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SECTION I 

INTRODUCTION 
* 

Research i n t o  t h e  mechanisms of environmental exposure involves t h e  study 

' of t h e  d ispers ion  and t r a n s f e r  process i n  various pathways from p lan t  e f f l u e n t s  

t o  man. One important p a r t  of t h e  study i s  an inves t iga t ion  of t h e  radionusl ides 

present  i n  individuals  from t h e  l o c a l  population by means of a whole-body counter ,  

Relat ionship of t h i s  body burden d a t a  t o  d i e t  and r a d i o a c t i v i t y  i n  l o c a l  food- 

s t u f f s  and t h e  s t a t i s t i c a l  d i s t r i b u t i o n  of these  doses allows est imation of t h e  

average rad ia t ion  dose received by l a r g e  population groups, t h e  dose t o  t h e  

"Maximum Individual"  member of t h e  pcpulat ion,  I n  order  t o  obtafn whole-body 

r a d i o a c t i v i t y  measurements from l a r g e  and va r i ed  segments of t h e  l o c a l  popula- 

t i o n ,  a shadow-shield whole-body counter was constructed i n  a van t h a t  could be 

r e a d i l y  moved t o  various population centers  f o r  s p e c i a l  research s tud ies  ( ~ i ~ u r e  

1 )  ., The design emphasizes f l e x i b i l i t y  of applf c a t i  on and self-containment s o  

t h a t  t h e  instrument can be used i n  a wide v a r i e t y  of s i t u a t i o n s ,  This p a r t i c u l a r  

whole-body counter i s  smaller  and more maneuverable than most mobile whole-body 

counters now i n  exis tence ,  I t 9 s  a t t r a c t i v e  i n t e r i o r ,  i l l u s t r a t e d  i n  Figures 2 

and 3, a ids  i n  publ ic  acceptance of t h e  program, 

This manual describes t h e  Whole-Body Counter Laboratory, Mobile Unit B ,  b u i l t  

and operated f o r  t h e  U.S, Atomic Energy Commission of t h e  P a c i f i c  Northwest by 

Battelle-Northwest,  Richland, Washington, and contains cons t ruct ion  s p e c i f i c a t i o n s ,  

operat ing procedures, and routf  ne maintenance d a t a  f o r  t h e  information of operat ing 
" 

personnel,  
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SECTION I1 

GENERAL DESCRIPTION OF LABORATORY 

The Whole-Body Counter Laboratory contains a number of highly specia l ized 

mechanical and e lec t ron ic  instruments designed t o  measure and record t h e  radio- 

nuclide body burden of humans. The system i s  composed of a f ive-ton lead 

shadow-shield counting chamber with p a l l e t  and pa l l e t -d r ive  assembly and a 

11-1/2 inch diameter by 6 inch t h i c k ,  sodium iodide c r y s t a l ,  equipped with 

seven photomult ipl ier  tubes ( ~ i ~ u r e  4). It a l s o  includes a pulse  height  multi- 

channel analyzer and da ta  readout system; a paper t ape  punch u n i t ;  a paper t ape  

reader; a high speed p r i n t e r ;  a high voltage power supply; and a l i n e  voltage 

condit ioner t o  regu la te  e l e c t r i c a l  power t o  the  e lec t ron ic  equipment, 

The Laboratory i s  b u i l t  i n t o  an 8 by 18 f o o t ,  f i b e r g l a s s  insu la ted ,  van 

which i s  temperature control led  by a heat pump. The van i s  mounted onto a t ruck 

r a t e d  a t  12-ton gross weight. Power requirements f o r  t h e  Laboratory a r e  20 A a t  

208/240 V ac,  These requirements a re  e a s i l y  met through d i r e c t  connection by 

t h e  l o c a l  e l e c t r i c a l  power company t o  a conventional i n d u s t r i a l  o r  domestic 

power source. 
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SECTION III 

BNWL- 115 I; 

COMPONENTS 

A ,  Shadow-Shield Counting Chamber 

8 

The shadow-shield counting chamber, constructed of lead  b r i ck ,  sheet  

l e a d  and s t e e l ,  i s  designed t o  s h i e l d  t h e  de tec to r  i n  a l l  d i r ec t ions  from 

gamma rays  emitted from sources o ther  than t h e  sub jec t  being counted, 

The s t r u c t u r e ,  i l l u s t r a t e d  i n  Figure 5 ,  includes a r i g i d  support f o r  t h e  

de tec to r  c r y s t a l ,  

The e x t e r i o r  of t h e  shadow-shield i s  1 4  f e e t  long,  a  m a x i m u m  s f  36 

inches wide, and 20 inches high t o  t h e  top of t h e  c r y s t a l  support p l a t e ,  

The c r y s t a l  c a s t l e ,  i oca ted  on top  af  the  support p l a t e ,  i s  an addi t f  onal  

20 fnches high and i s  25 inches i n  diameter,  The i n s i d e  physical  measure- 

ments a r e  1 4  f e e t  long and 24 inches wide, with a v e r t i c a l  space of 13-114 

inches under t h e  c r y s t a l  support p l a t e ,  The m p  m d  s i d e s  a r e  open f o r  

access,  a  d is tance  of 68 inahes from each end of t h e  s t r u c t u r e ,  

The c r y s t a l  c a s t l e  i s  constructed of 15  l ead  r i n g s ,  1 inch t h i c k ,  4 

inches wide, and 21-112 inches outs ide  diameter,  s tacked one upon t h e  s t h e r  

and capped with f i v e  s o l i d  l e a d  d i scs  314 inch  t h i c k  and 21-b/2 nnehes i n  

diameter,  A 3/8 inch t h i c k ,  25 inch s t e e l  top  d i s c ,  and s i x  s t e e l  rods 

t i e  t h e  c a s t l e  Lo t h e  support p l a t e .  

The e n t i r e  shadow-shPeld s t r u c t u r e  was covered wlth 16  gauge black 

sheet  i r o n  t o  secure t h e  l ead  b r i ck  s i d e  wa l l s ,  The sheet  metal was then 

secured i n  p lace  wi th  counter-sunk f l a t -hea t  screws and pain ted ,  The 

e n t i r e  shadow-shield s t r u c t u r e  was designed and assembled a t  t h e  P a c i f i c  

Northwest Laboratories ,  



B. Sodium Iodide Crystal  

The gamma ray detector  used i n  t h i s  Whole-Body Counter i s  an 11-1/2- 

inch diameter by 6-inch t h i ck ,  thalium ac t iva ted ,  sodium iodide c ry s t a l .  

The c r y s t a l  i s  sealed i n t o  a t h i n  s t a i n l e s s  s t e e l  container which i s  

equipped with seven quartz windows, each 3 inches i n  diameter. 

The c r y s t a l  container cons i s t s  of a t h i n  s t a i n l e s s  s t e e l  covering f o r  

t h e  c r y s t a l  f ace  and s i de s ,  a heavy mounting and support f lange,  and a 

heavy top containing the  quartz windows f o r  mounting t he  photomult ipl ier  

tubes. A heavy s t a i n l e s s  s t e e l  support frame was l oca l l y  fabr ica ted and 

i n s t a l l e d  between t h e  detector  and t h e  support p l a t e  of t h e  shadow sh ie ld .  

This support frame i s  shock mounted from t h e  c r y s t a l  by a semi-firm syn- 

t h e t i c  rubber gasket and i s  t i g h t l y  mounted t o  t h e  support p l a t e  of t h e  

shadow-shield. 

C , Photomultipl ier  Tubes 

Seven RCA, type ~70145 ,  Lucolux, Aluminum Oxide Window, Photomultiplier 

tubes were used with t h e  detector  c r y s t a l  t o  achieve a low 4 0 ~  background 

counting r a t e .  The combination of t h e  11-l/2-inch diameter by 6-inch t h i ck  

sodium iodide c r y s t a l  and t h e  seven Lucolux photomult ipl ier  tubes was pur- 

chased as  an assembly from t h e  Harskaw Company. After  phototube balancing, 

t e s t s  on t h e  assembly revealed a reso lu t ion  of approximately 8 percent .  

Dn Multi-Channel Analyzer 

The analyzer used i n  t h i s  system i s  a 1024-channel, pulse height  

multi -channel analyzer (Northern S c i e n t i f i c  , Model NS 610) . This analyzer 

i s  of s o l i d  s t a t e  construction and consequently i s  qu i te  temperature insen- 

s i t i v e .  The 1024-channel capacity provf des a s u f f i  c i  ent  number of channels 



f o r  the ~ e s o l u t i s n  capabi l f t les  of the  detector ,  The memory of t h e  analyzer 

e m  be dlvided in to  four quarters so t h a t  baskground counts can be stored sn 

one quar ter ,  data  accumulation i n  another and reference or  specia l  counts i n  

the  remaining quarters,  Also, data  can be t ransferred between quarters fo r  

f a s t e r  m d  more ve r sa t i l e  counting and analysis,  The analyzer f s  designed 

t o  handle several  d i f fe ren t  foms  s f  data lnput and readout devices, such as  

vf sua l  readout by oscil loscope,  hfgh speed printout on paper tape,  punched- 

paper tape reado-ut, and punched-paper tape readin t o  t he  analyzer nemoq fo r  

da% a reus age, 

Diet a d  Se r i a l  Number Coding Device 

A I sca l ly  designed and csnszrueted Se r i a l  Number Device (SND] i s  

included i n  the whohe-body couxter fnstrumentation, The %unction of the  SND 

i s  f a  pulse a cumerfeal code s f  99 zonsecutive d i g l t s  through the  readout 

sect-on of the multi-chamel analyzer t o  a paper-tape punch machine, Wath 

%he ald af t h i s  device, each whole-body radfoactfvsty measwenent can be 

prefixed wi~"h a s e r i a l  number and pertinenf ~nformat i sn ,  such as dlc4,ary 

data, punched In  code on the  paQer tape,  

A: " t h e  time t h l s  instrument was constructed, a spec ia l  t iner  unit was 

izacorper-ated t o  alksw se t t i ng  the multi-channel analyzer t o  count f o r  a 

present t ~ m e  i n  efthen, of two modes - Live t i ne  (correct ing &utomaticalXy 

for  dead t ime) ,  or  chock time, This  feature  increases %he f l e x i b i l i t y  of 

the  system, 

F, Paper Tape Punch and Reader 

A paper tape punch un i t  (Talky, Model 420 PR) i s  integrated with t he  

SND a d  the  memorg. readout sect ion ef the muhti-channel analyzer, This 
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uni t  punches a s e r i e s  of holes,  representing a binary code, i n t o  a paper 

t ape ,  This perforated tape  can then be s e t  t o  a computer f o r  e lec t ron ic  

analysi  s , computation, and permanent, magnetic t ape ,  record storage of 

t he  whole-body count and d i e t  information. A paper-tape reader  all^, 

Model 424 PK) i s  coupled t o  the  multi-channel analyzer so  t h a t  the  coded 

data  on t he  punched paper tape can be read back i n to  t he  analyzer memory 

f o r  reuse o r  e r ro r  checking of t h e  t a l l y  punch un i t .  

G o  High Speed P r i n t e r  

A high speed p r i n t e r  ( ~ o m o e  Data Logger, Model MC 1380% i s  used a s  an 

a l t e rna t e  form of readout f o r  t h e  multi-channel analyzer, This s o l i d  s t a t e  

p r i n t e r  i s  capable of electromechanically p r in t ing  out d i g i t a l  analyzer 

data  a t  a r a t e  of 1380 l i n e s  of e igh t  columns each per  minute, The p r i n t e r  

i s  used as a backup f o r  t he  t a l l y  punch un i t  and f o r  p r i n t i ng  gain check and 

control  count data.  

H, L i  ne Voltage Conditi oner 

An ac l i n e  voltage conditioner ( ~ l ~ a r ,  Model 60061 was  added t o  t h e  

system t o  insure  l i n e a r i t y ,  consistency, and accuracy of t he  counting equip- 

ment, The conditioner reconstructs  the  incoming l i n e  voltage and supplies 

t h e  e l e c t r i c a l  power f o r  t h e  analyzer and t he  hlgh voltage power supply of 

the  photomultiplier tubes. The output of t h e  conditioner i s  an 115 V ac 

s ine  wave f r ee  of a l l  switching and power l i n e  t r an s i en t s ,  This instrument 

a l s o  serves as an i so l a t i on  transformer, cu t t ing  h a m n i c  d f s t o r t l on  t o  

l e s s  than 0,25 percent .  Because of t he  extreme s e n s i t i v i t y  of the  analyzer 

and photomult ipl ier  tubes ,  f luc tua t ing  l i n e  voltage could cause gain s h i f t s  

r e su l t i ng  i n  a broadening of t h e  photo-peaks of t h e  radioisotopes being 

measured. 
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A s 3 l i d  s t a t e  hfgh vol tage  power supply ( ~ ~ h n  Fluke, Model 4 6 2 - ~ )  i s  

used to r a i s e  %he 315 V ae input  to a regula ted  $006 V as  requfred by t h e  

photomu1l;iplfer t u b e s ,  The output voltage a%" t h e  ~ 3 v e r  supply 1 s  an extremely 

a t a b l e ,  udfs tor ted  power source, and a mlnfmaun of manual gain co r rec t ion  i s  

requi red  at t h e  analyzer a f t e r  t h e  mobile unl% has been moved ts a new 

Iocatnon, 

Pa,%ie:: and Drive Assembly 

The Pa'Llet and Drive Assemb"iy cons i s t s  of a sledp 35 inches h a g  by 

23-.1;'2 f.nehes wf de covered by a 2-inch , thick p l a s t i c  i s m  pad f o r  t h e  ccm- 

f c ~ t  of t h e  subjec t  being counted, The p a l l e t  bed i s  sloped %owmds t h e  

center  so t h a t  t h e  person being counted %ends t o  lie on t h e  center  l i n e  

of ,%he bed m d  iiete5z%or, The s l e d  has eigh.t small metal  wheels which 

% r a ~ ~ @ l  i n  two metid ekiamels along %he floor t h e  frill length sf $he 

shadow-shield, 

The p a l l e t  d r ive  unit eonsis ' ts of a l b ; 6  hp d i r e c t  cu r ren t ,  ePec%rf e 

nmtas; a 108 to P gear reduct.'len s,saembiy; a variae "Ra%iotroPf' motor, 

speed contro l  assembly; a ~ a l l e t  drnve and speed e o n t r c l  assembLyc The 

pal,& speed cantrcd mechanism pemnts  t h e  s1.t.d %o be moved a preease 

d is tance  In  a see per iod  of Zxme, The d r szmce  of s l e d  t r a v e l  2% manually 

s e t  Dn  t h e  pa l l e t  d ~ n v e  speed ecntrob f a r  each person being counted, Thus, 

&r~bgee%s of" d i f f e r e n t  hef gh%s spend t h e  erne mount  ~f time under t h e  

de te- tor  c r y s t a l ,  

KO Heating and Coaling System 

For s t a b l e  operat ion of t h e  e P e z t r a n E ~  instruments and of t h e  sodium 

f odl de ~rqgrstai de tec to r ,  a r e l a t i v e l y  csns tant  temperature must be maintained 



i n  t h e  Laboratory. To control  t h e  temperature i n  t h e  van, a 230/208 V 

e l e c t r i c  heat  pump ( ~ e n e r a l  E l e c t r i c  Company, Model RCF-68~-Dl) r a t e d  a t  

13,000 BTU/hr f o r  cooling and 3650/3020 W f o r  heating was mounted i n t o  t h e  

f ron t  of t h e  t ruck body. Two 240 V ,  500 W aux i l i a ry  e l e c t r i c  heaters  

(General E l e c t r i c a l  Company, Model 7205-2) were i n s t a l l e d  a t  t h e  r e a r  of t h e  

t ruck body a s  back-up heaters  i n  t h e  event addi t ional  heat were required,  

A year-around temperature of 75 F (+  - 2 F) i s  e a s i l y  maintained t o  meet t h e  

requirements of  t h e  e lec t ron ic  equipment- As add i t i ana l  p ro tec t ion ,  a 

truck-type hot water heater  ( ~ u p p  C o w o ,  Model 901) was i n s t a l l e d  i n s i d e  of 

t h e  van, This heater  operates from t h e  t r u c k ' s  hot water system and b a t t e r y ,  

It can be used t o  prevent f reezing of t h e  sodium iodide c r y s t a l  i n  t h e  event 

of complete f a i l u r e  of t h e  e l e c t r i c a l  power supply, 

L-. Radlo 

Background music i s provi ded by an AM-FM rad io  ! ~ a ~ m e r  Music System, 

Nodel 3 9 4 ~ )  t o  r e l a x  t h e  subjects  while they a re  waiting f o r  t h e i r  t u r n  t o  

be measured and passing under t h e  detec tor .  
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SECTION I V  

' TRUCK AND TRUCK BODY - 
A ,  "k-uck 

The vehicle used t o  carry t h e  Whole-Bedy Counter Laboratory i s  a  1966 

In te rna t iona l  Loadstar CO-1700 Truck, of a  gross weight capacity of 2&,000 

poTjulds0 The t ruck has a  ah96 hp gasoline pawered motor, power s t ee r fng ,  and 

air brakes, The t ruck i s  equipped with a  l7,OOO pound r a t e d  r e a r  a l e ,  

equipped wi%h d u d  12-ply t i r e s ,  s i z e  1000 x 20, The t ruck is ~f t h e  cab- 

aver type, and %he frame i s  designed f o r  ax1 18-foot van mounted above t h e  

wbeeJs without  wheel wel ls ,  Because of t h e  o f f -ee r~ te r  load of t h e  shadow- 

s h i e l d ,  add i t iona l  leaves were added t o  t h e  fron$ and r e a r  springs cn t h e  

l e f t  sLde OCQ, The t.ruck is easy t o  dr ive  and handle i n  t r a f f i c  because 

ci b t s  ~ h s ~ t  wheel base, shor t  turning rad ius ,  poxex steerxng,  and afr 

B,  Tru;k Bo&y 

'The Whole-Body Comt.en. Labo~~atopy has been 'cul l t  i n t o  an .18-f oot long, 

e-f;ot, by 8-fost FRUEIUUF truck body, Model RA, i nsu la ted  ,with 3 .inches sf 

fiber glass, 

The i n t e r i o r  of t h i s  vrm is pme2eii with Masunite hardbaard watn a 

p l a s t f c  f i n f s h ,  chosen f o r  ease of  cleanrng and a t t r ac t iveness ,  The 

ceiling f s  covered with a  noncambustfble acoust fea l  t i l e ,  Mahcgany. %.r im 

board was i n s t a l l e d  i n  a l l  c s m e r s  and a t  t h e  junction of t h e  waLl and 

s e ~ b i n g ,  The s e a r  wal l  i s  f l t s e d  with two doorso The a a i n  en t ry  d3or I S  

a hollow-core, mahogany, e x t e r i o r  t n e  wlth a p i a s t i c  themopace window, 

A s p e c i a l  bolt-closed panel   doc^ i s  addasent t o  the  en t ry  f o r  use when 

l a rge  equipment must be moved i n  o r  ow., 



The f l o o r  of t h e  Laboratory i s  covered with green i n d u s t r i a l  grade 

nylon carpet  and h a i r  pad. This carpet ing  improves t h e  appearance of t h e  

Laboratory, qu ie t s  instrument no i ses ,  and provides added i n s u l a t i o n  f o r  

t h e  f l o o r .  

The layout of  t h e  equipment and Rcrniture i s  shown i n  Figures 2 and 

3 ,  The s e a t s  a r e  made of plywood padded with 2-inch p l a s t i c  foam* The 

space under t h e  s e a t s  i s  used f o r  s torage  of miscellaneous suppl ies .  The 

wr i t ing  and work t a b l e  was covered with a mar and s t a i n  r e s i s t a n t  ma te r i a l  

( ~ o m u c a ) ,  The t a b l e  can be folded down when t h e  t ruck i s  moved o r  when 

g r e a t e r  access t o  t h e  instruments i s  needed, 

The e l e c t r o n i c  equipment i s  mounted i n  a s ing le  instrument rack  i n  

t h e  f r o n t  corner of t h e  Laboratory, out of t h e  walk a rea  but open f o r  easy 

access by t h e  operat ing technic ian ,  The instrument rack i s  specially 

shock mounted t o  t h e  f l o o r  and t o  t h e  s i d e  and f r o n t  walls  of t h e  van t o  

minimize v i b r a t i o n  damage during t r anspor ta t ion ,  

For ent ry  t o  t h e  Laboratory, a r e a r  platform with two s e t s  of s t e p s ,  

one for  each s i d e ,  a r e  provided (J?igures 1 and 3). The r e a r  platform i s  

t h e  f u l l  width of t h e  van and i s  42 inches deep, inzluding handra i l s ,  The 

p l a t f o ~ m  was fab r i ca ted  s o  t h a t  t h e  handra i l s  f o l d  under, and t h e  platform 

can be folded up and bol ted  t o  t h e  r e a r  of t h e  van during t r anspor ta t ion ,  

When down, t h e  platform i s  supported by only two removable l egs  and t h e  

hinges,  The s t eps  a r e  made of light-weight aluminum with removable hand- 

rails, One man can e a s i l y  car ry  and a t t a c h  t h e  s t eps  t o  t h e  p la t form,  

A r e t r a c t a b l e  awning i s  i n s t a l l e d  over the  rear  platform, The 

awning covers t h e  width of t h e  platform and when f u l l y  extended, over- 

hangs t h e  back by 6 inches.  The awning i s  made of heavy nylon tam and 



has extending semi-ridged arms, It i s  designed t o  roll and f o l d  up 

against  the  r e a r  of t h e  van when not i n  use, 



-12- 

SECTION V 

SET-UP AND SHUT-DOWN PROCEDURES 

A,  Set-Up Procedures 

The t ruck  should be parked on nearly l e v e l  ground i n  a loca t ion  where 

s u f f i c i e n t  e l e c t r i c a l  power i s  ava i l ab le ,  I f  a l e v e l  area  cannot be found, 

t h e  l eve l ing  blocks ( c a r r i e d  i n  t h e  t r u c k )  should be placed on t h e  ground 

and t h e  t ruck  driven onto them f o r  l e v e l  parking, E l e c t r i c  power require-  

ments a r e  2081230 V ac s ing le  phase, with a mfnlmum of 30 A and preferably  

50 A, This power can be furnished from a regular  e l e c t r i c  power l i n e ,  o r ,  

i f  necessary, a por table  generator ,  

Af ter  t h e  t ruck has been parked, t h e  r e a r  platform i s  lowered and t h e  

suppopt l egs  a r e  s e t  t o  l e v e l  t h e  platformo The steps a r e  taken from t h e i r  

carrying compartments and at tached,  The hand and safe ty  r a i l s  a r e  now 

bol ted  i n  p lace ,  The four  l eve l ing  and steadying screw gacks a r e  placed at 

each of the  four  corners of t h e  van and tightened, Some leve l ing  zsn be 

done t h i s  way, but t h e  main purpose of t h e  jacks i s  t o  steady t h e  

Laboratory. 

The e l e c t r i c  power can now be connected t o  t h e  un i t  through t h e  recep- 

t a c l e  located  under t h e  l e f t  r e a r  corner of t h e  van, Power can be brought 

t o  t h e  u n i t  i n  e i t h e r  of two ways .- a mast and meter base can be mounted on 

t h e  s i d e  of t h e  van f o r  power company connection, or  a 50-foot cable with 

necessary f i t t i n g s  can be used f o r  a d i r e c t  wire-in t o  a proper r ecep tac le  

o r  generator ,  A t  t h e  time of t h e  i n i t i a l  electrical connection, a thorough 

check should be made t o  verif'y t h a t  t h e  voltage 1s  correc t  and properly 

wlred, A great  deal  of damage can be done ~f the  system i s  smproperly 

wired, 



A t  t h i s  p o i n t ,  t h e  main power c i r c u t  breaker switches,  a t  t h e  breaker 

panel  i n s i d e  t h e  van, can be turned "ON," The heat  pump should be s t a r t e d ,  

Make sure  t h a t  t h e  heat  pump i s  s e t  t o  t h e  proper apepaXing vol tage  (208 o r  

230 V)  - t h e  switch i s  located  i n s i d e  t h e  r e c i r c u l a t i n g  a i r  in t ake ,  

Af%er these  s t eps  have been taken,  cheek t h e  vol tage  a t  one of the  

wal l  receptac les  with a v o l t  meter, Remove t h e  wood s i d e  panel  i r o n  t h e  

instrument rack,  Set  t h e  INPUT VOLTAGE RANGE s e t c h  on t h e  r e a r  of' t h e  l i n e  

v ~ l t a g e  eonditfoner t o  t h e  proper s e t t i n g  as  indica ted  by t h e  v o l t  meter, 

Turn t h e  power switch on t h e  l i n e  voltage condit ioner t o  "ON,"  Af te r  t h e  

green l i g h t  has come on, depress t h e  INPUT VOLTS button and read t h e  meter,  

This readPng should be t h e  same as  t h e  v o l t  meter reading taken a t  t h e  wal l  

receptac le .  Release t h e  button and read t h e  regula ted  vol tage ,  I f  t h e  

reading is 11.5-116 V ac , t h e  u n i t  i s  operat ing properly,  

The next s t e p  i s  t o  check t h e  s i g n a l  input  cable t o  t h e  Nos.thern 

S c i e n t i f i c  610 Analyzer, Connect t h i s  cable t o  t h e  grounaed connector on 

t h e  top  r i g h t  corner of t h e  analyzer ,  T.wn on t h e  power t o  t h e  analyzer  

and p lace  t h e  unit i n  STOP made f o r  warm up by pushlng t h e  STOP but ton ,  

Now check a l l  of t h e  s e t t i n g s  on %he high voltage power supply, OUTPUT 

VOLTAGE should be s e t  f o r  1000 'V and POLARITY must - be s e t  t o  No Negative 

p o l a r i t y  could s e r m u s l y  damage t.he p h o t ~ m ~ l t i p l f e r  tubes s f  t h e  de tec to r ,  

Mow t u r n  on t h e  power switch and walt f o r  t h e  white standy-by l i g h t  t o  come 

ono Recheek t h e  high voltage s e t t i n g s ;  IE they a r e  c o r r e c t ,  s e t  %he high 

voltage switch t o  ' ' 0 ~ ~ "  The phstotubes a% t h e  d e t e c a o  c r y s t a l  a r e  now 

ac t iva ted ,  The meter should read  1000 V pos;tive, I f  n o t ,  immediately shut  

of'f t h e  supply and adgust t o  correc t  seadlngo Ac t h i s  t ime,  t h e  power svntch 

on t h e  Serf &L Number Device ( SND) can be turned on, The SND w i l l  s t e p  

through one eyele and come t o  r e s t  i n  stand-by and warm-up mode, 



I f  time i s  ava i l ab le ,  t h e  system should be l e f t  standing f o r  severa l  

hours, preferably overnight,  t o  a t t a i n  normal operat ing temperature and f o r  

a l l  t h e  e lec t ron ic  voltages t o  s t a b i l i z e ,  before making rad ia t ion  measure- 

ments, Once t h e  system i s  s e t  up and turned on, it should be l e f t  i n  "stand- 

by" condi t i  on when not being used f o r  counting ( s e e  Section VI , Item I ,  below), 

After  t h e  system has s t a b i l i z e d ,  sources should be counted and m y  

necessary gain correc t ions  made. Background and control  counts a re  made 

pe r iod ica l ly  t o  v e r i f y  t h e  correc t  operat ion of t h e  equipment, These opera- 

t i o n s  a r e  covered i n  Section VI below, 

B, Shut-Down Procedures 

When securing t h e  u n i t  f o r  a move t o  a new location, be su re  t h e  s i g n a l  

input  cable from t h e  detec tor  c r y s t a l  t o  t h e  analyzer i s  placed on t h e  

graunded terminal  of t h e  analyzer. This ground prevents posf t fve  pulses  

from reaching t h e  analyzer, Such pulses could damage the  amplllfier and 

Analog t o  D i g i t a l  Converter (ADC) of t h e  analyzero Now t u r n  off  hlgh 

voltage supply, t h e  SND, t h e  analyzer,  and f l n a l l y  the  l i n e  voltage condi- 

t f o n e r  i n  t h a t  order ,  Then proceed as  per  t h e  reverse of t h e  set-up 

procedures t o  disconnect t h e  e l e c t r i c  power, dismantle t h e  s t e p s ,  and 

f o l d  up t h e  platform, 
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SECTION VI 

DETAILED COUNTING PROCEDURES 

A ,  Gain Cheek 

9 ,  Check high vcl%age power supply f o r  a reading of I000 V, pos i t ive  

p o l a r i t y ,  

2 ,  Remove s i g n a l  cable from groi~nded connector and a t t a c h  t o  I N  

3 ,  PLaca amplif ier  switch (absv#e AMF' I N  eonneztcsr) to 

4, Cheek and s e t  CONVERSION GAIN control  t o  "1," 

5 ,  Piace I3'cs and % O K  s s w e e s  i n  shadsw-shield under center  of c r y s t a l  

6 ,  Set READ MODE switch on analyzer t o  "CRTX~, " 

7 ,  "rress START READOUT button;  t u r n  CRT "INTENSPTY1' esntrob [under s c ~ ~ e )  , 

until  spectrum @an be seen,  

8, Push ERASE bu-t~on t o  c l e a r  memoryo 

9 Push STOP batton,  

10, Push fimer mSET bu%tsn on S e r i a l  N;uaber Device < s N ~ \  - s e t  t imer  t o  

L O q O  minutes 2 f not already set ,, (NOTE: There is  no decinel  p a n t  

on t imer dial, Right hand d i g i t  i s  t en ths  of minute,! 

11, Push green START button on r i g h t  center f s c e  sf SND, Ax~alyzer w i l l  

go t o  STOP a t  end df gain -aunt, 

12 .  Set  DPSFLAY SCALE control  on face of ana1y zcs t o  ' '5 x lo"" ,"  ( ~ e s s  if 

t h e  count i s  t o  be l e s s  than 10 minutes,)  

13,  Push START WADr3UT button on lower center  face of analyzer, Count 

should dSsplay on CRT, 

~ k ,  The peak counts of I Y 7 c s  should be i n  channek 33,1, and %hose far 'OK 

should be i n  channel 7 3 0 0 ,  respect ively ,  i f  gain i s  not c o r r e c t ,  

proceed t o  s t e p  15,  
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150  I f  both I3'cs and 4 0 ~  a r e  t o o  high,  s l i g h t l y  increase  s e t t i n g  of 

ADC zero l e v e l  cont ro l .  

16,  Recount sources,  s t a r t i n g  a t  s t e p  7 .  

17, If 3 7 ~ s  is  approximately 33 but 4 0 ~  i s  severa l  channels high o r  low, 

r e a d j u s t  ampl i f ie r  ga in  con t ro l  f o r  gain co r rec t iono  

18, Clem analyzer  memory and recount sources s t a r t i n g  a t  s t e p  7 each 

t ime,  u n t i l  proper gain s e t t i n g s ,  a s  defined i n  s t e p  14 ,  a r e  obtained. 

B, Background Count 

After  t h e  gain has been checked and necessary corrections made, proceed 

as  fol lows:  

l o  Plaee READ MODE switch i n  " C R T X ~ "  pos i t ion ,  

2, Push START READOUT but ton ,  

3,  Clear analyzer  memory by pushing ERASE button,  (9nly base l ine  shouad 

be seen on t h e  CRT a t  t h i s  p o i n t . )  

k 0  Push STOP but ton ,  

5, Turn pa l l e t -d r ive  switch on lower l e f t  face  of RATIOTROL e s n t r o l  

panel  t o  "ON." 

6 ,  Se t  p a l l e t  gauge ( r u l e d  b rass  gauge above RATIOTROL t o  approxi- 

mate height  of subjec t  t o  be counted ( i f  known) and t i g h t e n  handle, 

7 Turn switch on p a l l e t  t imer  motor "ON," using toggle  switch "A" on 

p a l l e t  con t ro l  panel  located  under analyzer .  

8, Push t imer RESET button on SND panel ,  check and r e s e t  t imer  f o r  

10,O minutes. 

9 .  Set MEMORY GROUP switch t o  "2/4" s e t t i n g .  

10 ,  Set  s l i d e  switch under ADC ZERO LEVEL con t ro l  t o  "SUB" p o s i t i o n ,  

Q Subtract  mode, i . e .  , count w i  11 be s t o r e d  as negative numbers, 1 



1 Y 3 e t  DISPLAY SCALE i n  "loJ" p ~ s i t f o n ,  

12, FlYp toggle switch "B" on p a l l e t  control  panel ,  Thie s t a r t s  bed i n  

aof, B 3n. 

23,  Push green START button on SWD panel immediately, A 10,O minute back- 

ground count i s  new being taken, 

l o  A t  end of  count, push START READOW butten,  The background should be 

df splayed, 

To s t ~ r e  background fo r  reuse and t r a n s f e r ,  follow s teps  1 5  - 22, 

1 5 ,  Push STOP button, 

16, Turn MEMORY GROUP swi%sh to " 1 ~ 2 "  ( r ed  l e t t e r s \ ,  

17- Place READ MODE switch t,? "TR.ANSFER1' ( red  l e % t e ~ s ) ~  

18 P u ~ n  START REAWUT but ton,  g ~ a c k ~ r o u n d  has now been t ransferred 

f r s m  secand quar ter  sf memory t c ~  f i r s t  qua r t e r , )  

1 9 ,  Push STOP button, 

20, Place EiEAD MODE switch ts " C K T X ~ ,  " 

2 ~ ,  Turc MEMORY SROUP switch t o  11~k4 ,11  

2 2 ,  Fush START READOUT button,  Background is ncw displaye3 =d ready  to 

use, E w ~ h  time the  ba-kground i s  needed, i t  em be t rans fe r red  from 

t h e  second quar ter  of the memziry %o t h e  first q u a ~ % e r  by repeating 

steps 5 5  through 2 2 ,  

C, Control Csunt 

I, After the  gain has been checked and the background count has been taken,  

t r an s f e r  background from " 2  / k t '  nemsry group t o  " l / b l '  memory group by 

using s teps  15 - 22, Undek V I , B ,  above, 



Push STOP button analyzer ,  

Place DISPLAY SCALE switch i n  "5 x l o 4 "  pos i t ion  and MEMORY GROUP 

switch i n  "144"  pos i t ion ,  

Push START READOUT button and check background; ~f okay, proceed, 

Place I3?cs and 'OK sources i n s i d e  shadow-shield under cen te r  of 

c r y s t a l ,  

Push RESET button on SND panel t o  s e t  10.0 minutes on t imer.  

Push STOP button on analyzer ,  

Push green START button on SND. A t  end of count,  analyzer automatical ly 

goes t o  STOP, 

Press  START READOUT button.  

Observe con t ro l  counts on CRT - 13'cs should be i n  channel 3 3 0 1  and 

'OK i n  channel 73.00 

I f  ga in  has s h i f t e d  more than 0.2 channels,  r ead jus t  ga in  and repeat  

s t e p s  1-10 t o  recount con t ro l  count,  I f  con t ro l  count i s  okay, proceed 

with s t e p  12. 

Push STOP button.  

Set  READ MODE switch i n  "PEN" p o s i t i o n ,  

S t a r t  ~ a t a / L o g  p r i  n t e r ,  

Push START READOUT button on analyzer  t o  p r i n t  out  count,  

Add up channels 30 through 36 f o r  1 3 7 ~ s ,  A t o t a l  of about l o 3  counts 

per  1 0  minute per  nanocurie of 3 7 ~ s  should be obtained,  

Add up channels 68 through 78 f o r  'OK,  A t o t a l  of about 40 counts 

per  10 minutes per  gram of K C 1  should be obtained,  

Record these  ccunts i n  t h e  d a i l y  log  book, I f  ga in ,  background, and 

con t ro l  counts a r e  okay, then proceed wlth t h e  Whole-Body Count Procedure 

(D.  below), I f  counts a r e  outs ide  of l l rn i t s ,  re run,  
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D Whale-Body Count 

If t h e  c o n t r o l  count i s  s a d ~ s f a c t o r y  and t h e  ga ln  and background have 

n a t  ahanged, proceed with t h e  Whole-Body Count, 

1, Have t h e  subgect remove shoes,  o x t ~ a  c lo th ing  (such a s  h a t ,  c o a t ,  e t s , )  

and hls watch (whether o r  not  it appears t o  have a f luo rescen t  d i a l ) ,  

2, Wei ght  t h e  sub4 e e t  and measure h i  s he igh t ,  

3, Have t h e  subJec t  l i e  on t h e  p a l l e t  bed wi th  head towards t h e  c r y s t a l  

m d  even with t h e  inne r  edge of t h e  bed, 

Se t  @ l e t  height  gauge ( r u l e d  brass  gauge above R a t i o t r e l  panel  l 

t o  t h e  n e m e s t  l g l O  inzh  of s-ubjectss  he ight  

5 ,  P laee  READ MODE swltch i n  "CRTx4," 

6 ,  Plaee  MEMORY GROUP switch i n  "l$bl' p o s i t i o n ,  

'i" Push START RWOUT but ton ,  

8, Push ERASE bu t t an  t9 clear f i r s t  qua r t e r  of memory, 

9 , Push STOP b~tf on, 

?LO, Se t  READ MODE switch i n  "TRANSFER," 

1 Set  bEMORY GROUP switch bn "l /2" posl t for . ,  

12 .  Pcvh START READOTJT but ton  t o  t ransfer  background from memory grcup 

"224" to "1/40" Observe on CRT, 

3 Push STOF but ton ,  

H&, Resek READ MODE swlteh t o  " C H T X ~ "  and MEMORY GROUP switch t o  "1/4" 

posntf on, 

15 ,  F l i p  up togg le  switch "A" s f  p a l l e t  d r ive  do "ON," 

16, Push t imer  RESET but ton ,  It will autcmaticaSly s e t  t h e  t imer f o r  

l0,0 minutes,  

17, F l i p  t o g g l e  switch "B" of p a l l e t  d r i v e  t~ s t a r t  bed, 
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9 ,  Push START WADOUT button;  observe count, 

10, Push ERASE button. Analyzer memory i s  now cleared of count d a t a  only;  

SND da ta  must be manually changed f o r  next count readout,  

Tally Paper Tape Readback 

The need may a r i s e  f o r  p r i n t i n g  out count d a t a  s to red  on punch paper 

t ape  o r  f o r  t h e  re-use i n  t h e  analyzer of count da ta ,  (NOTE: - SND d a t a  

can - not be read i n t o  memory of ana lyzer , )  Readback of count d a t a  may be 

ac~omplished by t h e  following procedure: 

1, Clem memory of analyzer,  

2 ,  Push STOP but ton on analyzero  

3' L i f t  handle a t  top  center  of Tal ly  reader t o  open reader head. 

4 Place paper t ape  i n  reader head s o  t h a t  sprocket holes match sprocket 

t e e t h  of t ape  leader ,  

5 Close reader head. 

6 ,  Thread t ape  on r e e l s  i f  des i red .  

7 ,  Set READ MODE switch t o  "READER." 

8, Turn toggle  switch on Tal ly  reader t o  "ON," 

9 ,  Push START TAPE FEED button,  Data from whole-body count w i l l  be read 

i n t o  memory of analyzer and reader w i l l  s top  a t  end of t ape ,  

10, Set  READ MODE switch t o  " C R T X ~ .  I' 

l a b ,  Push start  REXDOUT button,  Observe da ta  read from paper t a p e ,  It 

should be i d e n t i c a l  t o  o r i g i n a l  count, 

2 I f  read-back i s  not c o r r e c t ,  repeat  procedure, 

13, I f  d a t a  f s  c o r r e c t ,  push "STOP" button,  

1 4 ,  Switch reader t o  "OFF," 

1 5 "  Set  up analyzer and readout data  as des i red ,  P r i n t  or repuneh, 



16, Clear memory of analyzer by pushing "ERASE" button,  

1 Restar% with s t e p  3 If addf t ional  comt d a t a  records a re  to be read 

back i n t o  sfialyzer, 

I., Standby 

During periods when no counts a r e  being made, p r i n c i p a l l y  overnight 

and over wcek-ends, the  following procedures should be follswfng t o  p lace  

the  equipment f n  standby s t a t u s  : 

2 ,  Shutj ~ . t " f  DATA/LOG p r i n t e r  by pushing Large, "POWER" but$ono 

2, Turn pdnch swzT ch $0 "OFF, '' 

3 ,  T u n  reader swi%eh TO "OFF," 

4 -  Se t  white SND switch (under SODECO 'Tune?] %o "OFF," Leave power on 

t o  SND, 

5 Place READ MODZ switch on ana'lyzer t o  " C R T X ~ , "  

6 Push STOP button cn analyeen, 

T o  Tun CRT "Pntenai%y" kno'b c o ~ n t e r  clockwise u n t a l  green dot 

disagpear: ,, 

B C  Remove s hgnaL fnput  cable from "AMP IN" esnnectsr m d  place  on 

9 Shdt off power t.3 shadaw-shield p2le.d; d r i ~ e  unit by t u n i n g  toggle  

s.laitsh at H a t i a t r o l  control, box t c  "OFF," 

10, Make no chmgee %n set%isgs sf high  voltage power supplyo Power 

should b e  Left an t h e  p h o t m u l t f p l i e r  tubes except during complete 

power discsnnec,t of L a b z ~ e t c r y ,  



-24- 

SECTION V I I  

ROUTINE WNTENANCE 

A,  Photomult ipl ier  Tube Balancing 

Per iod ica l ly ,  and espec ia l ly  a f t e r  t h e  u n i t  has been moved a s i g n i f i c a n t  

d i s t ance ,  a  k 3 7 ~ s  count should be made and t h e  resolut ion of t h e  de tec to r  

c r y s t a l  checked, The reso lu t ion  of t h i s  de tec tor  f o r  I3-cs should be % 8 

percent (FWHM) and not  g r e a t e r  than 9 p e r c e n t  I f  t h e  reso lu t ion  i s  found 

t 3  be g r e a t e r  than 9 percent ,  t h e  following procedure should be used t o  

reduce it: 

1, Remove s i g n a l  input  cable from "AMP IN" connector and place  on grounded 

connector on analyzer.  

2, Switch high voltage power supply t o  "Stand-by:" a f t e r  2-3 seconds, t h e  

meter should drop t o  "0" vol tage ,  

3- Disconnect s i g n a l  and high vol tage  power cables a t  s l d e  of detec tor  

c r y s t a l  hous i ng, 

4, L i f t  of f  metal cover from c r y s t a l  c a s t l e ,  

5 ,  Unbolt and remove s t e e l  tie-down p l a t e ,  

6 ,  Carefully l i f ' t  o f f  the  5 t o p  l ead  d i s c s ,  using specTa1 lifting clamps, 

Be c a r e f u l  not t o  damage the  c r y s t a l ,  phototubes o r  cables ,  Caution: 

t h i s  1s a two-man Job. 

7 Note pos l t ion  of a l l  components and physica l  condition s f  each, 

8, Reconnect high voltage and s i g n a l  cables ,  

9 ,  Switch high voltage power supply from "Stand-by" t o  "On" pos i t ion ,  

10, Disconnect s i g n a l  cable from each phototube, except #By HZgh Voltage 

should remain connected t o  - a l l  seven tubes ,  



11, On m a l y z e ~ ~  s e t  CONVERSIDN GAZN to "2," s e t  PINE GAIN to " l O , O t '  

e ~@.xirau)  0 

12, Set ZERO WVEL t o  "0,O" & ~ l i n ~ r n w n ) ,  

d 13, Rem.ove s i g n a l  cable f ' r ~ m  grounded conneetor and connect %o AMP IN 

connecfor, 

2 . 4  Place 1 3 a ~ s  source oa? f l o o r  af shadow-shield directily under center  

o f  eppgrstd., 

3, Set  EEAII IqODE swit.ch at ' 'cFTx~' '  and MEMORY GROUP switch 8% "1jkf '  

acttingo 

6 P::~sh READ OUT ba t t s n ,  ~ u s h  E W E  b ~ t t o n  t o  cPerzr MEMORY, 

37, Pusti STOP brat ton,  %hen push ST.CLRT-MEMUIIE 'Guttan, Observe scope for 

C G I W L ~  i n  dfsplby, t h e  :'>'2s peak should center  on about Channel L400 

13,, Ad .gnn t  FINE GAIN or ZERO LFJEL c.;ontrol ,313 maLyzes' to Center ?;he - 
~!, ;% '>- 

42s t~ phbtcpeak on either !Xianriel 33,C or Channel 40,0, 

1.9. Sc-feral 2 to, 5 minute co"Lw1.lr.a n&y be &eceasary to a%$ain a ccmect 

adjustment ; work: f;,swa~ds $.?:I> p'r,ss f b le  a,,,curae.y, 

2 Dia-,,znnect signa.1 cable f rem phate*,:?*bes #L, r:ec sn:nezk p h o t o t , h a  #2 

ionlij- sne phstc;.rc:ue i s  ba%%i~~e4 SG a tfme3, 

\ ern 

21, & a h B ,  a.&e a 2 t 5 minut.? csaant, Note what channel. the  """s peak. 

fa2.L~ .in, If d i f f ~ r e n r .  from 'that for photc,tubes #1 ( f . , e , ,  39,0  07 

l a@, l J , ,  &Just t h e  ga9.n co;?tro& [screw marked. "G"] on t h e  pho%o",r2;e 

to place %he peak i.n %he px-oper channel,  Several  counts and adjust- 

ments m&,y be ne,:>essaa'y t o  a t z a i ~  a pi-esiae ad"-.--; uotmen%, Caitictn : 

only -rery amali adjiustments a r e  ncrmallgr required t o  achieve t h e  

8-equir.23 ga in  shbfX. Alsa, Dc D3T make any change ~f Focus adJust- -- 
mcnt on p h s t a u i t ; i p l f e r  tubes, This ccu3.d a f f e c t  count rate and 

caLijr,at9ons0 



Continue checking and balancing each tube separa te ly  so  t h a t  t h e  

lJ7cs photopeak from each phototube w i l l  be recorded a t  t h e  same 

energy Qprec i se ly  t h e  same channel) ,  

After  a l l  seven phototubes have been balanced t o  match #1 phototube, 

recheek each tube separa te ly  again, A l l  tubes should then center  t h e  

' 3 7 ~ s  photopeak i n t h e  same channel, 

Reconnect t h e  s i g n a l  cables t o  all seven phot&ubes, Make su re  a l l  

connections a re  t i g h t ,  

Reset CONVERSION GAIN t o  "1," 

Iieset GAIN and ZERO LEVEL t o  normal operat ing s e t t i n g s ,  i , e , ,  80 t h a t  

%he photopeak f o r  t h e  3 7 ~ s  i s  i n  Channel 33,1 and t h a t  f o r  "OK i s  in 

Channel T3,O 

Count t h e  3 7 ~ s  source f o r  ru 10 minutes, recheck r e s o d u t ~ o n ,  

I f  counting r a t e  and resolut ion a r e  s a t i s f a c t o r y  , place s9 gnal  cable 

on grounded connector on analyzer,  p lace  high voltage i n  stand-by, 

Check a l l  connections and componen%s on photoa;ubes and put l ead  

c rysza l  c a s t l e  back together  by following s t eps  #1 through #6 an 

reverse ,  Caution: t h e  lead discs  a r e  heavy and hard t o  handle, 

This is a two-man Job. Use t h e  s p e c i a l  l i f t i n g  clamps to avoid i n j u r y ,  

Be careflal not t o  damage t h e  de tec to r  o r  t h e  cables ,  

Wait about one hour a f t e r  reassembling t h e  dezeetor and then recount 

%he 4 y ~ s  source and recalcula%e t h e  resolut ion,  

Balancing t h e  phototubes should not  change t h e  c a b i b r a t i ~ n  of t h e  

de tec to r  unless  t h e  Focus adjustment on t h e  phototubes has been 

changes, 

Compare t h e  d a i l y  control  count before and a f t e r  t h e  photdubes have 

been rebalanced t o  confirm t h a t  t h e  ca l ibra taon has no% changed, 



B, Mui.tf -Ch&~ne4 Ax~aSyzt?~ 

mi rcut inz  maintenance program is ne~essary to assure accuracy etnd 

degendabi%P%y oP" the mii2t.f -chm,n.+l m ~ l y z ~ r  Faf lures, xtLX~h have ~ C C M F Y ~ ~  

t o  date i n  t h i s  complex i n a t m e 3 t  'ir.src caused by e i t h e r  a YaiPed conpornen% 

or t h e  i au l fng  of a swiQch contact ,  Based hpan this experience, M program 

was fn.i%fa'%ed for c2.eaniag of %:;'l mmual ~ w f t s h e s  and for making opera t ional  

checks ai each mode sf operat ion every %hree months, Yeax-9,y, t h e  e n t i r e  

inetr :ment l a  opened end aPL clrc;. i~>%,t ' b a , w ~ d ~ ,  ~~znnee",crs  and wir2c.g cleaned 

&z~r% Inspec,~od,  

An updated instrument nisnua8 w i t h  sehema%fe drawings m u s t  be ma.int;bzl.ned 

with t h i s  equipinen% and at %ha sesvfea ahop fcr ready ac-sssibiPft.y, 

C -  Die% and 8er2a.2 Number Coding Dcvfce ( ~ N D )  

A r,au%.aa%nc mafr?%emmsc 2r;:'gcaT. aLsi'3 neeessxry f15.r SND, aeauy.-.. 

.% h&*i. tht? csrree% pei.,sir. :vding e ilgnrala tire: sent : t . ~  the: ~&,: . f  -i:hafi~,e &2azpser 

fss data, readcut cp,n che paper,-%qc ;us,eh unit , ,  

Routine maintenance of t h f . ~ .  unek ~.rlcludcs .-i.zaniag 't.,b:e cant9asts of $he  

'kws 50-pcaition stepping %wi%c-Jhisl.s least  e-it+E.:ry t h r e e  m=.cths, A. . f h o ~ ~ ~ & g h  

i9lr;pcction a d  cleaning sf ai.1 eomp~3'.7.~1e:ut.~ ID %nelu&ing the circuit bawds ,  

" Paper-Tape Punch Asaemb$y Y O  - 

Operatl3n of' t h e  paper-tape punch ;nzhc znut be cheeked p e r i o Z i ~ ~ a l l y  

thraugkous eamn day of operat%:,n, t~ assure c s r r e c t  hole punching and 

spao$srgo A hole spacing g w g e  e h o a l d  bc kept &va%%abIe wi th  %$he f o r  

adJus%ment mas% be made td t h e  p7m~ta head assembLyo X f  erronesus data  %ha 



characters a r e  punched, t he  f a i l u r e  i s  probably or ig inat ing i n  t he  s e r i a l  

number and d i e t  coding device o r  t h e  da ta  readout port ion of t h e  multi- 

ehmnek analyzer, An instrument technician should be ca l l ed  upon f o r  

necessary r epa i r s  as spec i a l  equipment and %e~chniques a r e  requf red %o make 

repa i r s  and p rec i se  ad,justments, 

E ,  Punch Paper-Tape Reader 

Maan%enance ta t h e  punch paper tape  reader involves a per iodic  

?leaning m d  adjus t ing of t h e  s t a r  wheels, contacts  and escapement assembly 

i n  t h e  reader head, These adJustments must be made by an instrument 

technician as spec i a l  t oo l s  and cleaners must be used, Serious damage 

or misalignment could occur i f  adgustments ape made improperly, 

Po High Speed Prf n t e r  

Maintenance t o  t h e  high speed p r i n t e r  involves a per iodic  checking of 

%he ribbon f o r  wear and t h e  cleaning of paper l ~ n t  from t h e  exposed 

nezhanfcal p a r t s ,  using a clean s o f t  brush, Any other  adjustments must be 

made by an Instrument technician and with t h e  use sf  s p e c n d  t o o l s  con- 

struc%ed f o r  t h i s  piece of equipment, Frequency sf maintenance tc- xhas 

ple&e of equipment is determined by t h e  amount of use that it r e e e L ~ e 3 ~  

G o  Line Voltage Condi t i one r  

Periodic maintenance t o  t h e  A , @ ,  l i n e  voltage conditioner is 

n e e e s s s n  a f t e r  each s i x  months of usage, Force a i r  caolfng sf the u n i t  

necess i ta tes  %he opening of t h e  instrument ease and removing the  l i n t  and 

dirt aaeumulations from t h e  cooling fan ,  power %rebnsfstsrs and t r a n s i s t o r  

head sknks, I f  not per iodical ly  cleaned, overheating of %he power trm- 

a i a t c r a  could cause e r r a t i c  operation ec component f a i l u r e ,  This 



procedure should be undertaken by an instrument teahnleHan, because t h e  

condit ioner must be pul led  from t h e  rack a d  dAsassembledo 

K O  P a l l e t  and Bed Drive Assembly 

Routine maifi tenace t o  t h e  p d l e r  assembly can be done pr imar i ly  by 

%he spera$ing technic ian  as  requi red ,  Normal se rv ie lng  csns ls%s sf cleaning 

the screw s h a f t s  and r i d e r s  wi%h a g33d grade BT 88kbvent, such a8 "spray- 

r i e m "  or m equivalent ,  Relubrfaat ian of m ~ v i n g  p a r t s  is bes t  aecompPfshed 

wick t h e  use of a s i l ~ i f i m e  Lubricant or a mclybderiu df -eu l f lde  camg.r;ieand, 

ssnh as  D r y  Lube, Lube-Glide, o r  Moly-Coat, The afore  mentf oned ~rtsductis 

w e  b e a t  s u i t e d  as they d3 no% leave a gyeasE r e s ~ d u e  to c o l i e e t  d u s t ,  

d r r t ,  e t ? ,  

Ma~ntenagee to t h e  bed drive mechanism esnsises of checking t h e  grease 

An %he notm gear box mnua lS j ,  add-ng 6C8 W iyriader ~ r l  as requi red ,  

Check shadow-shield bed  i f rave cham for  siackness;  semcye excess s l ack  as 

.xeqh?l i.?d by a d j u s t ~ n g  i u e r  sproeket or l f  nece88&ry, rsn9"'13g ~ n e  chain 

i LC,K, 

E2ectrlea-l % ~ E B U S F , B  a r e  bes t  servneed by 8 c a p e t e n t  e l e e t r ~ f a n  because 

o f  the  complexiQr cf t h e  syatem, 

'P Vehic ke S e r o a z ~ n ~  

H s ~ t , n e  gemic ing  and maintesam.e of the qcruck  RE^ associa ted  me~han ics  

In narm%lly preser lbed by %he bus -aukomo$l%-c m a ~ n t e n m c e  shaps and %hei r  

kchedclsng must be fsAlowed, 



SECTION VIII 

CONSTRUCTION DRAWING 

Some of t h e  magor components of t h e  Mobile Whole-Body Counter have been 

de ta i l ed  i n  Scope and Construction Drawings. Other d e t a i l s  a r e  ava i l ab le  i n  

undor:umented sketches.* The van t ruck  body i s  similar t o  t h e  ones i l l u s t r a t e d  

1n pmphle t s  "Order No. 5052 A P l O M  365" and "Order No, 3436 RHG 5963" of t h e  

Fruehauf T r a i l e r  Division,  F'ruehauf Corporation. The following drawings a re  

rn t'ne USAEC-BNW bluepr i  n t  f i l e  a t  Richland, Washington : 

H-3-29629 - P a l l e t  Drive Motor Unit Assembly and De ta i l s ,  

1-31-67. 

H-3-5658 - Sheets 1 & 2,  P a l l e t  Drive De ta i l s ,  7-26-66. 

H-b-39301 - E l e c t r i c a l  Whole-Body Counter Truck Plan and 

De ta i l s ,  SCOPE, 2-25-66. 

*Copies on f i l e  by ROT. Coffman, F a c i l i t i e s  Engineering, and J,K, Soldat ,  
Radiological Physics, BNW. 
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FIGURE 2 
I n t e r i o r  o f  Whole-Body Co,;iter Laboratory, Mobi le  U n i t  B 



FIGURE 3 
Schematic of Equipment and Furniture Arrangement in 

Whole-Body Counter Van, Mobile Unit B 
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FIGURE 4 
Schematic of Typical Shadow Shield Counter 



Detector Cover 25" OD x 20" H igh  Conta in ing  
Lead Castle for  Detector Crysta l  (See Text. 

Section I I I for  Cast le Details) 

Castle Plate 
32 x 28 x 2" Steel 

24" 

B r i c k  Side Wal ls  

Shadow Sh ie ld  Floor Detail (i 

FIGURE 5 
S c h e m a t i c  o f  Lead S h i e l d i n g  I n s t a l l e d  i n  Whole-Body 

C o u n t e r ,  Mob i l e  U n i t  B  
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