i n c i p a l  1  eve1 s  o f  t h i s  h i e r a r c h y  

a r e  shown i n  F ig .  3-1, w i t h  t h e  P l a n t  Manager a t  t h e  h i g h e s t  l e v e l  and i n d i v i d u a l  

mon i to rs  a t  t h e  l owes t  l e v e l .  An i nc rease  i n  l e v e l  o f  t he  h i e r a r c h y  i n  general  

i m p l i e s  an i nc rease  i n  a u t h o r i t y ,  an inc rease  i n  t h e  impor tance o f  each i d e n t i -  

f i e d  u n i t ,  and a  decrease i n  t h e  l e v e l  o f  d e t a i l e d  i n fo rma t i on .  

Table 3-1 de f i nes  t h e  " T h e f t  Danger Rat ing"  (TDR) system which i s  used 

, t o  i n d i c a t e  t h e  l e v e l  o f  danger** w i t h  r espec t  t o  ongoing o r  p o t e n t i a l  t h e f t  o f  

SNM. These l e v e l s '  vary  f r om TDR-3 ( g r e a t e s t  danger) t o  TDR-0 (nominal  o p e r a t i n g  

c o n d i t i o n s )  , and each imp1 i e s  a  un ique t ype  o f  response, as i n d i c a t e d  i n  t h e  1  a s t  

column. Subsequently i n  t h i s  sec t ion ,  responses w i l l  be '  i n d i c a t e d  s imply  i n  

terms o f  t he  TDR value. 

R e f e r r i n g  back t o  F ig .  3-1 , no te  t h a t  th ree '  o f  t h e  l e v e l  s  o f  t h e  dec i  s i o n  

' h i e ra r chy  a re  ass igned a  TDR va lue  i n  t h e  r i g h t  co.lumn. A  g i ven  subsystem w i l l  

o c c a s i o n a l l y  be descr ibed, f o r  example, as a "TDR-1 subsystem", accord ing  t o  t h i s  

r u l e .  Roughly speaking, t h i s  n o t a t i o n  i s  used t o  c h a r a c t e r i z e  t h e  danger l e v e l  

produced by a  l o s s  o f  a  subsystem on a  p a r t i c u l a r  h i e r a r c h i c a l  l e v e l .  

*Th is  d i scuss ion  i s  bas'ed on Reference 3-1. 

**"Level o f  danger" may be taken t o  be rough ly  p r o p o r t i o n a l  t o  t h e  expec ta t i on  

o f  l o s s  o f  SNM, g iven  an at tempted d i v e r s i o n  under e x i s t i n g  c o n d i t i o n s ,  i n  t h e  

absence o f  a  safeguard system response. Increases i n  SNM p r o x i m i t y  o r  a v a i l -  

a b i l  i ty t o  p o t e n t i a l  d i v e r t e r s  and decreases i n  p r o b a b i l i t y  o f  d e t e c t i o n  o f  

d i v e r s i o n ,  a1 1  add t o  t h i s  measure o f  danger. F u r t h e r  d e s c r i p t i o n s  and examples 

are p rov ided  i n  Tab le  3-1 . 



TOP-LEVEL 
DECISIONS 

Plant 
Manager 

Nuclear materials 
control officer 

(NMCOI Subsystem level 

MIDDLE-LEVEL 
DECISIONS (process control engineer) CTDR-31 

(process comtrol) 

LOCAL-LEVEL errimation entrylexid (e.g,  d ~ o r ~ a y  (from pressure (from bubblers, (TDR-2) 
DECISIONS local logic 

switches) MATS, TV) lab, ?-ray spec.) 

MONITORS 

Naterial Valves, pumps. 
loss .and sampler 

Guard 0 
-<-ray 

specrrometer 

F i g u r e  3-1 

Material 
isolation 

Personnel 
location 

Pressure mat 

TV with MTI ' 

~ ' ua rd  

Microwave 

l nfrared 

M a t e r i a l  C o n t r o l  System H i e r a r c h y  

Personnel Procedure 
ID ID 



THEFT DANGER EATING SITUATION CHARACTER RESPONSE NATURE -- - - 

DIRECT OPPORTUNITY FOR EXTRACTION . PRIMARILY CONTROL DECISION 
OR EXTRACTION I S  OCCURRING OR HAS 
OCCURRED* . SEND HIGH-LEVEL SECURITY FORCE ( 3  GUARDS), 

ALERT OUTSIDE AGENCIES, ADD SPECIAL PORTAL 
SECURITY PROCEDURES 

. REQUIRES PLANT MANAGER AND MC-1,O AND 
MC-2,O APPROVAL FOR REDUCTION TO TDR-2 

P O S S I B I L I T Y  OF EXTRACTION OF SNM 
WITH RELATIVE EASE** 

. MIXED CONTROL & INFGRMATION DECISION 

. SEND LOW-LEVEL SECURITY FORCE ( 1  GUARD), 
ALERT HIGH-LEVEL SECURITY FORCE 

. REQUIRES MC-1,O AND MC-2,O APPROVAL FOR 
REDUCTION TO TDR-1 

TDR-1 P O S S I B I L I T Y  OF EXTRACTION OF SNM . PRIMARILY INFORMATION DECISION 
WITH RELATIVE DIFFICULTY*** . GUARDS & OPERATORS READ MONITORS, CHECK 

RECORDS, COMMUNICATE WITH WORKERS, ALERT 
LOW-LEVEL SECURITY FORCE 

. REQURIES MC-1,O APPROVAL FOR REDUCTi0:I TO 
TDR-0 

.*E.G. SNM DETECTED OUTSIDE OF NO?MALOONTAINMENT, OR MATERIAL LOSS DETECTED 
**E.G. SNM REMAINS I N S I D E  OF WORM4L -CONTAINMENT, BUT PROTECTION I S  SERIOUSLY DEGRADED (E.G., SAMPLIMG OR LOAD-OUT 

MODE WITH S IGNIF ICANT  MONITOR F4 ILURES)  
***E.G: SNM IS WIT,HIN MEDIUM TO HIGH LEVELS OF CONTAINMENT (E.G. WITHIN INNER CELL WALLS WITH SOME MINOR MONITOR 

FAILURES) 

TABLE 3-1 THEFT DANGER RATING AND RESPONSE DEFINIT IONS.  . 



I n  t h e  more d e t a i l e d  desc r ip t i ons  o f  the dec i s ion  l o g i c  which fo l l ow ,  

un less  otherwise i nd i ca ted ,  l o g i c  f unc t i ons  are  performed by two e s s e n t i a l l y  

i d e n t i c a l  cross-checki ng computer systems, t he  MC-1 computer (pr imary f a c i  1  i t y  

which i s  l oca ted  i n  t h e  s e c u r i t y  area) and the  MC-2 computer (a back-up f a c i l i t y  

l o c a t e d  i n  the process-cont ro l  area).  I n  case o f  f a i l u r e  o f  e i t h e r  computer, 

t h e  a u t h o r i t y  f o r  dec is ions  i s  switched t o  t h e '  other.* 

3 .1 ,  SAFEGUARDS MANAGEMENT 

A management diagram f o r  the  Safeguards System i s  shown i n  Fig. 3.1-1. 

D i r e c t l y  respons ib le  t o  t h e  P l a n t  Manager i s  t h e  Nuclear M a t e r i a l s  Contro l  

O f f i c e r  (NMCO); he has charge o f  the  e n t i r e  safeguards program f o r  t he  p lan t .  

Below him are  managers respons ib le  f o r  safeguards performance assessment, per-  

sonnel t r a i  n i  ng, and maintenance. With respect  t o  t h e i  r safeguards func t ions ,  

a l s o  respons ib le  t o  t h e  NMCO are the  Secu r i t y  Ch ie f  (MC-1 operator ,  MC-1,O) a-nd 

t h e  Process Cont ro l  Engineer (MC-2 operator ,  MC-2,O). The MC-1,O i s  associated 

w i t h  the  MC-1 computer and d i r e c t s  the  work o f  s e c u r i t y  guards; t he  MC-2,O i s  

assoc ia ted  w i t h  the  MC-2 computer and d i r e c t s  the  process operators. F i n a l l y ,  

t h e  NMCO i s  repo r ted  t o  by the  Heal th and Safety O f f i c e r ,  who i n  t u r n  i s  i n  

charge o f  the Hea l th  and Safe ty  Technicians. Any o f  the  people associated w i t h  

t h e  Safeguards f u n c t i o n  can order  a  s e c u r i t y  response. 

F o r  the  purposes o f  on l i n e  de tec t i on  o f  d ivers ion ,  t h e  impor tan t  oper- 

a t o r s  on a  deci sion-making l e v e l  are the  NMCO, MC-1,0, and MC-2,O. The l a t t e r  

two a re  responsi b l  e  f o r  var ious  workers i nc l  ud i  ng secur i  t y  guards, process opera- 

t o r s ,  and h e a l t h  and sa fe ty  techn ic ians ;  the  p r i n c i p a l  r o l e s  o f  these workers a re  

i nformat ion gather ing,  phys ica l  s e c u r i t y  , and operat ions execution. 

Note t h a t  t h e  management diagram o f  F ig.  3.1-1 descr ibes e s s e n t i a l l y  two 

aspects o f  the Safeguards System: the  p o r t i o n  conta ined by the  dashed 1 i nes  . 

descr ibes the  o rgan iza t i ona l  s t r u c t u r e  f o r  on-1 i ne safeguards dec i s ion  func t i ons  

( t h e  major t o p i c  o t  t h i s  sec t i on ) ,  w h i l e  the p o r t l o n  o f  t he  diagram t o  the  l e f t  

descr ibes the  system f o r  eva lua t i ng  -and ma in ta in ing  t h e  Safeguards Systems - i t s e l f .  

Whi le the humans i n  t h e  system have r e s p o n s i b i l i t i e s  f o r  exec'uting t h e  

work, t h e  MC computers perform the  funct ions o f  mon i to r ing ,  advis ing,  schedul ing 

operat ions,  record ing,  and enabl ing c e r t a i n  opera t ions  (e.g., CCAS booth door 

opening, pump powering) t o  be performed. It i s  a l so  impor tan t  t o  emphasize t h a t  

*A d iscuss ion  o f  computer system a v a i l a b i l i t y  can be found i n  reference 3-2. 

3.4 
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~ i g u r e  3.1-1 Safeguards Management Diagram 



t h e  human dec-i s i o n  makers (NMCO, MC-1,0, and MC-2,O) have broad ove r r i de  powers 

over  t h e  Safeguards System, al though, as w i l l  be apparent i n  t h e  subsequent sect ions, 

t h e r e  a re  c e r t a i n  b u i l t - i n  checks and i n h i b i t i o n s  t o  t h e i r  use o f  these 

powers. The nex t  sec t i on  describes t h e  dec is ion  l o g i c  i n  d e t a i l .  

3.2 DECISION LOGIC 

The overview o f  t h e  Dec is ion  Logic o f  Fig. 3.2-1 shows how major l o g i c  

subsystems are interconnected. The s p e c i f i c  generat ion o f  TDR-values (and hence 

v i a  Table 3-1, o f  responses) occurs i n  the  c e n t r a l  l o g i c  subsystem, the  Master 

Dec is ion  Logic (MDL) %shown i n  Fig.  3.2-2.* A d e t a i l e d  exp lanat ion  o f  t he  MDL 

w i l l  be defer red u n t i l  a  f o l l o w i n g  sect ion. A l l  the  i n p u t  i n fo rma t ion  t o  the  

MDL comes e i t h e r  d i r e c t l y  f rom human operators, from other  1  og ic  subsystems. 

o r  f rom t h e  computer c o n t r o l  l e d  access system. A t y p i c a l  l o g i c  subsystem, 

t h a t  f o r  personnel l oca t ion ,  i s  shown i n  Fig.  3.2-3. 

TDR-values a re  d isp layed through a  coded v i sua l  and aud ib le  alarm sys- 

tem a t  bo th  the  MC-1 and MC-2 s ta t i ons ,  f o r  t he  b e n e f i t  o f  t he  two operators. 

Alarm systems a l s o  announce t h e  TDR l e v e l  i n  the  Ma te r ia l  Access Areas. The 

MC-1 opera tor  i s respons ib le  f o r  i n s u r i n g  t h a t  t h e  appropr ia te  responses a re  

taken, according t o  t h e  r u l e s  o f  Table 3-1. 

C e r t a i n  i n fo rma t ion  i s  s to red  i n  computers MC-1 and MC-2 and used by 

t h e  dec is ion  l o g i c .  Much o f  t h i s  i n fo rma t ion  i s  organized i n t o  th ree  tables.  

Table 3.2-2 represents some o f  t h e  procedure i n fo rmat ion  permanently s to red  i n  

t h e  MC-2 computer, re1 a t i n g  author ized valve, pump, sampler s ta tes .  workers 

(number and type) ,  and procedure d u r a t i o n  t o  procedure code and opera t ing  mode 

d e f i n i t i o n .  Tables 3.2-3 and 3.2-4 i n d i c a t e  t h e  formats o f  t h e  Daily Work 

Schedul e  and Personnel Au tho r i za t i on  tab1 es, respect ive ly .  

3.3 ANOMALY VARIABLES AND TDR LEVELS 

The var ious dec is ion  l o g i c  subsystems a re  connected through the  use o f  

"anomaly va r iab les "  , 

( 0 (normal 1 

( 1  (non-normal ) 

*Table 3.2-1 conta ins  an explanat ion of the., symbols used i n  t h i s  sect ion. 
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Any # 0 I 
Loss of a T D R 3  subsystem 

2 A ' a23 
1 

& ' a13 TDR = 3 

TDR-2 has persisted >0.5 hr 

MC1.O OK- 

MC2.0 OK- 
+ .  

Any # 00- 

.-- - 
I 

Loss of TDR-2 subsystem 

Part~al loss of a TDR -3 subsystem 
1 TDR = 2 

A_ ' a12 

TDR-1 has persisted >0.25 hr 

m = 4,6,7,8,11 OR 12- 

. . 
Note: symbols are 
list@ in Table 3.2-1 . 

Any A l i  # 0 

Loss of a TDR-1 subsystem 
TDR = 1 

Partial loss of TDR-2 subsystem 
MC-1 ,O alert 

F i g u r e  3.2-2 M a s t e r  Dec i s i on  L o g i c .  (MDL) 



I MC-'1 display 
I (on map) 

I I 
Local I CCAS occupied 
CCAS logic 

G 
PM-AL AL occupied 
TV-AL 

G 
. . AR occupied 

I . . 
, . 

G occupied 

I 
I 

B, occupied 

3-8 occupied. I 1 

G = Guard 
M T I  = Moving target indicator 

THR = Threshold logic . . 

'Read; e.g., "PM:AL monitor signal" 

F i g u r e  3.2-3 Personnel L o c a t i o n  Log i c  



DEFINITEON VALUES ( RANGE ) 

A r ~ a  j u s t  ou ts ide  Plutonium Product Storage Area 

An ar,ornaly givcng r i se ,  I n  the  absence o f  any 0 (normal ), 1 (abnormal 
o ther  anomaly, tc. TDR-i, . f o r  some c lass  C and 
index j, sometTmes i d e n t i f i e d  f u r t h e r  w i t h  i n -  
d i ces  0 

valve anomaly 

pun3 anomaly 

wei j h t  anomaly 

glave box presence anomaly 

saw1  e transmi ss ion anomaiy 

p o r t a l  metal anamaly (weak) 

p o r t a l  metal anomaly (s t rong)  

a1 arm anomaly 

B acea a par t i ce .e  ce tec t i cn  anomaly 

p o r t a l  area v- ray de tec t i on  anomaly 

va l  w glove box pressure anomaly 

sample glove bop. pressure anomaly 

mate r ia l  l o s s  ( accoun tab i l i t y  o r  mate r ia l  
ast imate checks) anma l y  

Tab1 e 3.2-1 Decis ion Log ic  No ta t ion  



SYMBOL 

B 

Bo, B1 

CCAS 

MC-1 computer 

MC-2 computer 

MC-1,O 

MC-2,O . 

NMCO 

DEFINITION 

labora ts ry  ana lys is  anomaly 

bar cod3  present 
See Sect ion 5 

ba r .  cod? cons is ten t  

bag-in schedule anomaly 

vector  o f  a l l  l e v e l - i  anomaly va r iab les  

se t  o f  vectors  o f  anomaly l e v e l  i which r a i s e  
TDR t o  l e v e l  j 

PI  u ton i  um Product Storage Area 

Subdivis ions o f  B. area 

Computer Control  1  ed Access. System (used t o  i n -  
d i ca te  area as we1 1 as system) 

VALUES (RANGE) 

Dummy va r i ab l e  

Set o f  samples sent  b u t  n o t  rece ived tiy l a b  s e t  o f  non-negative i n t ege rs  

Set o f  samples overdue a t  l a b  s e t  o f  non-negative i n t ege rs  

Mode index , 

Procedure code 5 - tup le  o f  i n t ege rs  (each one 
n o t  always used) . . 

secu r i t y  s t a t i o n  computer 

process con t r o l  s t a t i o n  computer 

MC-1 oierator (Secur i t y  Chief 1 

MC-2 operator  (Process Control  Engineer) 

Nuclear Mater i  a1 s Contro l  O f f i c e r  

Table 3.2-1 Decis ion Logic  No ta t ion  (cont inued) 



SYMBOL DEFItiITION 

n(T) ,  n(H), n(G1 Number o f  workers o f  type T, H, G (see below) 

P(k)  Pump s t a t e  f o r  purp 45 i n  module #k 

S Authx- ized and sensed index s e t  - 

Sa A u t h ~ i z e d  index wt 

c A u t h ~ r i z e d  and sensed and constant  index s e t  - - 

Ss = ( i , j .k , l . )  Indeq s e t  of sensed valves ( i , j ) ,  pump,s ( k ) ,  
snd :;amp1 e r  f l  o#s ( 1  ) 

t ?resent value o f  t ime 

t s t a r t  'rocedure s t a r t  t ime  (assoc ia ted w i t h  f i r s t  
worker 's entrance) 

VALUES ( RANGE) 

In tegers  1-12 

0 ( o f f ) ,  1 (on) 

s e t  o f  non-negative i n t ege rs  

s e t  o f  non-negative i n t ege rs  

s e t  o f  non-negati ve in tegers  

s e t  o f  non-negative i n t ege rs  

r e a l  number 

tend ?rocedure end t i n e  Izssoc ia ted w i t h  l a s t  
worker ' s  e x i t )  . 

t~ i *k i  . Time o f  sending ( f rom B area) & r e c e i p t  ( a t  analy- r e a l  number 
3 c a l  labor.atory1, respec t i ve ly ,  o f  sample i 

T,H,G I nd i ca to r s  o f  techmician, hea l t h  and safety ,  
guarc type worke;-s 

V ( i , j )  Valve s e t t i n g  fo';. va lve # i  i n  module #j ' 0 (c losed),  1 (open) 

[ t l F.utharized range o f  procedure durat ions 

[ti, t21 ~ u t h a r i z e d  range o f  procedure s t a r t i n g  t imes 

Table 3.2-1 'Dec is ion  Logic  No ta t ion  (cont inued) 



SYMBOL 

( - 1  , , 

DEFINITION 

Sensed value 

VALUES ( RANGE 
'3 1 

( * I a  Authorized value 

1-3, 2-8, 3-8 F i r s t ,  second, and t h i r d - f l o o r s  o f  B1-area . . 
. . 

Table 3.2-1 Decision Logic Notat ion (continued) 
, .. 



W Flow 
i n Sam~ l  e r  Unauthor- Number Author ized 

5.peci f ied Valves P(PUMP 45) L i c e  - i z ed  o f Dura t ion  
m , i , k , l  OPERATIIiG [ o n ( l )  CYES(1) . Worker Workers ( I n t e r v a l  ) 

CODE MODE OPEN CLOSED* OFF (O)]  NO (0 ) )  Locat ions n(T),n(H) t - - 

0 S t a t i c  35.-4 0  0 B 0 ,o - 

1 - ( i - j )  F i l l i n g '  s i r g l e  sank (13,14,15,16,17 12-18 Vi except 0  0  3-3,l-B 2.1 .3-.7 hr.  
( i . j )  f rom PPC o r  1 8 - i )  arej ( 19 - i )  f c r  one open 1-3 

2 k ,  ) Transfer w i t h i n  (1-6)(one) ,1(20), 35-4 1 . o  3-8, 1-B II .3-.7 h r  
same m o d ~ l e  ( tar,k (13-18) (onel  
( i , j )  tcl ( k , l ) )  

1  , , k  Transfer  w i t h i n  
same module. & . smp l  e 

3 j , k l  Transfer between 1(1-.6)-i (on+) ,, 3 9 ~ 4  1 - 0  3-8,l-B II .3-.7 hr.  
modules < t a l k  ( i , j )  1420)-j,(13-18) j 1R,L 
t o  (k , l )S (one) 

0 
1 - , k , 1  T rans fe r  between1 

A 
modules 6 sample 

P' 
4 - ( i )  S t i r  module & sample 39-4 1 1 1 -@ I1 8-1 1  hrs .  

5 - ( i  , j )  Return t j n k  ( i  ,j I t o  
Pu rework tank 

1 0 1-8 I1 .3-.7 hr.  

6 - ( i  , j  1 Load-out 3 9 - 4  a n d 2 1 - i  2 1 - j f j )  1  0  38 ,1 -8 II .3-.7 hr. 
and (13- i  o r  14- i  and a l l  f rom 
o r  15- i .  . . s e t  o f  n o t  used 
clr 18 - i )  

7-( )* Maintenance 39-4 0 0 ( t o  be ( t o  be ( t o  be 
spec i f i ed )  spec i f i ed )  spec i f i ed )  

8 - (  )* Emergencj 39-4 0 

9-( )* Chemical dddi ti or 39-4 0 

- 
3-5 hrs.  

lo-( )* H & S Check 39-4 0 0 - 0 2  1-2 hr.  

* Ind ica ted  i tems a re  no;; c,3mplete. 

Table 3.2-2 Typica l  ?rocedure Table (TDR = 0 or 1) 



Authorized 
I D ' s  

, 

Table 3.2-3 Format o f  D a i l y  Work Schedule Table 

TDR-2,3 PERSONNEL AUTHORIZATION TABLE 
-- 

N u m b F o f  Number o f  
Guards i n  Area Heal t h  Workers 

Authorized Na(G) Na( H 
I D ' s  

.--..-I.-- 

Table 3.2-4 Personnel Author iza t ion  Table (TDR=2 o r  3 )  



t o  i n d i c a t e  anomalous cond i t i ons ;  t h e  supersc r i p t  index i = 1, 2, 3  i n d i c a t e s  

t h e  TDR l e v e l  t he  p a r t i c u l a r  anomaly would produce i n  t h e  absence o f  any o ther  

anomaly g iven c e r t a i n  "1 ow r i  s t "  opera t ing  modes; t he  s u b s c r i p t  n o t a t i o n  c j  

and t h e  argument ( ' ) a r e  f u r t h e r  used t o  i d e n t i f y  t h e  phys ica l  o r i g i n  o f  t he  

anomaly* (see Table 3.2-2, under "A",  f o r  d e f i n i t i o n s  o f  t he  s u b s c r i p t  no ta t i ons  

and see Tab1 e 3.3-1 f o r  a  c l  ass i  f i c a t i  on o f  anomaly 1  eve1 s  by source). I n  general, 

t h e  s e t t i n g  o f  an anomaly v a r i a b l e  t o  the  one s t a t e  i s  caused by a  s igna l  re -  

ce i ved  from a  sensor. 

Values o f  t h e  anomaly va r iab les  i n f l u e n c e  t h e  dec i s ion  l o g i c  i n  t h e  ways 

i n d i c a t e d  i n  F ig .  3.2-2; i n  general,  a  l e v e l  i anomaly g ives  r i s e  by i t s e l f  t o  a  

TDR o f  l e v e l  i. Anomaly s i g n a l s  a l s o  a f f e c t  var ious  d i s p l a y  systems i n  the  MC-1 

and MC-2 rooms. Not shown i n  any l o g i c  diagram t s  t h e  impor tan t  " l a t c h i n g "  e f f e c t  

on each anomaly var iable: .  having once been:set t o  a  .value o f  u n i t y ,  an anomaly 

v a r i a b l e  cannot r e t u r n  t o  zero by t h e  s imple removal o f  t he  phys ica l  s i gna l  which 

produced i t  bu t  must be r e s e t  by t h e  app rop r ia te  operators,  as s p e c i f i e d  by the  

l o g i c  descr ibed i n  Sect ion  3.5. Note t h a t  t h e  l o g i c  does n o t  r e q u i r e  the  n u l l i n g  

of t h e  phys ica l  s i g n a l ,  b u t  o n l y  t h e  r e l e v a n t  opera tor  approval;  thus operators i n  

f a c t  have the  power . (p rov ided the c o r r e c t  combinat ion o f  approvals i s  obta ined)  t o  

o v e r r i d e  any anomalous s i g n a l .  A d iscuss ion  o f  t he  procedures used t o  minimize 

erroneous over r ides  w i l l  be g iven i n  a f o l l o w i n g  sec t ion .  , 

TDR l e v e l s  a re  generated according t o  the  l o g i c  o f  F ig .  3.2-2. They are  

e i t h e r  generated automat ica l  ly through e l e c t r i c a l  s i gna l  s  from sensors o r  subsys- 

tems, as rece ived by the  MC-1 and MC-2 computers, o r  by the  d i  r e c t  a c t i o n  o f  human 

operators.  For example, a  d e f i n i t e  i n d i c a t i o n  o f  mater i  a1 loss** i n  tank 4-2 

generates an anomaly s igna l  = 1 ; t h i s  immediately causes a  TDR o f  l e v e l  

3, independent o f  o the r  l o g i c  inputs.  A1 t e r c a t i v e l y ,  i n  t he  absence o f  a  ma te r i a l  

l o s s  s igna l  from the tank l e v e l  es t imator /de tec tor  ( A : ~ - ~  = 01, a  TDR o f  3  cou ld  

be produced through the  so le  approval o f  t h e  NMCO.*** 

I n  a d d i t i o n  t o  the  d i r e c t  i n f l u e n c e  o f  operators and the  e f f e c t s  o f  

* I n  o rder  t o  s i m p l i f y  t h e  no ta t ion ,  i n  many p laces a  s i n g l e  subsc r ip t  i s  used 

t o  i n d i c a t e  t h e  e n t i r e  s e t  o f  anomalies o f  a  g iven l e v e l .  

**See Sect ion 7 f o r  d iscuss ion  o f  ma te r i a l  l o s s  de tec t i on  

***The nex t  subsect ion descr ibes t h e  exact  mechanism o f  a l l  such operator  i npu ts  

t o  the  computer. 



. -- 

Anomaly Level O r i g i n  Symb o 1 
- - , 

. . 

- -- - -- 

TABLE 3.3-1 Format o f  Anomaly Level* Source Table 

*Anomaly l e v e l  = TDR l e v e l  which t h i s  anomaly would produce under nominal 
cond i t i ons ,  and under 1 eas t  sensi ti ve ope ra t i ng  mode cond i t i ons .  



single  anomalies, there are  two other principal methods of generating T D R  

l eve ls ,  according to  Fig. 3.3-1,. Special combinations of anomalies a1 so produce 

TDR ' l eve ls ;  in Fig. 3.3-1 these relations a re  

A '  E A1 + TDR=3, - 

A2 E A23 + TDRz3, - 

where - Ai i s  a vector of a l l  anomaly variables of level i ,  and A i j  i s  the s e t  

of vectors of anomaly level i which raise  the T D R  t o  level j. Normally, the 

s e t s  Ai wi 11 be constructed from 1 i near combinations of the anomaly variables 

AS the simplest case, the weighting coeff ic ients ,  C j k i  may be a l l  taken as unity, 

so tha t  the c r i t e r i a  become simply thresholds on the number of nonzero anomaly 

.variables of level i permitted before the TDR level i s  alltomatical ly raised to  

I cvcl j. 

The second method shown in Fig. 3.2-2 for  raising the TDR level automati- 

ca l ly ,  a r i ses  from a t e s t  on the time in which the system has remained a t  a 

cer ta in  level. Fig. 3.2-2 shows the following part icular  rules: 

TDR = 1 has persisted 2 .25 hr. '+ TDR = 2 

TDR = 2 has persisted 3 .5 hr. +- TDR = 3 

Thus, threshold times are  chosen according t o  judgments on the normal times to  

decrease TDR 1 eve1 s ['via subsequently described procedures) when actual diversion 

i s  not taking place; times in  excess of these thresholds are  in e f fec t  taken as 

evidence of a higher s t a t e  of danger. These thresholds are  also a protection 

mechanism against collusion on the part  of some operators and guards t o  permit 

lower levels of TDR to  pers i s t  indefinitely while diversion i s  taking place. 

Also note tha t  one further method for  producing a TDR level i s  made 



NMCO .approves A? = 0 I 
MC-1,O approves .A?=o*-~  

MC-2,O approves A?=o--1 1 

MC-1,O approves A;=O 

n;=o 
MC-2,O approves n;=o 

MC-1,O approves A! = O  
I A; = 0  

F i g u r e  3.3-1 Anomaly Reduct ion Log ic  



e x p l i c i t  i n  the  Master Dec is ion  Logic o f  Fig. 3.2-1, w i t h o u t  reference t o  anomaly 

v a r i a b l e s :  the  p a r t i a l  l oss *  o f  a  subsystem o f  l e v e l  i produces a  TDR l e v e l  

o f  ( i  -1 1, whi 1 e  t h e  complete 1  oss o f  a  1  evel i subsystem produces a  TDR 1  evel 

o f  i. " P a r t i a l  l o s s "  i s  taken t o  mean e i t h e r  s i g n i f i c a n t l y  degraded ( b u t  n o t  

t o t a l l y  l o s t )  f u n c t i o n i n g  o f  the  subsystem, e.g. i nc reas ing  noise on a  s igna l ,  

l o s s  o f  subsystem back-up, o r  l o s s  o f  a u x i l i a r y  power supply. 

3.4 REDUCTION OF TDR LEVELS 

The procedure f o r  reducing a  TDR l e v e l  i s  i n d i c a t e d  i n  F ig.  3.4-1 and 

r e q u i r e s  the  f o l l o w i n g  ac t i ons :  

a)   he app rop r ia te  MC supe rv i so rs~mus t  approve any reduc t i on  i n  TUH 

l e v e l ;  each reduc t i on  can occur o n l y  one step a t  a  t ime..  

b )  Three superv isors  ,(NMCO, MC-1,0, MC-2,O) a re  requi  red  f o r  the  

reduc t i on  TDR-3 t o  TDR-2, two (MC-1,0, MC-2,O) f o r  TDR-2 t o  TDR.-1 , 
and one (MC-1 ,O) - f o r  TDR-1 t o  TDR-0. 

c )  I n  a d d i t i o n  t o  the  approval o f  t he  i n d i c a t e d  superv isors,  ' a  TDR 

r e d u c t i o n  requ i res  the  cancel l a t i o n  o f  each anomaly alarm a t  the 

g iven TDR l e v e l .  I n  t u r n ,  t h e  zero ing  o f  each anomaly a1 so re -  

q u i r e s  t h e  e x p l i c i t  approval o f  a  r e l e v a n t  group o f  superv isors,  

even when the  i n i t i a t i n g  s t i m u l i  have re tu rned  t o  a  normal s ta te .  

(See Fig.  3.3-1 and Sect ion  3.5 f o r  t he  anomaly reduc t i on  ru les ,  

which a re  analogous t o  those f o r  TDR l e v e l s  themselves. ) 

The e f f e c t  o f  these procedures i s  t h a t  respons ib le  superv isors are  re -  

qu i  r e d  t o  i n v e s t i g a t e  t h e  d e t a i l  ed causes o f  a  TDR l e v e l ,  and t o  make e x p l i c i t  

judgments on whether these causes have been removed; furthermore, they must make 

a  separate, g loba l  judgment on whether t he  o v e r a l l  s i t u a t i o n  m e r i t s  a  reduc t i on  

i n  a  TDR l e v e l .  With h ighe r  TBR l e v e l s ,  g rea te r  s e c u r i t y  i s  achieved through the  

requi rement  o f  g rea te r  redundancy i n  'deci  sion-makers and i n  t h e  p a r t i c i p a t i o n  of 

a h ighe r  l e v e l  o f  a u t h o r i t y .  Since n e i t h e r  d e t a i l e d  measures o f  danger ( A ' s )  nor  

g loba l  measures (TDR's), can be' automat ica l  l y  r e - s e t  t o  lower l e v e l s ,  i .e., because 

the  dec i s ion  l o g i c  has memory, t he  process i s  p ro tec ted  aga ins t  var ious  forms o f  

d i v e r s i o n  and tampering which woul d  produce o n l y  t r a n s i  t o r y  anomalous s igna l  s. 

--- 
* I n  many cases, mon i to r  subsystems a re  equipped w i  t h  tamper d e t e c t i o n  c i  r c u i  t s  

and may a l so  be w i red  i n  a  superv.isory mode. 



T D R = 3  I d 

TDR = 2  
NMCO approval 

M C- 1 ,0 approval ------------ 
MC-2,O approval 

TDR = 2 TDR= 1 

MC-1,O approval 
MC-2,O approval I 

Note: V means for all i 

1 
TDR= 1 TDR = 0 

9 

MC-1,O approval - 

F i g u r e  3 .4 -1  TDR Reduction Logic  



To reduce erroneous reduct ions  i n  TDR and anomaly l e v e l s  by operators, 

c e r t a i n  procedures a r e  requ i red  t o  be fo l l owed  i n  a d d i t i o n  t o  those i n d i c a t e d  i n  

F igs.  3.4-1 and 3.3-2. Each p a r t i c i p a t i n g  operator  must en te r  h i s  I D  ca rd  and 

number i n  the  computer, which a l lows h i s  i n p u t  upon v e r i f i c a t i o n  by the  computer 

t h a t  he i s  au thor ized f o r  t h i s  ac t ion .  A record  i s  kept  o f  t h i s  act ion.  

I n  add i t i on ,  t h e  computer may r e q u i r e  a  statement regarding the  reason 

f o r  t h e  reduct ion;  when required,  t he  opera to r ' s  response, i s  recorded and stored. 

A l l  anomaly reduct ions  a re  reviewed by t h e  NMCO a t  t h e  end o f  each s h i f t .  

F i  nal  l y ,  every reduc t ion  i n  anomaly l e v e l  o r  TDR 1 evel requ i res  the  oper- 

a t o r  t o  f o l l o w  a check l i s t  which i s  s p e c i f i c  t o  t h e  circumstances; the  purpose o f  

t h e  check 1  i s t  i s  t o  p rov ide  redundancy as .we1 1 t o  u t i  1  i z e  a  t r a i n e d  opera to r ' s  

a b i l i t y  t o  recognize unforeseen pa t te rns  and e x t r a c t  usefu l  i n fo rma t ion  from un- 

a n t i c i p a t e d  o r i g i n s .  The nex t  sec t i on  g ives  an example o f  an operator  check 1  i st .  

3.5 OPERATOR CHECK LIST: EXAMPLE* 

The f o l l o w i n g  i s  an example o f  a  t y p i c a l  check 1  i s t  procedure which w i l l  

be used t o  a i d  t h e  NMCO, MC-1,0, o r  MC-2,O i n  t h e i r  decis ions regarding t h e  lower- 

i ng o f  a  TDR 1 evel  . I n  general, a  check 1  i s t  be presented t o  each person i n v o l  ved 

i n  t h e  dec is ion  on a  cathode ray  tube (CRT) d i sp lay  and he w i l l  be requ i red  t o  i n -  

p u t  answers t o  check l i s t  quest ions c o r r e c t l y  be fore  the  computer a l lows a  reduc- 

t i o n  i n  TDR state.  

Sample Check L i s t  - -- -. 
A simple i n c i d e n t  which i s  l i k e l y  t o  happen f requen t l y  i s  used as a  bas is  f o r  

t h e  check1 i s t  example presented here. There are  seven t e l e v i s i o n  cameras i n  t h e  

MC design. There w i l l  be motion detec tors  f o r  each CCTV camera* Whenever one o f  

these "sees" a  change o f  1  i g h t  i n t e n s i t y ,  i t  s igna ls  movement. I f  t h i s  occurs 

and no one i s  seen on t h e  CCTV moni tors t o  be i n  t h e  area, an i n v e s t i g a t i o n  i s  

i n  order. 

I n  t h i s  scenario, i t  i s  assumed t h a t  one o f  t h e  motion detec tors  v iewing 

one o f  t h e  monitored areas, A-1 detec ts  motion.** When t h i s  happens, the  system 

*This i s  discussed more f u l l y  i n  Reference 3-3. 

**If a  scheduled .procedure requ i res  t h e  presence o f  an operator  i n  the  f i e 1  d  o f  

view o f  a  p a r t i c u l a r  TV camera, t h e r e  w i l l  be no anomaly s i t u a t i o n .  and hence 

no anomaly ca l led .  The l o c a t i o n  o f  operators du r ing  operat ions i s  a v a r i a b l e  

moni to red by t h e  MC system. 



i s  p laced immediately by the  MC-1 computer i n t o  s t a t e  TDR-1, unless c e r t a i n  a c t i -  

v i t i e s  a re  being c a r r i e d  out ,  e.g., p lutonium product  sampling, i n  which case, 

the  system goes t o  TDR-2. For  the pur,poses o f  t h i s  example i t  i s  assumed t h a t  

t he re  i s  no scheduled a c t i v i t y  going on and t h e  system i s  p laced i n  TDR-1 by 
computer MC-1. 

When t h e  MC system goes t o  t h e  TDR-1 s ta te ,  both t h e  MC-2,O (Process 

opera tor )  a t  t h e  MC-2 computer and the  MC-2,O (Secu r i t y  ~ u a r d )  a t  t h e  MC-1 

computer survey a1 1  s igna l  and t e l e v i s i o n  i npu ts  t o  t h e i r  i n d i v i d u a l  s t a t i o n s  
as t o  t h e  apparent reason fo r  t h e  change i n  s t a t e .  They w i l l  a l s o  gather  any 

a d d i t i o n a l  in format ion which would i n d i c a t e  a  need f o r  going t o  an even h igher  

TDR s ta te .  This  i s  a l l  done as q u i c k l y  as poss ib le  w i thou t  any check l i s t s  
' 

be ing used. Then each opera tor  w i l l  begin h i s  check l i s t  procedure. The 

f i r s t  group o f  quest ions o r  commands on each check l i s t  i s  t h a t  s e t  which w i l l  

r e q u i r e  r a i s i n g  the  TDR s t a t e  if answered a f f i r m a t i v e l y .  

The f i r s t  several quest ions o r  commands remind t h e  Secu r i t y  Guard 

and the  SF0 of the  ac t i ons  each should take immediately upon e n t e r i n g  s t a t e  

TDR1. It should be noted t h a t  t he  above scenar io even tua l l y  s t a r t s  t he  MC-1 

Guard going through h i s  check l i s t .  But  the  same check l i s t  w i l l  be used no 

mat te r  what caused the  t r a n s i t i o n  t o  s t a t e  TDR-2. It i s  genera l l y  app l icab le .  
The check l i s t s  used by the  th ree  dec i s ion  makers i nc lude  some check- 

i n g  of in fo rmat ion  and s i t u a t i o n s  n o t  otherwise i nc luded  i n  the  Master Decis ion 

Logic (MDL). The i n t e l l i g e n c e ,  a d a p t a b i l i t y ,  and p a t t e r n  r e c o g n i t i o n  t a l e n t  o f  

human operators w i l l  make poss ib le  some improvements over  t he  f i x e d ,  l e s s  f l e x -  

i b l e  design l og i c .  

Upon any change o f  TDR s t a t e  upwards, t he  t i r s t  concern o f  anyone i n  

the  system i s  t o  asce r ta in  t h a t  t he re  i s  no i n d i c a t i o n  o f  a d d i t i o n a l  t h r e a t  

which should cause the  TDR s t a t e  t o  be r a i s e d  even higher.  Th i s  i s  t h e  purpose 

o f  t h e  A check l i s t .  Only a f t e r  t h i s  s e t  o f  quest ions has been answered 

nega t i ve l y  does a  second set ,  t he  B set ,  g e t  a t t e n t i o n -  a1 lowing the  1  owering 

o f  the  s ta te .  

Table 3.5-1 g ives  the  A check l i s t  f o r  t h i s  example scenario. A f t e r  

t h i s  A check l i s t  has been completed, t he  MC-1,O w i l l  then be presented . . 
t h e  6 check. l i s t  o n  h i s  CRT d i sp lay .  Table 3,5-2 g ives t h e  6 check l i s t -  

Step A-2 i,n t he  f i r s t  check 1  i s t  r e q u i r e s  the  i n v e s t i g a t i o n  o f  each 

anomaly. A sample anomaly reduc t i on  check 1  i s t  f o r  t he  unauthor ized mot ion 

as detected by the  CCTV system i s  g iven i n  Table 3.5-3. A l i s t  s u c h a s  t h i s  



For  t h i s  l e v e l  o f  check l i s t ,  t he  format o f  t h e  quest ions d i c t a t e s  t h a t  upon 
t h e  f i r s t  answer o f  YES t h e  system w i l l  be r a i s e d  t o  TDR-2 and a TDR-2 check l i s t  
w i l l  be used. 

STEP ACTION 

A-1 Have you f a i l e d  t o  f i n d  a t  l e a s t  one guard a v a i l a b l e  
f o r  d ispatch  i f  necessary? 

A-2* Have you f a i l e d  t o  i d e n t i f y  the  anomal i e s  which 
r a i s e d  the  system t o  TDR-I? 

A-3 Does a survey o f  s igna l  s and t e l e v i  s ion  .screens show 
anyth ing  t h a t  i ncreases t h e  t h r e a t ?  (Review video 
reco rd ing  ) 

A-4 Can you see any unauthor ized personnel i n :  
Area AR ? 

AL ? 

CCAS? 

A-5 Has Sta te  TDR-1 e x i s t e d  f o r  more than 0.5 hours? 

A-6 Has Emergency E x i t  Mode been used and n o t  rese t?  

REACTION 

YES - GO t o  TDR-2 
NO - Proceed 

YES - Go t o  TDR-2 
NO - Proceed 

YES - GO t o  TDR-2 
NO - Proceed 

YES - f o r  any area 
Go t o  TDR-2 

NO - Proceed 

YES - Go t o  Sta te  
TDR-2'* 

NO - Proceed 
YES - Go t o  State 

TDR-2 
NO - Proceed . 

A-7 Does t h e  computer show e x i s t i n g  anomaly sum exceeds YES - Go t o  State 
1 i m i  t f o r  TDR-I? . TDR-2** 

NO - Proceed 

A-8 I s  any r a d i a t i o n  moni tor  i n d i c a t i n g  the  passage o f  YES - Go t o  Sta te  
nuclear  ma te r ia l  through a CCAS? TDR-3 

NO - Proceed 

A-9 I s  any metal de tec to r  i n d i c a t i n g  t h e  passage o f  metal YES - Go t o  Sta te  
through a CCAS? TDR-2 

NO - Proceed 

TABLE 3.5-1. c h e c k l i s t  A f o r  MC-1,O: Secur i ty  

*An anomaly 1 i s t ,  i n  chronological  order  o f  appearance (most recent  f i r s t  
w i l l  be d isp layed t o  t h e  MC-1,O). 

**This i s  automatic. 



STEP ACT I ON REACTION .. 
. . 

A-10 I s  t he re  any i n d i c a t i o n  o f  unauthor ized a t tempt  ' t o  YES - GO t o  s ta te '  
modify data o r  program? TDR-2 , . 

NO - - Proceed 

A-11 I s  t h e  ~ l p h a  A i r  ~ o n i  t o i  i n d i c a t i n g  a i rbo rne  nuc lea r  YES - Go t o  s t a t e  
ma te r i a l  presence? TDR-3 

NO - - Proceed 

A-12 I s  t he  computer i n d i c a t i n g  excessive t ime  t o  complete YES - Go t o  S ta te  
any recen t  task? TDR-2 

NO - Proceed 

A-13 I s  t he re  i n d i c a t i o n  o f  passage through CCAS w i t h  YES - Go t o  S ta te  
weight  ou ts ide  1 i m i  t s ?  TDR-2 

- NO - Proceed 

A-1 4 I s  t h e  1 a s t  i nven to ry  ou ts ide  acceptable 1 i m i  t s ?  YES - Go t o  S ta te  
TDR- 3 

NO - Proceed 

A-1 5 Have you any evidence t h a t '  m igh t  i n d i c a t e  YES - Go t o  S ta te  
unauthor ized movement o f  nuc l  ear  mater i  a1 ? . . . TDR-3 

NO - .Proceed 

A-16 Go t o  t he  anomaly check 1 i s t s *  f o r  t h e  anomalies 
- i d e n t i f i e d  i n  Step A-2. Return here when anomaly 

l i s t  i s  c leared.  

TABLE 3.5-1. Check1 i s t  A f o r  MC-1,O; Secu r i t y  (con t inued)  

*Check 1 i s t s  s imi  1 a r  t o  those shown" here f o r  TDR l e v e l  s e x i s t  f o r  each anomaly. 
For  t h i s  example, a s i n g l e  s p e c i f i c  anomaly was assumed t o  have occurred. An 
anomaly reduc t i on  check l i s t  f o r  t h i s  example i s  presented i n  Table 3.5-3. 



For  the  next  l e v e l  of check l i s t ,  upon t h e  f i r s t  answer o f  YES, take remedial 
a c t i o n  and s t a r t  again a t  t h e  beginning o f  Sect ion B. 

STEP ACT I ON REACTION - 

B-1 Have you f a i l e d  t o  cancel any anomaly? YES - Continue 
attempts t o  
cancel 

NO - Proceed 

B-2 I f  r e p a i r  i s  needed, have you f a i  1 ed t o  i n i t i a t e  a YES - Order Repair 
r e p a i r  o rder?  NO - Proceed 

8-3 Have you any evidence t h a t  a reduct ion  t o  TDR-0 i s  YES 
poss ib l y  unwi se? NO - Proceed 

8-4 Lower s t a t e  t o  TDR-0. 
-- - -- 

TABLE 3.5-2. Checkl i s t  B; Reduction o f  TDR Level 

STEP ACTION REACTION 

1. Review playback of CCTV camera; a re  there  any YES - Go t o  TDR-2 
unauthorized personnel? NO - Proceed 

2. Di,spatch Guard t o  anomaly l o c a t i o n  

3. Has the  Guard f a i l e d  t o  r e p o r t  on the  area? YES - Wait 
NO - Proceed 

4. Has t h e  Guard found any unauthorized personnel i n  YES - Go t o  TDR-3 
t h e  area? NO - Prossfid 

5. Has the  t e l e v i s i o n  system degraded so much t h a t  . YES - I n i t i a t e  
i t  should be considered f a i l e d ?  Repair Order 

NO - Proceed 

6 I s  the  cause f o r  t h e  anomaly l i k e l y  t o  cause o thers  YES - Check f o r  
as w e l l ?  e~ i s tence o f  

these 
NO - Proceed 

1 .  Has the  MC-1 computer omi t ted  r e p o r t i n g  any YES - Go t o  TDR-2 
anomal i es which e x i  s t ?  NO - Proceed 

8. Have you any evidence t h a t  t he  anomaly s igna l  YES - Go t o  TDR-2 
should n o t  be cancel l e d ?  NO - Proceed 

9. Cancel anomaly s igna l .  Proceed through check 
l i s t s  f o r  o ther  anomalies e x i s t i n g  and r e t u r n  t o  
TDR-1 C h e c k l i s t  a t  B. 

TABLE 3.5-3. Checkl i s t  f o r  Anomaly Caused by Unauthorized Movement Detec t ion  

3.261 



w i  11 be avai 1 able f o r  each p o t e n t i a l  anomaly. 

Fol low the  sequence o f  quest ions and ac t i ons  as requ i red  by t h e  answers. 

3.6 PROCEDURE MONITORING 

Procedure moni to r ing  i s  an impor tant  element o f  t he  Test-Bed MC System. 

The moni to r ing  o f  opera t ing  procedures i s  described i n  t h i s  sect ion. The steps 

i n  each opera t ing  procedure are  given i n  another sec t ion  o f  t h i s  repor t .  

The fundamental i n d i c a t o r s  of procedure performance are: 

. worker number, I D ,  and c l  ass i  f i c a t i o n  

. worker 1 ocat ion  

. event t imes 

. event character  

Procedures are  author ized and c a r r i e d  o u t  according t o  r u l e s  descr ibed i n  

Sect ion 4 o f  t h i s  repor t .  Several procedure moni to r ing  func t ions  are  i n d i c a t e d  

there; t he  para1 l e l  procedure moni to r ing  system i s described here i n  more de ta i  1, 

and shown i n  Fig.  3.3-1. 

Sect ions A and B o f  t h i s  f i g u r e  show the  personnel screening p a r t  o f  t h e  

procedure l o g i c .  I d e n t i t i e s  are  checked upon e n t r y  o f  I D  cards i n t o  the  ca rd  

reader i n  t h e  CCAS booth; comparisons a re  made w i t h  t h e  MC-1 based a u t h o r i z a t i o n  

' as t o  number, i d e n t i t y ,  and c l a s s i f i c a t i o n  (e.g., t echn ic ian  ( T I  o r  h e a l t h  and 

sa fe ty  worker ( H I ) .  Another ca rd  designat ing the  procedure i s  a l s o  entered, 

and the  procedure I D  i s  compared aga ins t  t h a t  au thor ized by the  computer; 

s t a r t i n g  t ime i s  a l s o  compared aga ins t  t he  author ized one f o r  t he  g iven proce- 

dure. Upon s a t i s f a c t i o n  o f  a l l  t es ts ,  e n t r y  i s  permi t ted,  a t  which p o i n t  t h e  

o f f i c i a l  procedure s t a r t  t ime i s def ined t o  begin ( i  t begins upon t h e  e n t r y  o f  
\ 

t he  f i r s t  person o f  a team). 

Next, t h e  computer def ines, f o r  t he  author ized procedure, se ts  o f  author-  , 
i z e d  valve, pump, and f l ow  cond i t i ons  (Sect ion  C o f  Fig. 3.6-1). Then t h e  

l o g i c  begins two moni to r ing  tasks f o r  t h e  procedure: i n  p a r t  D o f  the  f i g u r e ,  

t e s t s  are  made cont inuously and repor ted  cont inuously f o r  i n d i c a t i o n s  o f  valve, 

pump, o r  f l o w  s ta tes  which are  unauthorized t o  occur a t  any t ime dur ing  t h e  

procedure. I n  p a r t  E o f  t h e  Fig. 3.6-1, t e s t s  a re  made cont inuously and 

repor ted  a t  t he  te rm ina t ion  o f  t he  procedure o f  i n d i c a t i o n s  o f  s ta tes  which 

should have occurred by the  end t ime b u t  d i d  not.  F i n a l l y ,  c e r t a i n  t e s t s  a re  

made on moni t o r s  cont inuously dur ing a1 1 procedures, i ndependent o f  t ime and 

a c t i v i t y ,  as i n d i c a t e d  i n  p a r t  F o f  t he  f i gu re .  



The end-time o f  a procedure i s  determined by the  e x i t  t ime o f  t he  l a s t  

worker (workers e x i t  i n  complementary fash ion t o  t h e i r  entrance: by a removal 

o f  t h e  procedure ca rd  which they i n s e r t e d  upon entrance; I D  cards a re  simply 

read, b u t  k e p t  i n  t h e i r  possession). Th is  end t ime i s  requ i red -by  procedure 

t e s t s  i n  P a r t  E o f  t h e  f i gu re .  The t ime i s  o f  course an important  measurement 

i t s e l f ;  o v e r a l l  t ime comparisons are  n o t  shown e x p l i c i t l y  i n  Fig. 3.6-1; . they 

appear i n  var ious  p laces i n  Sect ion 4 on Operat ing Procedures. 



Procedure i.d. f - 7  

i.d. removed from active list 
nk+, (TI = nR (T)-1 if subject is T 
nk+, (H) = nR(H)-1 is subject is H 

1 Yes 

F igu re  3.6-1A Procedure Completion Mon i to r i ng  



B door 

/ \ Yes ' 
3 / ~ e r ~ ! ~ ~ ~ ~ & d  is \ 

Table 4 El 

n(G). =G n, (GI and 

Table 5 a 

l Yes I 

F i g u r e  3.6-1B . Procedure I n i t i a t i o n  Mon i to r i ng  
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t 1 

Read 
V(i,j) 

'startr ''start 
(k) 

over (i,j,k) eSS 

I 
for given m from 
Table 3 

Compute S = { i,j,k) 
of authorized and 
sensed items." 

For {i,j,k) ES 
find the set S, 
such,that 
V a t  = V(iljItitafl 

P,(KI = p ( k l t  
start 

- 
- . 

"The set S consists of these items which are both authorized and sensed, 
i.e., there is a possibility that some authorized items are not sensed, and 
such items are not in S. 

' 

F igure  3.6-1C D e f i n i t i o n '  o f  Author ized and Sensed 
Valve and Pump Condi t ions.  



Table 3 

- '7 
,A:, = 1 M.D.L. Update (N. 0. - 2) 

- . . ,  

Update Update 

F igu re  3.6-1 D Continuous Tes t  over  [tStart, tend] 



Set (DI = 0 LrJ 
Do for {i,j,k} oS/SC T ?. 

I 

No 

- 

Nn 

For all i,j Yes 

Update 
M. D. L. 

N.B. - 3 

F i g u r e  3.6-1E - T e s t s  Repor ted a t  t = tend (N.B . -7 )  



Portal metal Ahwi = 1 
(weak) 

Alarms A i i  = 1 

G.B. pressure = 1 

R-RICR f l  

Portal metal AiSi  = 1 

. .. .- 

Portal y 
neutron A 3  = 1  

Valve 
G.B. pressure = 1 

CODE 

N.6.-1 "and do not repeat 4 on this index until TDR=OV (i,j) = Valve-module indices; 
iv.E(.-2 "and do not repeat 7 until A; = 0.': k = Pumpmoduleindex 

N.8.-3 "and do not repeat 9 on this index ~ i~nt i l  t tciril Sf = i,j,k,P ', inder sot ~f ronced valb~oti~ pump, bnd flovvr. 
and 3 do-loop complete." 

S, = i,j,k,Q , authorized index set. 
N.B.4 "and do not repeat 10 on this index until t'2 tend = i,,,k,~ , authorized and sensed index set. 

and 3 do-loop complete." 
SC = Set of indices of authorized, sensed and constant 

N.B.-~ "and do not repeat 11 on thishdex until t >tend . -items. 
and 3 do-loop complete." 

M.D. L. Master decision logic. 
N.B.4 Exit CCAS logic not shown 

N.B.-~ Tests insure that specified changes have occurred by 
tend Authorized values in this case are authorized 
changed values. 

F igu re  3.6-1 F . Continuous Mon i to r i ng  Independent 
of Time and Procedure Statu,s 
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4.0 OPERATING PROCEDURES* 

Thi s sec t ion  out1 ines  the  opera t ion  procedures which must be.  u t i . 1  i z e d  t o  

permi t  t h e  maintenance o f  a running inven to ry  o f  t he  t o t a l  plutonium i n  t h e  

Test Bed Design Pu N i t r a t e  Storage F a c i l i t y .  A s i g n i f i c a n t  p o r t i o n  o f  t h e  

p r o t e c t i o n  provided by t h i  s safeguard system i s' der ived from adherence t o  

these opera t ing  procedures. D e t a i l s  on the  a c c o u n t a b i l i t y  procedures a re  , 

prov ided i n  sec t ion  7.4.. 

4.1 FACILITY DESCRIPTION 

The f a c i l  i ty cons is t s  o f  one c e l l ,  made up o f  f o u r  modules, each 

module c o n s i s t i n g  o f  s i x  tanks o f  756 1 i t e r s  capac i ty  each. Under steady 

s t a t e  operat ion, t r a n s f e r s  w i l l  be made from the  Plutonium Product Ce l l  

(PPC) tw ice  weekly a t  a r a t e  o f  730 l i t e r s / t r a n s f e r .  By d i r e c t i n g  each 

fi 11 i ng t o  a p a r t i c u l a r  tank, one module w i  11 take th ree weeks t o  f i l l  . 
A t  which t ime i t  w i l l  be s t i r r e d ,  analyzed, inventor ied ,  and sealed o f f .  

The module w i l l  then remain i n  the  storage mode f o r  approximately 

s i x  weeks, dur ing  which t ime no labo ra to ry  analyses w i l l  be made. Fo l lowing 

t h e  s i x  weeks o f  storage, the  module w i l l  then prov ide the  feed f o r  the  con- 

vers ion  f a c i l i t y  over the  next  t h ree  week period. Laboratory analyses w i l l  

be repeated on mater ia l  a f t e r  i t  . i s  received a t  t h e  conversion f a c i l i t y ;  

consequently, t he  on ly  1 aboratory ana lys i  s considered i n  t h i  s Test-Bed Design 

i s  t h a t  done upon t h e  complet ion o f  f i l l i n g  a module. It should be noted 

t h a t  Tank 6 o f  Module 4 has been designated as a "s lop  tank" and incorpora tes  

some unique plumbing t o  permi t c o l l  e c t i  on o f  'any spi 1 lage t o  the  sump. . (See 

Fig.  2.3.2-1.) I n  order  t o  keep t h i s  tank a v a i l a b l e  a t  a1 1 time.s f o r  any emer- 
gency t h a t  a r ises ,  Module 4 w i l l  u t i  l ' i z e  on ly  f i v e  tanks ( r a t h e r  than t h e  s i x  

o f  the o the r  th ree modules) f o r  normal process operat ions. 

The "normal " modes o f  operat ions o f  P N C l  a re  t r e a t e d  separate ly  be1 ow. 

Temperature, 1 evel', and dens i ty  measurements a re  recorded cont inuously a1 though 

the  p r e c i s i o n  o f  any g iven reading may be af fected by the  s p e c i f i c  opera t ions  

being performed a t  t h a t  time. These modes are: 

*Thi s d iscussion i s  based 'on ma te r ia l  conta ined i n  Reference 4-1. 

1.1 



STAT I C STORAGE 

Plutonium product  i s  n o t  moved and i s  found s o l e l y  i n  the  storage 

tanks and those l i n e s  which had p rev ious l y  been used and are n o t  f r e e  dra in ing .  

An es t imate  o f  t h e  l e n g t h  o f  the  p ipe  runs and l o c a t i o n s  was made and an eval -  

u a t i o n  o f  pos.si b l e  trapped volumes i n d i c a t e s  t h a t  t h e  holdup outs ide  o f  tankage 

m i g h t  be as much as 72 l i t e r s  and probably w i l l  n o t  be l e s s  than 18 l j  t e r s  f o r  

PNC1. The volume u n c e r t a i n t y  i n  the  holdup, due t o  normal p i  p ing  manufacturi ng 

to1  erances i s  about 12 m l / f o o t  o f  pipe. Valves 19, 20, 21, and 1 through 6 o f  

each module w i l l  be sealed. 

PRODUCT RECEIVAL MODE ( A c c o u n t a b i l i t y  Procedures are  described i n  

Sect ion 7.4) 

Product i s  rece ived as a g r a v i t y  f l o w  from the  PPC and i s  d i r e c t e d  

t o  a s p e c i f i c  tank i n  PNC1. The change i n  inventory  i n  PNCl  i s  t h a t  change 

o f  volume i n d i c a t e d  by the  1 i q u i d  l e v e l  change o f  t h e  tank designated t o  rece ive  

t h e  f low. For purposes of modeling P N C ~  t h e  assumption i s  made t h a t  "normal " 

opera t i ons  w i l l  c o n s t i t u t e  two t r a n s f e r  opera t ions  o f  730 1 i t e r s  every week. 

STIRRING MODE 

U t i l i z e d  t o  e i t h e r  homogenize the  contents o f  any g iven module o f  s i x  

, tanks t o  prov ide  a un i fo rm batch o f  Pu product  f o r  f u t u r e  conversion t o  oxide, 

o r  t o  homogenize the  product  i n  a s i n g l e  tank f o r  a c c o u n t a b i l i t y  measurements 

a f t e r  product  has been received. When be ing s t i r r e d ,  product  i s  drawn o f f  f rom 

t h e  lowest p o r t i o n  o f  t h e  s i x  tanks i n  the  module ( o r  s p e c i f i c  tank) ,  pumped by 

t h e  module pump and returned,  v i a  t h e  module header, t o  the  same module ( o r  

s p e c i f i c  tank).  It i s  est imated t h a t  n ine  hours w i l l  be requ i red  f o r  th ree 

complete exchanges o f  a f u l l  module. The valves w i l l  be ad jus ted t o  ob ta in  

approximately t h e  same f lows t o  a1 1 s i x  tanks. 

Dur ing t h i s  t ime, a s ide  stream o f  approximately 0.25 l i t e r / m i n  i s  

c i r c u l a t e d  through the  sample g love box and re turned t o  the  pumped stream. 

P e r i o d i c  samples may be withdrawn from t h i s  stream and sent t o  the  l abo ra to ry  

f o r  analys is .  Continuous on-1 i n e  ana lys i s  i s  ma,de w i t h  a Y-ray spectrometer. 

Th is  spectrometer i s  connected i n  se r ies  w i t h  t h e  sampler loop and consequently 

samples a small p o r t i o n  o f  t h e  same 0.25 l i t e r / m i n  f low.  

TRANSFER MODE 

Product from any one tank can be pumped t o  any other ,  e i t h e r  w i t h i n  



t h e  same module o r  between modules. The module header i s  u t i l  i z e d  f o r  i n t r a -  

module t rans fe rs ;  t h e  i n t e r - c e l l  t r a n s f e r  header f o r  inter-modul e  t rans fe rs .  

It i s  est imated t h a t  30 minutes o f  pumping t ime i s . r e q u i r e d  f o r  t r a n s f e r  o f  

a  f u l l  tank. Sampling may be conducted dur ing  t h i s  period. 

CHEMICAL ADDITION MODE 

P rov i s ion  has been made f o r  t h e  a d d i t i o n  o f  c o l d  chemical's i n  

premeasured amounts ( i  .e., n i t r i c  ac id ) ,  t o  each tank and f o r  wash down and 

decontamination o f  t he  pumping system. The chemical connect ions t o  the  tanks 

are  made t o  hose connections outs ide  o f  t h e  g love boxes loca ted  above the  h i g h  

l i q u i d  l e v e l  o f  t he  tanks. These l i n e s  are  p ro tec ted  by check valves which 

pe rm i t  inward f l ow  only. A1 1  f l u s h  and addi t i ,on  1  i n e  i , n l e t s  are a t  t he  same 

1  evel , approximately a t  t h e ,  284' 2" e levat ion .  

LOAD-OUT MODE 

Plutonium N i t r a t e  from PNCl  i s  t r a n s f e r r e d  d i r e c t l y  t o  the  CF v i a  a  

p ipe  connected t o  valve #39, Module 4. 

An appropr ia te  steady s t a t e  opera t ing  c y c l e  f o r  PNCl i s  shown i n  

Fig. 4.1-1. This f i g u r e  shows the  p a t t e r n  and approximate du ra t i on  o f  each 

mode w i  t h i n  the  normal (non-emergency ) opera t iona l  cycle. 

4.2 ROLE OF THE MATERIAL CONTROL COMPUTER SYSTEM 

A1 1  operat ing procedures are  designed t o  be h i g h l y  i n t e r a c t i v e  w i t h  the  

MC computer. Sect ion 2, summarizing the  func t i ons  o f  t h e  Ma te r ia l  Contro l  

System, presents a  much more g lobal  view o f  t he  t o t a l  computer-faci l  i ty i n t e r -  

act ions.  The computer has th ree i den t i  f i  abl e  func t i ons  as re1 ates t o  process 

opera t ing  procedures. These are described below. 

4.2.1 Operation Moni to r ing  

Operations i n  the  Storage F a c i l i t y  a re  paced by t h e  MC computer which 

prov ides  i n s t r u c t i o n s  on re,qui red  valve p o s i t i o n s  (obta ined from i t s  i n t e r n a l  

data bank) and fo l l ows  through by moni to r ing  the  actual  p o s i t i o n  o f  c r u c i a l  . ,  

valves. It a l s o  compares ac tua l  t imes f o r  process operat ions w i t h  "normal" 

t imes ; prov i  d ing  a  f 1  ag upon recognl ti on o f  anon01 i es . 
4.2.2 Safety Moni to r ing  

The MC computer provides a  sa fe ty  f u n c t i o n  by enabl ing p a r t i c u l a r  opera- 

t i o n s  on ly  when c e r t a i n  p rese t  cond i t i ons  are  met; and i t  provides.  warning alarms 

o f  var ious 1  evel s  upon de tec t i on  o f  procedural anomol ies .  

4.2.3 Ma te r ia l  Accoun tab i l i t y  

It provides a  r e a l  - t ime bes t  est imate o f  p l  u t o n i  um inventory  , regard1 ess 
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= Fill period (17 days) . 

- = Stir & sample period (2  days). 

= Storage period (44 days) - Delivery period (21 days) 

F i g u r e  4.1-1 Approximate Steady S t a t e .  Operat ions Cyc le  



of the  opera t ing  mode o f  t he  f a c i l i t y .  To accomplish t h i s ,  t h e  computer 

has hard-wired t i e s  t o  c r u c i a l  f unc t i on  transducers; i t .  conta ins a data base 

o f  models, holdups, c a l i b r a t i o n s ,  e tc ;  and i t  p lays  an i n t e r a c t i v e  r o l e  w i t h  

t h e  ~ a b o r ~ t o r ~  Data System (LDS). 

4.3 COMPUTER/FACILITY TIES 
. . 

Real-t ime in fo rmat ion  on the  opera t iona l  s ta tus  and the  inventory  o f  

t h e  Storage F a c i l i t y  i s  provided by a number o f  both d i g i t a l  and analog t i e s  

(Tab1 e 4.3-1. ) and described be1 ow. 

TYPE OF NUMBER OF LOCAL** LOCAL 

ITEM SIGNAL CHANNELS RECORDING SIGNAL (ALARM ) 

, ~ a l  ve Posi ti on Binary 7 2 NO NO 

Densi ty  D i  g i  t a l  24 YES NO 

L i q u i d  Head D i  gl' t a l  24 . YES , YES 
. . .  

S t a t i c  .Head D i g i t a l  24 YES 
. . NO 

Temperature D i g i t a l ,  48 YES YES 

Sampl e r  B i  nary 4 N 0 YES 

Pump Binary 4 NO YES 

Spectrometer D i  g i  t a l  1-4 YES YES 

TABLE 4.3-1 COMPUTER/FACILITY TIES 

*"Independentu r e f e r s  t o  a 1 ack o f  dependency on the  a v a i l  a b i l  i t y  o r  c o n d i t i o n  

o f  t h c  MC computer. 

**"LocalM imp l ies  access ib i1 , i ty  t o  the  f l o o r ,  o f  t h e  storage f a c i l i t y  b u t  a l so  

inc ludes a process alarm. t o  the  c e n t r a l  room f o r  sa fe ty  purposes. 

4.3.1 Valve P o s i t i o n  I n d i c a t o r  - a b ina ry  -signal which i n d i c a t e s  t h a t  a n y ' h m i t  
. . 

sw i tch  equipped valve i s e i t h e r  c losed o r  n o t .  closed. . . 

4.3.2 Dens i ty  and Level Measurements on .Each Tank - t h e  d i f f e r e n t i a l  pressure 

between the  two dens i ty  measuring bubbler tubes w i l l  be converted t o  a d i g i t a l  

s ignal  a t  t h e  pressure transducer and t i e d  t o  the  MC computer. I n  add i t i on ,  

t h e  pressure head on the  longer  o f  t h e ' t w o  bubb1er;tubes w i l l  a l so  undergo A 

t o  D conversion and be t i e d  t o  t h e  MC computer. 
. \ 



4.3.3 S t a t i c  Head Measurement - A transducer w i t h  A t o  D conversion w i l l  con- 

t i n u o u s l y  moni to r  t h e  s t a t i c  head above the  1  i q u i d  l e v e l  i n  each tank and be 

s i m i l a r l y  t i e d  t o  t h e  MC computer. 

4.3.4 Temperature Measurement - Each o f  t he  two tank s k i n  thermocouples are  

s i m i l a r l y  t i e d  t o  t h e  MC computer. 

4.3.5 Sampler - Each o f  t h e  f o u r  samplers w i l l  be i n t e r l o c k e d  t o  prov ide  the 

MC Computer w i t h  a  b i n a r y  s igna l  when mate r ia l  cou ld  be f l ow ing  through t h e  

need1 e  block. 

4.3.6 Pumps - Each o f  t h e  f o u r  module pumps and the  sump pump w i l l  s i m i l a r l y  

p rov ide  a  b ina ry  s igna l  t o  record  ac tua l  running times. I n  add i t i on ,  the  f o u r  

module pumps r e q u i r e  an enab l ing  s igna l  from the  MC computer system. 

4.3.7 The Y - ray Spectrometer - A bypass stream from each sampler w i l l  be d i  - 
r e c t e d  ( a t  t h e  t ime t h a t  sampler i s  opera t ing)  through a  Y - ray spectrometer. 

The spectrometer w i l l  supply a  d i g i t a l  s igna l  t o  the  MC computer p ropor t i ona l  

t o  the  2 3 9 ~ u  concen t ra t i on  o f  the  stream. Th is  device provides i n d i c a t i o n  o f  

when s t i r r i n g  i s  complete and provides a  check on the  a n a l y t i c  l abo ra to ry  mea- 

surements. 

4.3.8 I n t e r l o c k s  - P o s i t i o n  switches a re  l oca ted  on each l o c a l  and remote pan- 

e l  door and on t h e  cover o f  t he  bag i n / o u t  p o r t s  o f  t h e  g love boxes. These 

swi tches w i l l  p rov ide  an alarm i n  t h e  event o f  an ungreprogrammed e n t r y  t o  eit.her 

t h e  panels o r  a g love box. 

4.4 PRE-OPERATIONAL CALIBRATIONS 

4.4.1 TANKS 

Each tank s h ? l l  be c a l i b r a t e d  by NBS Standard c a l i b r a t i o n  techniques 

w i t h  bo th  dens i ty  1.0 ma te r ia l  and dens i t y  1.5 mater ia l .  The r e s u l t s  o f  t h i s  

c a l i b r a t i o n  w i l l  be a  curve f o r  each tank o f  1 i t e r s  vs. bubbler  system i n d i c a t e d  

head, f o r  each o f  t h e  two dens i ty  f l u i d s .  (By us ing  f l u i d s  o f  two d e n s i t i e s  

i t  i s  presumed t h a t  an approximation t h a t  would account f o r  poss ib le  vary ing  

d e n s i t y  - dependent mechanical d e f l e c t i o n s  o f  t h e  tank cou ld  be made.) The re -  

duced data from t h i s  c a l i b r a t i o n  forms p a r t  o f  t h e  permanent data base f o r  t he  

MC computer, 
4.4.2 P I P I N G  

The holdup o f  ma te r ia l  i n  the  p i p i n g  system ( f o r  each module) w i l l  be 

exper imenta i ly  determined t o  prov ide  data on entrapped vo l  umes under. these 

condi t i o n s :  



a) Holdup i n  f i l l  l i n e s  from PPC f o l l o w i n g  a ma te r ia l  t r a n s f e r  episode, 

b) Holdup i n  l i n e s  and valves f o l l o w i n g  a " s t i r "  mode, 

c )  Holdup i n  l i n e s  and valves f o l l o w i n g  a " t r a n s f e r  ou t "  mode, 

d) Holdup i n  1 ines  and valves f o l l o w i n g  a "send-to-rework" episode. 

The above data i s  a p a r t  o f  t he  MC computer permanent data base. 

4.5 OPERATIONS FLOW CHARTS 

A t  any given t ime (under steady s t a t e  opera t ions)  the  plutonium inventory  

o f  t he  Storage F a c i l i t y  w i l l  c o n s i s t  o f  t h e  sum o f  the  i nven to r ies  o f  each mo- 

dul e and the  appropr iate pre-operat ional  c a l  i b r a t i o n s  o f  p ipe  hol dup. Inasmuch 

as any one module cycles from f i l l  i n g  through storage, del i v e r y  , and back t o  

f i l l i n g  i n  a 12-week pe r iod  i.t should s u f f i c e  t o  f o l l o w  a s i n g l e  module through 

t h i  s  sequence. 

Four per iods are  i d e n t i f i a b l e  i n  the  c y c l e  l i f e  o f  a module (Fig. 4.1-1): 

a f i l l  p e r i o d  o f  about th ree weeks; a s t i r  and sample pe r iod  o f  two days; a 

storage pe r iod  o f  about s i x  weeks; and a d e l i v e r y  pe r iod  o f  th ree weeks. The 

running inventory  o f  t he  module du r ing  these per iods  i s  computed i n  the  f o l -  

1 owi ng manner: 

a )  F i l l  and Stir /Sample Per iod  - Inventory  i s  based on r e a l  - t ime 

est imated volumes and analyses from t h e  preceeding mate r ia l  balance area 

( t h e  PPC). (See Sect ion 7.4 f o r  Accoun tab i l i t y  Procedures.) 

b )  Storage Per iod  - Inventory i s  based on r e a l  - t ime est imated volumes 

and 1 aboratory analyses o f  t he  homogenized modul e contents. 

c )  De l i ve ry  Per iod  - Inventory  i s  ca l cu la ted  by t h e  sum o f  the  s t o r -  

age pe r iod  inventory  o f  sealed' tanks and the  rea l - t ime  est imated volumes o f  

unsealed tanks f o l l  owing each del i ve ry .  

The f l ow  o f  i n fo rma t ion  between t h e  MC computer, t h e  PPC Operator, t h e  SF 

Operator, and the  MC O f f i c e r  i s  g r a p h i c a l l y  presented i n  Figs. 4.5.1-1 through 

4.5.3-1. These char ts ,  i n  gen.eral terms, de f i ne  the  t ime steps dur ing  the  12- 

week h i  s to ry  o f  a " t y p i c a l  " module cycle.  The i n t e r f a c e  w i t h  t h e  MC Computer 

Safeguards l o g i c  occurs a t  those p o i n t s  l abe led  "alarm" and i s  f u r t h e r  expanded 

i n  Sect ion  3, "MC System Decis ion Logic." The sampling mode i s  described i n  

Sect ion 5 o f  t h i s  repor t .  

4.5.1 PRODUCT RECEIVAL MODE 

The procedure f o r  the  product  rece iva l  mode i s  shown i n  Fig.  4.5.1-1. 

This procedure i s  used by t h e  Pu Product Ce l l  (PPC) operator  and the  storage 
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f a c i l i t y  (SF), operator  t o  t r a n s f e r  concentrated P u ( N O ~ ) ~  i n t o  the  storage tanks. 

The operat ions are  performed a t  t h e  d i r e c t i o n  o f  t h e  MC computer system. The 

pr imary parameters 'monitored by the  MC c,omputer system are  p o s i t i o n s  o f  t h e  

valves i n  t he  storage area. 

4.5.2 PRODUCT STIRRING MODE 

The procedure f o r  the  s t i r - r i n g  mode i s  shown i n  F ig.  4.5.2-1. .- The s t i r -  

r i n g  mode procedure i nvo l ves  the  MC computer system and t h e  Storage F a c i l i t y  

Operator. The Prod.uct Sampling mode shown on the  f i g u r e  i s  discussed i n  Sec- 

t i o n  5. The product  s t i r r i n g  mode i s  used a t  t h e  f o l l o w i n g  t imes:--* 

a )  A t  the  end o f  product  r e c e i v a l  

b )  P r i o r  t o .  p roduct  l o a d  o u t  . 

I n  t he  product  rece i va l  mode, t h e  tank which rece ives  t h e  P U ( N O ~ ) ~  i s 

s t i  r r e d  and sampl es .are taken. Thi s  i n fo rma t ion  i s used f o r  accountabi 1 i t y  

purposes, t h a t  i s ,  t o  v e r i f y  the  r e c e i v a l  o f  ma te r i a l  as spec i f i ed '  from the  PPC. 

I n  t h e  product .  t r a n s f e r  mode, t he  e n t i r e  module i s  c i r c u l a t e d  as a u n i t  

i n  order  t o  p rov ide  un i fo rm i s o t o p i c  concen t ra t i on  o f  the, Pu product.  

4.5.3 PRODUCT LOADOUT MODE 

The procedure f o r  t r a n s f e r  o f  t h e  Pu(NO3I4 f rom the  PNC t o  the  Conver- 

s i o n  F a c i l i t y  (CF) i s  shown i n  Fig. 4.5.3-1.. These steps i n  t h i s  procedure 

r e q u i r e  t h e  SF operator ,  t h e  CF operator  and t h e  MC Computer System. 

Laboratory ana lys i s  i s  expanded i n  Sect ion  6 o f  t h i s  repo r t .  . Th i s  . sec- 

t i o n  a1 so inc ludes  f l ow  cha r t s  d e p i c t i n g  the  i n fo rma t ion  in terchange w i t h  the  

Laboratory Data System (LDS) . 
4.6. MAINTENANCE PROCEDURES 

The f o l l  owing maintenancs. procedure i s t y p i c a l  o f  procedures t o  be imp1 e- 

mented f o r  removal o r . r e p a i r  o f  t he  equipment associated w i t h  the  Plutonium 

N i t r a t e  Storage Area. It i s  d i r e c t e d  toward t h e  replacement o f  a f a i l e d  module 

pump loca ted  i n  the  f l o o r  l e v e l  g love box. The procedure may be d i v i d e d  i n t o  

t h e  fo l l ow ing  s i x  subprocedures: p r e p a r a t i o n  f o r  Pump changeout, Pump. Changeout, , . 

Washdown, Sump Trans fer  and Inventory,  Trans fer  t o  Rework, and Resume Normal 

Operation. 

The f l o w o f  i n fo rma t ion  between t h e  MC computer, SF opera tor  and the  MC 

O f f i c e r  i s  shown g r a p h i c a l l y  i n  Figs. 4.6.1-1 through 4.6.6-1. These c h a r t s  

de f ine ,  froill s t a r t  t o  f i n i s h ,  t h c  "proper"  maintenance procedure t o  be imple- 

mented f o r  a pump changeout i n  a module o f  t he  test -bed storage f a c i l i t y .  Each 
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s tep o f  t he  procedure i s  described below. 

4.6.1 PREPARATION FOR PUMP CHANGEOUT (F ig.  4.6.1-1) 

Upon de tec t i on  o f  a  pump f a i l u r e ,  the  Storage F a c i l i t y  Operator, SFO, 

r e l a y s  a  "pump # - f a i l u r e "  n o t i f i c a t i o n  t o  the  Ma te r ia l  Control  computer. 

The MC computer i n s t r u c t s  the  SF0 t o  ha1 t any standard opera t ing  procedure i n  

progress. Power t o  t h e  pump i s  switched o f f ,  valves are s e t  t o  the  "hold"  

( o f f )  p o s i t i o n  and va lve  s e t t i n g s  are  checked by t h e  MC Computer. 

The MC computer n o t i f i e s  t h e  SF0 t o  open those valves necessary 

t o  t r a n s f e r  t h e  SNM i n  t h e  f a i l e d  pump t o  the  s lop  tank (Module 4, Tank 6) .  

I he speci f i c  combi n a t i o n  of v a l  ves and p i  p i  ng depends upon which mod111 P ' s 

pump f a i l e d .  A f t e r  checking the  valve l i m i t  switches f o r  t h e  proper pos i t i on ,  

t h e  MC computer w i l l  n o t i f y  the SkU t o  open t h e  valves t o  t h e  pump c o l d  

chemical a d d i t i o n  1  ines.  A  premeasured amount o f  pressur ized n i t r i c  a c i d  

w i  11 f o r c e  the  p lutonium n i t r a t e  s o l u t i o n  o u t  o f  t h e  f a i l e d  pump t o  the  s lop  

tank. Upon complet ion o f  t h i s  "pump-wash" procedure, a l l  va lves a re  r e s e t  

t o  t h e  "hold" p o s i t i o n ,  t h e  l i m i t  switches are  checked by t h e  MC computer 

and t h e  SF0 n o t i f i e s  t h e  MC computer o f  t h e  volume o f  HN03 used f o r  t he  wash. 

4.6.2 PUMP CHANGEOUT (Fig. 4.6.2-1) 

A t  t h i s  p o i n t ,  t he  MC computer permi ts  the  g love box bag-in-out cover 

p l a t e  l i m i t  sw i tch  t o  be actuated w i thou t  an alarm and n o t i f i e s  t h e  SF0 t o  

beg in  pump replacement procedures. 

The new pump and d l  1  too l  s dr-e bdyyed- i r l  together. The f a1  1 ed pump 
i s  disconnected and a l l  res idue i s  dra ined onto t h e  glove box f l o o r .  The new 

pump i s  then connected t o  the  p ipe  f i t t i n g s .  The 01 d  pump and used t o o l  s  a re  

bagged-out i n  one opera t i on  by a  specia l  t r a n s p o r t a t i o n  team. The maintenance 

crew leaves t h e  equipment and t o o l s  i n  the  MAA. 

4.6.3 WASHDOWN 

Removal o f  t h e  f a i l  ed pump permi ts  hol d-up p l  u ton i  um n i t r a t e  s o l u t i o n  

i n  t h e  pump i n l e t  and e x i t  p i p i n g  t o  s p i l l  o u t  onto t h e  g love box f l o o r .  This 

s p i l l a g e  i s  washed down i n t o  the sump, by the  SFO, w i t h  a  premeasured amount 

o f  n i t r i c  a c i d  suppl i e d  v i a  a  hose bulkhead connect ion through the  w a l l  of the  

pump maintenance g love box. The SF0 n o t i f i e s  the  MC computer of t h e  t o t a l  vo l -  

ume o f  HN03 u t i l i z e d .  
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operation of bag-in 

1 
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I 
. . . . . .- 
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cover 
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~I:!I. I : I~: I~I '~ I.~I:II-I I:! f 
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Note 1: 
B (To figure 4.6.4-1) 6 Detailed requirements 

for pump removed not 
developed'at this time. 

F igu re  4.6.2-1 Procedure f o r  Pump Changeout 



4.6.4 TRANSFER SUMP (Fig. 4.6.4-1) 

The MC computer n o t i f i e s  the  SF0 t o  prepare f o r  the  t r a n s f e r  o f  

t h e  sump contents t o  the  s lop  tank. The appropr ia te  valves are  opened (1 i m i  t 

swi tch  p o s i t i o n s  a re  checked by the  MC computer) and the  sump pump sends the  

s o l u t i o n  t o  the  s lop  tank. Three t imes t h e  sump i s  washed w i t h  a premeasured .. 

amount o f  n i t r i c  acid. Each time, the  s o l u t i o n  i s  sent  t o  the  s lop  tank and 

t h e  SF0 n o t i f i e s  the  MC computer o f  t h e  volume o f  HN03 used i n  the  wash. 

The MC computer determines t h e  s lop  tank volume by s igna l  s  rece ived from t h e  

bubbler  system and compares t h i s  value t o  the  expected value; namely, t he  

sum o f  the  pump hol  dup, pump i n l e t  and e x i t  p i p i n g  hol d-up and the  t o t a l  o f  

a1 1 premeasured washing w i t h  n i t r i c  acid. An a1 arm i s  sent  t o  t h e  'MC O f f i c e r  

i n  charge o f  mater ia l  accoun tab i l i t y  i n  t h e  event o f  too  l a r g e  a discrepancy 

i n  the volumes alone. The SF0 r e t u r n s  valves t o  the  "hold"  p o s i t i o n  and the  

MC computer checks t h e i r  pos i t ions .  

4.6.5 INVENTORY SLOP TANK (Fig. 4.6.5-1) 

The SF0 i s  n o t i f i e d  by the  MC computer t o  s e t  up Module 4 f o r  s t i r r i n g  

and sampling o f  t he  s lop  tank. The contents o f  t h e  s lop  tanks are  mixed f o r  

s i x  t o  e i g h t  hours. The SF0 next  takes samples and sends them t o  the  Analy- 

t i c a l  Laboratory f o r  analys i  s. A h igher  l e v e l  alarm than the  previous one i s  

sent  t o  the  MC O f f i c e r  i f  t h e  actual  plutonium inventory  o f  t he  s lop  tank d i f -  

f e r s  s i g n i f i c a n t l y  from the  expected losses due t o  a pump f a i l u r e .  The MC 

computer then reca lcu la tes  t h e  inventory  o f  t he  e n t i r e  c e l l  (module by module) 

and updates records i n  memory. The SF0 rese ts  a1 1 valves t o  t h e  "holdN pos i -  

t i o n  and the  M C  computer 'checks the  1 i m i  t switches pos i t ions .  

4.6.6 TRANSFER TO REWORK (Fig. 4.6.6-1) 

The contents o f  t h e  s lop  tank, by nature  o f  t he  n i t r i c  a c i d  washings 

and poss ib le  contamination, are n o t  of s u f f i c i e n t  qua1 i t y  f o r  loadout  t o  t h e  

conversion f a c i l i t y .  The d i l u t e  s o l u t i o n  i s  sent  t o  the  Plutonium Rework 

Tank by t h e  SF0 a f t e r  proper n o t i f i c a t i o n  by the  MC computer. The valves are  

s e t ' f o r  t r a n s f e r  t o  rework and t h e i r  p o s i t i o n s  are  checked by the  MC computer. 

The t o t a l  t r a n s f e r  t ime i s  checked aga ins t  t h e  expected i n t e r v a l  based upon 

t h e  MC computer's know1 edge o f  the  s lop  tank inventory  and normal tank t rans fe r  

ra tes .  A t ime discrepancy i n  excess o f  t h e  a l lowable e r r o r  t r i g g e r s  an a larm 

t o  the  MC O f f i c e r .  Upon . complet ion . o f  t r a n s f e r ,  t h e  valves a re  reset ,  t o  the  

"hold" p o s i t i o n  by t h e  SF.0 and t h e i r  p o s i t i o n s  are  checked by the  MC computer. 
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B ' (From figure 4.6.2-1) 0 
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FIgure 4.6.4-1 Procedure for Sump Transfer 
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r -  l---------- 
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F i g u r e  4.6.5-1 Procedure  For inventory o f  S l o p  ~ a n k  
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Figure 4.6.6-1 
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I 

Procedure f o r  Transfer t o  Rework 

- 

- 
. . 
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S.F.O. notifies 
computer all valves 
are "sealed'.: 



The MC Computer n o t i f i e s  the  SF0 t o  "sea l "  a l l  va lves i nvo lved  i n  the  sump 

and rework t rans fers .  Tagging, dat ing,  etc., procedures requ i red  t o  "seal"  

a  valve t h a t  w i l l  be implemented w i l l  n o t  be discussed here. 

4.6.7 RESUME NORMAL OPERATION 

Technical ly ,  t he  pump maintenance procedure i s  complete a t  t h i s  po in t .  

However, i f  t h e  module whose pump f a i l e d  was i n  t h e  " l oad  out "  mode p r i o r  * t o  

t h e  f a i l u r e ,  theMC computer w i l l  i n s t r u c t  t h e  SF0 t o  complete the  del iveCy 

from t h a t  tank and modul e, p rov id ing  the  balance has n o t  a1 ready been made up 

by another tank and module. I f  the  module, whose pump f a i l e d ,  was i n .  t he  

" s t i r r i n g  and sampl i ng "  .mode p r i o r  t o  t h e  f a i l u r e ,  t h e  MC Computer w i l l  send 

a  resume " s t i r r i n g  and sampling" mode n o t i f i c a t i o n  t o  the  SFO. The command 

w i l l  be t o  se t  up t h e  valves f o r  s t i r r i n g  and sampling o f  t he  module. It i s  

assumed t h a t  i f  the  pump f a i l e d  w h i l e  n o t  i n  operat ion,  t he  module was i n  t h e  

"storage" o r  ' "receive product"  mode and w i l l  resume such u n t i l  t ime f o r  t h e  

succeeding opera t ing  procedure t o  commence. 
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5.0 PLUTONIUM PRODUCT SAMPLING 

Prec ise  determinat ion o f  t he  composit ion o f  t h e  ma te r ia l  s to red  i n  t he  

P N C l  i s  made v i a  a n a l y t i c a l  l abo ra to ry  ana lys is .  Samples a re  drawn from the  

storage tanks and t ranspor ted  v i a  a pneumatic a i r  tube system t o  the  labora-  

t o r y .  Various chemical analyses (descr ibed i n  Sect ion 6) are  performed on 

these samples. The r e s u l t s  o f  the  analyses a re  d i r e c t l y  entered i n t o  t h e  

Laboratory Data System computer (LDS) and a re  a v a i l a b l e  through communication 

l i n k s  t o  the  Ma te r ia l  Contro l  System computers. The use o f  t h e  data gathered 

by the  LDS i n  con junc t ion  w i t h  the  cont inuous tank s o l u t i o n  volume (mass) 

est imates prov ides a r e a l  t ime ma te r ia l  accountabi 1 i ty  c a p a b i l i t y .  

5.1 SAMPLING HARDWARE* 

Samples a re  drawn from i n d i v i d u a l  Glove Box Sample S ta t i ons  operated 

d i r e c t l y  by the  operator .  

For  a c c o u n t a b i l i t y  purposes f o u r  ( 4 )  sample v i a l s  w i l l  be f i l l e d  from 

a tank. Three o f  these are  f o r  t r i p l i c a t e  analyses and one i s  a spare. 

The sample v i a l s  a r e  ta red  i n  the  A n a l y t i c a l  Laboratory t o  - +0.1 mg. The 

v i a l s  a re  t ranspor ted  t o  the  sampling g love box by hand car ry .  Each 

sample v i a l  i s  p laced i n  t u r n  on the  sampling needle b lock  (F ig.  5.1-1) 

and the  s o l u t i o n  a l lowed t o  c i r c u l a t e  through the  v i a l  f o r  5-20 minutes. 

The c o r r e c t  c i  r c u l  a t i o n  t ime . w i  11 be experimental  l y  determined and a1 so 

determi ned from the  var iance o f  the  2 3 9 ~ u  concent ra t ion  measurement from 

the  i n - l i n e  Y spectrometer. The sampling stream i s  s p l i t  so t h a t  on l y  10% 

o f  t he  s o l u t i o n  gocs through the  v i a l ,  Th is  increases the  c i r c u l a t i o n  o f  

t h e  sampl i n g  stream. When the  v i a l s  a re  removed from t h e  needle b lock they 

a r e  p laced i n  r a b b i t  conta iners.  The pneumatic t r a n s f e r  system t ranspor t s  

t h e  r a b b i t  conta iners  f rom the  g love box t o  t h e  Sample Receiv ing Area o f  

t he  A n a l y t i c a l  Laboratory. Both sender and r e c e i v e r  must push but tons  t o  

a c t i v a t e  the  system. I n  t h e  Sample Receiv ing Laboratory t h e  loaded sample 

v i a l s  a re  weighed, and the  l o g  number, t a r e  weight  and loaded weight  en tered 

*Por t ions  o f  t h i s  sec t i on  have been taken from Reference 5-1. 
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automat ica l ly  i n t o  the  Laboratory Data System (LDS). These data a re  echoed 

t o  the  1  aboratory data terminal  along w i t h  the  date and t ime and n e t  weight 

f o r  a  w r i t t e n  record  t h a t  i s  i n i t i a l l e d  by t h e  l abo ra to ry  technic ian.  

5.1.1 Glove Box Sample S ta t i ons  (Fig,  5.1-1) 

The b o t t l e  r a i s i n g  mechanisms loca ted  i n  t h e  g love box sample s t a t i o n s  

are  operated manually by t h e  operator. There i s  one sampler f o r  each o f  t h e  

f o u r  modul es. 

The operator  can r a i s e  o r  lower the  sample b o t t l e  by p u l l  i n g  the  1  i f t i n g  

handle toward the  face o f  t he  sample s t a t i o n  and moving the  b o t t l e  i n  t h e  de- 

s i r e d  d i rec t i on .  A l o c k i n g  p i n  i s  incorpora ted i n t o  the  1  i f t i n g  handle which 

main ta ins  the  b o t t l e  i n  the  upper o r  lower pos i t ions .  An independent r a i s i n g  

mechanism i s  provided f o r  each sampler i n  t h e  s ta t i on .  A  magnetic reed swi tch  

prov ides  an i n d i c a t i o n  o f  t h e  1  i f t  mechanism pos i t i on .  (Down o r  Not Down). 

The sample s t a t i o n  l i f t s  conta in  o p t i c a l  bar  code readers which scan t h e  

v i  a1 i den t i  f i c a t i  on permanently etched i n t o  the  sampl e  b o t t l e s .  The scanner 

heads are  connected by means o f  f i b e r - o p t i c  cables t o  the  scanner pho toe lec t r i c  

sensor which i s  l oca ted  outs ide  o f .  t h e  g love box. The communication l i n k s  from 

t h e  1  i f t i  ng mechani sm p o s i t i o n  swi'tches and t h e  o p t i c a l  scanners pass through 

pressur ized condui t t o  the  Ma te r ia l  Contro l  System' computers. , 

5.1.2 Sample V ia l  (F ig .  5.1.2-1) 

Each 10-ml sample v i a l  has a  unique sample number which i s  encoded i n t o  

the  surface of t h e  v i a l  i n  the  form o f  a  ba r  code. Th is  code i s  read by sensors 

a t  each sampling s ta t i on ,  t h e  a n a l y t i c a l  l abo ra to ry  t a r e  weighing s t a t i o n ,  and a t  

each l o c a t i o n  a  sample t r a n s f e r  i s  made. The MC computer system r e t a i n s  t h e  

master 1  i s t i n g  and h i s t o r y  o f  each v i a l  and can be quer ied by the  LDS* t o  ob ta in  

i n fo rma t ion  as requ i red  f o r  t he  l abo ra to ry  analyses. 

The sample b o t t l e  i s  a  10-ml g lass b o t t l e  f i t t e d  w i t h  a  p l a s t i c  cap. 

The cap has t h e  center  punched o u t  and an e lastomer ic  diaphragm placed i n t o  

the  cap t o  prov ide  access f o r  the  sample needles. 

5.1.3 Needle Block and Needles 

The needle b locks s i t  on top o f  t he  sample mani fo ld  and are  pos i t i oned  

w i t h  t h e  needles d i r e c t l y  above the  sample b o t t l e .  The b locks have a  machined 

*Laboratory Data System Computer 
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p o r t  f o r  the  sample and r e t u r n  l i n e s  and a  by-pass between the  two p o r t s  

which enables approximately 90 percent  o f  t h e  l i q u i d  t o  by-pass the  sample 

b o t t l e .  A hold-down b o l t  holds the  needle b locks  i n  pos i t i on .  

The sample needles are  s t a i n l e s s  s tee l  w i t h  Luer-Lok adaptors. The 

sho r te r  needle i s  p laced on the  l e f t  (vacuum) s ide  o f  t he  needle b1oc.k. The 

longer needle i s  p laced on the  r i g h t  (supply)  s ide  o f  t he  needle block. 

5.1.4 Sample Loops (F ig .  5.1.4-1) 

The sample loop cons i s t s  o f  the  l i n e s  from t h e  sample p o i n t  t o  t h e  

need1 e  b lock (supply)  and back t o  the  sample p o i n t  ( r e t u r n ) ,  and t h e  a i  r 

supply 1  ines  t o  'the e j e c t o r  and a i r  1  i ft. Th is  loop conta ins  an i n-1 i ne 

2 3 9 ~ u  Y spectrometer. The l i q u i d  and gasses a re  separated and the  l i q u i d  

f lows through the  moni tor  loop p r i o r  t o  r e t u r n i n g  t o  t h e  sample p o i n t .  

The i n-1 i n e  moni tor  .sampler loops can be valved t o  by-pass the  Y-spec- 

t rometer  p o r t i o n  o f  . t he  sample loop. However, loops which have a c t i v e  moni- 

t o r s  shoul d  always have 1  i qui  d  r e c i  r c u l  a t i  ng w i  t h  t he  mon i to r  1  i nes va l  ved i n. 

The sample loops r e q u i r e  f o u r  c r i t e r i a  t o  be met be fore  1  i q u i d  can be 

c i r c u l a t e d  through the  loop: ( 1 )  a  1  i q u i d  seal i s  es tab l i shed  on the  supply 

and r e t u r n  l i n e s  a t  t he  sample p o i n t ,  (2) a sample b o t t l e  i s  i n  p o s i t i o n  

on the  sample needles (an a i r  t i g h t  seal i s  requ i red) ,  ( 3 )  s u f f i c i e n t  sub- 

mergence, i.e., l i q u i d  head above the  a i r  l i f t ,  must be es tab l i shed  w i t h  the  

vacuum created a t  the  e jec to r ,  and (4 )  s u f f i c i e n t  a i r  f l ow  must be prov ided 

through the  a i r  1  i f t  t o  r a i s e  the  1  i q u i d  t o  the  needle b lock.  

The a i r  supply f o r  t he  e j e c t o r  and a i r  l i f t  i s  f i l t e r e d  u t i l i t y  a i r .  

Each sample s t a t i o r ~  has a  common supply header f rom which a i r  i s  d i v e r t e d  

t o  each o f  t he  sample loops l o c a t e d  i n  t h e  s ta t i on .  

A Whitey togg le  operated shu t -o f f  va lve  (Valve 1) i s  t h e  pr imary b lock  

va lve  f o r  each sample loop. Valve 1 i s  moni tored by means o f  a  1  i m i  t switch. 

The c losed/not  c losed ou tpu t  from t h i s  sw i t ch  i s  sent  t o  t h e  MC computer 

system. The a i r  supply i s  d i v i d e d  a f t e r  Valve 1 i n t o  two independent stred1115; 

( 1 )  the  a i r  l f f t  supply system and (2) t h e  e j e c t o r  supply system. 

The a i r  1  i f t  supply i s  regu la ted  by the  Hand Cont ro l  Valve (HCV) which 

i s  an i n t e g r a l  p a r t  o f  t he  Flow I n d i c a t o r  ( F I ) .  The F I  has a  range o f  0-4.0 

SCFM. 

The e j e c t o r  supply i s  regu la ted  by the Flow O r i f i c e  (FO) which i s  a  
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Whitey regu l  a t i  ng valve. The pressure i n d i c a t o r  i sol  a t i o n  va l ve  i s used dur- 

i n g  maintenance procedures and i s  l e f t  open du r ing  norma1,sampling operat ions.  

S ta in less  s tee l  Hoke b lock valves, Valves 2  and 3, a re  1  ocated on each 

a i r  supply 1  i n e  p r i o r  t o  e x i t i n g  the .  opera t ing  a is le . -  

5.2 SAMPLING PROCEDURE (Fig.  5.2-1) 

The procedure f o r  sampling from the  storage tanks i n  P'NC1 i s  g iven i n  

t h e  f o l l o w i n g  pages and f igures .  I n t e r a c t i o n s  w i t h  the  SF0 and the  MC.com- 

p u t e r  system are  shown i n  F ig.  5.2-1. A runn ing  est imate o f  t h e  s o l u t i o n  

mass s to red  w i t h i n  P N C l  i s  made by the  MC System through the  use o f  data 

c o l l  ec ted  from the  tank bubbler  inst rumentat ion.  Thi s  mass est imate (descr ibed 

i n  Sect ion  7) ,  i s  combined w i t h  t h e  Pu concent ra t ion  determined by the  a n a l y t i c a l  

l abo ra to ry  t o  produce an est imate o f  t h e  mass o f  Pu s to red  i n  each tank i n  PNC1. 

The steps i n  t he  sampling procedure proceed a t  t h e  d i r e c t i o n  o f  t he  MC compu- 

t e r  system. That i s ,  t h e  SF0 must w a i t  u n t i l  t he  MC System author izes  t h e  nex t  

s tep  i n  t he  procedure. F a i l u r e  t o  do so r e s u l t s  i n  an MC alarm cond i t ion .  

The steps i n  the  sampling procedure are  as fo l l ows :  

5.2.1 PREPARE the  number o f  sample b o t t l e s  requi red.  These b o t t l e s  w i l l  be 

t a r e d  (weighed) i n  t he  a n a l y t i c  l abo ra to ry  t o  - +0.1 mg. Each v i a l  has a  unique 

l o g  number. The LDS computer automat ica l  l y  records t h e  sample b o t t l e  I D  and i t s  

weight. I n  some cases, t he re  w i l l  be preweighed v i a l s  i n  t he  sampler g love 

box. These b o t t l e s  may be used f o r  sampling. The MC computer system w i l l  

compare the  b o t t l e  I D  w i t h  p rev ious l y  s to red  ID/weight  combinations t o  

v e r i f y  t h a t  au thor ized b o t t l e s  a re  be ing  used'. 

5.2.2 TRANSFER the  sample b o t t l e s  i n t o  the  sample s t a t i o n  by bagging i n  f o r  

t h e  g love box s ta t i ons ,  through t h e  bag i n / o u t  p o r t .  The opening o f  t he  bag 

i n / o u t  p o r t  i s  moni tored by t h e  MC computer system. Unauthorized use o f  

t h i s  p o r t  t r i g g e r s  an MC alarm cond i t ion .  

5.2.3 POSITION the  sample b o t t l e  i n  t h e  b o t t l e  r a i s i n g  mechanism beneath 

the  needle b lock from which the  sample i s  t o  be taken. 

CAUTION: The sample needles w i l l  penet ra te  gloves. The opera tor  

should never p lace  h i s  g loved hand behind the  p l e x i -  

g lass  sh ie lds  which a re  l o c a t e d  i n  f r o n t  o f  t he  needle 

po in ts .  

5.2.4 ELEVATE the  b o t t l e  r a i s i n g  mechanism u n t i  1  bo th  o f  t h e  needles penet ra te  

t h e  b o t t l e  diaphragm. As the  1  i f t  mechani sm i s  elevated, t h e  magnetic reed 

5.7 
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swi tch  a t  the  down p o s i t i o n  w i l l  i n d i c a t e  a  " l i f t  not-down" c o n d i t i o n  t o  the  

MC computer system. As the  l i f t  i s  manually ra ised,  t h e  bar  code sc,anner 

mounted i n  the  1  i f t  suppor t  b racket  w i  11 read the  b o t t l e  I .b. and t r a n s f e r  

t h i  s  i n fo rma t ion  t o  the  MC' computer system. 

5.2.5 SET VALVING. Th.e v a l v i n g  sequence requ i red  t o  e s t a b l i s h  o r  stop li- 

qu id  c i r c u l a t i o n  i s  t h e  same f o r  a l l  samplers. The openin'g o f  va lve  1 (Fig.  

5.1.4-1 ) a1 e r t s  the  MC system' t o  the  use o f  the  sample 1  oops. 

5.2.6 FILL VIAL. Al low the  l i q u i d  t o  c i r c u l a t e  through the  f i r s t  sample 

b o t t l e  f o r  a  p e r i o d  o f  t ime s p e c i f i e d  by the .  MC computer system and as i n d i c a -  

t e d  by the  MC c o n t r o l  panel 1  i ghts. 

5.2.7 CLOSE VALVE 1. 

5.2.8 LOWER THE BOTTLE r a i s i n g  mechanism. Bar code i ,s  scanned a  second time. 

5.2.9 REMOVE THE BOTTLE. 

5.2.10 POSITION the  nex t  sample b o t t l e  i n  the  b o t t l e  r a i s i n g  mechanism. 

5.2.11 REPEAT steps 4  through 9  f o r  each a d d i t i o n a l  b o t t l e  requi red.  

5.2.12 PLACE VIAL i n  r a b b i t  f o r  pneumatic t r a n s p o r t  system. 

, 5.2.13 RECEIVE VIALS a t  a n a l y t i c a l  l abo ra to ry .  
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6.0 ANALYTIC LABORATORY 

The Ana ly t i c  Laboratory i s  used f o r  t he  p r e c i s i o n  determinat ion o f  t h e  

composi t i o n  o f  mater i  a1 s tored i n PCN1. A1 1  1  aboratory ins t rumenta t ion  i n -  

volved w i t h  plutonium accoun tab i l i t y  i s  automated so t h a t  t h e  Laboratory 

Data System (LDS) computer can perform t h e  measurements v i a  a  s tored program 

once the  prompt has been given by the  operator  a t  a  data terminal .  The 

data e n t r i e s  are echoed t o  the  data terminal  f o r  t r a n s c r i p t i o n  i n t o  w r i t t e n  

records t h a t  a re  i n i t i a l l e d  and dated by the  l abo ra to ry  technic ian.  Records 

o f  a l l  l abo ra to ry  measurements are  s tored on magnetic tape v i a  the  LDS com- 

puter .  

6.1 ANALYTIC LABORATORY OPERATING PROCEDURE 

F igure  6.1-1 g ives t h e  t ime sequence o f  t he  l abo ra to ry  work associated 

w i t h  analyz ing samples from the Plutonium N i t r a t e  Storage F a c i l  i ty. It should 

be noted t h a t  t h e  c a l c u l a t i o n s  o f  tank volume and p re l im ina ry  d e n s i t i e s  a r e  

func t i ons  o f  t he  MC Computer; a l l  o ther  operat ions shown i n t e r a c t  w i t h  t h e  LDS. 

Each sample v i a l  i s  scanned f o r  I D  and weiqhed when received from the  sample 

g love box v i a  the  pneumatic t ranspor t  system. Th is  i n fo rma t ion  i s  au tomat ica l ly  

p laced i n t o  the  LDS. Nonarr iva l  o f  a  v i a l ,  t he  a r r i v a l  o f  an empty v i a l ,  o r  the  

a r r i v a l  of a  non-ID'd v i a l  causes an a l e r t  t o  the  PIC computer system. 

6.2 ANALYTIC MEASUREMENTS 

F i g u r e  6.2-1 shows the  sequence o f  analyses which i s  performed on t h e  p lu -  

tonium product  samples. These analyses are  described i n  t h e  f o l l o w i n g  subsec- 

t ions .  

6.2.1 Spectrographic Analys is  

The p l  u t o n i  um n i t r a t e  .so lu t ions  a re  assayed f o r  elements t h a t  would i n t e r - .  

f e r e  w i  t h  the  a n a l y t i c a l  measurements i f  present  i n s u f f i c i e n t  concentrat ion.  

These i n t e r f e r r i n g  elements are p r i m a r i l y  i r o n ,  chromium, manganese and vanadium. 

One vers ion  o f  t h e  method invo lves  t reatment  o f  t h e  plutonium w i t h  oxal i c  acid, 

evaporat ion and i gni  t i o n  t o  p l  u ton i  um d i  ox i  de. A1 t e r n a t i  v e l y  the  p l  u ton i  um can 

be separated from the i m p u r i t i e s  by an i o n  exchange method. I n  e i t h e r  case, 

t h e  res idue i s  blended w i t h  a  AgCP-LiF c a r r i e r  and t h e  b lend p laced i n  spec ia l  

g raph i te  e lec t rodes f o r  e x c i t a t i o n  w i t h  a  d i r e c t  c u r r e n t  arc. The emission 
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spectrum i s  recorded w i t h  bo th  a d i rec t - read ing  o r  a photograph ica l ly  recording 

spectrograph. The emission l i n e s  o f  i n t e r e s t  a re  compared t o  those from stand- 

ards  o f  known composition. 

6.2.2 P l  u ton i  um Polymer 

A polymer o f  Pu( IV )  can form i n  sol u t i o n s  1 ess than 4 - M i n  HN03. The 

r a t e  o f  polymer fo rmat ion  i s  p ropor t i ona l  t o  t h e  Pu( IV )  concent ra t ion  and i n -  

ve rse ly  p ropor t i ona l  t o  the  square o f  t he  a c i d  concentrat ion.  The r a t e  i n -  

creases w i t h  temperature. U n t i l  a  h i s t o r y  o f  p l a n t  operat ions i s  obtained, 

many o f  t h e  p lutonium n i t r a t e  samples w i  ll be checked f o r  t h e  polymer. The 

method invo lves  t h e  e x t r a c t i o n  o f  monomeric Pu(NO3l4 i n t o  tri b u t y l  phosphate 

(TBP) and the  measurement o f  the  v i s i b l e  spectrum o f  t h e  remaining aqueous 

phase f o r  the presence o f  polymer. 

6.2.3 Anton-Parr Densi ty  Determinat ion 

Dens i t i es  can be determined w i t h  t h e  Anton-Parr DMA 10 Densimeter t o  a 

p r e c i s i o n  o f  0.'0003 g/ml a t  a r a t e  o f  s i x  ( 6 )  samples per  hour. The densimeter 

operates on the  p r i n c i p l e  o f  measuring the  change i n  the  resonant frequency o f  

a ho l low mechanical o s c i l l a t o r  when i t  i s  f i l l e d  w i t h  substances o f  d i f f e r e n t  
-1 

mass. Only 0.6 m l  o f  s o l u t i o n  i s  required. 
' I I N ~ ~ ~  

6.2.4 A c i d i t y  Determinat ion 

The a c i d i t y  o f  t h e  Pu n i t r a t e  so lu t i ons  must be c o n t r o l l e d  t o  prevent  

polymer formation. I n  the  method used, p l  u ton i  um i s p r e c i p i t a t e d  w i t h  i oda te  

and f i l t e r e d  out .  The f i l t r a t e  i s  t i  t r a t e d  f o r  a c i d  potent iomet r ica l  l y  w i t h  

sodium hydroxide so lu t ion .  The accuracy w i l l  be 210% (2 r ). 

6.2.5 I r o n  Determinat ion 

I f  spectrographic ana lys i s  i n d i c a t e s  t h a t  i r o n  content  o f  t he  Pu n i t r a t e  

s o l u t i o n s  i s  g rea te r  than 100 micrograms per  gram o f  Pu, the  ac tua l  i r o n  content  

w i  11 have t o  be determined and a1 lowed f o r  i n  the  coul ometr ic determi nat ion,  o r  

some o t h e r  means o f  e l i m i n a t i n g  the  i n te r fe rence w i l l  have t o  be followed. The 

c o r r o s i o n  r a t e  o f  t h e  s t a i n l e s s  s tee l  tanks and p i p i n g  i s  unknown a t  present  f o r  

concentrated p l  u ton i  um n i t r a t e  sol  ut ions.  When i r o n  i s present  i n  t h e  range 100- 

1000 micrograms per  gram o f  Pu, i t  can be determined spectrophotometr ical l y  and 

co r rec ted  f o r  i n  the  coulometr ic  analys is .  I r o n  does n o t  i n t e r f e r e  i n  the  amper- 

ometr ic  determinat ion o f  Pu( IV)  w i t h  i r o n ( I 1 )  as a t i t r a n t  b u t  t h i s  i s  a more 

1 engthy procedure. Compl e x i  ng o f  i r o n  w i t h  bathophenanthrol i n e  sul  phonate a1 - 
lows p lutonium t o  be determined by t h e  standard coulometr ic  ana lys i s  w i t h  no 



i n t e r f e r e n c e  from the  i r o n  a t  l e v e l s  up t o  1 mg o f  i r o n  per  1-10 mg o f  Pu 

(Reference 6-1). . . 

6.2.6 D i l u t i o n  o f  PU N i t r a t e  So lu t ions  

The samples o f  plutonium product  have a  concentration (250 g  P u l l  i t e r )  

t h a t  i s  too  h igh  f o r  accurate coul ometr ic ana lys i s  s ince on ly  5-10 mg Pu. a re  

requ i red  f o r  each determinat ion. A d i l u t i o n l o f  1:25 b r ings  the  concent ra t ion  

i n t o  the  appropr ia te  range f o r  accurate weighed a l iquots .  

6.2.7 Mass Spectroscopy 

The atomic weight o f  plutonium i s  a  f u n c t i o n  o f  t he  abundances o f  t h e  

several isotopes. Mass spectroscopy o f  p u r i  f i e d  p l  u ton i  um samples provides 

t h e  iso tope r a t i o s  so t h a t  an accurate equ iva len t  weight o f  Pu can be used i n  

t h e  coulometr ic  analys is .  Only microgram amounts o f  Pu a re  required.  

6.2.8 Coul dmetr i  c  Analysi  s  

Plutonium i n  samples i s  determined by coul ometr ic ana lys is  which con- 

s i s t s  o f  t he  s e l e c t i v e  o x i d a t i o n  o f  P u ( I I 1 )  t o  Pu(1V) a t  a  f i x e d  p o t e n t i a l  i n  

0.5 - M H2S04. The in teg ra ted  c u r r e n t  requ i red  f o r  t he  o x i d a t i o n  i 's a  measure 

o f  t h e  Pu quant i ty .  A l l  the  plutonium i n  t h e  sample i s  reduced t o  P u ( I I 1 )  

e lec t rochemica l ly  p r i o r  t o  the  ox ida t ion  step. The s o l u t i o n  must be purged 

w i t h  f l ow ing  argon p r i o r  t o  the  electrochemical steps t o  remove a l l  t he  d i  s- 

so lved oxygen. I f  the  presence o f  i r o n  i s  i n d i c a t e d  by spectrographic analy- 

s i s ,  a  c o r r e c t i o n  can ,be made i f  i t  i s  i n  t h e  range 100-ltOOO micrograms pe r  

gram o f  Pu. Reference 6-1 i n d i c a t e s  t h a t  complexing the  i r o n  w i t h  bathophen- 

an th ro l  i n e  sul phonate w i l l  s h i f t  t h e  p o t e n t i a l  o f  t he  f e r r o u s - f e r r i c  couple 

enough so . t h a t  t h e  i r o n  would n o t  i n t e r f e r e  w i t h  the  plutonium analys is .  The 

est imatkd p r e c i s i o n  f o r  a  s i n g l e  determi n a t i o n  by coul ometr ic ana lys i s  i s 0.15% 

( 1 u . P'l utonium polymer i s n o t  e l  ec t ro l yzed  w i t h  ' t h i  s  method and woul d  have 

t o  be depolymerized w i t h  HF p r i o r  t o  ana lys is -  and the  f l u o r i d e  removed by fuming 

w i t h  concentrated H2S04. 

6.3 QUALITY CONTROL (QC) 

The requirement o f  analyz ing QC sampl es before. .pl u t o n i  um samples i s used 

f o r  t h e  c e r t i f y i n g  o f  techn ic ians  and analysts. The c o r r e c t  r e s u l t s  a r e  unknown 

t o  the  operator,  who must reproduce t h e . c o r r e c t  answer t o  w i t h i n  a  tol 'erance 

before proceeding t o  product ion samples. The procedure a l so  checks on whether 

o r  n o t  t he  method i t s e l f  i s  o u t  o f  c o n t r o l  through f a u l t y  equipment o r  mater ia ls .  

Qua1 i ty c o n t r o l  samples w i l l  be ordered on a  random bas is  by t h e  MC computer 



system. These samples w i l l  be t ranspor ted t o  the  glove boxes by the  SF0 as 

i f  they were empty v i a l s .  They w i l l  be passed through t h e  e n t i r e  a n a l y t i c  

l a b o r a t o r y  procedure as normal samples. Communication, v i a  the  intercom sys- 

tem, w i l l  be moni tored t o  prevent  c o l l u s i o n  between the  SF0 and the  l abo ra to ry  

techn ic ians .  

6.4 MATERIAL CONTROL SYSTEM INTERACTION 

Data gathered by t h e  a n a l y t i c a l  l abo ra to ry  instruments i s  au tomat ica l ly  

en tered i n t o  the  separate Laboratory Data System (LDS) computer. Resul ts  

o f  t h e  Pu concent ra t ion  determinat ion and any abnormal i t ies  are  re layed t o  

t h e  MC computer. Ca lcu la t i on  o f  t he  mass o f  plutonium s tored i n  each tank 

o f  P N C l  i s  made by t h e  MC computer system. Any discrepancies w i t h  inventory  

causes an MC System a l e r t .  

The i n t e r a c t i o n  o f  t h e  a n a l y t i c a l  l abo ra to ry  w i t h  t h e  MC System f o r  normal 

(non-qua1 i ty c o n t r o l  ) samples i s  shown i n  Fig.  6.1-1. The a n a l y t i c a l  l abo ra to ry  

i s  n o t i f i e d  by t h e  Storage Faci 1 i ty Operator t h a t  a sample i s  being t ranspor ted 

v i a  t h e  pneumatic t r a n s p o r t  system. A t  t h i s  time, the  MC computer system 

checks f o r  t h e  a r r i v a l  o f  t he  sample. Non-arr iva l  o f  t he  sample w i t h i n  a 

s p e c i f i e d  t ime causes a MC system a l e r t .  Once the  b o t t l e  has been received 

i n  t h e  a n a l y t i c a l  labora tory ,  i t s  bar code i s  scanned. This code i s  checked 

f o r  inconsistency w i t h  t h e  code s tored i n  t h e  MC system t o r  t h e  sampling 

operat ion.  An i n c o n s i s t e n t  code leads t o  an MC system a l e r t .  A f t e r  t he  

b o t t l e  i s  logged i n ,  t he  b o t t l e  i s  weighed, and t h e  MC computer system com- 

pares t h i s  weight  t o  a est imated weight  based on the  bubbler  system measured 

s o l u t i o n  density.* An i n c o n s i s t e n t  t e s t  r e s u l t  again leads t o  an MC alarm 

cond i t i on .  The chemical analyses are  then performed. An MC alarm c o n d i t i o n  

a r i s e s  i f  the re  i s  a f a i l u r e  t o  dup l i ca te  analyses on samples taken from the 

same tank. The a n a l y t i c  1 aboratory 2 3 9 ~ u  concent ra t ion  i s  compared t o  the  

i n - l i n e  Y spectrometer measurement and inconsistency causes an MC a l e r t  con- 

d i t i o n .  A f t e r  processing o f  t h e  a n a l y t i c  l abo ra to ry  data, t h e  LDS t r a n s f e r s  

t h e  data t o  t h e  MC computers. Th is  i s  used t o  update t h e  inventory  and i s  

exp la ined i n  Sect ion  7. I n  add i t i on ,  .o ther  l abo ra to ry  cond i t i ons  can 1 ead t o  

an MC system a l e r t .  These inc lude:  

 his provides a p re l im ina ry  rough t e s t  on the  sample b o t t l e  contents. 



6.4.1 F a i l u r e  t o  Cor rec t l y  Analyze Qua1 i ty Contro l  Samples 

Fai  1  u re  t o  dupl i c a t e  c o r r e c t  r e s u l t s  on dens i t i es ,  coul  ometr i  c  anal - 
y s i s  o r  mass spectroscopic ana lys i s  causes the  MC System t o  request  the  

ana lys t  t o  run  a d d i t i o n a l  QC samples. F a i l u r e  tw i ce  i s  repo r ted  t o  the  

Manager, A n a l y t i c a l  Services, as an i n d i c a t i o n  t h a t  t he  method i s  ou t -o f -  

c o n t r o l  and requ i res  h i s  a u t h o r i t y  t o  'reduce the  MC System T h e f t  Danger 

Ra t ing  (A') .* 
6.4.2 F a i l u r e  t o  Cor rec t l y  Analyze Product Sample 

Resul ts  o u t  o f  standard range o r  ou ts ide  o f  t he  Y spectrometer mea- 

sured values requ i res  a  dup l i ca te  t o  be measured. F a i l u r e  tw ice  i s  repo r ted  

t o  the  Manager, A n a l y t i c a l  Services, f o r  poss ib le  assignment o f  a  new sample 

and t o  the  MC computer system. I f  the  average standard d e v i a t i o n  o f  trip1.i- 

c a t e  samples i s  g rea ter  than allowed, a  f o u r t h  sample i s  analyzed. F a i l u r e  t o  

o b t a i n  the  a1 lowable standard d e v i a t i o n  on th ree  values f rom f o u r  samples i s  

repo r ted  t o  t h e  Manager, A n a l y t i c a l  Services, and causes a  MC System a l e r t  

( ~ 1 ) .  2 

*These symbols r e f e r  t o  MC Decis ion Logic Anomaly Levels (Sect ion  3) .  
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7.0 MATERIAL ACCOUNTING SYSTEM 

The "mater ia l  accounting system" i s  t h a t  p a r t  o f  t he  ma te r ia l  c o n t r o l  and 

accounting system which inc ludes t h e  measurement o f  ma te r ia l ,  documentation 

o f  the  i d e n t i t y ,  quan t i t y ,  loca t ion ,  and t r a n s f e r  o f  a l l  ma te r ia l ,  and which, 

i n  con junc t ion  w i t h  the  MC Logic, evaluates ma te r ia l  discrepancies. The 

accounting system ( F i  g. 7-1 ) i s  composed o f  on-1 i ne process inst rumentat ion,  

a n a l y t i c  l abo ra to ry  inst rumentat ion,  accounting and opera t ing  procedures, and 

inventory  ca lcu la t ions .  Real-time es t imat ion  o f  storage tank contents i s  com- 

b ined w i t h  a n a l y t i c a l  l abo ra to ry  q u a l i t y  i n fo rma t ion  t o  produce a cont inuous 

accurate est imate o f  t he  storage f a c i l i t y  inventory.  The f o l l o w i n g  sec t ions  

discuss t h e  components o f  t h i s  system. 

7.1 INSTRUMENTATION* 

The contents o f  each storage tank i n  the  PNC are  cont inuously monitored 

by pneumatic bubblers. Measurements are  avai 1 ab le  from t h i s  system a t  approxi - 
mately 10-second i n t e r v a l s .  This data i s  processed by a rea l - t ime es t imator /  

de tec tor  described i n  a f o l l  owing sect ion.  The bas ic  PNC bubbler i nstrumenta- 

t i o n  accuracy has been a r b i t r a r i l y  s e t  t o  0.75% o f  f u l l  scale** ( 3  U )  co r re -  

sponding t o  an uncer ta in ty  o f  0.609 cm i n  s o l u t i o n  height .  The es t imator /  

de tec tor  smooths these measurements, thereby inc reas ing  the  h e i g h t  change detec- 

t i o n  sensi ti v i  t y  . 
Ana ly t i c  1 aboratory measurements are  used i n  con junc t ion  w i t h  the  so1 u t i o n  

mass est imates t o  produce an est imate o f  t h e  q u a n t i t y  o f  p lutonium s tored i n  t h e  

PNC. The 1 aboratory measurements prov ide  the  p l  u t o n i  um quan t i t y  i n  an a n a l y t i c  

l abo ra to ry  sample t o  an accuracy o f  - + .15% (1 w). 

A gamma-ray spectrometer i s  used on the  sampling l i n e s  t o  prov ide  rea l - t ime  

measurements o f  t he  Pu concent ra t ion  and i s o t o p i c  composition. I n  add i t i on ,  i t  

provides a qua1 i ty c o n t r o l  check aga ins t  which t h e  more p rec i se  a n a l y t i c a l  labora-  

t o r y  measurements a re  compared. It a l s o  a l lows t h e  determinat ion o f  adequate 

tank s t i r r i n g  dur ing  t h e  sampling mode. 

*There a re  two se ts  o f  ins t rumenta t ion  discussed in .  t h i s  sect ion;  t h e  h igher  

accuracy d i  f f e r e n t i  a1 pressure transducers i n  t h e  PPC , and . the 1 ower accuracy 

(0.75%) DP transducers o f  the  PNC descr ibed here. 

**Instrumentat ion ( d i  f f e r e n t r i a l  pressure transducers) o f  h i  gher accuracy 

are  avai 1 able. 
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7.2 OPERATING MODES 

Several operat ing modes f o r  t h e  storage f a c i l  i ty have been i d e n t i f i e d .  

These i n c l  ude: 

1 )  Product Receival 

2) S t i r r i n g  

3)  . S t a t i c  Storage 

4) Chemical Add i t i on  

5 )  i r a n s f e r  

6) Load-out 

The opera t ing  procedures re levan t  t o  each o f  these modes a re  described i n  

another sec t ion  o f  t h i s  repor t .  Accoun tab i l i t y  procedures f o r  each o f  these 

modes w i  11 be d i  scussed here. 

7.2.1 ACCOUNTABILITY FOR PRODUCT RECEIVAL MODE 

Product i s  received by g r a v i t y  f l ow  from the  PPC and i s  d i r e c t e d  t o  a  

s p e c i f i c  tank i n  PNC1. There w i l l  be two 7 3 0 - l i t e r  t r a n s f e r s  per  week. The 

product  w i  11 be measured and sampled p r i o r  t o  t rans fe r .  F igure  7.2.1 -1 i s  a  

schematic representa t ion  o f  t he  a c c o u n t a b i l i t y  aspects o f  t h e  PPC. The de- 

t a i  1  ed accountabi 1  i ty procedure f o r  product  rece i  va l  i s given i n Sect ion 7.4. 

Product from the  3P c o n c e n t r a t o r ' i s  pumped t o  one o f  t he  4 1 6 - l i t e r  i n -  

t e r i m  storage tanks.* When the  tank i s  f i l l e d  t o  approximately 365 l i t e r s ,  

t he  f l ow  i s  d i v e r t e d  t o  a  second tank. The f i r s t  tank i s  sealed and a  l ong  

cont inuous measurement pe r iod  (data  smoothed f o r  30 minutes) us ing  the  mate- 

r i a l  es t imator  i s  begun. The second tank i s  f i l l e d  t o  approximately 365 l i t e r s  

and the  f l ow  i s  d i v e r t e d  t o  the  t h i r d  tank. Samples are  taken from the  two 

f i l l e d  tanks .and an a n a l y t i c  l abo ra to ry  ana lys i s  i s  performed. The data from 

t h i  s  ana lys i  s, a1 ong w i t h  the  ma te r ia l  es t imator  outputs, a re .  t r a n s f e r r e d  t o  

the  MC Computer system and wil.1 be used t o  v e r i f y  t h e  product  received i n  

t h e  storage. f a c i l  i ty. The accuracy o f  t he  i n d i v i d u a l  bubbler measurements** 

on t h e  PPC i n t e r i m  storage tanks was taken t o  be: 

a  b i a s  o f  - + .005% Fu'l' l Scale ( Z I T )  

and a  random e r r o r  o f  0.010% o f  the reading ( 2 ~ )  

*Pu I n t e r i m  Storage Tank Dimensions: 7 '  6" x  11' 4" x  2 1/4", sloped. 

**The s e l e c t i o n  o f  an inst rument  w i t h  t h i s  accuracy was a r b i t r a r i l y  chosen f o r  

t h i s  Test  Bed Design. 
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The bubbler  measurements a re  taken every 10 seconds. These measurements a r e  sent . 

t o  a  ma te r i a l  es t imator  and processed " to  y i e l d  an es t imate  o f  t he  mass o f  s o l u t i o n .  

i n  the  i n t e r i m  storage tanks. The s o l u t i o n  mass i n  each tank w i l l  be est imated 
*' 

t o  a  standard d e v i a t i o n  o f  '5.1 1.2 grams. The concent ra t ion  o f  Pu and i s o t o p i c  . 

composit ion w i  11 be determined by the  a n a l y t i c  1  aboratory. , These composi t ion 

measurements w i  11 be accurate t o  0.1 5% (1 0-1. 
The accuracy o f  t h e  s o l u t i o n  mass es t imate  i n  t he  two i n t e r i m  PPC 

. storage tanks i s  g iven by 

u 2  = u  + v  2 
PPC TI 2  

where u i s  the  var iance o f  s o l u t i o n  mass est imate f o r  tank 1  
T1 

i s  the  var iance o f  s o l u t i o n  mass est imate f o r  tank 2. 
2  

Assuming the  two tank est imates have equal var iance, t h e  o v e r a l l  est imated solu-  

t i o n  mass standard dev ia t ion .  f o r  t he  two i n t e r i m  storage tanks w i l l  be 

= = 7.229 gram 

The product  from the  two i n t e r i m  storage tanks w i l l  then be t rans -  . 

f e r r e d  (by g r a v i t y  f l o w )  t o  the  Pu(No3I4 storage f a c i l i t y .  The product  r e -  

ce ived i n  t he  storage area w i l l  be d i r e c t e d  t o  s p e c i f i c  tanks, s t i r r e d ,  sampled, 

and the  q u a n t i t y  est imated by use o f  t he  s i n g l e  tank es t ima t ion  f i  1  t e r  described 

i n  a  f o l l o w i n g  sect ion.  

The t r a n s f e r r e d  s o l u t i o n  mass i s  then compared t o  the  est imate o f  

s o l u t i o n  mass i n  t h e  PNC. The standard d e v i a t i o n  o f  t h e  PNC s o l u t i o n  mass 

est imate i s  236.9 grams. - The t o t a l  var iance i s  then t h e  sum o f  t he  two v a r i -  

ances and i t  y i e l d s  a  standard d e v i a t i o n  o f  237.0 grams o f  so lu t i on .  This  

corresponds t o  a  p lutonium mass u n c e r t a i n i  t y  o f  about 40.9 grams ( 1 ~ ) .  Th i s  

i s  a  LEMUFof 81.8 grams o f  P" on t ransfer .**  

7.2.2 ACCOUNTABILITY FOR STIRRING MODE 

There are  two s t i r r i n g  modes. These are:  s t i r r i n g  o f  one tank 

p r i o r  t o  tank s o l u t i o n  sampling; and s t i r r i n g  (mixing):  o f  an e n t i r e  module 

p r i o r  t o  load-out.  Bubbler system measurements w i l l  - n o t  be made dur ing  t h e  

s t i  r r i n g  (mi x i  ng) procedure. 

*This assumes an u n c e r t a i n i  ty i n  t he  s o l u t i o n  evaporat ion and r a d i o l y s i  s  r a t e  
o f  2  t o  1. 

**For nomi nal .  250 gram11 i t e r  sol  u t i on .  



7.2.3 ACCOUNTABILITY FOR STATIC STORAGE MODE 

A f t e r  a tank has been f i l l e d  and sampled, i t  w i l l  be sealed o f f  from 

t h e  r e s t  o f  the  module. Continuous measurements v i a  t h e  bubblers o f  dens i ty  

and s o l u t i o n  mass w i l l  be made. Samples from a f i l l e d  tank w i l l  be taken a t  

4 week in te rva l s . *  The tank w i l l  be s t i r r e d  (mixed) p r i o r  t o  the  sampling 

procedure. 

7.2.4 ACCOUNTABILITY FOR CHEMICAL ADDITION MODE 

I f  the  es t imate  o f  s o l u t i o n  dens i ty  and mass f a l l s  ou ts ide  o f  c e r t a i n  

thresholds,  n i t r i c  a c i d  w i l l  be added t o  the  tank t o  1) replace the  s o l u t i o n  

and 2 )  r e s t o r e  t h e  s o l u t i o n  pH and n i t r a t e  content  so as t o  prevent  format ion 

o f  p lutonium polymer. The procedure t o  be fo l lowed i s  as fo l lows:  

A measured amount o f  4M HN03 w i  11 be added v i a  the  chemical a d d i t i o n  

l i n e s .  The tank s o l u t i o n  w i l l  be s t i r r e d  and sampled and a mass est imate w i l l  

be made a f t e r  s t i r r i n g .  The new mass, densi ty ,  and Pu concent ra t ion  w i l l  be 

compared t o  the  added s o l u t i o n  and o l d  s o l u t i o n  values. Estimates below 2.330- 

o f  t h e  mass est imate, dens i t y  est imate, o r  pH measurement w i l l  t r i g g e r  an MC 

a1 arm. 

7.2.5 ACCOUNTABILITY FOR TRANSFER MODE 

The intermodule and intramodule t r a n s f e r s  w i l l  be handled by a procedure 

s i m i l a r  t o  product  rece iva l  w i t h  t h e  same bubbler and a n a l y t i c  measurements made. 

7.2.6 ACCOUNTABILITY FOR LOAD-OUT MODE 

Load-out t o  the  conversion t a c i l i t y  w i l l  be monitored by a procedure 

s imi  1 a r  t o  product  rece iva l  w i t h  one exception; t h e  b lend ing o f  a1 1 six** tanks i n  

t h e  module. Th is  b lend ing assures a homogeneous product  f o r  t he  conversion f a c i -  

l i t y .  The s i x  tanks w i l l  be mixed and sampled and bubbler  measurements taken f o r  

30 minutes. The u n c e r t a i n i  ty o f  t h e  s o l u t i o n  mass t o  be t r a n s f e r r e d  w i l l  be 

and t h e  t o t a l  mass t r a n s f e r r e d  i s  

* 
* * See Sect ion 4 f o r  p r o j e c t e d  Operat ing Plan f o r  Storage Area. 

With the  except ion o f  module 4. The 6 t h  tank i n  t h i s  module i s  product  t o  be 
sen t  back f o r  rework. 



where N = t h e  number o f  tanks i n  t he  module (6 o r  5 )  

Mi = mass i n  'tank i 

= standard d e v i a t i o n  of mass measurement f o r  any tank. 

Once the  a n a l y t i c a l  l abo ra to ry  ana lys i s  i s  complete (=24 h rs ) ,  t he  so- 

l u t i o n  w i l l  be t r a n s f e r r e d  t o  the  conversion f a c i l i t y .  

7.3 ESTIMATOR AND DETECTOR PERFORMANCE 

The mass and dens i ty  o f  t he  s o l u t i o n  i n  t he  PNC storage tanks i s  cont inuous- 

l y  monitored by the  bubbler system. Measurements from t h i s  system a re  f e d  t o  a 

Kalman f i l t e r  t o  produce mass and dens i ty  est imates and then t o  a de tec to r  t o  

d i v e r s i o n  (F ig .  7.3-1). The f o l l o w i n g  sec t ions  descr ibe the  ope ra t i on  and per-  

formance o f  t he  es t imator  and subsequent detector .  

7.3.1 ESTIMATOR MODEL (Reference 7-2) 

Th i s  sec t i on  describes the  dynamic model f o r  t he  s o l u t i o n  i n  a 

P u ( N O ~ ) ~  storage tank. The dynamics o f  t he  s o l u t i o n  i n  t he  tank a r i s e  through 

evaporat ion o f  H20 and HN03 and by r a d i o l y t i c  e f f e c t s .  These e f f e c t s  a re  com- 

p l  ex func t i ons  o f  several process v a r i  ab l  es i nc l  uding mol a r i  ty o f  HN03, Pu , 

concentrat ion,  temperature, and a i r .  c i r c u l a t i o n  ra te .  

Dynamic equat ions f o r  t he  s o l u t i o n  mass can be expressed i n  

terms o f  the  above e f f e c t s  and i n  terms o f  s o l u t i o n  volume and dens i ty .  

The r e l a t i o n  between s o l u t i o n  mass r a t e  o f  change, and the  r a d i o l y s i s ,  . 

evaporat ion, and p o t e n t i a l  d i v e r s i o n  a c t i v i t i e s  i s: 

where Ms( t )  = t he  s o l u t i o n  mass as a f u n c t i o n  o f  t ime 

A( t )  = d i v e r s i o n  r a t e  

",,o = evaporat ion r a t e  for water 
L 

'HNO, = evaporat ion r a t e  f o r  HN03 
I .s 

'r = r a d i o l y s i s  r a t e  c o e f f i c i e n t  

P ( t )  = P l  u t o n i  urn concentrat ion.  
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The mass o f  s o l u t i o n  i n  t he  tank i s a1 so determined by the  phys ica l  

c o n f i g u r a t i o n  o f  t he  tank. That i s ,  

where a i s  the  tank heel 

8 i s  cross sec t iona l  area o f  t he  tank 

p( t) i s  the the  s o l u t i o n  densi ty .  ' 

Combi n i  ng these equat ions y i e l  ds an equat ion re1  a t i  ng the  dens i ty  

and he igh t  o f  s o l u t i o n  i n  the  tank t o  the  s o l u t i o n  dynamics. 

The es t imator  uses a  s t a t e  v e c t o r  X w i t h  t h e  f o l l o w i n g  s ta tes :  [ p(t;;;;j 
X = 

L h ( t )  J 

This  s e t  o f  s ta tes  was chosen t o  make the  es t ima t ion  problem l i n e a r .  The solu-  

t i o n  dens i ty  and' the  p o t e n t i  a1 adversary a c t i  v i  t y , , v a r i a b l  es have been modeled as 

Wiener processes; i.e., p ( t )  = we!t), E [ P ~ ]  = 0, h ( t )  = wd( t ) ,  E C ~ ~ I  = 0, 

where E i s  t he  expecta t ion  opera tor  and wp  and wd a re  wh i te  Gaussian processes 

w i t h  variances: E[wp (t)w,( t ) ]  = q,,b( t - r 1, E[wd(t)wd( 11 = qz2 ( t  - . 

and E [wp( t )wd(~  ) 1  = 0. The process model i s  then 

- - 

r 
where A H  = X + AHNo3.  $0 

7.9 
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The measurements a v a i l a b l e  t o  t h e  est imator ,  Y ( k ) ,  a re  t h e  d i s c r e t e  

t ime measurements o f  d i f f e r e n t i a l  pressures between the 'bubb le r  tubes (Fig.  

7.3.1-1). These are  

where k  i s  the  d iscre te- t ime var iab le ,  g '  i s  t h e  g r a v i t a t i o n a l  constant  and 

H i s  the  v e r t i c a l  separat ion d is tance o f  t h e  dens i ty  bubbler tubes. The V(k)  - 
a re  noise terms w i t h  E [ v ( ~ ) ]  = 0  and covariance E[V(k)V( j ) I .  = 

Dur ing s t a t i c  storage, Pu-concentration, P ( t )  i s  n o t  measured. As a  

r e s u l t ,  the  above measurement s t ra tegy  does n o t  a l low both ~ ( t )  and P ( t )  t o  be 

t racked dur ing  s t a t i c  storage. P ( t )  can be r e l a t e d  t o  ~ ( t )  and HN03 mo la r i  ty, 

b u t  t h i s  r e l a t i o n s h i p  would on ly  be v a l i d  as l ong  as t h e  dens i ty  was n o t  compro- 

m i  sed. Pu concent ra t ion  has been t r e a t e d  as t ime i n v a r i a n t  f o r  t h i s  analys is .  

7.3.2 EST I'MATOR 

The system described above i s  s tochast ic  due t o  the  random d r i v i n g  

terms (process and measurement noise terms). A Kalman f i l t e r  a lgo r i t hm i s  used 

t o  g ive  est imates o f  t he  process va r iab les  based on 1 i n e a r  combinations o f  t h e  

measurement data. The f i l t e r  i s  optimum i n  t h e  least-squares sense and incorpor -  

ates a  recu rs i ve  s t ruc ture .  The cont inuous-discrete f i l t e r  equations, us ing  the  

abbreviated no ta t i on  int roduced e a r l  i e r ,  a re  (where denotes 1  i near-1 eas t  squares 

est imates) : 

where $ ( t )  4 E [ X ( t )  - i ( t ) ] ~ x ( t )  - i ( t ) l T  i s  the  e r r o r  covariance m a t r i x  and 

where the  (k - )  and (k') r e f e r  t o  t imes j u s t  be fore  and a f t e r  t h e  kth measurement. 

The e r r o r  covariance provides an i n d i c a t i o n  o f  t he  mean-square e r r o r  of .  



t h e  est imates r e l a t i v e  to .  t h e i r  t r u e  values - sub jec t  t o  c o r r e c t  implementation 

o f  dynamics and measurements. 

7.3.3 PERFORMANCE 

The process and measurement models have been used i n  a  computer s imula t ion  

code t o  produce a  s e t  o f  no isy  measurements which s imulated Pu-loss from a n i t r a t e  
2  4 s torage tank. The parameters i n  Table 7.3.3-1 were used and $11(-) = 1 kg /m 

was chosen. Typical  es t ima to r  outputs are  shown i n  Fig.  7.3.3-3 through 7.3.3-6 

f o r  i l ( t )  and i 3 ( t )  f o r  s imulated Pu-losses o f  150 gm and 500 gm. The r a t e  o f  

s o l u t i o n  l o s s  was 0.4 !Z/min f o r  a  p e r i o d  o f  1.5 and 5  minutes, respect ive ly .  The 

dashed l i n e  i n  Figs. -7.3.3-3 and 7.3.3-5 i n d i c a t e  the  t r u e  value o f  Xl(t). 

I n  F ig,  7.3.3-3, t h e  s ignal  change due t o  t h e  150 gm d ive rs ion  i s  em- 

bedded i n  the uncer ta in ty  o f  the  est imate and makes de tec t i on  d i f f i c u l t .  F igure  

7.3.3-5 shows'the est imate i 3 ( t )  = i ( t )  where t h e  t r u e  value i s  a  narrow rectangu- 

l a r  pu l se  def ined by: 

~ ( t )  = 100 gm/min I 10 < t < 11.5 min - - 

I= 0 a l l  o ther  t 

Without d i v e r s i o n  t h e  t ime average of i ( t )  should equal zero, With d i -  

ve rs ion  t h e  t ime average i s  an i n d i c a t i o n  o f  t he  amount o f  s o l u t i o n  mass d iver ted .  

The response t ime o f  t h e  es t imator  i s  o f  t he  order  o f  t he  pulse w id th  

o f  t h e  p o s i t i v e  peak i n  Fig. 7.3.3-3 ( rough ly  25 minutes).  The long  response 
'L 4 t ime i s  commensurate w i t h  t h e  es t imator  e r r o r  covariance term 'bll(m) = 1 kg /m . 

The es t imator  outputs fo r  t h e  case o f  500 gm being d i v e r t e d  are  shown 

f o r  purposes o f  comparison i n  Figs. 7.3.3-5 and 7.3.3-6. The s igna l  changes due 

t o  d i v e r s i o n  i n  t h i s  case a re  subs tan t ia l  l y  g reater  than t h e  uncer ta in ty  o f  t he  

est imates. Because of t h e  increased s igna l  1  evel , de tec t i on  capabi l  i t y  f o r  500 

gm o f  d i ve rs ion  i s  very good. 

The ins t rumenta t ion  accuracy and t h e  tank r a d i o l y s i s  and evaporat ion r a t e  

u n c e r t a i n t i e s  a re  t h e  l i m i t i n g  f a c t o r s  i n  t h e  a b i l i t y  t o  determine tank l e v e l  

changes due t o  -d ivers ion .  Only one c lass  o f  d i ve rs ion  i s  considered here, t h a t  

o f  t h e f t  w i thou t  replacement. This type o f  t h e f t  causes a  drop i n  the  s o l u t i o n  

1  eve l  i n  the. tank. 

The d i ve rs ion  de tec t i on  l o g i c  i s  shown i n  Fig. .7.3.3-7. There are  three 



SYMBOL VALUE UNITS 

3M HN03 0.189 kg HN03/R 

Po 1448 gm/ a 

Po 0.173 kg Pu/kg Soln 

A; .94 .X kg H20/sec p e r  kg Pu 
A .  

X~ 0.5 kg Sol nlday 

9 9.8 m/sec2 

kg/m3 sec 

Table 7.3.3-1. Nominal Values f o r  Process and Measurement Model Parameters 
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Figure  7.3.3-3 Densi ty  x Height  Est imate f o r  a Simulated 
Pu-Loss o f  150 gm ( ~ ( t )  = 0.4R/min. f o r  1.5 min.) 
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Figure 7.3.3-4 Estimate of Diversion Rate for a 
-Simulated Pu-Loss, of 150 gm 



Figure  7.3.3-5 Densi ty  x Height  Est imate f o r  a Simulated Pu-Loss 
o f  500 gm ( A ( t )  = 0.4Rlmin. f o r  5 min.) 



F i g u r e  7 , 3 . 3 - 6  Est imate  o f  D i v e r s i o n  Rate f o r  S imulated Pu-Loss 
o f  500 gm. 
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separate detec tor  systems. These are: 

1. Nominal Detector  

Th is  detec tor  has a  low f a l s e  alarm r a t e  and operates 

on a  30-minute smoothing i n t e r v a l .  A  de tec t i on  from t h i s  

system cruses a  A~ anomaly l e v e l  i n  the  MC system. 

2. High S e n s i t i v i t y  Detec tor  

When the  MC l o g i c  i s  i n  a  TDR-1, TDR-2 o r  TDR-3 s ta te ,  

a  detec tor  w i t h  a  h igher  f a l s e  alarm r a t e  i s  used t o  prov ide  

a  f a s t  de tec t i on  response. 

3. Large D ivers ion  Detector  

A cont inuously opera t ing  very low f a l s e  alarm r a t e  de tec to r  

i s  used t o  alarm on the  de tec t i on  o f  .gross d ivers ion .  

The performance o f  each o f  these detec tors  i s  discussed below. 

NOMINAL DETECTOR LOGIC 

A1 1  th ree de tec t i on  f i  1  t e r s  process the  es t imator  outputs and per form 

, a  c l a s s i c a l  hypothesis t e s t  as shown i n  Fig. 7.3.3-8. The smoothing, window f o r  

the  nominal de tec tor  on t h i s  f i l t e r  combinat ion i s  such t h a t  a  new t e s t - i s  per- 

formed every 25 minutes. 

The performance o f  t he  tank es t ima to r lde tec to r  system i s  shown 

i n  Fig.  7.3.3-9. The de tec t i on  p r o b a b i l i t y  i s  t he  p r o b a b i l i t y  t h a t  a  t h e f t  

of X grams o f  plutonium w i l l  produce a  "one" output  from the  f i l t e r .  The 

fa1 se alarm probabi 1  i ty i s  the  probabi 1  i t y  t h a t  t he  f i l  &r w i l l  produce a  

"one" output  f o r  no t h e f t .  A fa1 se a1 arm p r o b a b i l i t y  o f  lo-' corresponds t o  

approximately one fa1 se d i ve rs ion  de tec j i on  per  two days. V e r i f i c a t i o n  o f  

t h e  d i ve rs ion  alarm can then be achieved by t h e  MC-2 operator  us jng  the  

data gathered and 'processed i n  the  n e x t  i n t e r v a l  . 
HIGH SENSITIVITYIFAST RESPONSE DETECTOR 

I n  c e r t a i n  s i t ua t i ons*  i t may b e  des i rab le  t o  have a  f a s t e r  t ime 

-response than t h e  25 minute de tec t i on  t ime discussed above. Reduction o f  

t he  smooth; ng i ntevval  woul d  o r d i  n a r i  l y  reduce the  de tec t i on  sensi ti v i  ty . 
  ow ever, i n  the  a l e r t  mode, the  t ime window o f  i n t e r e s t  i s  s h o r t  durat ion,  

a1 1  owi ng the  use o f '  a  de tec t i on  thresh01 d  correspondi ng t o  an i ncreased 

f a l s e  alarm p r o b a b i l i t y .  ' The de tec t i on  performance f o r  t h i s  s i t u a t i o n  f o r  

*Automatic on MC System Sta te  o f  TDR-1 

7.19 
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Figure 7 . 3 . 3 - 8 .  Hypothesis Test for Diversion Detection 
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a  5 minute a l e r t  window i s  shown i n  Fig. 7.3.3-10. The p r o b a b i l i t y  o f  a  f a l s e  

alarm f o r  t h i s  a l e r t  s i t u a t i o n  has been chosen t o  be 0.10. 

LARGE D I V E R S I O N  DETECTION MODE 

The es t imator /de tec tor  i s  a1 so designed t o  produce an a l e r t  on 

t h e  de tec t i on  o f  a  l a r g e  d i v e r s i o n  o f  Pu. A threshold '  which y i e l d s  a  very 

low f a l s e  alarm p r o b a b i l i t y  i s  used f o r  t h i s  t e s t  corresponding t o  

approximately one fa1 se a1 arm pe.r 9 years) .  F igure  7.3.3-11 g ives the  t ime 

t o  de tec t  a  d i v e r s i o n  f o r  var ious amounts of d i ve rs ian  f o r  the  l a r g e  d i ve rs ion  

d e t e c t i o n  mode. 
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~ i g u r e  7.3.3-10 Fast Response Mode Detector Performance 
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7.4 Ma te r ia l  Accoun tab i l i t y  Procedure 

Th is  sec t ion  presents, i n  d e t a i l ,  the. a c c o u n t a b i l i t y  procedures f o r  t h e  
- t r a n s f e r  o f  plutonium n i t r a t e  from the  concentrator  area, PPC, t o  t h e  storage 

area, PNC. The r e s p o n s i b i l i t y  f o r  t he  ma te r ia l  i s  as fo l lows:  . Plutonium . ' 

Product Ce l l  : PPC-Operator; P lu ton i  um Ni t ra . te  C e l l  : PNC-Operator. Authori  ty 

f o r  any t rans fe r  from any mate r ia l  balance area, MBA, t o  any o ther  1  i e s  w i t h  

t h e  Nuclear Materia1.s Contro l  O f f i c e r ,  NMCO, w i t h  t h e  computer enabl ement o f  

t h e  t r a n s f e r  performed by t h e  Process Operator, MC-2,O. The a c c o u n t a b i l i t y  

procedure described i n  t h i s  sec t ion  produces two independent t r a i l s  o f  t r a n s f e r  

documentation. These are: . . 

(1  ) The computer accountabi 1  i ty records. J5 

(2) The w r i t t e n  and signed c o n t r o l  o f  Ma te r ia l  

Transfer  Forms. 

The computer-generated records a re  tape recorded w i t h  a  hard copy o f  a l l  

t ransact ions  p r i n t e d  o u t  a t  t h e  end o f  each day. A backup tape con ta in ing  each 

day's' t ransact ions  i s r e t a i n e d  i n  a  vaul t. Loss o f  ' t h e  a c t i v e  tape woul d  there-  

f o r e  r e s u l t  i n  t h e  l o s s  o f  one day's records. The paper documentation , i s  r e -  

t a i n e d  by t h e  o r i g i n a t o r  o f  each document and t h e  Nuclear Ma te r ia l s  Contro l  

O f f i c e r .  The f o l l  owing sect ions conta in  t h e  accountabi 1  i ty re1 a ted procedures 

f o r  the  t r a n s f e r  o f  specia l  nuclear  mater ia l .  

7.4.1 Accoun tab i l i t y  Procedure f o r  SNM Transfer  

T h e  accountabi 1  i ty procedure f o r  t h e  t r a n s f e r  o f  spec ia l  nuclear  ma te r ia l  . 

i s  described i n  t h i s  sect ion.  THe important  process steps i n  the  t r a n s f e r  o f  . 

the plutonium product  from the  PPC t o  t h e  PMC are: 

( 1  ) F i l l  i n g  the  accountabi 1  i ' ty tanks i n  t h e  PPC. 

( 2 )  Measuring the  q u a n t i t y  o f  s o l u t i o n  i n  t h e  PPC a c c o u n t a b i l i t y  tanks. 

' (3)  Drawing samples and assaying t h e  ma te r ia l  i n  these tanks. 

( 4 )  Pumping the  ma te r ia l  t o  . the  PNC r e c e i v i n g  tank. 

( 5 )  Holding t h e  ma te r ia l  i n  t h e  PNC r e c e i v i n g  tank. 

(6) Measuring the  q u a n t i t y  o f  s o l u t i o n  i n  t h i s  tank. 

(7 )  Assaying the  mater ia l  i n  t h e  tank. 

(8 )  Transfer ing the  assayed mate r ia l  t o  general. storage i n  t h e  PNC. 



A schematic flow of the information required fo r  a PPCIPNC t r a n s f e r  i s  

shown in  Figures 7.4.1 -1 and 7.4.1-2. The f i r s t  of these f igures  shows the  flows 

of documents and materi a1 between the NMCO, MC-2,0, PPC-0 and Analytical Labora- 

tory  Technician f o r  the material assay which i s  required pr io r  t o  t rans fe r .  The 

second f igure  shows the  document and material flows required f o r  the actual SNM 

t rans fe r .  

T h e  accountabil i ty procedure i s  shown in de ta i l  i n  Figure 7.4.3-1 and i s  

now described. (Heading numbers correspond t o  those of Fi gure 7.4.3 -1. ) 

7.4.1.1 F i l l  Accountability Tanks (Figure 7.4.3-la) 

Material from the  concentrator i s  directed i n to  two of th ree  PPC account- 

abi  1 i t y  tanks (Fi  gure 2.5.1 -1 ). When the  PPC-0 determines by the bubbler i nstru- 
mentation readings t h a t  these  tanks a re  f i l l e d  ( t o  a t o t a l  of 730 l i t e r s )  the  

material  i s  d i rected t o  the  th i rd  accountabil i ty tank. 

7.4.1.2 Request Assay (Figure 7.4.3-la) 

The  PPC-0 a t  t h i s  point sends an Assay Request Form t o  the Nuclear Mate- 

r i a l s  Control Officer.  T h i s  Assay Request Form i s  shown in  Figure 7.4.1.2-1. 

As w i t h  a l l  the manually generated documents, a copy of t h i s  form i s  kept by 

the  o r ig ina tor  ( i n  t h i s  case ,  PPC-0). 

7.4.1.3 NMCO Authorization fo r  Assay ( ~ i  gure '7.4.3-la)' 

The Nuclear Material's Control Officer,  NMCO, authorizes a sampling 

procedure by f i l l  ing out  a Controlled Material Transfer Form, CMTF, (Figure 

7.4.1.3-1). Copies of t h i s  form a r e  sent  t o  the  PPC-0; the  Process Operator, 

MC-2,O; t'he Analytical Laboratory Technician and a copy i s  retained fo r  NMCO 

f i l e .  The CMTF's a r e  sequent ia l ly  numbered and a l l  numbers must be accounted 

fo r .  

7.4.1.4 Computer, Sampling ~nablement (Figure 7.4.3-la) 

The Process Operator, MC-2,O on receiving the  Controlled Material Trans- 

f e r  Form, i n s t ruc t s  the  Materiai Control computer system t o  allow the sampling 

f o r  material t o  be assayed.  This enablement i s  accomplished by typing into. the 
Process Operator, MC-2,0, computer terminal the  information contained on the 

Control 1 ed Material Transfer Form. 

After the computer has been ins t ructed t o  enable the sampl i ng operati on, 

t he  computer p r i n t s  out  t o  MC-2,O the Samp) ing Enablement Form. shown i n  Figure 

7.4.1.4-1. T h i s  form i s  a l s o  printed out a t  the MC System terminal i n  the 
NMCO o f f i c e  and a t  the PPC-0 area. 
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4. CMT form Nuclear Materials 5. CMT Form 
* Control Officer 

- 

Laboratory 

Material 

Operator 0 
Note: Numbers refer to 

time order of 
steps. 

Fiqure 7.4.1-1 Mater ia l  T rans f e r  Control : Pre PPC/PNC T r a n s f e r  



Analytical 
Laboratory 

Material 
Note: 

Numbers refer to 
time order of steps 

Fi qure 7.4.1-2 Material Transfer  cont ro l  : PPCIPNC Transfer  



Request Assay 7.4.1.2 Form: Assay Request Form (M) 

Figure 7.4.1.2-1 

7.4.1.1 

NMCO receive I ARF , I 

Fill 
accountability 
tanks (PPC-03 

7.4.1.3 sampling Form: Controlled Material Transfer Form (M) 

1 
.Determine two- 
accountability . 

tanks full 

I 
Direct flow 

t o  third tank 
1 C 

procedure w 
NMCO sends 71 

Figure 7.4.1.3-1 
Copy to: a. PPC-0 

b. MC-2 
c. Analytical lab. 
d. Copy for file 

MC-2 instructs 
7.4.1.4 computer to 

enable sampling 

Computer echos 
enablement 

MC-2 signs 

F'or.rn:' Sampling ~nablement Form (c) 

Figure 7.4.1.4-1 
Copy to: a. NMCO 

b. PPC-0 
c'. MC-2 file 

Note: Symbols in parenthesi's: 
(c) computer generated 
(MI manually generated 

Figure 7.4.1-3a Accountabi1it.y Procedure 



ASSAY REQUEST FORM ARF 1 1 2 8 1  

ElkTERIAL TO BE TRANSFERRED 

C] ROUTINE ACCOUNTABILITY 

REQUESTED ASSAY TIME : 
DATE T I  t.IE 

MATERIAL TYPE: 

COMMENTS : 

APPROXIMATE VUANTITY ,TO BE DRAWN : 

NUMBER OF SAMPLE,S TO BE DRAWN: 

REFERENCE: 

FROM MBA: TO MBA: 

REQUESTED BY : 
SIGNATURE DATE 

RECEIPT SIGNATURE: 

Copy  o n e  t o  NbiCO; c o p y  t w o  t o  R e q u e s t o r  f i l e  

ARF- I  (Rev .  0 2 / 0 3 / 7 8 )  

F ig .  7.4.1.2-1 Assay Request Form 

7.30 



CONTROLLED MATERIAL TRANSFER FORM 

CMT 11117 

. MATERIAL FOR ASSAY 

PROCESS TRANSFER 

0 Q U A L I T Y  CONTROL SAMPLE 

MATERIAL TYPE: 

COIkIMENTS : 

ALLOWED GROSS UUANTITY:  

I T E M  COUNT: 

AUTHORIZED TRANSFER PERIOD: t o 
. DATE - T I M E  HOURS 

FROM MBA: TO MBA: 

REFERENCE: 

REQUESTED BY: 

AUTHORIZED BY: 
NAME T I T L E  DATE 

COMPUTER TRANSFER ENABL EMENT: 
SIGNATURE DATE T I M E  

RELEASE CONTROL: 
SIGNATURE DATE T I  CIE 

RECEIVE CONTROL: 
SIGNATURE DATE T I M E  

CMTF-1 ( R e v .  02/03/78) 

. . 
Fig. 7.4.1.3-1 control  l e d  Material Transfer  Form 



v . . . . . . . . . . . ~ . ~ . o ~ . . ~ . . ~ ~ * . . * * ~ ~ . o ~ . . .  

SAMPLING ENABLE VERIFICATION ' 3 FEB 7 8  1305 

SAMPL1NG REQUEST APPROVED: JACK NMCOBOSS 

NUMBER OF SAMPLES: 4 

REFERENCE: ASSAY REQUEST FORM NUMBER: ARF23549 
CONTROLLED MATERIAL TRANSFER FCRM NUMBER: CMT78943 

S I GNED : 

Figure 7.4.1.4-1 Sampl i n g  Enahl~ment Form 



The MC-2,O s igns the  computer generated Sampl i n g  Enabl ement Form and 

h i s  copy o f  t he  CMTF. These forms are  then s tap led together  and re turned t o  

t h e  NMCO. 

7.4.1.5 Receives Work Orders (F igure  7.4.1 -3b) 

The PPC-0 receives t h e  Sampling Enablement Form from MC-2,O and t h e  

CMTF from t h e  NMCO. 

7.4.1.6 Begin Sampling Operat ion (F igure  7.4.1-3b) 

The PPC-0 i n s t r u c t s  the  Ma te r ia l  Control  computer system v i a  h i s  t e r -  

minal  when he i s  ready t o  begin sampling. The Mate r ia l  Contro l  computer v e r i f i e s  

the  sampling au tho r i za t i on  from the  d a i l y  work r o s t e r  which was entered by t h e  

MC-2,O. I f  v e r i f i c a t i o n  i s  n o t  obta ined a Ma te r ia l  Contro l  System alarm o f  l e v e l  

TDR-1 i s  ca l led .  I f  v e r i f i c a t i o n  i s  obtained, t h e  PPC-0 i s  i n s t r u c t e d  v i a  h i s  

computer termi  nal t o  begi n t h e  sampl i ng operat ion. 

7.4.1.7 Sampling Operation (F igure  7.4.1-3b) 

The PPC-0 begins t h e  sampling opera t ion  a f t e r  r e c e i v i n g  a u t h o r i z a t i o n  

v i a  the  MC computer terminal .  The sampling opera t ion  i s  described i n  more de- 

t a i l  i n  Sect ion 3. As each v i a l  i s  l i f t e d  t o  the  sampling needles t h e  o p t i c a l  

scanner b u i l t  i n t o  the  sampling l i f t  scans t h e  i d e n t i t y  o f  t he  sampling b o t t l e s .  

7.4.1.8 Sample I d e n t i f i ~ a t i ~ o n  (F igure  7.4.1 -3b) 

A t  t h e  end o f  t h e  sampling opera t ion  when a l l  f o u r  b o t t l e s  have been 

drawn, the  computer then p r i n t s  o u t  t he  Sample I d e n t i f i c a t i o n  Form. A copy o f  

t h i s  form i s  p r i n t e d  a t  t h e  Plutonium Product C e l l  Operator 's  l o c a t i o n  and a l s o  

a t  t he  Nuclear Ma te r ia l  Contro l  O f f i c e r ' s  terminal .  Th is  form i s  shown i n  F igu re  

7.4.1.8-1. The PPC-0 sends t h e  sample v i a l  s  t o  t h e  A n a l y t i c a l  Laboratory 

through t h e  pneumatic t r a n s p o r t  system. A t  t h i s  p o i n t  t h e  P P C ~ O  s igns t h e  

CMTF i n  the  space labe led  re lease c o n t r o l  and a1 so signs t h e  Sample I d e n t i f i -  

c a t i o n  Form. He then m a i l s  these forms t o  the  Nuclear M a t e r i a l s  c o n t r o l  O f -  

f i c e r .  

7.4.1.9 Receipt o f  Samples a t  Ana ly t i ca l  Laboratory (F igure  7.4.1 -3c) 

The samples f o r  assay are received a t  t h e  Ana ly t i ca l  Laboratory. Upon 

r e c e i p t  bar  code on the  sample v i  a1 s are  scanned ',by an o p t i c a l  reader. The 

Mate r ia l  Control  computer system then p r i n t s  o u t  t h e  Sample Receipt Form on the  

A n a l y t i c a l  Laboratory terminal .  Th is  form i s  shown i n  F igu re  7.4.1.9-1. The 

A n a l y t i c a l  Laboratory techn ic ian  s igns t h e  Sample Receipt  Form p r i n t e d  o u t  by 

t h e  Ma te r ia l  Contro l  computer and t h e  CMTF which he has rece ived from the 
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SAKPLE IOENTlFlCATlON REFERENCE: CMT78943 

TIME:  1410 DATE: 3 FEE 7 8  

SAYPLING AUTHORITY: JACK NMCOBOSS 
ENABLE VARIFICATION: CHUCK MC2COOLY 

NUMBER OF SAMPLES TAKEN: 4 

SAMPLE VIAL I . D .  1 )  2221 
2) 2224 
3 )  1212 
4 I 0001 

Figure 7 .4 .1 .8-1  Sample ~ d e n t i f i c a t i o n  Form 



* . * . . * . . . * . . . . . . . . . * * . . . . . . . , . . . . . . . . . *  
SAMPLE RECEIVAL REFERENCE: CMT78943 

 TIM^: 1 5 0 5  D A T E :  3 FEB 713 

SAMPLING AbiHORITY: JACK NMCOBOSS 
ENABLE' VARl F [CAT ION: CHUCK MC2C00LY 

NUMBER QF SAMPLES RECE I V ~ D :  9 

SAMPLE VIAL I 0  NUMBERS 1 )  2 2 2 1  PPC 
2 ,  0001  BPC 
3 )  1212  PPC 
41 2 2 2 4  PPC 

SIGNED: 

. * . . * * * * * * . . * . . . . . * . . * . . . . . . . . .  * * * * . * *  

ki,gur-e 7 .4 .1 .9-1  sarnpli Receipt Form 



Nuclear M a t e r i a l s  Contro l  Of f icer .  He then s tap les  these forms together  and 

m a i l s  them t o  t h e  Nuclear Ma te r i a l s  Contro l  * O f f i c e r .  

7.4.1.10 Perform Assay (F igu re  7.4.1-3c) 

The l abo ra to ry  assay i s  performed as discussed i n  Sect ion  6. The 

Laboratory Data System. (LDS), automatical  l y  en te rs  t h e  r e s u l t s  i n t o  t h e  Mate- 

r i a l  Contro l  System Computer assay suspense f i l e .  The contents o f  t h i s  f i l e  

r e l a t i n g  t o  the  composit ion o f  t he  assayed ma te r ia l  w i l l  n o t  be re leased i n t o  

t h e  permanent computer accounting records w i t h o u t  t he  a u t h o r i t y  o f  , the  Nuclear 

M a t e r i a l s  Contro l  O f f i c e r  as w i l l  be discussed i n  t h e  nex t  sect ion.  

The r e s u l t s  o f  the  A n a l y t i c a l  Laboratory measurements a re  p r i n t e d  o u t  

by the  Ma te r ia l  Contro l  computer from the  suspense f i l e  t o  Nuclear M a t e r i a l s  

Cont ro l  O f f i c e r  and t o  the  Process Operator MC-2,O. The M a t e r i a l  Assay Resu l ts  

Form j s  shown i n  F igure  7.4.1.10-2. 

7.4.1.1 1 Approve Assay Resu l ts  (F igures  7.4.1 -3c and 7.4.1 -3d) 

The Nuclear Ma te r i a l s  Contro l  O f f i c e r  and t h e  ~ r o ' c e s s  Operator, MC-2,0, 

bo th  must approve the  r e s u l t s  o f  t he  A n l y t i c a l  Laboratory assay. .The Nuclear 

M a t e r i a l s  Contro l  O f f i c e r  signs the  Ma te r ia l  Assay Resu l ts  Form and at taches i t  

t o  the  CMTF and f i l e s  these copies. The Process Operator, MC-2,0, must a l s o  

approve t h e  r e s u l t s  o f  t h e  assay. Upon h i s  approval,  he s igns t h e  Ma te r ia l  

Assay Resu l ts  Form and m a i l s  h i s  copy t o  the  Nuclear M a t e r i a l s  Contro l  O f f i c e r .  

The Process Operator a l s o  i n s t r u c t s  the  Ma te r ia l  Contro l  computer t o  re lease 

t h e  r e s u l t s  o f  q u a n t i t y  and q u a l i t y  o f  ma te r i a l .  The PPC-0 i s  then in formed 

t h a t  t h e  r e s u l t s  o f  t he  assay are  c o n s i s t e n t  w i t h  t h e  expected r e s u l t s .  

7.4.1.12 Request f o r  Product Trans fer  (F igu re  7.4.1-3d) 

The P l u t o n i  um Products C e l l  Operator requests ma te r i a l  t r a n s f e r  from. 

t h e  PPC t o  the  PNC from the  Nuclear M a t e r i a l s  Contro l  O f f i c e r .  

7.4.1.13 Product Trans fer  Au tho r i za t i on  (F igu re  7.4.1 -3d) 

The Nuclear Ma te r i a l  Contro l  O f f i c e r  f i l l  s o u t  a CMTF and sends t h i s  

form along w i t h  the  Ma te r ia l  Assay Resu l ts  Form generated by t h e  computer t o  

t h e  PPC-0, t h e  Process Operator, MC-2,0, t h e  Plutonium N i t r a t e  C e l l  Operator, 

PNC-0, and r e t a i n s  a copy f o r  f i l e .  The Process Operator, MC-2,0, upon r e c e i p t  

o f  t h i s  form adds the  t r a n s f e r  t o  the  d a i l y  work r o s t e r .  The MC-2,O s igns t h e  

CMTF a f t e r  he has entered the  enablement i n t o  the  computer. The computer echoed 

Trans fer  Enablement Form (F igu re  7.4.1.1 3-1 ) i s  generated, signed, and re tu rned  

w i t h  t h e  CMTF t o  t h e  Nuclear Ma te r i a l s  Cont ro l  O f f i c e r .  
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F igure  7.4.1 -3c Accountabi 1 i ty  Procedure (con t inued)  



\ 

* . * . * * . * * . * * . * . . * . . * . . .  r . . . , * . . * . b * * * * *  

M A T E R I A L .  ASSAY R E S U L T S  FORM 3 F E E  78. 22 1 7  

S A M P L I N G  A U T H O R I T Y :  NMCOBOSS 

REFERENCE : C ' M T 7 8 9 4 3  

ASSAY PERFORMED B Y :  L .  TECH 

S A M P L E  DRAWN FROM: P P C  T A N K 2  8 TANK 3 

ASSAY R E S U L T S  

SAMPLE I D  D E N S  l T Y  A C I D I T Y  P U  CONC. U CONC.  F I S S I O N  PROD 
( G / L )  ( M I  I G I L )  ( G I L I  ( C I I G )  

1 I 222 1 
2 )  0 0 0 1  
3 )  1 2 1 2  
4 )  N A .  

AVERAGE 

C A L C U L A T E D  TANK CONTENTS 

TANK D E N S 1  T Y  H E I G H T  S O L .  MASS P U  MASS 
( G I L )  ( C M  1 ( K G )  ( K G  

P P C 2 &  3 

S I G N A T U R E :  

~ * . . r . . . . . . . . . . . . . * . . . . * * * . * * . * ~ * * * ~ * *  

F igu re  7.4.1.10-2 M a t e r i a l  Assay Resu l ts  Forms 
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Form: Controlled Material Transfer Form (M) 

Figure 7.4.1.3-1 
Copies to: a. PPC-0 

b. PNC-0 
c. NMCO Tur Tilt! 

Fiqure 7.4.1-3d kccountabil i ty Procedure (continued) 



7.4.1.14 Begin Plutonium Product Transfer  Procedure ( F i  gure 7.4.1 -3e) 

The PPC-0 receives h i s  d a i l y  work orders which i nc lude  t h e  CMTF signed 

, by the  Nuclear Ma te r ia l  Contro l  O f f i c e r  and an echo6d Transfer  Enablement Form. 

A t  the  same t ime t h e  PNC-0 receives h i s  d a i l y  work orders which a l s o  conta in  a  

CMTF and a Transfer Enablement Form. When the  PPC-0 i s  ready t o  begin the  t rans-  

f e r  he n o t i f i e s  the  computer system. 

7.4.1.1 5 Computer V e r i f i c a t i o n  o f  Transfer  (F igure  7.4.1 -3e) 

Once t h e  PPC-0 has decided t o  begin t h e  t r a n s f e r ,  t he  computer f i r s t  

checks t o  see i f  the  t r a n s f e r  order  has been e n t e r e d ' i n t o  it. The computer then 

checks the  a v a i l a b i l i t y  o f  an a c c o u n t a b i l i t y  tank i n  t h e  PNC area. This tank, 

as mentioned before, conta ins a  q u a n t i t y  o f  plutonium n i t r a t e  which i s  s u f f i c i e n t  

t o  a l l  ow f o r  readings o f  t he  i n i t i a l  l e v e l s  i n  the  tank. This q u a n t i t y  a1 so f i l l  s  

the  pipes and pump t o  a l low a c c o u n t a b i l i t y  f o r  ma te r ia l  h e l d  up i n  the  process 

p ip ing .  I f  t h e  tank i s  n o t  a v a i l a b l e  o r  i f  the  heel i s  n o t  present  i n  t h e  tank, 

t h e  Ma te r ia l  Contro l  System computer w i l l  i n h i b i t  t h e  t r a n s f e r  and c a l l  a  Mate- 

r i a l  Contro l  System alarm (TDR-1). I f  t h e  cond i t i ons  a r e '  co r rec t ,  t h e  computer 

w i l l  n o t i f y  the  PNC-0 o f  t h e  impending t rans fe r .  The PNC-0 then accepts v i a  h i s  

terminal  t he  t r a n s f e r  o f  mater ia l .  The computer then generates a  l i s t  o f  t he  

v a l v i n g  setup f o r  t he  PNC-0. The PNC-0 se ts  up h i s  v a l v i n g  and the  computer 

does a v e r i  f i c a t i  on on t h e  va l  vi.ng a f t e r  n o t i  f i c a t i  on of completion. 

7.4.1.16 F i n a l  V e r i f i c a t i o n  o f , T r a n s f e r  (F igure  7.4.1-3f) 

The smoothed value o f  t he  ma te r ia l  . i n  t h e  PPC tanks i s  p r i n t e d  o u t  t o  

PPC-0, MC-2,O and NMCO. (F igure  7.4.1.16-1.) The PPC-0 v e r i f i e s  from the  bub- 

b l e r  gauges the gross q u a n t i t y  of plutonium t o  be t rans fer red.  I f  t h e  PPC-0. i s  

s a t i s f i e d  t h a t  the  amount p r i n t e d  o u t  by the  computer and the  gauges are  consis-  

t en t ,  he then n o t i f i e s  t h e  computer t o  a l l ow  t h e  t r a n s f e r  t o  begin. The computer 

n o t i f i e s  PNC-0 t h a t  t r a n s f e r  i s  t o  begin, PNC-0 n o t i f i e s  t h e  computer t h a t  he i s  

ready to .  accept, and t h e  computer then r e n o t i f i e s  t h e  PPC-0 t o  s t a r t  t he  pump f o r  

t rans fe r .  A t  t h i s  p o i n t .  t h e  computer system enables the  pump i n  the.  PPC so the  

t r a n s f e r  can occur. The s o l u t i o n  i s  now f lowing from t h e  p lutonium product  tank 

i n t o  the  accountabi.1 i t y  tank i n  t h e  PNC. A t  t h e  end o f  t h e  t r a n s f e r ,  t h e  PPC-0 

tu rns  o f f  t h e  pump and n o t i f i e s  the  computer system t h a t  the  t r a n s f e r  i s  complete. 

A t  t h i s  po in t ,  t he  computer n o t i f i e s  t h e  PNC-0 t o  t u r n  o f f  t he  va lv ing ,  n o t i f i e s  

t h e  PPC-0 t o  c lose t h e  va l  v ing  and v e r i f i e s  t h e  valve s e t t i n g s  i n  bo th  c e l l  s. The 

Mate r ia l  Contro l  computer then w r i t e s  out ,  on l i n e  two o f  t h e  computer generated 



. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . 

' TRANSFER ENABLE FORM 3 FEB 7 8  1708  

HEFEREFXE: ASSAY REQUEST FORM ARF23549 
CONTROLLED MATERIAL TRANSFER F09M NUMBERR CMT78943 

TRAFISFER FORM: 

TO: 

Figure 7.4.1 .13-,l Transfer  Enabl ement Form 
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Figure 7.4.1 -3f Accountabil i ty Procedure (continued) 



MATERIAL ACCOUNTABILITY FORM 3 FE8.78 1306 

TANK NO. 4-1 DENS I T Y  HE 1 GHT SOLUTION MASS 
IGRAMILITERI C M KG 

LlNE I INITIAL CONTENTS 

L I NE 2 F I NAL CONTENTS 

LlNE 3 TRANSFERRED QUANTITY 

REFERENCE: CONTROLLED MATERIAL TRANSFER FORM: CMT78943 

VERIFICATION BY: 

. . * . . . . . . . .  C * * * o . . , . * * ~ * . . . * . . ~ ~ * . o . * o ~  

Figure 7.4.16-1 Ma te r ia l  ~ c c o u n t a ' b i l i  ty Form 
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F igure  7.4.1 -3 f  Accountabi 1 i t y  Procedure (con t inued)  



mate r ia l  a c c o u n t a b i l i t y  form, the  f i n a l  contents o f  t he  two a c c o u n t a b i l i t y  tanks 

i n  t h e  PPC. TheSPPC-0 then v e r i f i e s  t h a t  t h e  gauges indeed are reading zero and 

s igns the Ma te r ia l  Accoun tab i l i t y  Form from the  computer. 

7.4.1.17 V e r i f i c a t i o n  o f  Transfer  (F igure  7.4.1-39) 

The PPC-0 s igns the  CMTF, at taches the  Ma te r ia l  Accoun tab i l i t y  Form 

generated by the  computer and sends both t o  t h e  NMCO. The PPC-0 has now com- 

p l e t e d  h i s  p o r t i o n  o f  t he  t r a n s f e r  procedure. 

7.4.1.18 Product Receipt (F igure  7.4.1 -39) 

The product  i s  received i n  the  c a l i b r a t e d  and p a r t i a l l y  f i l l e d  PNC 

a c c o u n t a b i l i t y  tank. Once the  t r a n s f e r  i s  complete, t h e  contents o f  the  tank 

a re  monitored f o r  t h i r t y  minutes. A t  t he  end o f  t h i s  t h i r t y - m i n u t e  i n t e r v a l  

t he  Ma te r ia l  Control  computer p r i n t s  o u t  t h e  Mater ia l  Accoun tab i l i t y  Form f o r  

t h e  Plutonium N i t r a t e  Ce l l  Operator. The PNC-0 then v e r i f i e s  t h e  amount o f  

received mater ia l  from t h e  gauges and e i t h e r  accepts o r  refuses the  q u a n t i t y  

sub jec t  t o  assay. The PNC-0 s igns the  CMTF and the  Ma te r ia l  Accoun tab i l i t y  

Form generated by the  computer, s tap les  the  forms together  and re tu rns  the  

forms t o  the  NMCO. 

7.4.1.1 9 Accoun tab i l i t y  Lockup (F igure  7.4.1 -39) 

The computer system a t  t h i s  p o i n t  " locks  up" t h e  accountabi 1  i ty tank 

f rom rece iva l  o r  d e l i v e r y  o f  p lutonium n i t r a t e  so lu t ion .  This i s  accomplished 

by moni to r ing  the  valves which c o n t r o l  f l ow  i n t o  t h i s  tank. 

7.4.1.20 Assay Report (F igure  7.4.1-39) 

The PNC-0 requests an assay o f  t he  contents o f  t he  rece iva l  tank f o l -  

lowing a procedure s i m i l a r  t o  that. n111 i ned p rev ious l y  f o r  assay requests f o r  the  

PPC a c c o u n t a b i l i t y  tanks. Release from these tanks then i s  author ized by t h e  NMCO 

on the  CMTF i n t o  general storage. The NMCO s igns o f f  on t h e  CMTF Form f o r  the  

PPC/PNC t r a n s f e r  and the  t r a n s f e r  i s  complete. 

7.4.2 Summary o f  Ma te r ia l  .Transfer  Accounting Procedure 

The signed t r a n s f e r  a u t h o r i z a t i o n  documents, . together  w i t h  t h e i r  associated . . 

request  forms, v e r i f i c a t i o n  forms, and r e s u l t s  forms, prov ide  source documentation 

f o r  ma te r ia l  ac-counting j ou rna l  en t r i es .  - These forms are  compiled, checked f o r  

consistency w i t h  the  author ized ac t ion ,  and then arch ived by t h e  NMCO. A t  the  end 

o f  each day chronological  j ou rna l  e n t r i e s  a re  p r i n t e d  o u t  by t h e  computer . . d e t a i l i n g  

a l l  computer usage f o r  . . t h a t  day. I n  add i t i on ,  account summaries are p r i n t e d  t o  

convenient ly-  convey the  day 's  a c t i v i t i e s  i n  selected c r i t i c a l  accounts i n c l u d i n g  
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a1 1  specia l  nuc lear  m a t e r i a l  accounts. These account ac t ions  are checked aga ins t  

t h e  a u t h o r i z a t i o n  documentation, approved and arch ived by t h e  NMCO. 

Ma te r ia l  t r a n s f e r  accounting i s  accomplished i n  a  two step procedure. The 

f i r s t  step i s  completed whenever the  r e c e i v i n g  MBA accepts r e c e i p t  o f  a  given 

gross q u a n t i t y  o f  m a t e r i a l  from the  re lease MBA. Whenever . . t he  gross quan t i t y  

rece ived agrees w i t h i n  measurement u n c e r t a i n t i e s  w i t h  the  q u a n t i t y  released, 

t h e  NMCO approves t h e  gross q u a n t i t y  t rans fe r .  This approval must be accom- 

p l  i shed  w i t h i n  one work s h i f t  o r  t h e  NMCO es tab l ishes an alarm s t a t e  TDR-1 f o r  

t h e  p lan t .  

Tlse tr -dr~sfer  remains I n  The a c t i v e  s ta te ,  and the  t r a n s f e r r e d  mater ia l  

i s  conf ined t o  t h e  r e c e i v i n g  storage tank u n t i l  t h e  ma te r ia l  composit ion i s  cnn- 

f i r m e d  by analys is .  Journal e n t r i e s  reco rd  the  t r a n s f e r  o f  SNM from the re lease 

MBA t o  the  r e c e i v i n g  MBA upon complet ion o f  t h e  gross quan t i t y  t rans fe r .  These 

e n t r i e s  are based upon t h e  re lease MBA assay r e s u l t s  and. the  gross quan t i t y  a t  

t h e  t ime o f  assay sampling. 

The second step i n  the  ma te r ia l  t r a n s f e r  accounting procedure i s  requ i red  

t o  assess and r e c o n c i l e  rece ive r l sh ipper  d i f fe rences.  The q u a n t i t y  o f  SNM r e -  

ce i ved  i s  c a l c u l a t e d  based upon t h e  rece iva l  assay and the  received quan t i t y  a t  

t h e  t ime o f  assay sampling. The rece iva l  MBA i s  h e l d  responsib le f o r  t h i s  mea- 

sured rece ived q u a n t i t y  o f  SNM. Journal e n t r i e s  are  recorded t o  a d j u s t  t he  

rece ived q u a n t i t i e s  o f  mater ia l  t o  agree w i t h  t h i s  measured quant i ty .  These 

e n t r i e s  are  balanced aga ins t  t r a n s f e r  measurement d i f f e r e n c e  accounts which are  

designed t o  keep t r a c k  o f  both i nd i  v i  dual and cumulat ive sh i  ppe r l rece i  ver  d i  f- 

ferences. A separate t r a n s f e r  measurement d i f f e r e n c e  account i s  kept  f o r  each 

v i a b l e  t r a n s f e r  path. 



REFERENCES FOR SECTION 7 

7-1. I. J. Sacks, "Accuracy o f    ate rial A c c o u n t a b i l i t y  Est imates f o r  Tes t  
Bed Design: PPC I n t e r i m  Storage Tanks", Lawrence L i  vermore Laboratory,  , 

October, 1977. 

7-2. D. R. Dunn, "Dynamic Models, Es t imat ion  and De tec t i on  Concepts f o r  
Safeguardi ng Pu (NO3 )4  Storage Tanks", Lawrence L i  vermore Laboratory,  
UCRL-79216 presented a t  t h e  I n s t i t u t e  o f  Nuclear M a t e r i a l s  Management 
1977 Annual Meeting, J u l y  1, 1977. 



8.0 MATERIAL CONTROL SYSTEM INSTRUMENTATION 

The ins t rumenta t ion  f o r  t h i s  t e s t  bed design i s  d i v ided  i n t o  two major 

groups; ma te r ia l  -re1 ated and personnel -re1 ated. The mate r ia l  -re1 a ted i n s t r u -  

mentat ion which inc ludes those devices which cont inuously moni tor  t he  physical  

process var iab les  such as the  he ight /dens i ty  bubblers and those which are  used 

on an in f requen t  bas is  t o  measure the  composit ion o f  t h e  mater ia1 ,s tored 

w i t h i n  the  l i m i t s  of our t e s t  bed design. The personnel- re lated inst ruments 

are  devices which moni tor  t he  human a c t i v i t i e s  o f  t h e  human process, operators 

and inc lude  devices such as the  c losed c i r c u f t  t e l e v i s i o n  system, t h e  weight 

s e n s i t i v e  f l o o r  mats, and the  valve p o s i t i o n  monitors. 

Each o f  t he  instruments used i n  t h i s '  t e s t  bed design has e i t h e r  been se- 

1  ected from avai 1  able ins t rumenta t ion  o r  i s model 1  ed a f t e r  genera1 l y  avai 1  ab le  

devices; The f o l l  owi,ng sect ions descr ibe t h i s  ins t rumenta t ion .  * 
8.1 MATERIAL RELATED INSTRUMENTATION 

As s ta ted  above, t h i s  type of ins t rumenta t ion  can be broken i n t o  two broad 

c.ategories. The f i r s t  o f  "these i s  ins t rumenta t ion  which i s  used , to  cont inuously 

moni to r  the  process s t a t e  and i s  used as a  p a r t  o f  t h e  process c o n t r o l  system. 

' These instruments include:, 

Height/Densi t y  A i  r Bubbler System 

Valve P o s i t i o n  Moni tors 

Airborne Pu p a r t i c l e  de tec to r  

The second category inc ludes those instruments used f o r  p r e c i s i o n  determina- 

t i o n  o f  the  mater ia l  composit ion a t  s p e c i f i c  d i s c r e t e  times. These instruments 
, . . . 

i nc lude:  

I n - l i n e  Y-spectrometer 

Ana ly t i ca l  l abo ra to ry  ins t rumenta t ion  
8.1.1 CONTINUOUS MONITORING INSTRUMENTS 

8.1.1.1 HEIGHT/DENSITY AIR BUBBLER SYSTEM 

Each tank i n  the  storage area has i t s  own 1  i q u i d  dens i ty  and volume 

measuring system b ised on a  system com~only  cel ' led a  bubbler. This pneumatic 

system i s  shown i n  .Fig. 8.1.1.1-1. The 1  eve1 o f  1  i q u i  d  i n  the  tank can be 

* 
Performance d e t a i l s  on personnel- re lated moni to r ing  instruments can be found 
reference 8-1. 
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determined by measuring the  n e t  pressure head (APB) and d i v i d i n g  i t  by t h e  

dens i ty  (PA).  Th is  can be seen by i nspec t ion  o f  t he  f i g u r e  and cons idera t ion  

o f  the  f o l  1 owing equat:ions. 

The pressure head a t  t he  ou t le t .  o f  each o f  t he  d i p  tubes o f  the  bub- 

b l e r  system i s  g iven by 

PI = gp(h-10") + P3 

P2  = gph + P3 

P3 = P3 

where g i s  the  g r a v i t a t i o n a l  constant  

P i s  t he  l i q u i d  dens i ty  

h i s the  he igh t  o f  t he  '1 i q u i d  sur face above the  lowest  o f  t h e  

bubbler tube openings. 

Then, the  measured var iables,APA, andAPB are  g iven by 

A PA = P2-Pi = g ~ ( h )  - CJP(~-10) = gplO" 

A PB = P2-P3 = gph. 

Thus APA provides a (scaled)  d i  rec.t  measurement o f  t he  1 i qui d dens i t y  and 

APB/APA provides a (scaled)  measurement o f  t he  1 i q u i d  height .  

The d i  f f e r e n t i  a1 pressures, APA and APB, are  measured by transducers 

o f  a type. s i m i l a r  t o :  Taylor  model 1303T, a f o r c e  balance device. 

Th is  inst rument  t ransmi ts  a dc s ignal  i n  the  range o f  4 t o  20 mA 

which i s p ropor t i ona l  t o  t h e  d i  f f e r e n t i a l  pressure. Each inst rument  prov ides  

both a remote reading (connected t o  the  Ma te r ia l  Control  system) and a l o c a l  

reading. The accuracy o f  t he  bubbler system i s  dependent on the  f o l l o w i n g  

fac to rs :  

a. The f i x e d  leng th  d is tance between the ,  l ong  and shor t  bubbler  tubes 

i s  known t o  w i t h i n  - + 1 /64 inches ( .0397 cm). 

b. The he igh t  o f  t he  lowest  tube above the  low p o i n t  o f  t h e  tank i s  

t o  3/4 + .1/4 inches (1.91 - + .64 cm). 

c. The d i f f e r e n t i a l  pressures, APA and APB are  measured t o  - +.75% ( 2 ~ ) .  

The t ransmi t te rs  o f  t he  d i f f e r e n t i a l  pressure transducers sec t ion  are  

powered by a 24-vol t power supply conta ined i n  t h e  1 ocal panel box. 

' The bubbler ins t rumenta t ion  i s  p ro tec ted  from unauthorized tampering i n  

t h e  f o l l o w i n g  manner. 

Physical Locat ion 

F igu re  8.1.1.1-2 shows a schematic o f  t h e  general c o n f i g u r a t i o n  o f  the  
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butibl ers, va l  v i  ng, and pressure measuri ng equipment. The 1 /4 i nch bubbl e r  tubes 

en te r  t h e  tank through a f lange over the  deepest p o r t i o n  o f  t h e  tank. The two . 

tubes which d i p  below t h e  l i q u i d  sur face con ta in  l i q u i d  check valves . 

(F ig.  8.1.1.1-3) t o  prevent  f l o w  o f  1 i q u i d  up these tubes. These valves are  

welded i n t o  the  bubbler tubing. This tub ing  then penetrates the  r o o f  o f  t he  

storage tank containment a l l  through the  grouted sleeves, and i s  welded t o  i s o -  

l a t i o n  valves a t  t h e  outer  sur face o f  t h e  roo f .  

The base o f  t he  l o c a l  panel box which conta ins the  d i f f e r e n t i a l  pressure 

sensors, a i r  suppl ies, ,etc., i s  approximately one f o o t  (30 cm) above the  f l o o r  

g r id .  

The l o c a l  panel box i s  d i v ided  i n t o  f o u r  sect ions; one f o r  each module. 

Each sec t ion  i s  equipped w i t h  a hinged, h igh  impact c l e a r  p l a s t i c  cover which 

i s  i n t e r l o c k e d  t o  the  MC computer system t'o prov ide  n o t i f i c a t i o n  o f  access. A l l  

adjustments t o  a i r  f l ow  ra tes ,  d i f f e r e n t i a l  pressure transducers and transmi t t e r s ,  

connect ions f o r  c a l i b r a t i o n ,  etc., requ i re  t h e  removal o f  t h i s  cover. The con- 

t e n t s  o f  each module o f  the  l o c a l  c o n t r o l  panel i s  g iven i n  Table 8.1.1 .l-1. 

- ITEM NUMBER REMARKS 

D. P. Transducer and Transmi t t e r  12 APAI APB 

Rotameter 12 Bubbler a i r  supply f l o w  r a t e  

Panel Meter 12 0-100% PA, PB 

Val ves 18 For connect ion o f  micro-  

manometer f o r  c a l  i b r a t i o n  

Valves 2 4 For i s o l a t i o n  o f  t r a n s m i t t e r s  

Valves 12 For a i  r supply ba l  ance. 

Table 8.1.1.1-1. Contents o f  Local Panel Box 

L i q u i d  Flow Pro tec t i on  

The p o s s i b i l  i ty o f  d i ve rs ion  o f  Pu(NO3I4 through the  bubbler  

1 i n e s  i s  prevented by the  1 i q u i d  check valves i n  each o f  t he  bubbler  1 i nes which 

penetrates the  l i q u i d  sur face (Fig.8.1.1.1-3). The cons t ruc t i on  o f  these valves 

w i l l  cause a low dens i ty  b a l l  t o  f l o a t  up and b lock t h e  upper p o r t i o n  o f  t h e  
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valve i f  the  valve becomes f i l l e d  w i t h  1  i qu id .  I n  add i t i on ,  a  screen p r o t e c t s  

the  valve from tampering. 

Pressure Transducer Wir ing 

The w i r i n g  f o r  the  D.P. t r a n s m i t t e r s  passes from the l o c a l  c o n t r o l  

panels t o  t h e  MC computer system through condu i t  pressur ized w i t h  d ry  n i t rogen.  

Pressure detec tors  along t h i s  condu i t  w i l l  n o t i f y  t h e  MC computer f o r  any pres- 

sure changes. 

8.1.1.2 VALVE POSITION MONITORS (Ref. 8-2) 

C r i t i c a l  va lves i n  the  storage area p i p i n g  are monitored by the  means 

o f  valve p o s i t i o n  moni tors ( o r  1  i m i  t switches). These switches a re  at tached t o  

. t h e  valve stem. The swi tch i s  o f  t he  SPDT type.. The f u n c t i o n  o f  these swi tches 

i s t o  i n d i c a t e  when. a -  va1 ve i s closed.' The va l  ves themsel ves' are o f  t h e  b a l l  

type and must be r o t a t e d  approximately 10' f o r  f l ow  t o  be possible. The swi tch  

i t s e l f  i s  actuated by t h e  movement o f  an arm w i t h  t h e  rad ius  o f  one inch. The 

10" movement corresponds then t o  a  1  i nea r  motion a t  t h e  swi tch  o f  0.1 74 inch. 

The switches t r i p  on a  motion o f  0.005 inch. 

Flow cannot occur u n t i l  the  stem has been r o t a t e d  10'. Due t o  the  over- 

design o f  t he  swi tch  and i t s  ac tuator  system, the  p r o b a b i l i t y  o f  de tec t i on  o f  

t h e  cond i t i on  a l l ow ing  f l ow  should be =1.0. Th is  type o f  device has an inher -  

e n t l y  low f a l s e  alarm ra te ,  which . w i l l  be taken t o  be = O .  

The Rassmussen Report (WASH-1400) g ives a  range o f  r e l i a b i l i t i e s  f o r  

t h i s  type o f  swi tch  o f  1  x  t o  1  x  ( f a i l u r e s  per  opera t ion) .  These 

switches are  monitored as t o  t h e i r  performance as r o u t i n e  operat ions are  per-  

formed. The l i m i t  sw i tch  cover i s  faqtened t o  t h e  swi tch body w i t h  screw fas-  

teners f o r  tamper protect ion. '  Wir ing from the l i m i t  switches passes through 

pressur ized condu i t  t o  the  MC computer system. The valves which are  monitored 

a r e  discussed i n  o ther  sect ions o f  t h i s  repor t .  

8.1.1.3 AIRBORNE PLUTONIUM DETECTOR 

The a i r f l ow '  through the  MAA area i s  cont inuously sampled by an a i rbo rne  

plutonium p a r t i c l e  de tec tor  (references 8-5, 8-6).  This ,detector  draws a i r  from 

the  MAA by the  means o f  sampling tubes throughout t h i s  area. The l o c a t i o n  o f  

t he  sampling tubes i s  shown i n  Fig.8.1.1.3-1. Th is  device w i l l  de tec t  o n l y  Pu 

p a r t i c l e s  which a re  airborne. Ma te r ia l  which i s  n o t  sprayed i n t o  the  a i r  w i l l  

n o t  be detected. 

A i r  i s  sampled by t h e  sampling tubes, drawn through t r a n s p o r t  pi'pes 
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t o  a  w - p a r t i c l e  detector.  Thi s  general c o n f i g u r a t i o n  o f  t h i s  de tec to r  i s  stiown 

i n  Fig.  8.1.1.3-2. A i r  i s  drawn through t h e  moni tor  and a i rbo rne  p a r t i c l e s  are  

f i l t e r e d  o u t  on the  f i l t e r  paper. A lpha-pa r t i c le  emissions from these trapped 

p a r t i c l e s  are sensed by a  detector .  The r e s u l t i n g  c u r r e n t  pulses 'are shaped, am- 

p l - i f i e d ,  and compared t o  a  detec t ion  threshold. Count ra,tes (pu l  ses/min) above 

t h i s  de tec t i on  th resho l  d  cause an a1 arm t o  be t ransmi t ted  t o  the, MC computer sys- 

tem. I n  add i t ion ,  a  l o c a l  acoust ic  aiarm i s  sounded on $he de tec t i on  o f  a i rborne 

Pu. 

The a i  rs t ream be i  ng sampled w i  11 con ta in  na tu ra l  l y  occu r r i ng  a - p a r t i c l  e  

emi t t e r s .  These w i l l  cause a  background count from t h e  sensor. Th is  count i s  

about 8  counts/mi n. Thi s  background i s the  pr imary envi  ronmental noi  se source. . . 

The p r o b a b i l i t y  o f  de tec t i ng  a  spray o f  Pu i n t o  t h e  MAA depends on 

1  . the 1  oca t i  on o f  t h e  spray 

2. t h e  amount o f  Pu which becomes a i rborne . 

3. the  de tec t i on  th resho ld  o f  t h e  moni tor  

4'. the  t ime from the spray. 

The t ime fo r  t he  a i rborne p lutonium t o  t r a v e l  t o  t h e  moni tor  i s  composed 

of two t imes..  The f i r s t  o f  these i s  the  t ime f o r  t h e  p a r t i c l e s  t o  reach t h e  

sample tubes, the  second i s  the  t ime f o r  t h e  p a r t i c l e s  t o  t r a v e l  through t h e  

sample tube t o  t h e  f i  1 t e r  paper. . 
' 

For a i r  f low r a t e s  t y p i c a l  o f  t h e  Test  Bed Design, (MAA t o t a l  f l ow  o f  

5.77 x l o 4  l /m i  n  and Moni tor  Flow o f  301/mi n) , upper and 1  ower bounds f o r  t he  

p a r t i c l e  t ime o f  f l  i g h t  t o  the  sample tubes and then t o  the  f i l t e r  a re  

Upper bound = 604 fec. 

Lower bound = 129 sec. 

The p r o b a b i l i t y  o f  de tec t i on  f o r  a  spray depends on the  t o t a l  amount o f  

Pu dispersed i n t o  the  a i r .  A  p o r t i o n  o f  t h i s  mater ia l  w i l l  be sampled and w i l l  

b u i l d  up on the  f i l t e r  paper i n  the  monitor.  The r a t e  o f  bu i ld -up i s  dependent 

on the  a i r  f l ow  r a t e  and the  concent ra t ion  o f  Pu .being sampled. Higher concen- 

t r a t i o n s  w i  11 produce detec tab le  1  eve1 s sooner. F igu re  8.1.1.3-3 presents the  

de tec t i on  probabi 1  i t y  versus ti me f o r  var ious  i n i  ti a1 a i  rborne concentrat ions 

f o r  both t h e  a i  rf l  gw model s  discussed e a r l  i e r .  The ' th resho l  d  f o r  t h i  s  de tec tor  

has been. s e t  t o  produce a  f a l i e  a l a r m  p r o b a b i l i t y  o f  9.4 x 

With ,rout ini  maintenance, t h i s  system w i  11 have a  Mean ~ i m e  '~etween:  

F a i l u r e  o f  17500 hours. The output  o f  t he  moni tor  i s  connected v i a  a  r e l a y  t o  
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t h e  w i r i n g  o f  t he  MC system. Th is  r e l a y  i s  used i n  the  mode o f  keeping he ld  

c losed  by t h e  non-alarm cond i t ion .  Loss o f  power o r  t h e  de tec t i on  o f  a i rborne 

Pu w i  11 open t h e  c i r c u i t .  The w i r i n g  condu i t  t o  the  inst rument  i s  pressur ized 

w i t h  d ry  n i t rogen  w i t h  a pressure detec tor  t o  de tec t  l o s s  o f  condu i t  i n t e g r i t y .  

The i nstrument encl  osure i s p ro tec ted  agai n s t  tamperi ng by be i  ng 

equipped w i t h  tamper switches. Tamper switches w i l l  cause a tamper alarm t o  be 

sounded when t h e  access cover o r  cover screw i s  moved 6.0 mm. 

8.1.2 ANALYTIC INSTRUMENTATION 

Th is  i ns t rumen ta t i on  i s  used t o  determine the  prec ise  composit ion o f  t h e  

m a t e r i a l  conta ined w i t h i n  the  storage tank. 

8.1.2.1 GAMMA-RAY SPECTROMETER 

The V- ray  spectrometer (Ref. 8-41 i s  used t o  determine bo th  the  t o t a l  

PU concent ra t ion  and the  r a t i o s  o f  t he  Pu isotopes and 2 4 1 ~ m  which a re  present. 

A c a l i b r a t e d  ana lys i s  c e l l  f o r  t h i s  inst rument  i s  located i n  t h e  sampling g love 

box. Valv ing i s  arranged (Fig.8.1.2.1-1) so t h a t  t h i s  c e l l  can be switched i n t o  

any o f  t he  f o u r  sampler loops. 

The output  from the  Y- ray  spectrometer i s  used f o r  two purposes. The 

f i r s t  o f  these i s  t o  prov ide  a measure o f  t he  homogeneity o f  t he  s o l u t i o n  i n  t h e  

tank being sampled by p rov id ing  data on t h e  s o l u t i o n  f l ow ing  i n  the  sampling sys- 

tem. The MC c.omputer system uses t h i s  i n fo rma t ion  t o  determine when t o  author ize  

t h e  operator  t o  lower the  sample v i a l .  The second use o f  t he  data from the Y-ray 

spectrometer i s  as a check on t h e  a n a l y t i c a l  l abo ra to ry  measurements. The p r i n c i p l e  

o f  opera t ion  o f  t h e  Y-ray spectrometer i s  b r i e f l y  described below. 

F igure  8.1.2.1-2 shows t h e  major components o f  t h e  Y- ray  spectrometer. 

The ana lys is  c e l l  i s  shown i n  more d e t a i l  i n  F ig.  8.1.2.1-3. The GeLi de tec tor  

measures the  emission o f  t h e  var ious  iso topes o f  elements present  i n  t h e  Pu pro- 

duc t  so lu t ion .  A t y p i c a l  spectrum f o r  r e c e n t l y  reprocessed r e a c t o r  grade p lu to -  

nium s o l u t i o n  i s  shown i n  Fig. 8.1.2.1-4. The i s o t o p i c  abundances can be 

determined from the:  . 

43 KeV peak f o r  2 3 8 ~ u  

51 KeV peak f o r  2 3 9 ~ u  

45 KeV peak f o r  2 4 0 ~ u  

148 KeV peak f o r  241Pu 

The 94 KeV and 129 KeV peaks can be used t o  v e r i f y  the  r e s u l t s  f o r  241Pu and 

2 3 9 ~ ~  respec t i  ve l y  . 
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Concentrat ion o f  Pu i n  the  s o l u t i o n  i s  determined by us ing  the  t rans-  

m i  s s i  on cha rac te r i  s t i c s  o f  t he  sampl e. An abrupt  d i  scont i  n u t i  t y  i n t h e  s o l u t i o n  

absorbancy occurs a t  t h e  K-shel l  b ind ing  energy o f  an element - f o r  Pu a t  121.80 

keV. Normally two gamma rays o f  near ly  equal energy are  at tenuated t o  the  same 

ex ten t  s ince t h e  absorpt ion c o e f i c i e n t s  a t  t he  two energies a re  near ly  equal. 

The K-shel l  b ind ing  energy however causes considerably d i f f e r e n t  r a t e s  o f  absorp- 

t i o n  above and below. The loga r i t hm o f  t h e  t ransmission r a t i o  a t  these two 

energies i s  r e l a t e d  t o  the  Pu conc.entration, 

'1 - 2rpu) * -  Xpu Ln (Ti /T1)  = - (  rpu 
where . T2 i s  the  . transmission c o e f i c i e n t  a t  t he  h igher  energy 

TI i s the  t ransmission c o e f i c i e n t  a t  t h e  1 ower energy 

i s  the  absorpt ion c o e f i c i e n t  a t  energy 2 r ~ u  
i s  t h e  absorpt ion c o e f i c i e n t  a t  energy 1 'IP u 

X ~ u  i s  the  amount o f  Pu present. 

A p a i r  o f  isotopes,, 7 5 ~ e  and 5 7 ~ o  p i o v i  de the  lower and upper t ransmission 

sources respect ive ly .  Nat ional  Bureau o f  Standards t raceab le  so lu t i ons  a r e  

used t o  c a l  i b r a t e  the  d i f f e r e n t i a l  t ransmission system. 

The t ransmission measurement o f  Pu concent ra t ion  on samples ranging from 

130 t o  360 grams/l i t r e  i s accurate t o  0.44%, (1  W) . The i sotopic determi n a t i o n  

are  g iven i n  Table 8.1.2.1-1. 

I sotope Accuracy, % 

(1 u) 
Z38pU 0.44 

2 3 9 ~ u  .065 

2 4 0 ~  u .26 

241 PU .23 

241 ~m .38 

Tab1 e 8.1.2.1-1. I s o t o p i c  ~ e t e r m i n a t i o n  Accuracy 

The abundance o f  2 4 2 ~ u  i s  determined from ana lys is  o f  t he  t ransmission and d i r e c t  

count ing  data. 

The data from the  GeLi de tec tor  i s  a se r ies  o f  pulses. Th is  type o f  

t ransmission does n o t  l e n d  i t s e l f  t o  f a l s i f i c a t i o n .  The w i r i n g  from t h e  de'tector 

i s  rou tcd  t o  the  MC computer system i n  pressur ized conduit .  



8.2 PERSONNEL RELATED INSTRUMENTATION 

Personnel re1  a ted  i ns t rumen ta t i on  mon i to rs  the  s t a t e  o f  t he  personnel oper- 

a t i  ng i n  the  f a c i  1  i ty. Th is  ins t rumenta t ion  inc ludes  

Weight S e n s i t i v e  F l  oor  Switches 

Microwave I n t r u s i o n  Detectors 

Valve P o s i t i o n  Moni tors 

Di f f e r e n t i  a1 Pressu,re A1 arms on 1 ) MAAIouter gal  1 e ry  

2) g love box/MAA, 3 )  containment c e l l  /MAA pressure d i f fe rences.  

Closed C i r c u i t  Te lev i s ion  (CCTV) 

Computer Contro l  1  ed Access System 

Hand and Foot  ff Detectors 

The va l ve  p o s i t i o n  mon i to rs  perform a dual f unc t i on ,  t h a t  o f  bo th  ma te r ia l  and 

personnel moni tor ing.  They were descr ibed i n  Sect ion 8.1.1.2. 

8.2.1 WEIGHT SENSITIVE FLOOR SWITCHES 

C r i t i c a l  f l o o r  areas i n  the p lutonium n i t r a t e  s torage area are  monitored by 

pressure  detectors.  The areas moni tored a r e  shown i n  Figs. 8.2.1-1 and 8.2.1-2. 

The 1 ower two 1 eve1 s o f  t he  MAA use f l o o r  mat switches (Ref. 8-7) f o r  monitors. 

These mat switches a re  p laced on the  concrete f l o o r  and over layed w i t h  118 i n c h  

Masonite. The f l o o r  pressure de tec to r  f o r  l e v e l  t h ree  i s  o f  a d i f f e r e n t  type due 

t o  t h e  open metal g r i d  which makes up the  f l o o r  on t h i s  l e v e l .  The switches f o r  

t h e  l e v e l  th ree  f l o o r  g r i d s  are  arranged t o  per form two funct ions.  These a re  

1. Detec t  the we igh t  o f  a person standing on the  g r i d  and 

2. Detect  the  removal o f  t h e  gr ids .  

The f i r s t  f u n c t i o n  i s  accomplished by the  use o f  sp r i ng  loaded mountings 

f o r  t h e  gr ids .  The pressl l re  o f  a 150 1 b. person w i l l  t r i g g e r  mieraswi tches i r ~  

these s p r i n g  mounts. There a re  four  such switches per  g r i d  [one per  corner )  w i red  

i n  se r i es .  Thus the  opening o f  any sw i t ch  w i l l  open the  f l o o r  g r i d  sw i t ch  c i r c u i t .  

The reinoval de tec t i on  f u n c t i o n  i s  performed by f o u r  a d d i t i o n a l  microswitches (one 
p e r  c o r n e r )  f o r  each g r i d .  These switches a re  a l s o  se r ies  connected. 

Only general area i n fo rma t ion  i s  rece ived from the  f l o o r  mat switches 

even though the f l o o r  swi tches are  segmented i n t o  30" wide sect ions. 

The f l o o r  mats a r e  segmented so as t o  have a cons tant  area per  segment. 

A f o r c e  o f  15 l bs .  on any segment w i l l  cause sw i t ch  c losure.  As the  minimum 

we igh t  t o  be expected per  segment i s  one h a l f  o f  an operators weight,  t h e  de- 

t e c t i o n  p r o b a b i l i t y  f o r  a t y p i c a l  opera tor  i s  taken t o  be - 1.0. 



f Sample glove box . . 

F i g u r e  8.2.1-2 . P lan View o f  F l o o r  Mat L o c a t i o n s  



L i f e  t e s t i n g  on t h i s  type o f  swi tch  has n o t  been performed. Data ga- 

the red  from ac tua l  ope ra t i on  a t  Lawrence Livermore Laboratory shows no f a i l u r e s  

i n  t h r e e  years. Based on t h i s  data, a  minimum r e l i a b i l i t y  o f  5.988 x  ( f a i l -  

u res /opera t ion)  has been estimated. The performance o f  t he  mats w i l l  be monitored 

by t h e  MC computer system as p a r t  o f  t he  moni to r ing  o f  normal opera t ing  procedures. 

As s ta ted  above, t h e  f l o o r  mats are  l oca ted  beneath masonite sheets and 

r e s t  on t h e  concrete f l o o r .  The w i r i n g  f o r  t he  f l o o r  mats i s  l oca ted  i n  two 

condu i ts ,  one on e i t h e r  s i d e  of t h e  mats (Fig. 8.2.1-3). Connections t o  the  mats 

a r e  made through MIL-s ty le  two p i n  connectors ( two per  mat). The mats a re  w i red 
* 

i n  t h e  superv isory mode, hence the  removal o r  t he  sho r t  c i r c u i  t i n g  o f  t he  mat from 

t h e  c i r c u i t  w i l l  cause an alarm (Fig.  8.2.1-4). The alarm r e l a y s  f o r  t he  mats are  

l o c a t e d  on the w a l l  o f  t he  MAA i n  a  locked enclosure (Fig.  8.2.1-5). The th ree 

conductor cables from t h e  r e l a y  boxes passes t o  t h e  MC system through pressur ized 

condu i t .  The switches a re  thus p ro tec ted  aga ins t  

1. Removal - (causes a1 arm due t o  i n t e r r u p t i o n  o f  c i r c u i t )  

2. Opening o f  Relay Box (causes p ressu r i za t i on  1  oss) 

3.  Disab l i ng  Power Supply (causes alarm) 

The f a i l u r e  o f  a  mat w i l l  r e q u i r e  replacement o f  t h e  sec t i on  which has 

f a i l e d .  Determinat ion o f  t h e  s p e c i f i c  30" wide sec t ion  which has f a i l e d  w i l l  be 

made by a  techn ic ian  us ing  t h e  jumper panel i n  t h e  alarm r e l a y  box. Possib le rea- 

sotis Forx r-epl dceillerr t dr't!; 

1. F a i l u r e s  o f  mat swi tch  

2. Contamination due t o  s p i l l ,  

8.2.2 MICROWAVE INTRUSION DETECTORS** 

C r i t i c a l  areas i n  t h e  MAA a re  monitored by microwave i n t r u s i o n  detectors.  

The areas monitored, and t h e  l o c a t i o n  o f  t h e  moni tors are  shown i n  Fig. 8.2.2-1. 

A  b r i e f  summary o f  t h e  p r i n c i p l e s  o f  opera t ion  o f  t h e  microwave i n t r u s i o n  de tec to r  

i s g i  ven i n the f o l  1  owi ng sec t ion  a1 ong w i  t h  some performance speci f i c a t i  ons. 

The microwave sensor i s  monostat ic,  employing a  s i n g l e  antenna f o r  bo th  

t h e  t r a n s m i t  and the  rece ive  funct ions.  I n t r u s i o n  de tec t i on  i s  based on t h e  Dop- 

p l e r  frequency s h i f t .  A  b lock  diagram o f  t h e  microwave sensor i s  shown i n  Fig.  

8.2.2-2. A t r a n s i s t o r i z e d  o s c i l l a t o r  feeds microwave power through a  specia l  ba- 

1  anced mixer  t o  a  transmi t l r e c e i  ve antenna. The mixer  heterodynes t h e  transmi t t e d  

* 
T h i s  i s  a  del i b e r a t e  design e r ro r .  Leaving any mat o f  an area i n  the  c i r c u i t  

** w i l l  prevent  a  superv isory alarm. 
A more complete d iscuss ion can be found i n  Ref. 8-8. 
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Figure 8.2.1-4 Floor Mat Electrical Schematic 
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and rece ived f requencies t o  de r i ve  the  Doppler s igna l  present  when the re  i s  

mot ion  w i t h i n  the  f i e 1  d-of-view (FOV). Th is  s igna l  i s  f e d  t o  a  high-gain 

Doppler ampl i f i e r  which cons is t s  o f  a  f i l  ter-preamp1 i f i e r  d r i v i n g  a  f i l t e r -  

postampl i f i e r .  I f  t h e  ampl i f i e d  Doppler s igna l  i s  o f  s u f f i c i e n t  ampl i t u d e  and 

du ra t i on ,  t h e  r e c t i f i e r - i n t e g r a t o r  b u i l d s  up a  dc vo l tage l e v e l  which t r i g g e r s  

t h e  alarm l e v e l  de tec to r  and i n i t i a t e s  an alarm output. The p r o b a b i l i t y  o f  de- 

t e c t i o n  o f  a  human s i zed  ob jec t *  i s  .95 a t  a  95-percent conf idence l e v e l .  

Signal 1  i n e s  f rom the microwave i n t r u s i o n  de tec to r  a re  enclosed i n  pres- 

s u r i z e d  conduit .  The de tec to r  conta ins  a  backup i n t e r n a l  power supply capable 

o f  ma in ta in ing  opera t i on  f o r  f o u r  hours. Loss o f  t h e  prime power supply provides 

an i n d i c a t i o n  t o  t h e  MC System. The screws ho ld ing  the  access cover p l a t e  w i l l  

cause a  tamper alarm upon withdrawal t o  6 mm. The microwave i n t r u s i o n  detec tor  

system has a  MTBF o f  8500 hours. 

8.2.3 INFRARED INTRUSION DETECTOR** 

Four i n f r a r e d  sensors a re  employed t o  prov ide  add i t i ona l  p r o t e c t i o n  a t  

t h e  p o r t a l s  t o  t h e  MAA. The l o c a t i o n s  o f  these sensors i s  shown i n  Fig.  8.2.3-1. 

Sensors are l o c a t e d  on e i t h e r  s i d e  o f  t h e  CCAS p o r t a l  booth. Two sensors a re  a l s o  

l o c a t e d  outs ide  o f  t h e  MAA so as t o  moni tor  t he  emergency and equipment e x i t s  r e -  

spec t i ve l y .  A b r i e f  summary o f  t h e  p r i n c i p l e s  o f  opera t ion  o f  the  sensor i s  g iven 

i n  t h i s  sec t i on  a long w i t h  the  performance o f  t h i s  device. 

The passive i n f r a r e d  system responds t o  the  energy emi t ted  by human 

i n t r u d e r ,  which i s  about equal t o  the  heat  from a 500-watt l i g h t  bulb. These 

systems empl oy spec ia l  o p t i c a l  and e l e c t r o n i c  techniques t h a t  1  i m i  t i t s  detec- 

t i o n  p r i m a r i l y  t o  a  human i n  motion. Th is  passive i n f r a r e d  de tec t i on  system i s  

t h e r e f o r e  n o t  sub jec t  t o  f a l s e  alarms caused by sound, v i b r a t i o n ,  e ' lect r ica ' l  o r  

r a d i o  disturbances, o r  motion outs ide  the  p ro tec ted  area. 

The p r o b a b i l i t y  o f  de tec t i on  o f  a  human s i zed  ob jec t *  i s  .95 a t  a  

95-percent conf idence 1  eve1 . 
Signal l i n e s  from the I R  i n t r u s i o n  detec tor  a re  enclosed i n  pressur ized 

condui t .  The de tec to r  conta ins  a  backup i n t e r n a l  power supply capable o f  main- 

t a i n i n g  opera t ion  f o r  f o u r  hours. Loss o f  t he  prime power supply provides an 

*Taken t o  be 0.188 m2 ( s i d e  p r o f i l e )  
** 

A more complete d iscussion can be found i n  Ref. 8-8. 



I, . . .  

. . 
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i n d i c a t i o n  t o  the  MC system. The screws ho ld ing  t h e  access cover p l a t e  w i l l  

cause a tamper alarm upon withdrawal t o  6 mm. 

The i n f r a r e d  de tec t i on  system has a MTBF o f  8500 hours. 

8.2.4 COMPUTER CONTROLLED ACCESS SYSTEM BOOTH 

The CCAS booth i s  described i n  Sect ion  9 o f  t h i s  repor t .  

8.2.5 CLOSED CIRCUIT TELEVISION SYSTEM* 

C r i t i c a l  areas i n  the  MAA a re  monitored by w a l l  mounted CCTV cameras. 

The areas monitored, and t h e  l o c a t i o n s  o f  t he  cameras are shown i n  Figs. 8.2.5-1 

and 8.2.5-2. A b r i e f  summary o f  t h e  p r i n c i p l e s  o f  opera t ion  o f  t he  CCTV system 

i s  g iven i n  t h i s  sect ion.  

The essen t ia l  elements o f  t h e  monochrome system inc lude:  (a )  cameras 

and 1 i ght ing,  ( b )  t ransmission systems, ( c )  p i c t u r e  monitors, and (d )  c o n t r o l s  

f o r  swi tch ing  and d i s t r i b u t i o n .  A simp1 i f i e d  schematic o f  t he  CCTV system i s  

shown i n  Fig. 8.2.5-3. 

The CCTV uses an Antimony T r i s u l  f i d e  Vid icon tube as the  l i g h t  sensing 

device. This tube r e q u i r e s  approximately 0.1 f o o t  candles ( f c )  o f  face p l a t e  

il lumina t ion  t o  prov ide  a c l e a r  p i c tu re .  The s igna l  i s  t ransmi t ted  from the  CCTV 

camera t o  t h e  moni to r  by means o f  coax ia l  cables enclosed w i t h i n  pressur ized con- 

d u i  t. 

Te lev i s ion  s igna ls  are  d i s t r i b u t e d  t o  both MC-1 and MC-2 s ta t ions .  I n  

general , the  moni t o r s  f o r  the  CCTV system w i  19 d isp lay  on ly  scenes i n  which 

t h e r e  i s  motion (as  determined by the  Video Motion Detector) .  A l l  cameras are  

equipped w i t h  pan mounts and zoom lens  which may be c o n t r o l  l e d  from MC-1 o r  MC-2. 

A record ing o f  t h e  s igna l  i s  made on a f a s t  v ideo playback d isk.  T h i r t y  

seconds o f  v ideo i s  s to red  on t h i s  d isk.  Detec t ion  o f  a r a s t e r  change ( i n d i c a t i n g  

mot ion)  causes the  r e t e n t i o n  o f  t he  previous 3U second pe r lod  o f  s to red images. 

Video tape recorders  reco rd  t h i s  s e t  o f  images p l u s  the  images dur ing  the  t ime 

f o r  which the  T.V. moni tors are  on ( e i t h e r  motion o r  operator  t r iggered) .  

*See Ref. 8-9. 
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9.0 PORTAL CONTROL SYSTEM 

The Por ta l  Contro l  system (Fig.' 9-11 has been designed t o  prov ide  c o n t r o l  

and moni to r ing  over personnel f l ow  i n t o  and o u t  o f  t h e  Ma te r ia l  Access Area, 

MAA. It i s  composed o f  t he  f o l l o w i n g  elements: 

1. Computer Con t ro l l ed  Access System - (CCAS) 

Th is  i s  the  only entrance and e x i t  f o r  t he  MAA used under normal oper- 

a t i n g  condi t ions.  

2. Guard Booth 

Manned i n  specia l  s i t u a t i o n s  t o  moni tor  personnel and equipment t ran -  

s i t  through CCAS booth. 

3.  Emergency and Equipment (E and E )  P o r t a l  

This i s  used f o r  t he  t ranspor ta t i on  o f  heavy equipment. 

4. Crash Door 

Th is  i s  used f o r  emergency access o r  egress t o  the  Ma te r ia l  Access 

area. 

5. I n f r a r e d  Personnel ~ e t e c t o r  - Provides de tec t i on  backup t o  CCAS.. 

Both t h e  E and E p o r t a l  and t h e  crash door are  armed t o  sound both  an 

aud ib le  alarm and t ransmi t  a  s igna l  t o  the  MC System Computer. 

Emergency e x i t s  are n o t  blocked so as t o  a l l o w  r a p i d  access o r  egress, 

The system described here has fea tures  t h a t  a re  pat terned a f t e r  a  system 

developed a t  LLL (Ref. 9-1) and'which has been i n  use there  s ince December 1975. 

The LLL system present ly  c o n t r o l s  personnel access t o  11 separate a r e a s a t  t h e  

Laboratory and conta ins  20 badge-reader s ta t i ons .  

The f o l l o w i n g  sect ions describe the  P o r t a l  Contro l  System i n  d e t a i l .  

9.1 COMPUTER CONTROLLED ACCESS SYSTEM BOOTH (Ref. 9-2) 

.Entrance i n t o  o r  e x i t  from the MAA.can be made dur ing  normal operat ions on ly  

through a  Computer-Control l e d  Access System .(CCAS) booth shown i n  Fig.  9.1-1. Th is  

booth i s  l oca ted  a t  t he  e n t r y  t o  the  MAA as shown i n  Fig. 9-1. A1 1  access t o  the  

storage area i s  through t h i s  system except f o r  emergency s i t ua t i ons .  A l l  o ther  

doors a re  secured and can be used only i n  emergency s i t u a t i o n s  which t r i g g e r  both 

l o c a l  aud ib le  and remote MC alarms i n  both M C - 1  and MC-2 con t ro l  s ta t ions .  

The $urpose o f  t h e  CCAS booth i s  t o  

l i m i t  the-personnel  who are i n  the  MAA, 

i den t i  fy these personnel as t o .  t h e i  r i n d i v i  dual i den t i  t y  , t h e i r  

purpose, and t h e  t ime o f  t h e i r  e n t r y  and e x i t ,  
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' moni to r  c e r t a i n  c r i t i c a l  parameters such as personnel I D ,  weight,  

metal presence, and r a d i a t i o n ,  and 

p rov ide  emergency o r  panic access/egress t o  the  MAA. 

The CCAS booth does n o t  c o n t r o l  access autonomously. Normal egress from 

t h e  booth i n  e i t h e r  d i r e c t i o n  i s  under the  c o n t r o l  o f  e i t h e r  MC-1,O o r  MC-2,O 

w i t h  ove r r i de  a u t h o r i t y  reserved f o r  MC-2,O. 

Access t o  o r  egress from the.MAA through the  CCAS booth requ i res  the  f o l -  

1 owi ng cond i t i ons :  

Cor rec t  personal I d e n t i f i c a t i o n  Badge - t h e  i d e n t i t y  o f  au thor ized CCAS 

users w i l l  be s t o r c d  i n  the  MG computer system (both  MC-1 and MC-2). 

Cor rec t  personal I D  number code entered through CCAS keyboard - these 

I D  numbers a re  s to red  i n  t h e  MC computer system. 
' Correc t  procedure I D  ca rd  - author ized procedures and operators, and 

scheduled t imes a r e  s tored i n  MC computer system. 

Cor rec t  weight  - weight  o f  au thor ized users i s  s tored i n  MC computer 

system. 

Enable from MC System Operator - e i t h e r  the  MC-1 o r  MC-2 computer 

can enable t h e  door un lock ing mechani sm. Actual un lock ing  requ i res  

MC-1,U o r  MC-2,O and CCAS concurrence. 

F igure  9.1-2 shows t h e  procedure which must be fo l lowed t o  use t h e  CCAS 

and the  i n t e r a c t i o n s  w i t h  t h e  MC System. 

9.1.1 PROCEDURE FOR USE OF CCAS 

The steps. i n  e n t e r i n g  o r  1 eavi rig t h e  MAA v i a  the  CCAS booth a re  expla ined 

below along w i t h  a d e s c r i p t i o n  o f  t h e  sal i e n t  fea tures  o f  t h e  hardware r e l e v a n t  

t o  cach stcp. 

SELECT PROCEDURE CARD 

A procedure ca rd  s i m i l a r  t o  the  einployee I D  badge i s  requ i red  i n  order  

t o  en te r  the  MAA through t h e  CCAS booth. A ca rd  f o r  each normal opera t ing  

procedure i s  s to red  i n  a rack a t  t h e  l o c a l  c o n t r o l  panel l oca ted  ou ts ide  o f  t he  

CCAS booth. Th is  ca rd  conta ins  a b inary  coded 2 2 - b i t  metal s t r i p  f o r  s e c u r i t y  

purposes. The code w i l l  be read i n  the  CCAS booth and i s  used t o  n o t i f y  the  MC 

system as t o  t h e  purpose o f  the  i n d i v i d u a l  us ing  t h e  booth. 

ATTEMPT TO OPEN CCAS BOOTH DOOR 

Opening e i t h e r  door t o  the  CCAS booth requ i res  t h e  p u l l i n g  o f  t h e  
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t r i g g e r - l i k e  sw i t ch  a c t i v a t o r  t h a t  i s  b u i l t  i n t o  the  door handle. Th is  a c t i o n  

prevents  un lock ing t h e  opposi te door ( t h a t  might  occur on near-simul taneous ac- 

t i o n )  and unlocks t h e  near door i n  t h a t  order. That i s ,  i f  two persons, one on 

each side, should try t o  en te r  t h e  booth simultaneously, t he  f i r s t  door-swi t c h  

c l o s u r e  a c t i o n  w i l l  p revent  the  un lock ing o f  t he  opposi te door be fore  i t  unlocks 

i t s  own door. Th is  design fea tu re  ensures t h a t  bo th  doors.can n o t  be open a t  

t h e  same time. 

The at tempt t o  open a dobr w i t h  t h e  o the r  door already open w i l l  b r i n g  

t h e  MC system t o  a low l e v e l  a l e r t .  The MC Operator w i l l  then query the  user 

by means o f  an intercom as t o  the  nature  o f  t h e  problem. 

ENTER CCAS BOO~H 
I t  t he  o the r -  door i s  closed, t h e  user may en te r  the  CCAS booth. 

TURN ON CCTV 

The CCAS system n o t i f i e s  the  MC Operator t h a t  t h e  booth i s  i n  use and 

t u r n s  on t h e  overhead CCTV system. The CCTV i s  a v i sua l  moni tor  f o r  t h e  

d e t e c t i o n  o f  abnormal s i t u a t i o n s .  The MC operator  w i l l  genera l ly  scan care- 

f u l l y  t h e  booth and person i n  i t  f o r  any unusual v i sua l  i n d i c a t o r s  such as 

t h e  person c a r r y i n g  something n o t  scheduled f o r  t h i  s  procedure. 

Also, the  CCTV camera i t s e l f  has a psychological  value aga ins t  d i v e r s i o n  

attempts. The f a c t  t h a t  t h e  system 'uses CCTV would deter  c e r t a i n  ac t i nns  t h a t  

might  be v i  sual l y  detectabl  e dur ing t r a n s i t  through t h e  booth. 

I n  add i t i on ,  t h e  CCTV provides an a d d i t i o n a l  means f o r  a s s i s t i n g  someone 

e i t h e r  confused as t o  t h e  proper opera t ion  i nvo lved  i n  us ing t h e  booth o r  by 

an equipment ma1 func t ion .  

ENTER- I D  CARD . . 

Upon e n t e r i n q  the  booth, t he  nr r l lpant  w i l l  be i n c t r u c t c d  by a l i g h t e d  

1 egend t o  "INSERT 1D,.CARDu . 
The person must i n s e r t  I D  ca rd  ( face up) i n t o  the  ID-card reader u n t i l  

an amber "ready" 1 i g h t  goes out. Th.i s  ensures t h a t  t h e  I D  card  has been i n s e r t e d  

t o  f u l l  depth f o r  proper reading. When t h e  amber 1 i g h t  goes out,  t h e  person 

must remove t h e  I D  card. During the  t ime i t  takes t o  remove t h e  I D  card, t h e  

coded in fo rmat ion  i s  read i n t o  the CCAS. 

ENTER PERSONAL ID NUMBER 

A f t e r  removal o f  t h e  I D  card, t h e  user en ters  a personal I D  number 



v i a  a  t e l  ephone s ty1  e  "touch tone" keyboard. Thi s  number 'i s randomly 

selected by the  employee and changed on a p e r i o d i c  basis. The purpose o f  

t h i s  number i s  t o  v e r i f y  the  owner o f  t h e  I D  card. 

VERIFY I D  NUMBER. (BADGE PAIR) 

The CCAS computer system compares the  code from the  I D  c a r d  and 

the  personal I D  number f o r  consistency. Both codes are  s tored on t h e  CCAS 

computer d i sk  memory system. 

WEIGH OCCUPANT 

The CCAS booth weighs i t s  contents and compares t h i s  weight t o  

pres tored values f o r  t he  i nd i v idua l .  An o u t  of to le rance weight causes 

a  MC system a1 e r t .  

ENTER PROCEDURE CARD 

The procedure card  i s  entered i n t o  a  reader s i m i l a r  t o  the I D  badge 

reader. This card  i s  entered and withdrawn i n  the  same manner. The card  i n -  

t e r n a l  code i s  read by the  CCAS upon withdrawal.  This opera t ion  s t a r t s  ( o r  

terminates ) the  MC s,ystem procedure moni t o r i  ng . 
REQUEST PROCEDURE VERIFICATION 

,The CCAS requests a  v e r i f i c a t i o n  t h a t  t he  i d e n t i f i e d  i n d f v i d u a l  i s  

au thor ized t o  perform. t h e  i dent i  f i e d  opera t ing  procedure a t  t h i  s  time. Th is  

i n fo rma t ion  i s  s tored i n  the  MC computer system and i s  loaded as .a d a i l y  work 

r o s t e r  .each day by the  MC-2 operator  (process c o n t r o l  1. 
F a i l u r e  t o  determine a  preauthor ized reason f o r  access f o r  t h e  i n d j -  

v idua l  t r i g g e r s  an MC alarm c o n d i t i o n  (TDR-1). 

A d e t a i l e d  d e s c r i p t i o n  o f  t he  use o f  t h e  procedure sequence in fo rmat ion  

s tored I n  t h e  MC computer system i s  g iven i n  Sect ion 3. 

SCAN CCAS INTERNAL ENVIRONMENT 

The r a d i a t i o n  detec tor  and metal de tec to r  moni to r  t he  i n t e r n a l  envi ron-  

ment o f  t h e  CCAS on a  cont inuous basis. Detec t ion  o f  r a d i a t i o n  above the  nominal 

background l e v e l  o r  o f  f e r rous  o r  non-ferrous metal w i l l  cause an MC a l e r t .  

OVERRIDE 

The MC operators have the  a u t h o r i t y  t o  ove r r i de  some func t i ons  o f  t h e  

CCAS booth. Funct ions which can be overr idden by t h e  MC-1  (Secur i t y  Guard) 

opera tor  i nc l  ude: 

1) lockou t  due t o  metal de tec t i on  

2)  h igh  or 1 ow wefght 



The on ly  f u n c t i o n  which requ i  res  MC-2 concurrence (Process Contro l  

S t a t i o n )  t o  o v e r r i d e  i s :  

RADIATION DETECTION 

I n  order  t o  achieve a CCAS over r ide ,  t he  MC Operator must i n s e r t  h i s  I D  

c a r d  i n t o  t h e  reader a t  t h e  MC s t a t i o n  and type i n  h i s  personal I D  number and 

f o l l  ow an anomaly cancel l a t i o n  check1 i s t .  Thi s  w i l l  be recorded and reviewed 

by p l a n t  management a t  t h e  end o f  a work s h i f t  (see Sect ion 3) .  

UNLOCK DOOR 

The door opposi te t o  the  door used f o r  e n t r y  i s  unlocked by t h e  MC - 
opera to r  (genera l l y  MC-1,O) w i t h  t h e  concurrence o f  t h e  CCAS. , 

EX1.T BOOTH 

The opera tor  e x i t s  the  CCAS booth. 

9.1.2 CCAS BOOTH HARDWARE 

9.1.2.1 CCAS BOOTH 

The phys ica l  c o n f i g u r a t i o n  o f  t h e  CCAS booth was shown schemat ical ly  

i n  F ig.  9.1-1. The e n t i r e  booth i s  mounted so as t o  form a p l a t f o r m  f o r  

weighing personnel and- equipment. Personnel weights a re  compared t o  prestored 

weights and p e r i o d i c a l  l y  updated. Overhead-mounted CCTV moni tors t h e  booth f o r  

number o f  personnel and presence o f  l a r g e  p ieces o f  equipment. The CCAS booth 

i s  1 i nked  v i a  audio in tercom t o  bo th  MC-1  and MC-2. 

Addi t ior la1 mon i to r i ng  of t he  phys ica l  envi ronment i n s i d e  the  booth i s 

p r o v i  ded by metal de tec tors  ( f e r r o u s  and non-ferSr*ous) and a nuclear  r a d i a t i o n  

detec tor .  The booth a l s o  conta ins  a personnel ' ID-card reader, procedure ca rd  

reader  and emergency door openers. The procedure ca rd  i s  used t o  i d e n t i f y  the  

procedure t o  be conducted t h a t  was p rcv ious l y  entered i n t o  the  CCAS computer. 

I n  11ur.rna1 operat ion,  bo th  doors cannbt be open a t  t he  same time. The 

a c t  o f  opening one door i n h i b i t s  the  un lock ing the  o the r  o r  e x i t  door. The 

booth i n t e r i o r  dimensions are: f l o o r  area, 1 x 2 meters; he ight ,  2 me1er.s. 

As a constant  check o n  system operat ion,  random s igna l  s  a re  cont inu-  

ous l y  t ransmi t ted ,  returned,  and checked on re turn .  These s igna ls  a re  sent  

v i a  RF c a r r i e r  us ing  phase-lock-loop de tec t i on  t o  minimize the  e f f e c t  o f  noise. 

Badge readers a1 so use d i  f f e r e n t i  a1 c? r c u i  t r y  t o  minimize noi  se pickup. Reader 

c i r c u i t r y  i s - m o s t l y  d i g i t a l  , us ing  CMOS l o g i c  f o r  low power. The readers a re  

b a t t e r y  powered, w i t h  ac-powered chargers t o  prevent  the  u n i t s  from going down 

w i t h  l o c a l  power f a i l u r e s .  Reader c i r c u i t r y  i s  modular t o  a l l ow  f o r  d i f f e r e n t  



configurations,  such a s  1 ogging s t a t i ons ;  booth con t ro l ,  code readers,  o r  weight 
s t a t i ons .  Local c i  rcui t board jumpers ..a1 1 ow optional hardware programmi ng,  such 
as  f r e e  booth egress  o r  required muster- l i s t  control .  In addi t ion,  reader and 
receiver  units each have a data scrambling card t o  change data from one l i n e  to  
another. The e n t i r e  receiver c r a t e  i s  in terfaced t o  the  computer via a d i r ec t -  
memory-access channel and p r io r i  ty-i n te r rup t  control t o  minimize the requi red 
software overhead. The system modul a r  design a1 1 ows quick rep1 acement f o r .  repai r 
and maintenance. The booth c i r cu i t r y  ( rece iver  c r a t e )  i s  i n  an alarmed locked 
chamber access ible  only from the  i n t e r i o r  of ' the  booth. 
9.1.2.2 ID AND PROCEDURE CARDS 

The ID card uses a binary-coded, 22-bit s tr ip f o r  secur i ty  purposes. 
The code i d e n t i f i e s  only t he  ID card; i t  contains no personal o r  secur.ity data. 
The code i s  used only t o  es tab l i sh  f i l e  location.  T h u s ,  un t i l  properly entered 
in to  t he  CCAS system, the  code has no significance.  Each b i t  strip i s  randomly 
encoded and each strip i s  a scrambled code, which allows new ID card i s sues  o r  
t o t a l  changes without hardware changes. 

The b i t  strips a r e  copper, and an eddy-current technique i s  used t o  
read the  code. T h i s  arrangement was se lected because magnetic coding was 
considered too suscept ib le  t o  i den t i f i c a t i on ,  damage, o r  a l t e r a t i on  and because : 

some employees may be i n  the  v ic in i ty  of high magnetic f i e l d s .  
9.1.2.3 RADIATION MONITOR 

. . A radia t ion monitor t o  de t ec t  the  presence of pl utoni urn-239 i s' 1 ocated 
i n  the CCAS booth a s  indicated i n  Fig. 9.1-1. The detector  i s  sensi tiv'e t o  

. 

both Y and neutron radia t ion t h a t  emanates from plutonium. Detection of radia-  
t ion  pa r t i c l e s  generates pul.ses i n  the  e lec t ron ic  detector  c i r cu i t r y .  These 
pulses a r e  amplified, f i l t e r e d ,  and fed t o  alarm logic  which in tegra tes  t he  
number of pulses t h a t  occur i n  a given period o f , t ime .  If the  number of pulses 
exceeds a s e t  thresh01 d ,  an alarm condition ensues. 

The radia t ion monitor i s equi pped w i t h  an automatic background updating 
system which peri.odica1 ly monitors and averages the  background radi 'ation. T h i  s 
function i s  accomplished i n  a random fashion d u r i n g  time periods when the booth 
i s  not i n  use. The l o s s  of the  background rad ia t ion  counts is  used .as an alarm 
indicat ion and the MC system i s  not i f ied .  J 

The radia t ion detectors  a r e  arranged such t h a t  a l l  dead spots  a r e  e l i -  
.minated i f  the  individual i s  standing i n  the  place defined by the  detectors .  



A t r e a d l e  pad i s  used t o  i n d i c a t e  t h a t  t h e  s e n s i t i v e  area i s  occupied. This pad 

i s  a l s o  used t o  v e r i f y  t h a t  t he  s e n s i t i v e  area has been occupied f o r  t he  requ i red  

l e n g t h  o f  t ime t o  achieve the necessary r a d i a t i o n  de tec t i on  s e n s i t i v i t y .  That i s ,  

t h e  measurement has proceeded l o n g  enough t o  reach the  des i red  r a t i o  o f  probabi- 

1 i ty o f  de tec t i on  o f  t o  p r o b a b i l i t y  o f  fa1 se alarm. 

The r a d i a t i o n  moni to r  s p e c i f i c a t i o n  (Ref. 9-3) i s  t h a t  i t  w i l l  de tec t  

a minimum o f  0.5 gram o f  puZ3' encased i n  3 mm o f  brass a t  a 90% confidence 

1 i m i t  and a f a l s e  alarm p r o b a b i l i t y  o f  l e s s  than 0.1%. 

9.1.2.4 METAL DETECTORS 

Both fe r rous  and non-ferrous metal de tec tors  are used. Frequent ly  used 

t o o l  s  and suppl i e s  a re  k e p t  i n  t h e  MAA; there fore ,  a d d i t i o n a l  equipment, t o o l  s, 

o r  supp l ies  t h a t  would t r i g g e r  t h e  metal de tec tors  must be t r a n s f e r r e d  through 

t h e  CCAS booth by spec ia l  procedure, such as, deac t i va t i on  o f  t he  metal de tec tors  

and s e c u r i t y  i nspec t ion  a t  the  booth. 

The metal de tec tors  a r e  checked f o r  normal de tec t i on  performance on a 

random basis. The sensing element i s  mounted on the  wa l l s ,  c e i l i n g ,  and f l o o r  

o f  t he  booth forming an arch so t h a t  no o b j e c t  can go through w i thou t  passing 

t-hrnugh the  sensi ng e l  ement. 

The metal de tec to r  can de tec t  200 grams o f  non-ferrous s h i e l d i n g  mate- 

r i a l  (Ref. .9-4). 
A 

9.1.2.5 WEIGHING PLATFORM 

The e n t i r e  f l o o r  o f  t h e  booth i s  a p l a t f o r m  f o r  weighing the  contents 

o f  t h e  booth. The weighing accuracy i s  - +0.5%, b u t  to le rance on any weighing ac- 

t i o n  i s  - +3% o f  the  computer-stored value f o r  t he  ID-card i d e n t i f i e d  person. Th is  

f u n c t i o n  provides an automatic v e r i t i c a t i o n  t h a t  o n l y  one person i s  present i n  

t h e  booth. 

The weight  measurements f o r  each i n d i v i d u a l  who uses t h e  booth are 

s to red  and processed t o  prov ide  d r.unr~itig record o f  the mean wcight  and standard 

d e v i a t i o n  and there fore ,  any unusual change i n  these parameters. 

The t a r e  ( re ference)  f o r  weight  measurements i s  measured a t  f requent  

i n t e r v a l s  when t h e  booth i s  empty. Any s i g n i f i c a n t  departure (+3%) - from i t s  

mean value causes an a l e r t  t o  be sent  t o  the  MC system. 

9.1.2.6 COMMUNICATION LINES 

A l l  l i n e s  t o  t h e  CCAS booth a re  encased i n  condu i t  and pressur ized w i t h  

d r y  n i t rogen.  Pressure i n  these 1 ines  i s  monitored cont inuously f o r  bo th  leaks  



and d e l i b e r a t e  tampqring. Pressure dev ia t i ons  o f  more than 0.1 p s i  are repor ted  

t o  the  MCS. Communications between W e  booth and MC-1  o r  MC-2 are  made v i a  these 

cab1 es as frequency-shi f t -keyed (FSK) d i g i t a l  communications a t  a 400 baud rate.  

9.1.2.7 TREADLE MAT 

The user o f  t he  CCAS i s  fo rced t o  pass through the  metal de tec t i on  loop 

and the  r a d i a t i o n  detec tor  by the  c o n f i g u r a t i o n  o f  t he  booth. V e r i f i c a t i o n  o f  

h i s  p o s i t i o n  i n  t h e  booth i s  provided by the  f l o o r  t r e a d l e  mats. The weight  

th resho ld  o f  these mats i s  15 1 bs (Ref. 9-5). 

9.1.2.8 EMERGENCY OPEN SWITCH 

To prevent  t rapp ing  a person i n  the  booth o r  the  MAA du r ing  an emer- 

gency, e i t h e r  door can be opened e a s i l y  by a pushbutton mechanical overr ide.  

Th is  a c t i o n  sounds a l o c a l  aud ib le  alarm and a l so  a l e r t s  the  MC system. Emer- 

gency pushbutton door openers are  a l so  mounted on the  outs ide  o f  each door i n  

case a person i s  unconscious o r  otherwise %capaci tated i n s i d e  the  booth. Again, 

t h i  s  a c t i o n  sounds a1 arms both  1 o c a l l y  and remotely. 
, - 

F a i l u r e  o f  a person t o  e x i t  t h e  booth i.n e i t h e r  d i r e c t i o n  a f t e r  some 

nominal t ime pe r iod  has elapsed w i l l  be detected by the  CCAS computer which 

w i l l  a l e r t  t h e  MC.-1 and MC-2 computer systems. 

9.1.2.9 INTERCOM 

The intercom f a c i  1 i t a t e s  booth opera t i  on p a r t i c u l  a r l y  i f the  person i n  

the  booth gets confused o r  an equipment mal func t ion  occurs. I n  any s i t u a t i o n  

such as t h i s ,  MC-1 o r  MC-2 can a s s i s t  t he  person by intercom and send assistance 

i f needed. The c l  osed-ci r c u i  t TV (CCTV) provides add i t i ona l  support f o r  unusual 

as we l l  as abnormal s i t ua t i ons .  

9.1.2.10 CCTV 

The c losed c i r c u i t  t e l e v i s i o n  system cons is t s  o f  an overhead camera 

(v id icon,)  which pro.vides a top  view o f  t h e  booth and a second camera mounted 
. . 

so as t o  view the  booth user when I D  and procedure cards are  inserted.. These 

cameras are  always on. The moni tors i n  t h e  MC-1  a n d  MC-2 s t a t i o n s  for these 
. . 

cameras a re  turned on by any o f  t he  f o l l o w i n g  c ~ n d j  t i ~ n s :  
. . 

( 1 )  Door opened . . 

( 2  1 Emergency e x i  t swi tches pushed . . 

( 3 )  Detect ion o f  i n d i v i d u a l  in. f r o n t  o f  booth by an I R  de tec tor .  

( 4 )  Change i n  output  o f  CCTV cameras (Moving Target  I n d i c a t o r -  

MTI ) 



(5) Detec t i on  o f  weight change from empty booth nominal weight. 

9.2 COMPUTER SYSTEM 

The r e l a t i o n s h i p  o f  t h e  computer system t o  the  access-control booth i s  shown 

i n  Fig.  9.2-1. The s p e c i a l l y  designed CCAS computer i n t e r f a c e ,  associated badge 

and procedure c a r d  readers, and computer software were a l l  designed f o r  f a i l - s a f e  

secu r i t y .  That i s ,  proper s igna ls  must be g iven i n  proper sequence and i n  proper 

t ime  frame be fo re  passage i s  allowed. I f  an i n c o r r e c t  sequence occurs--whether 

a c c i d e n t a l l y  o r  in ten t iona l ly - -access  i s  n o t  allowed. The CCAS opera t ion  system 

can be mod i f i ed  on ly  v i a  t h e  MC-2 computer system. There, any program modi f ica-  

t i o n  can be made; but ,  t h e  room i s locked and i s  under t h e  s u r v e i l  lance o f  a t  

l e a s t  two s e c u r i t y  o f f i c e r s  a t  a l l  times. Mod i f i ca t i ons  r e q u i r e  the  e n t r y  o f  a  

spec ia l  I D  card  i n t o  a  card  reader located a t  t he  MC-2 (Process Control  ) s ta -  

t i o n  and requ i res  the  approval o f  t he  P l a n t  Manager. 

The CCAS computer software i s  designed t o  i n t e r a c t  w i t h  t h e  MC-1  and MC-2 

software. Actual c o n t r o l  and mon i to r i ng  o f  the  CCAS i s  performed by the  CCAS 

software. The func t i ons  o f  t h i s  sof tware are: 

Accept data from I D  Card and Number Readers 

Check f o r  proper cond i t i ons  and sequences 

Check f o r  personnel and procedure a u t h o r i z a t i o n  

Moni to r  t he  CCAS f o r  ma1 func t i ons  o r  anomalies 

Provi  de sel  f d iagnost ic  capabi 1  i ty 

Record a l l  t ransact ions.  

Records a re  kep t  on a  magnetic d i sk  system loca ted  w i t h  the  CCAS computer. 

P e r i o d i c a l l y  t h e  contents o f  t h i s  d i sk  are  t r a n s f e r r e d  t o  t h e  MC-1  and MC-2 com- 

p u t e r  Systems. I n  add i t i on ,  a  permanent tape record ing o f  t h e  d i sk  content  i s  

made a t  t h e  end o f  each s h i f t .  Th is  record ing i s  r e t a i n e d  f o r  one year. 

The CCAS has redundant d i sc  f i l e s .  I f  e r r o r s  are  made on f i v e  successive 

reads, t h e  backup d i s c  i s  used. The backup d i sc  i s  recorded from t h e  backup 

magnetic tape. A f t e r  a  backup d i s c  i s  made, i t  i s  compared t o  i t s  working-di sc 

coun te rpa r t  t o  ensure the  accuracy and r e l i a b i l i t y  o f  t h e  backup copy. As a  f u r -  

t h e r  safeguard, a1 l discs  ca r ry  a  copy. of t h e  CCAS opera t ing  program f o r  r a p i d  

re1  oading should the  system f a i  1. To preserve c u r r e n t  data, c u r r e n t  booth-status 

and t ransac t ion  records a r e  kept  i n  an area o f  core  t h a t  cannot be ove rwr i t t en  by 

t h e  disc. A t  s t a r t - u p  time, the  booth i s  i n t e r r o g a t e d  as t o  i t s  c u r r e n t  s ta tus  

and program s t a r t i n g  p o i n t s  are ad jus ted t o  ensure t h a t  no i n fo rmat ion  about an 
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occupant i s  l o s t .  

Access f i l.es con ta in  the empl oyee number, weight, combination code, name 

p o i n t e r ,  c learance and access-author izat ion i n fo rmat ion  (i.e., type o f  access, 

e x p i r a t i o n  date, s p e c i a l - s h i f t  access, etc.  ). F ixed f i l e  l eng th  i s  used, b u t  

f i l e s  can be changed t o  pr0vid.e a v i r t u a l  l y  unl  i m i  t e d  number o f  accesses. 

As s t a t e d  above, r o s t e r  au tho r i za t i ons  can be made on ly  from the MC-2 com- 

p u t e r  system by t h e  process operator.  

9.3 EMERGENCY EXIT 

Entrance i n t o  o r  e x i t  from the  MAA under emergency cond i t i ons  can be made 

, t h r o u g h  th ree  por ta ' ls .  These were shown i n  Fig. 9-1 and are  discussed below. 

9.3.1 CCAS BOOTH 

The CCAS Booth has emergency switches on the  doors.on both the  MAA and 

o u t e r  g a l l e y  s ides as we l l  as i n s i d e  t h e  booth. Use o f  these switches causes 

an aud ib le  (gas-powered) alarm t o  sound both i n s i d e  and outs ide  o f  t h e  MAA. An 

a l e r t  s igna l  i s  a l s o  sent  t o  t h e  CCAS computer system and then t o  the  MC-1  and 

MC-2 computers. Thi s a1 arm c o n d i t i o n  t r i g g e r s  an automatic TDR-2' a1 e r t  1 evel 

and may t r i g g e r  a TDR-3 depending on p l a n t  s tatus.  I F  - 
9.3.2 EQUIPMENT PORTAL (E2) . . .." 

Th i s  p o r t a l  i s  genera l ly  used f o r  t he  t r a n s p o r t a t i o n  o f  1 arge o r  heavy 

equipment i n t o  and o u t  of the  MAA. I n  emergencies, i t  a1 so can be used f o r  

access t o  and egress from the MAA. It i s  alarmed i n  the  same way as the  emer- 

gency e x i t  p r o v i s i o n  i n  t h e  CCAS booth. 

9.3.3 CRASH DOOR (El) 

The crash door i s  provided f o r  bo th  access t o  and egress from the MAA 

i n  emergency s i t u a t i o n s .  It i s  alarmed i n  a manner s i m i l a r  t o  the  CCAS booth. 

9.4 EQUIPMENT TRANSPORT 

Some maintenance procedures w i l l  r e q u i r e  the  t r a n s p o r t a t i o n  o f  heavy 

equipment, t o o l s ,  o r  components . i n t o  o r  o u t  o f  t h e  MAA. The l a r g e r  pieces 

o f  equipment w i l l  be ;ransported through the  equipment p o r t a l  (EZ) by a 

spec ia l  t r a n s p o r t a t i o n  crew. Use of t h i  s p o r t a l  under author ized maintenance 

per iods  w i  11 cause an automatic (and spec ia l  ) TDR-1 a1 e r t  1 evel . Small e r  

equipment can be c a r r i e d  through t h e  CCAS booth. A l l  'equipment t ranspor ted 

f rom t h e  MAA ( th rough any p o r t a l )  w i l l  be scanned by neutron and Y r a d i a t i o n  

de tec to rs  and weighed. The weight w i l l  be compared t o  the  weight  a t  e n t r y  

.and recorded by t h e  MC computer system. Th is  scanning and disassembly, where 



poss ib le ,  w i l l  be c a r r i e d  o u t  by the  t r a n s p o r t a t i o n  crew. The members o f  the 

t ranspor ta t i on  crew w i l l  be d i f f e r e n t  than the  crew ac tua l  l y  per forming t h e  

maintenance w i  t h i n  the  MAA. 

' Approval of t h e  equipment removed w i l l  be entered i n t o  the  MC system v i a  

an I D  card  reader, " touch tone" push bu t ton  panel l oca ted  ou ts ide  o f  t he  

equipment p o r t a l .  This  approval w i l l  be recorded and a l l  approvals w i l l  be 

reviewed a t  the  end o f  each s h i f t .  

9.5 BACKUP PROTECTION SYSTEM 

Two i n f r a r e d  de tec t i on  systems are  mounted ou ts ide  o f  t he  CCAS booth as 

shown i n  F ig .  9-1. These are  n o t  l i n k e d  t o  the  CCAS computer system b u t  a r e  

w i red  d i r e c t l y  t o  the  M C - 1  and MC-2 computers. A s i gna l  rece ived by t h e  MC 

system from these devices w i t h o u t  a  con f i rm ing  s igna l  re layed  f rom the  CCAS 

computer system t r i g g e r s  an immediate TDR-2 a l e r t  l e v e l .  
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