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* e  
,7.- ( a  ) EVAIIUATIO>! PROGlv.i.I FOR 'PO,STkijI,E FUDI!.TION iCONITORIPiG Ii\lSTEIUi.:'IZNla 

L.: V .  Zuerner a ; ~ d  5 ,  L. Kzthren 

, . 
Knowledge of  response and performance c a p a b i l i t i e s  i s  of  prac t ica .1  

'. 
importance i n  s e l e c t i o n  and. use of r a d i o l o g i c a l  miasurine devices  f o r  h e a l t h  

. . 

phys ics  purposes.. , Ins t ruments  a r e  d e s i r e d  which w i l l  meet p r e s c r i b e d  per-  

f'ermmce s g e s i f i s a t i ~ n o  with the  IsweGt 0veral ;b ,60~1~ per unit of time. In 
.,. 

soine c a s e s ,  a  high i n i t i a l  c o s t  w i l l  be  more than  o f f s e t  ,by lower ope ra t ing  

' and maintenance charges .  . .  

A w e l l  o r ien ted  ana d i r e c t e d  eva lua t ion ,  program should examine 

. a p p r o p r i a t e  p h y s i c a l ,  e l e c t r o n i c ,  and radiological'~cha~~acteristics o f , t h e  . . 

i n s t rumen t ,  p rbvid ing  d a t a  f o r  performance and c o s t  +a lys i$ .  F o r  p o r t a b l e  

ins t r iunents ,  we igh t ,  s t r e n g t h ,  and ease  of  handl ing  and s e r v i c i n g  a r e  import- 
. . 

a n t  p h y s i c a l  c h a r a c t e r i s t i c s .  Humari engineer ing  f k a t u r e s  such as ease,  o f  

meter  r ead ing ,  a v a i l a b i l 5 t y  of  c o n t r o l s ,  and p h y s i c a l  s t a b i l i t y  must a l s o  be  

considered.  

Among t h e  e l e c t r o n i c  f e a t u r e s  t o  be cons idered  a r e  s e n s i t i v i t y ,  

t empera ture  and vo l t age  dependence, s t a b i l - i t y ,  b a t t e r y  l i f e t i m e ,  response . 

1 

t o  e l e c t r i c a l  i n t e r f e r e n c e ,  noi,se and v i b r a t i o n ,  and ex t racamera l  r a d i a t i o n .  

Radio logica l  f a c t o r s  inc lude  accuracy and s t a b i l i t y .  of c a l i b r a t i o n ,  energy 

dependence, respanse  t o  unwanted r a d i a t i o n s ,  temperature dependence, and 

s a t u r a t i o n  e f f e c t s .  

A t y p i c a l  eva lua t ion  p r o g & n  i s  o u t l i n e d  f o r  p o r t a b l e  r a d i a t i ~ n  

survey .meters and recommendations made f o r  2 s t anda rd ized  system o f  d e t e r - ,  
. . 

mining and r e p o r t i n g  instrument  performance. 
. . 

. ( a )  For -pres'entati.on at t h e  Heal th  Physics  Soc ie ty  Midyear SymposiG,  Ja.nua,ry 29- 
! 

31, 1969 at Los Angeles , C a l i f o r n i a .  I . . 

. .# ' . 

' i 'his papkr i s  baseci on work kerf~XTn~d under c o n t r a c t  N~unher .~~(45-1)-1830 
between t h e  U .  S .  Atamic Energy Commission and B ~ t t e l l e  Me~norial I n s t i t u t e .  



1 .0 .  INTRODUCTION 
, . 

i Proper  s e l e c t i o n  of p o r t a b l e  r a d i a t i o n  monitor ing instrumer, ts  i s  a s  
. . >-..'-- 

important '  a s  proper  use.. The ultilna.te o b j e c t i v e ,  of cou r se ,  i s  t o  procure  -. 

/ 
/ - .  

i n s t r l m e n t s  t h a t  w i l l  meet p re sc r ibed  perfoimance ' s p e c i f i c a t i o n s  wi th  t h e  

lowes t  o v e s a l l  c o s t  per unit ;  
n 

. . . . 
S e l e c t i o n  impl ies  p r i o r  eva lua t ion ,  @d a meani'ngful. e v a l u a t i o n .  rnus t 

t 

be based  on knobr:~.edge o f  t h e  performance c h a r a c t e r i s t i c s ,  l i m i t a t i o n s ,  and 

economics o f  t he '  instrument  un'der cons ide ra t ion .  , Unfortunatel-y,  adequate  ' 

. and a c c u r a t e  d a t a  on which t o  base  a meaningful eva lua t ion  i s  unava i l ab l e  

i n  most i n s t a n c e s .  Perhaps t h e  b e s t  a v a i l a b l e  a r e  t h e  publ-$shed s p e c i f i -  
1 

c a t i o n s  o f  t h e  manufacturer ;  bu t  t h e s e  &e often"incompletc o r  couched i n  

language t h a t  i s  .not .wholly 'comprehensible,  and may even be  mis leading .  

And, s i n c e  each manufacturer  may '  r e p o r t  o r .measure  t h e  saxe performance 

c h a r a c t e r i s t i c s  d i f f e r e n t l y ,  t h e  p u b l i s h e d  s p e c i f i c a t i o r ~ s  of  va r iuus  manu- 

f a c t u r e r s  may not  be comparable. Many instrument  purcha.ses, hoIrevcr, a r e  ' 

. . 
based s o l e l y  upon t h e  cleims of t h e  manufactuiek o r  h i s  r e p r e s e n t a t i v e ,  

publ i shed  o r  o therwise .  , 

A second body o f  r e l a t i v e l y  a c c e s s i b l e  ' d a t a  i s  word-of-mouth from those  

who haye had p r i o r  experience wi th  a g iven ,  ins t rument .  I n  t h i s  c a s e ,  t h e  

f o r  mi s in fo rna t ion  i s  q u i t e  high ; t h e  spoken bord g e t s  no to r ious ly  

g a r b l e d  i n  t r ansmis s ion  through severa l .  persons .  And, even a d i r e c t .  two . . 

p a r t y  con iac t  may not  always provi6e  accu ra t e  in'fonrlation, e i t h e r  by acc i -  

dent  o r  i n t e n t ;  some, we a l l  r e a l i z e ,  w t l i  no t  a h i t  t o  purchasing a Door 

. . I .  

ins t rument .  



\ .Fat  i s  needed i s  a  \re11 o r i e n t e d  and :dirc.c';* cva.luation p r o g r m  t o  

d e t e r n i n e  appropr i a t e  p h y s i c a l ,  e l e c t r o n i c ,  and r a d i o l o g i c a l  c h a r a c t e r i s t i c s  
' * 

on trh?ch a performance., and c o s t  eva lua t ion  can be  based.  A t y p i c a l  eva.l.ua- 
. . 

t i o n  program f o r  p o r t a b l e  rAdia t ion  survey meters  i s  o u t l i n e d  i n  Table I .  
' I  a , 

Obviously, no sine.2.e grsgrm would P i t  d.1 -portable ins t ruments  now i n  u s e ,  

o r  even t h o s e  corrimercially a v a i l a b l e .  However, the s l ce l e t a l  program i n  Table 

I should  provide a  s u f f i c i e n t  body o f  in?ormation t o  enable t h e  h e a l t h  physi- 

c i s t  t o  m&e 'a sound s e l e c t i o n ,  c o n s i s t e n t  wi th  t h e  needs o f  h i s  o p e r a t i o n ,  
, 

and t h e  d i c t a t e s  of' h i s  budget .  
. . 

.. . .  

A s  shown i n  t h e  Table ,  t h e  e v a l u a t i o n  of  a porl?!able.survcy meter  can be 
, , 

considered i n  t h e  context  o f  t h r e e  broad ar>as: mechanical ,  e l e c t r o n i c ,  and 

I i 
r a d i o l o g i c a l .  Each of  t h e s e  a r eas  wil.1 be discuss.ed i n  t u r n ,  and a s e r i e s  

o f  s p e c i f i c  eva lua t ion  and.me'asuremen+, procedures  p re sen ted .  
. . 

2.0'. MECHAITI'CAL EVALUATION . . 
. . -. . -. -, .d 

Sva lua t ion  o f  t h e  mechanical f e a t u r e s  of  an ins t rument  can be d iv ided  i n t o  . 

two overlapping a r e a s  : p h y s i c a l  . c o n s t r u c t i o n  and iluman engineer ing .  To a 

r e l a t i v e l y  l a r g e  degr'ee; t h i s  p o r t i o n  of t i ~ e ~ e v a l . u a t i o n  i s  s u b j e c t i v e ,  and 

r e q u i r e s  t h e  sound judgment t h a t  i s  o f t e n  acqui red  only  throuzh exper ience .  

2'. 1. . PKYSI CAL CO?!STRUCTION - ' /  

Phys ica l  c o n s ~ r u ~ t i o i i  i s  evaluntccl by gcnero.1 appearance of both ----.--- ------.- 

*, s.' 

. e x t e r i 6 r  and i n t e r i o r ,  paying -particL1J.q.r 8:t tention t o  q u a l i t y -  c o n t r o l  and 
. : 

. . 

worlunulship. Sc1cl.e~ j o i n t s -  a r e  o f  p a r t i c u l a r  va lue  i n  t h i s  e v a l u a t i o n ;  

t h e  p e s e n c e  o f  co ld  j o i n t s ,  exces s ive  amollnts of '  s o l d e r  o r  flux, o r  t h e  

. . 
' l a c k  of  good mechanical coupl ing a r e  i nd . i ca t ive  of poor q u a l i t y .  C i r c u i t  

boards a r e  s i m i l a r l y  u s e f ~ c  i n d i c a t o r s  ; the. Quan5ity of  pa th  conductor  and 
. . 



TYPICAL EVALUATIOK P,D,Z.AS FOR PORTAi3LE 
MDI AT1 051 SURVEY i.iETE3S ' 

A. Physical. Cons t ruc t ion  . . 

B. Shock and Moisture Res is tance  

C.  Human Fac to r s  Engineering 

11. ELECTRONI'C 
. . 

. . 
' A. Power Supply 

, , 
1. S t a b i l i t y  . .. 

2. Temperature Dependence . . . 

3 .  Bat t e ry  L i f e  
. 

, . . B.' Input  s e n s i t i v i t i e s  . . . 

. . . . . . 
C. L i n e a r i t y  

D, Electromagnet ic  I n t e r f e r e n c e  

1. IGagnetic F i e l d s  . . .  

2. AC Induced F i e l d s  and T r a n s i e n t s  . . 

3. Radio Frequency 

4. .U lec t l -p s t a t i e  F i e l d s  * 

. Capaci tance E f f e c t s  . . .  

G .  Gect ropic  E f f e c t s  

H, ~ e m ~ e r a . i u r e  Deperidence . . .  

I .  Ex t r acane ra l  E f f e c t s  ' 

J. Sound and Vib ra t ion  E f f e c t s  
I . . 



TABU I (cont inued)  

111. RADIOLOGICAL 

Range 
. . 

S e n s i t i v i t y  and Detect ion L i m i t  

Accuracy 

Reproduc ib i l i t y  

S a t u r a t i o n  

F. ~ n e r ~ ~  Dependence 
I 

I G. Tempe a t u r g  and P res su re  ~ e p e n d e n c e  . . . f . . 
I H . Angular Dependence 
! . . 

I.  ~ e s ~ d n s e  t o  Unwanted Radia t ions  
! . . 



i t s  pa th  l e n g t h ,  sharpness  of t h e  e t c h i n g ,  and l a b e l i n g  of  c0mponent.s a r e  

p o i n t s  t o  be  considered.  The exminai;ion 'of corf.ponerlt l ayou t  should  includ< 

A 

cons ide ra t ion  .of h e a t  a i s s i p a t i o n  and l e n g t h  o f  l e a d s  and connector-s. ../- 
*,./-.' " 

2.2. SHOCK MID MOISTURE RESTSTAi~ICE 
. - 

\Thi.le eva lua t ion  o f  s t r u c t u r a l  s t reh .g th  i s  p r i m a r i l y  s u b j e c t i v e ,  

. r e s i s t a n c e  t o  shock and mois ture  can be o b j e c t i v e l y  examined. F i e l d  

ins t ruments  g e n e r a l l y  should h jve  t h e  a b i l i t y  t o  w i ths t and  a  drop o f  
. .. . . 

t h r e e  f e e t  on to  a ha rd  s u r f a c e  and shou1.d func t ion .  proper ly  r e g a r d l e s s  

o f  ambient humidi ty.  Pioreover, t hey  s h o ~ ~ J - d  be a b l e .  t o  su rv ive  a s i n g l e ,  
+ 

r a p i d ,  t o t a l  immersion i n  water  wit'noul i1.J.' e f f e c t s .  . These s imple  checks , . , 

c& r e v e a l  a g r e a t  d e a l  about t h e  c o n s t r u c t i o n  of  an in s t rumen t ;  t h e  
, 

. . 
d e t e c t o r ,  o f  cou r se ,  should g e n e r a l l y  be.exempted from meeting t h e s e  

r equ i  rernenis. 

2.3. HUMAN ENGINEERING 
- .  

An import an t  a spec t  o f  p o r t a b l e  survey i n s  t r u n e n t s  ,. o f t e n  overlooked,  

'is human, engineer ing .  Again ' the eva lua t ion  i s  e s s e n t i a l l y  s u b j e c t i v e ,  
, . 

q d  s.hould inc lude  cons ide ra t ion  of  s a f e t y  heza rds ,  a long wi th  ease  o f  

. hand l ing ,  r eadou t ,  and, s e r v i c i n g .  Typical. s a f e t y  hazards  i nc lude  sha rp  

edges ,  inadequate  grounding, and o ther  shock hazards .  

. . .  . .  
\ 

The shape, s i z e ,  and weight of t h e  i n ~ t r u n e n t  a r e  important  and ob- 
. . 

vious f a c t o r s  i n  e a s e  o f  handl ing ,  and ' a re  'seldom overlooked.  iiowever, 

o t h e r  more s u b t l e  human engineer ing  f e a t u r e s  a l s o  need t o  be inc luded  i n  

? 
t h e  t o t a l  evaluat ion-- the l o c a t i o n  of  switches, ' . switching arrangements ,  I 

! 

meter  s i z e ,  loca>ion  and r eadab i l i t y - - - these  a r e  al.1 p o i n t s  t o  cons ide r .  

Even t h e  g e n e r a l  e x t e r n a l  appearance of.  an i n ~ t ~ r u m c n t  ca r i . a f f ec t  i t s  



acceptance bjr monitor ing and o t i ~ c r  f  ie1.d. &rsoniiel .  Somc cons idcra.Lio;: 
I ' 

should  a l s o  be. given t o  use of  porta?)f.e j.nstr~une?cs by gcrsonnel. \rearing 
0 . .  

gloves  a n d . o t h e r  p e r s o n a l . p r o t c c t i v e  c l o t h i n g ,  and t o  casc  of  decontzmi- 

n a t i o n .  

F i n a l l y ,  ease  of s e r v i c i n g  shouPd 'be .eva lua tcd .  B a t t e r i e s  should, be 

r e a d i l y  a c c e s s i b l e  wi thout  rernoval of  d t h e r  componen.ts o r  a l a r g e  number of 
. '. i 

I 
I t h i s  f a c t o r  a lone  can save  s e v e r n i  ha in tenance  man-hours p e r  y e a r .  

i . . 

Plug-in c i r c u i t  boards ,  a c c e s s i b l e  from.both s i d e s  and t r i th  1a.beled components 

d 
. . 

. . 
can a 1  o provide  s i g n i f i c a n t  d o l l a r  sav inks  i n  t h e  maintenance a r e a s ;  C i r -  

I . .  
cu!t beards should a l s o  be keyed t o  . iriadvar&nt eironeous p o s i t i o n i n g  

I 
i n  t h e ;  socl te t .  This f e a t u r e  a lone  can sometimes save hours  of  t r o u b l e  

- - ., . 
shoo t ibg ,  f r ayed  ne rves ,  and poss ib ly  component6'. . . 

. .  . 

. , , . 
. . .  

/E l ec t ron ic  eva lua t ion  i s  f a r  more  ohj  ec t i 've  t h a i  t h e  mechanical  eva lua-  
. . 

.. -. . . .> 
t i o n .  Ten s p e c i f i c  a r eas  a r e  evaluated:; ?&ch i s  'd i scussed  i n  t u r n ,  and a 

s p e c i f i c  t e s t i n g  procedure i s  c i t e d .  .' 

' 

. Most p o r t a b l e  insti.umen.Ls use b a t a t c r i e s  . a s  t h e  prime energy sou rce .  

The b a t t e r i e s  m;y supply t h e  power d i r e c t l y  t o  t e e  c i r c u f t ,  o r  i n  i n s t r u -  > 
ments of  r e c e n t  design;  t h e  b a t t e r i e s  f u r n i s h , e n e r g y  t o  s o l i d  s t a t e  ----- . --- . 

.*/----- 

supp1i .e~  which convert  t h e  low vo l t age  of  s e v e r a l .  low cost . ,  . d r y  b a t t e r i e s  

t o  t h e  high' and i n t e r m i t t e n t  vo l t ages  needed by t h e  c i r c u i t .  
' 

. . . . 
3.1.1,. STABILITY 

Some -po;rer s u p p l i e s  have v a r i a b l e  o u t p u t ,  e s p e c i a l l y  f o r  t h e  
. .' , '  

, . . ' high  v o l t o g s .  U i t h  cons t an t  inpu t  v o l t a g e  t h e  ou tpu t  range i s  checked 



at t h e  end p o i n t s ,  anii t h e  s t a b i l - i t y  n o t e d .  The mezsureincnt;~ 

should inc lude  both  vol tage  2nd' c u r r e n t  o u t p u t s .  Genera l ly ,  t h e  

c i r c u i t r y  o f  t h e  instrurnclk ' i s ' i ~ s e d '  as t h e  l o a d ,  b u t  f i x e d  r e s i s t o r s  

can be u s e d ' t o  provide  loads  o f  ar$r d e s i r e d  va lue .  The s t a b i l i t y  

of t h e  - ~ o l t a g e  and cu r ren t  ou tput  i s  observed a s  a func t ion  of l o a d ,  

ou tput  v o l t a g e ,  and input  vo l tage . ' .  Modern power s u p p l i e s  should 

g e n e r a l l y  be  capable o f  provid ing  s t a b l e  high vol tages  t o  w i t h i n  a  
. .  . 

' 1  f e u  percent. .  

3 .1 .2.  1 TEMPERATURE DEPENDENCE . % 

I . .. 

i . ~ o r t a b i e  ins t ruments  a r c  o f t e n  used under f i e l d  c o n d i t i c y s  wi th  
. . . . 

! wide v a r i a t i o n s  i n  temperature.  . .  'Diurnal  . temperature v a r i a t i o n s  of 

i 50' F can be  enc,ountered, n e c e s s i t a t i n g  c o r r e c t i o n  of  ins t rument  , I  . 

readings  i n  many cases .  Evalua t ion  o f  t h e  tempera ture  dependence . . I .  

over  t h e  range o f  '0-120' i s  u s u a l l y  adequate ,  a l though ex tens ion  of  
( .  

. . . t h e  extremes may be  requi red .  
. . 

Temperature. dependence i s  - determined by measuring,  t h e  output  
. . . .. 

over,  t h e  d e s i r e d  range u t i l i z i n g  a' cons t an t  i npu t  v o l t a g e .  Genera l ly ,  

t empera ture  e f f e c t s  a r e  l i n e a r ,  an&, should be  q u i t e  small. B a t t e r y  

vo l t age  end curr ,ent  'should a l s o  be  recorded ,  f o r  t h e s e  nay be  

l i m i t i n g  on t h e  power supply.  ' . ' . . ' . \ 

3.1.3 BATTERY LIFE - 
. . 

Fbr b a t t e r y  opera ted  s u p p l i e s ,  t h e  o u t p u t . v o l t a g e  and c u r r e n t  

a r e  measured a s  a func t ion  of  b a t t e r y  vq l t age .  This  t e s t  i s  b e s t  

. perfo~med,  us ing  t h e  s p e c i f i c  bakter j -es  des igna ted  f o r  use  i n  t h e  

ins.L;rurner~L, s ir ic~.  t h e  proper  o p e ~ a t i o n  of many power s u p p l i e s  i s  

'highly depncicnt  on boih  b a t t e r y  vol . tagk.  and r e s i s t a n c e  .. 
. . . , 



P.n instruraent  may be designed. t o  opelsa.te wi th  s e v e r e l  types  of 

primary o r  secondary b z t t e r i e s  . Thus ord inary  z inc  manganese c e l l s  

may be used f o r  temperatures  d o ~ ~ n  t o  O0 F t o  lo0  F. Below t h e s e  

temperatures  z i n c  a l k a l i n e  primary : ce l l s  should be used. .Bat te ry  

l i f e  sLests  should sever theoe type@ 06 ba.e%erLe~ t?h$e_ll t1831 $@ 

i n s t a l l e d  f o r  t h e s e  environments i n  which t h e  instrument  w i l l  be used. 

F re sh ,  t e s t e d  b a t t e r i e s  should  be  i n s t a l l e d  i n  t h e  ins t rument ,  

' 

and p rov i s ions  made f o r  measuring'  b a t t e r y  v o l t  age ,  b a t t e r y  cu r r en t  
. , 

d r a i n ,  power supply v o l t a g e s ,  power supply c u r r e n t s ,  and o v e r a l l  

ins t rument  response.  The d e t e c t o r  element of  t h e  monitor ing i n s t r u -  
. 

ment i s  place'd i n  a r a d i a t i o n  f ieLd which should  provide  a  mid-scale 

reading  on t h e  most f r equen t ly  used range. The ins t rument  i s  turned  

on and t h e  above v a r i a b l e s  recorded ove r " the  l i f e  o f  t h e  b a t t e r y .  

The end p o i n t  o l  t h e  b a t t e r y  i s  taken  as  . t ha t  vo l t age  a t  which t h e  

instrument. r e sponse 'has  decreased  10% from t h e  response obta ined  

wi th  a f r e s h  b a t t e r y .  

A b a t t e r y  t e s t  p o s i t i o n  i s  a h ighly  d e s i r a b l e  f e a t u r e  o f  any 

p o r t a b l e  survey ins t rument .  The b a t t e r y  vo l t age  should be checked 

a g a i n s t  t h e  i n d i c a t e d  pos i f  i o n ,  t o  ensu re1  t h a t  it i s  p rope r ly  1ocat.e.d. 
. . 

, 3.2. INPUT SENSITIVITIES - 

Most p o r t a b l e  ins t ruments '  a r e  or" t h e  pu l se  t ype  meter  and &:lr.al ou t .p i~ t .  

The i n p u t  s e n s i t i v i , t y  o f  vo l t age  s e n s i t i v e  i n s t r ~ m i e n t s  (e .g.  Geiger  coun te r s )  

is .  'detemj.r,ed with a s i g n a l  provid ing ,  a vo l t age  p u l s e  s i m i l a r  to 

. t h a t  g iven  by t h e  d e t e c t o r .  The inpu t  s e n s i t i v i t y  i s  expressed  a s  vol.ts o r  
. . . .. . . , . 
ni12.3,ri.7i-~:,l.ts necessary  t o  g ivc  a steady mcter  reading  o r  a u r a l  ou tput  f o r  a 

. . 
given  p u l s e  i npu t  r e p e t i t i o n  r&e.  



Fer c u r r e n t  measurirlg i n s t r m e n t s  , such a s  ' ion c h m . ~ e r s  m d  ~ ~ o : I o I - . L ~ . o : ~ ~ z ~ .  

counfe r s ,  a  c u r r e n t  source  i s  used i n  l i e u  of  t h e  d e t e c t o r .  The  cu r r en t  ncccs- 

.-.'-- 
s a r y  f o r  f u l l  s c a l e  d e f l e c t i o n  i s  determined,  arid t h e i n p u t  s e n s i t i v i t y  ex- 

---- 
pres sed  a s  t h e  c u r r e n t  f o r  f u l l  s c a l e  def lec t ion . .  If t h e  a c t i v e - v o l ~ c ~ e  of 

e- 

t h e  d e t e c t o r  i s  known, t h e  inpu t  s e n s i t i v i t y  may be c a l c u l a t e d  i n  terms of 

' ~ / h 2 *  z1e4uired fir f u l l  s c a l e  d e f l e c t i o n ;  , This  c a l c u l a t e d  va lue  can be checked 

by p l a c i n g  t h e  ins t rument  i n  a r a d i a t i o n .  f i e l d  of  t h e  app ropr i a t e  s t r e n g t h  

and measuring t h e  c u r r e n t  ou tput  of t h e  d e t e c t o r .  This  technique  can a l s o  Se - . .. 
u s e d t o  determine t h e  l i n e a r i t y  of  t h e  d e t e c t o r  a lone .  Response i n  pulsed 

f i e l d s ,  which i s  d a i l y  assuming g r e a t e r  importance,  can a l s o  be determined 

from t h i s  technique .  

I 

LINEARITY . . 

' L i n e a r i t y  of a r a t e  meter  i s  an important  f e a t u r e .  I t  i s  e a s i l y  and 

qu ick ly  checked by p u t t i n g  a  s i g n a l  s i m i l a r  t o  t h a t  provided by t h e  d e t e c t o r  
' , 

. . 

, .  . i n t o  t h e  d e t e c t o r  i npu t  o f .  t h e  c i r c u i t .  . The s i g n a l  g e n e r a t o r  should be 
.----. _,.d 

i n i t i a l l y  s e t  t o  p r o v i d e ' a  pu l se  r a t e  ( i n  t h e  case  o f  p u l s e  d e t e c t o r s )  o r  

c u r r e n t  ( i n  t h e  case  o f  c u r r e n t  measuring' c i r c u i t s  ) equal  t o  about h a l f  

s c a l e  d e f l e c t i o n .  I n  t h e  case  of c h a r g e s e n s i t i v e  inpu t  system, a  volt?-ge 
. . 

t o  charge conver tor  i s  'put on' t h e  output  of' t h e  vo l t age  s i g n a l  g e n e r a t o r .  

l . i n e a r i t y  shou1.d be checked a t  s e v e r a l  p o i n t s  o v e r t h e  range of  1 0  t o  

100% of f u l l  , s c a l e .  It  i s  important  t o  watch t h e  errci-s  nea r  f u l l  s c a l e  

meter, re.ading s i n c e  some s y s t e n s  t cnd  t.o s a t u r a t e  i n  t h i s  r eg ion .  Linea.r.it:r 

should  -be expressed  i n  terins o f  t h e  per,centage d e v i a t i o n  of  meter  reading  fron? 
, ... 

t h e  c o r r e c t  va iue  a t  any p i n t  on t h e  - s c a l e  r a t h e r  t han  t h e  f u l l  s c a l e  reading .  ? 

. . I 
Thus, an ins t rument  t h a t  r ead  11% of  f b l l  s c a l e  vhen t h e  inpu t  s i g n a l  w a s  

. .  



such $.s t o  i i v e  a reading .  of  10% of  fu l l .  s c a l e ,  has  a  10% dev ia t ion .  A 

s ta tement  o f  -- + % i s  most u s e f u l  t o  b racke t  l i h e g r i t y .  

, 
Electromagnetic r a d i a t i o n  of  many kinds can cause unusual e f f e c t s  and 

I I 

epuribue reoponce . The e I r c u I t r y  , r a t h e r '  t han  t h e  d e t e c t o r s ,  Is more .co~mnonly 

. . 
a f f e c t e d .  In  most c a s e s ,  w e l l  designed c i r c u i t s  wi th  good e l e c t r i c a l  s h i e l d i n g  

w i l l  not: be a f f e c t e d  by e lec t romagnet ic  f i e l d s .  
. . 

3.4.1. MAGNETIC FIELDS 

. ,. 
The 'meter  is usua l ly  a f f e c t e d ' i o r e  f r equen t ly  t han  o t h e r  con~ponel.~ts 

. I , .  

I by magnetic f i e l d s .  The' e f f e c t  o f  rnagneti .cOfields can u s u a l l y  b e s t  be  
. ,  

'determined by a c t u a l  observa t ion  d d e r  t h e  s p e c i f i c  c o n d i t i o l s  encount- 

; f 
Iered i n  t h c  f i e l d ,  o r i e n t i n g  t h e  instrument along an x ,  y ,  and z a x i s  ' 
1 

0 
/ w i t h  r e spec t  t o  t h e  d i r e c t i p n  of  t h e  magnetic l i n e s  of  f o r c e .  Di f fe r -  

. : 

ences in  instrument  response w i l l  u sua l ly .be  a t t r i b l - ~ t d b l e  , t o  t h e  mag- 
\ 

n e t i c  f ie lc l .  T h e ' e f f e c t s  of  magnetic f i e l d s  can sometimes be negated 

by wrapping t h e  ins t rument  ca se .  wi th  mu meta l .  
. . 

3.11.2. AC INDUCED FIELDS APJD TRNTSIEHTS . ' 

. Trans i en t s  caused by in t e r rup t i , ng  an AC c i r c u i t  under load '  a r e  

, some 6f t h e  worst  o f f ende r s .  This  i s  e s p e c i a l l y  t r u e  o f  AC l i n e  
/ 

opera ted  in s t rumen t s ,  but '  a l s o  holds.  f o r  b a t t e r y  povered ins t ruments  
-L--- 

opera ted  a1 nst. t n  unshie lded  AC l i n e s .  O f  . cou r se ,  i n  t h e - c z z  , 

ha.t.t.ery powered instruments . , ,  radi i t :ed r a d i o  frequency ( r f )  is  t h e  
, . 

cause o f  erxoneous readings .  ~ l e c t r i c  t y p e w r i t e r s  znd c s l c i ~ l a t o r s  . 
I 

a r e  f r e q u e n t l y  found i n  a r e a s  where monitors  a r e  use.d. 



T h e  ei'frct ui LC t r a n s i e n t s  wd induced f i e l d s  can be c rudely  

checked by us ing  an e l e c t r i c  d r i l l  o r  similar device .  T rans i en t s  

and AC i n d u c e d  f i e l d s  should  not  cause d e f l e c t i o n s  g r e a t e r  t han  10% 

. , of  t h e  meter reading .  . % 

3 . 4 . 3 .  RESPOPJSE TO' RADIATED ENERGY ( RADI 0 FREQUEBCY ) 

The most comon sources  of' ? ad ia t ed  energy t h a t  i n t e r f e r e  wi th  

monitor ing instr 'uments a r e  : . . 

1. Induct ion  type  h e a t e r s  
. . 

, . 
2. Radio frequency welders  , . 

3. Radio frequency ge*lerated b y  AC l i n e  t r a n s i e n t s  ,m 

. . . . 
4. Radar beams 

5 .  I g n i t i o n  systems. 

Welding and r a d a r  appara tus  nay have x - r ad ia t ion  a s s o c i a t e d  k i t h  i t ,  
. . 

and c a r e  must be taken  t 3  e : ~ s u r e  t h a t  t h e  response o f  t h e  ins t rument  

was not  e l i c i t e d  by s t r a y  x--r?ys.  I n t e r f e r e n c e  from i g n i t i o n  systems - - 
. : 

can be pa r t i cu . l a r ly  vexing. E r r o k s  & e a t e r  than  + 10% o f  a g iven  - 
.measurement have been noted . a t  dist .?nces of  200 f e e t  from t h e  sou rce  

o f  i n t e r f e r e n c e .  , 

. ... 
I n  g e n e r a l ,  ins t ruments  shoul-d be f i e l d  t e s t e d  f o r  r a d i o  frequency . . 

response under t h e  condit iocr ,  j.n.bllich they  w i l l  be used.  The untoward ' . 
. . 

e f f e c t s  o f  R.F. can sometimes be a l l e v i s t e d  by a m e t a l l i c  ca se .  

p rope r ly  grounded. 

3 . 4 . 4 .  ELECTROSTATIC CHARGES -- - - . 2 
1 

i 
hs a r u l e ,  i o n  cl imber  i l ~ s t r h i n t s  a r e  t h e  ones most s e n s i t i v e  

. t o  s t a t i c  charges.  The e f f e c t  o f  e l e c t r o s t a t i c  charge i s  e a s i l y  checked : 



q u a l i t a t i v e l y  by movicg a  chzrged comb o r  p i ece  o i  p l z i t i c  n i . 0 ~ ~ 1 6  

t h e  instrument  and d e t e c t o r ,  and no t ing  any dev ia t ion  irl ; i l ~ t e ~  

reading .  The dev ia t ion  should not:exceed + 10% of  t h e  r e l d i n g  w i t h  

s t a t i c  charge ; meter  d e f l e c t i o n  from ze ro  should be minirnai.--:lot 

more than  1% of f u l l  s c a l e .  

Switching t r a n s i e n t s  r e f e r  t o  quick ,  v io l en t ,  l a r g e  excurs ions  of 

t h e  mete$ lrhen t h e  range swi tch  i s  changed. from one range t o  t h e  nex t .  
. .. i Switching t r a n s i e n t s  should not d r i v e  t h e  ~ e t e r  p o i n t e r  o f f  s c a l e  (':peg" 

! 
, . 

I t h e  m e t e r ) .  A s  a g u i d e l i n e ,  t h e  p o i n t e r  should r e t u r n  t o  t h e  o r i g i n a l  
I 
I 

ze ro  reahing  i n  two seconds o r  l e s s ,  wi thout  t h e  a i d  o f  a meter  r e s e t  i . . 
swi t ch  : 

I . . 

swi tch ing  t r a n s i e n t s  ,' the,  ins t rument  should  be a l l o l ~ e d  

t o  war up completely,  and t h e  range' swi t ch  changea s tcpwise  i n  both  d i r e c t i o n s .  I '  .. 
. . 

Capacitance e f r e c t s  a r e  changes i n  meter  readings  o r  i n s t r h e n t  

response from pl lys ica l  motion of  p a r t s  of  t h e  instrurr,ent.  H i s t o r i c a l l y ,  t h e  

word capac i tance  i s  used,  f o r  i n  t h e  e a r l y  days o f  r a d i a t i o n  moni tor ing  

in s t rumen t s ,  cake movements would cause c a p a c i t y  changes i n  t h e  c i r c u i t ,  

which k n l d  l e a d  t o  changes i n  meter  r ead ings .  A second type  of  capac i t ance  . .. 

effeot--hand capac i tance- - i s  noted when t h e .  hand i s  brought  nea r  t h e .  case  
t : 

o r  d e t e c t o r .  . . 

i n  g e n e r a l ,  capac i tance  e f f e c t s '  s h a l l  no t  c a ~ i s e  meter  d e f l e c t i c n s  i n  

excess  of t one minor mete.: s c a l e  d i v i s i o n .  ,.'To check f o r  c a ~ a c i t a n c e  e f f e c t s ,  
' / 

t h e  i n s t r & e n t  i s  t u r n e d b n  and allowed t o  s t a b i l i z e  on t h e  most s e n s i t i v e  
. .  , . .. . . . . . . 

, . 



range. P re s s ing  on any p a r t  of t n e  czse ,  c o n t r o l  .knobs, l i f t i n g  'i3e col>trol  

kno5s l i g h t l y  o r  a n y  o t h e r  r r~anipulat ion which i s  a s s o c i a t e d  w i t h  nornlal pro- 

/ cedure s h a l l  no t  cause meter  d e f l e c t i o n  i n . e x c e s s .  of t'nat l i s t e d  above. l ' h e  

,. .-- 
. ' t e s t .  should  be repea ted  on a l l  ranges.  . 

3.7. GEOTROPIC EFFECTS . 

, . 

I Geotropic  o r  p o s i t i o n  dependen'ce e f f e c t s  a r e  r e l a t e d  t o  capac i tance  

e f f e c t s .  I n  d.n i d e a l  ins t rument  t h e  mcter" reading  w i l l  not  change r ega rd l e s s  

o f  t h e  p o s i t i o n  i n  which t h e  instrument  is  :opereted.  Genera l ly  t h e r e  is  some 
. .' 

p o s i t i o n  dependence due t o  g r a v i t y  e f f e c t s  on t h e ' m e t e r .  
> 

P o s i t i o n  dependence can be quick ly  b d  e a s i l y  determine& by r o t a t i n g  e 
, 

, . > 

s t a b i l i z e d  ins t rument  through a f u l l  360" i n  two p lanes  normal t o  each o t h e r  
, 

' and p a r a l l e l  ' t o  t h e  ground. o r d i n a r i l y  ,,' de 'viat ions o f  l e s s  t han  1 o r  2% o f  
' 

t h e  f u l l  s c a l e  reading  are accep tab le .  
' 

. . 

e3.8. - TEMPERATUP3 DEPENDZNCE ' 

, .__.I 

The e f f e c t s  of  tempera ture  on t h e  t o t a l f u n c t i o n a l  ins t rument  package i s  

of prime importance,  s i n c e ' i n s t r u m e n t s  may be used i n  thermal  environments 

ranging  .from sub-freezing t d  i n  excess  o f  120' F. . I t  i s  d e s i r a b l e  t h a t  t h e  

tq@mpiraturo ~ o e f f i o i e n t  of t h e  in l t rument  b e '  1 8 6 ~  than  A ~ . l d / O  I+. GaneraU.y, - 
t h e  d e t e c t o r  i s  t h e  major c o n t r i b u t o r  t o  temperature dependetlce, b u t  o t h e r  

.component$ may a l s o  c o n t r i b u t e  s i g n i f i c a n t l y .  ' 0ccasional. ly , a s icg3  r compo- 
. . . . 

nent  such as a r e s i s t o r  may r e q u i r e  replacement i n  o rde r  t o  minimize tempers- 
. . 

t u r e  e f f e c t s ;  

... . 

Eval.iiation o f  tempera:;ure depnderice r e q u i r e s  an envi rormenta l  o r  ten~per-ZL- 
I .  

t u r e  t e s t  chamber.. The in s t rumen t ,  d e t e c t o r ,  a ~ d .  sou rce  t o  g i v e  a cons t an t  

meter  reading  are p iaccd  i.n t h e  t e s t  chamber, The tempera ture  i s  r a i s e d  a t  a . . 
. . 

, - , . 
. . 

. .  . .  

. .  . . . . . 

% ,  * .  .' . . . . . . . 

- 
. . 



. . . . .  r a t e  of  about 2GC F/iir u i t i l  a n ~ c i n u q  ter.n.?eratui-e of  140" P i s  rezched.  

P4etcr readings  a r e  t d r e n  about every i8. degrees T, and n p l o t  made of  s c a l e  

reading  vs .  tenpere';cr,e rfiaCe. The t e r ~ ~ p e r z t u r e  i s  then  1ot.rered at t h e  r a t e  

o f  20° F/hr  u n t i l  :he l o v e r  l i m i t  o f  -10 degrees F i s  reached.  LIeter read- 

i ngs  a r e  taken every 10  degrees F . '  When t h e  lo~ . res t  temperature hes been 

reached,  t h e  t e m p e r ~ t u r e  i s  again r a i s e d  e t ' t h e  r a t e  of  about 20' F /h r  .---- ' 

C _ .  

u n t i l  room temperature i s  reached. . A s  p rev ious ly ,  readings  a r e  taken  -about 

' every l .OO F. 
/' 

5 .  

I ,  . . 

The t e s t  a t  lower tempera tures  is al'sd .a t e s t  f o r  high humidity operatj .on. I 
I 

A t  t h e  & a r t  o f  t h e  t e s t ,  t h e  a i r  i s  a t  room tempera ture  i n  t h e  t e s t  chamber, 
I 
i 

and normally hs s  a r e l a t i v e  humidity of  30: t o  50$. A s  t h e  temperatu1.e i s  
i . .. 

lowered,  t h e  a i r  i n  t h e  chamber ;ill become s a t u r a t e d  and mois ture  IT.% form 
I 

instrument .  case .  ' I n  most i n s t ances  t r o u b l e  ' i s  nq t  encountered 

u n t i l  t h e  tempera ture  i s  i ,ncseased from t h e  lowest  p o i n t  back 

towar+ room, tempera ture .  

I n  t h e  above temperature t e s t s  t h e r e  may be t imes when l a r g e  c a l i b r a t i o n  

d e v i a t i o n s  occur .  I t  w i l l  t hen  be n e c e s s a i i  t o  check sub-uriits o f  t h e  system 

one o r  two at a t ime ,  u n t i l  t h e  t e m p e r a t u r e . s e n s i t i v e  p a r t s  a r e  dcterf i~ined.  

3.9.. EXl1RACm:iE?dL EFFECTS . . 

Exr;,-acan;eral e f f e c t s  a r e  meter  d e f l e c t i o n s  &Used by i n t k r a c t i o n  of t h e  
. . 

I 

i o n i z i n g  rad ia t ior !  with p a r t  of t h e  i n s t r i e n t  o t h e r  than  t h e  t r u e  c?et*.ctor . . 
. . .  

o r  i o n i z a t i o n  chzmber component. The e f f e c t  i s  most p reva len t  i n  i on iza t io r !  
, . 

c h m b e r  tjrpe instruments ' .  
\ 

9bGiously, it i s  necessary  t o  check ex t racamera l  e f f e c t s  by s h i k i d i n g  t h e  
. . 

d e t e c t o r  o r  l i m i t i r ~ g  t h e  s i z e  of t h e  r a d i a t i o n  beam. By us ing  a w e l l  collimai.ed . . 
. ... . . . 

. ,. 
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I beax,.2mn v i d e ,  a scan can be made a c r d s s t h e  insfrrunent.  The netc:. r e c d i ~ i g  

I,) can then  be p l o t t e d  a s  a func t ion  of l o c e t i o n .  I n  g e ~ e r e l ,  e u t m c m e r a l  
. .. 

response should be  l e s s  t h a n a  feu of  t h e  average re;ding obtai.oe2 

. with  t h e  beam d i r e c t e d  through t h e  d e t e c t o r ,  r ega rd l e s s  of range. A s  a  r u l e ,  

t h e  extracamera1 e f f e c t  w i l l  decrease p r o p o r t i o n a t e l y  a s  t h e * i n s t r w n e n t  is 

, ' .  ' * switched t o ,  h ighe r  ranges. , 

3.10. SOUND J J D  VIERP-TION EFFECTS . , '. 
. . Response t o  sound occurs  mostly i n .  pu l se  type  ins t ruments .  A t  t i n e s  t h e  

speaker  response may cause unwanted feedback,  nega t ing  t h e  use o f  t h e  i n s t r u -  

ment.. i d e a l l y ,  n o i s e  e f f e c t s  should be 'checked i n  a sound chamber wi th  
. . 

v a r i a b l e  i n t e n s i t y  pure tones .  The t e s t  is made by exposing t h e  ins t rument  

t o  n o i s e s  of va r ious  f requencies  and i n t e n s i t y ,  and any abnormal response i s  
. , 

noted.  This  i s  obviously i m p r a c t i c a l ,  and $0 random n o i s e  g e n e r a t o r s  or 

g e n e r a l  i n d u s t r i a l  n o i s e  sources  c& be  used. Response t o  v i b r a t i o n  o r  
, A .  

, impact n o i s e  may r e s u l t  i n  temporary o r  permanent 'change i n  c a l i b r a t i o n .  I n  . . 
. . (1 

. .. -.- 
' a d d i t i o n ,  v i b r a t i o n  may c m s e  phys i ca l  damage t o  t h e  insti-urnent . A shaker  i, ' 

. .  . 
, . t a b l e  i s  a good device  f o r  provid ing  v i b r a t i o n  f o r '  t e s t  purposes.  One of  ' . . . 

t h e  most s a t i s f a c t o r y  and p r a c t i c a l  v i b r a t t o n  t e s t s  i s  t o .  f i e l d  t e s t  t h e  

jostrument  f o r  a  pe r lo<  of  t ime.  O r d i n a r i l y ,  no i se  and v i b r a t i o n  sho~i ld .  no t  
____I_- 

n o t i c a b l y  a f f e c t . i n s t r u m e n t  performance. 

4.0. RADIOLOGICAL EVALUATION . , 

The r a d i o l o g i c a l  eva lua t ion  i s  perh.aps t h e  most geniane and c e r t a i n l y  

t h e  most yean ing fu l  t o  t h e  opera t , iona l  h e a l t h  p h y s i c i s t .  It i s  a l s o  t h e  ,.---- 

. . 
most o b j e c t i v e  , and r e p u i f e s  an ex tens ive  m o u n t  o f  eva lua t ion  equipne3-t .....-- -- 

' 
_- ,' _.- . i . ,-- 

. I n  g e n e r a l ,  t h e  r ad io log i , ca l  eva lua t ion  i s  l i m i t e d  t o  t h e  d e t e c t o r ,  o r  t h e  

response.  o f  t h e  ins t rument  a s  'a' whole. 



~ h a r a . c t e r i z a t i o ' n  of ins t rument  respo;~.ie is rendeyed l i f f i c a l i  by the 
. I - pro3lern, and one not  unique. t o  i n s t r m e n t  e v a l u a t i o n ,  of te:.r;l.ino].os! ., j.2 

t h e  succeeding paragraphs ,  a s  i n  t h e  above s e c t i o n s ,  zn. ottcm?t w i l l .  be 

ma'de t o  de f ine  o r  l i m i t  t e rms ,  i n  t h e  hope of  improving co:rmunicatioi~. 

The term range covers  a mul t i t ude  :of  f e a t u r e s .   he range i s ,  of  

cou r se ,  t h e  whole, o f  t h e  ins t rument  response.  ~ d r  ins t ruments  wi th  

l i n e a r .  r eadou t ,  t he .  raiige i s  o r d i n a r i l y  expressed  i n  t e r n s  o f  ze ro  t o  

maximum f u l l  s c a l e  reading ob ta inab le .   or instGuments w i th  loga r i thmic  

. r eadou t ,  t h e  range must n e c e s s a r i l y  , b e  expressed i n  terms of  t h e  minimum 
. . 

and m a x i m u m  s c a l e  readings  ob ta inab le .  

I n  t h e  t y p i c a l  e v a l u a t i o n ,  t h e  range o f  t h e  instrument  i s  u s u a l l y  not 
. . . , .  

k p e c i f i c a i l y  checked, f o r  o t h e r  a spec t s  of  t h e  e v a l u a t i o n  w i l l  adequotely 
. . 

;ever t h i s  a r e a .  Rovever, a r a p i d  check of  t h e  range can b e  e a s i l y  made 

. by simply vary ing  t h e  ' s o z r c e  t o  de tec tor '  d i s t a n c e  ; 

, . 
4.2. SENSITIVITY 

The s e n s i t i v i t y  o f .  ar, ins t rument  descr3.bes i t s  c a p a b i l i t y  i n  d i sc r imi -  
' . 

n a t i n g  between two approximately equal  6 u a n t i t i e s ;  S e n s i t i v i t ~ :  should  be 

cons t an t  ove r  t h e  e n t i r e  ins t rument  range,, and i s  bes' t  ekpressed  i n  terms 

of pe rcen t  of  f u l l  s c a l e  f o r  ins t ruments  wi'th l i n e a r  ' readout .  For i n s t r u -  

'. . men>s @.th loga r i thmic  r eadou t ,  s e r l s i t i v i t y  ',shoulh be  expressed  a s  pe rcen t  
.. : . . 
' \  

of t h e  a c t u a l  s c a l e  reading  ..:~ith t h e  s c a l e  .readilig s t a t e d .  

. . .  

' 

.To i l l ~ s t ~ r a ~ t e ,  a  p o r t a b l e  ins t rument  wi th  l t n e a r  response'  has a range 

, .. of 0-10 mR/hr on a s i n g l e  s 6 a l e .  It  i s  p o s ~ i ' c l e  -Lo r ead  t h e  meter  t o  t h e  



n e a r e s t  0 . 5  mE/hr. The s e n s i t i v i t y  of  t h i s  i n s t r ~ m ~ n t  i s  0 .5  - 
10 

x 100 = 5z .  

S i m i l a r l y ,  an instrur :ent  l oga r i t hmic  respon,s'e, has a  range of 0 . 1  t o  1 0  m R / i i r .  

Near t h e  1oi.r end . o f  t h e  scz l -e ,  changes of 0 .02 mE/hr can be determined,  r i s i n g  

t o  2 mR/hr a t  t h e  high end. I n  t h i s  ca se ,  t h e  s e n s i t i v i t y  i s  20% a t  bo th  ends 

of t h e  s c a l e .  ' I f  t h e  minimum d e t e c t a b l e  changes Irere 5 mR a t  t h e  high end,  

\ 
. , 

. ' t h e  s e n s i t i v i t y .  would be expressed a s  20% a t  0 . 1  mR/hr t o  50: a t  1 0  mR/hr. 
. . 

An express ion  of  < 50% f o r  t h e  s e n s i t i v i t y ,  .&though v a l i d ;  would not  be a s  - 
d e s c r i p t i v e  a s  t h e  'previous method. ... . 

S e n s i t i v i t y  i s  determined with t h e  instrument  i n  an appropr i a t e  r a d i a t i o n  

f i e l d ,  u t i l i z i n g  a device  such as  a t r o l l e y  o r  c a r r i a g e  t o  permit  sma l l  and . 

r ep roduc ib l e  changes i n  t h e  source  t o  d e t e c t o r  d i s t a n c e .  I n  t h i s  manner, smal l .  . , 
.. . 

y e t  accu ra t e  v a r i a t i o n s  i n  dose r a t e s  can be obta ined .  S e n s i t i v i t y  should  be 
, . 

determined a t  a t  l e a s t  two points--one each nea r  t h e  maxirrun and minimum 
, . 

. . 
s c a l e  reading . '  . ,  

. . .  

I n  t h e  case  o f  a lpha  monitor ing in s t rumen ta t ion ,  s e n s i t i v i t y  i s  expressed 

i n  t h e  manner desc r ibed  above, but  i s  determined wi th  s e v e r a l  sou rces ,  each 

having slFght.1.y d i f f e r e n t  s t r e n g t h .  A s i n g l e  source  covered with mesh t o  

absorb var ious  f r a c t i o n s  o f  t h e  a lphas ,  w i l l  s u f f i c e .  

. ,  

'4 .'2.1. DZTECTIOD! LI?<IT - . . 

, The d e t e c t i o n  l i m i t  i s  t h e  minimum ( o r ,  l e s s  commonly, t h e  

maximum) r a d i a t i o n  reading which c,an be ob ta ined ,  wi th  t h ~  i n s t r ~ -  

.merit. T h i s  va lue  can be ob ta ined  from t h e  s e n s i t i v i t y .  



' . t h e  t r u e  v ~ l u e ,  an? i s  expressed  as n l i m i t  o r  range i n  ier:as oi. pe rcen t  
. . 

of the' t r u e  va lue .  Accuracy i s  t h e  sun t o t a l  o f  all f a c t o r s  l~h i s i ?  n ~ y  
. . 

adverse ly  a f f e c t  t h e  reading  of t h e  instrw?.?nt,  includi-ng r e p r o d u c i b i l i t y  

( 4 . 1 1 ) ~  s t a b i l i t y  (4.10) , ,  and s e n s i t i v i t y  ( 4 . 2 ) .  

Although correctly, accuracy i s  a stat i s t i c a l  phenomenon, c a l c u l ~ 5 l e  ,- 
from t h e  known v a r i v l c e o f  t h e  numerous f a c t o r s  t h a t  a f f e c t  t h e  rea.dingeo.f. .:----- _ _ _ - . ~  

I' 
2' t h e  i n s t rumen t ,  such c a l c u l a t i o n  (and  ind,eed even . secur ing  t h e  d a t a  on 

' which t o  base  t h e  c a l c u l a t i o n )  i s  impracti .cal.-  Hence, t h e  term accuracy 
.. . 

g e n e r a l l y  r e f e r s  t o  t h e  t o i a l  u n c e r t a i n t y  ('+' 3 s t anda rd  dev ia t ions  ) i n  t h e  ' - 
ins t rument  r ead ing ,  wi th  t h e  measurement made under nea r ly  i d e a l  ccnd i t i ons  , 

and wi th  app ropr i a t e  c o r r e c t i o n s  made f o r  such f a c t o r s  as  tempera ture ,  

p r e s s u r e ,  energy,  and geometry.. 

3 .  

Accuracy i s  b e s t  determined wi th  a c a l i b r a t e d  source .  Ins t rument  read- 
1 . , 

. . 
i ngs  over  t h e  e n t i r e  range a r e  compared wi th  t h e  " t rue"  va lue  a s  d e t e r z i n e d  ' 

, 
' from t h e  source  s t r e n g t h .  Presented  on t h e  fol lowing page a r e  some a c t u a l  

d a t a  ob ta ined  wi th  an i o n  chamber survey meter :  



True mR/hr I n s t r m e n t  nR/hr  '. 
. , . . -- Ins t r~~. i !en t  Hanp;e 

This  inst . r iment  w a s  r a t e d  a s  having an accuracy o f  2 10%. 

.,( ' 

4.4 .  REPRODUCIBILITY' 
. . O  

, . R e p r o d u c i b i l i t y ,  o r ' p r e c i s i o n ,  i s  a mg'asure of  cons is tency  o f  r ead ings .  . '  

' I t  i s  determined by making a t  l e a s t  f i v e  reading:,; i n  a  g iven  f i e l d ,  removing . 
. . 

' t h e  f i e l d  between each reading .  This  skioul'd be  done over a t  l e a s t  t h r e e  (I 

, ' , . 
p o i n t s  on t h e  range  o f  t h e  ins t rument .  . The,.:following d a t a  were, ob ta ined  

wi th  a GH survey meter  on t h e  x 10  range:  
. .. 

"True". CPM ---- , Observed CPM 

Reproduc ib i l i t y  of  het,t,er xhan -. -+ 5% i s  indicated  by t h e  d a t a .  

. . 

Note t h a t  r e p r o d u c i b i l i t y  i s  not. t h e  sane ah 'accurzcy;  an instr.mer.t--- ' I 
. . . .  -...-' - 

t h a t  al.\.~ays reads  e x a c t l y  1 .50  t h e  t r u e  va lue  would be  100% '&producible,  
. . . . 

. - 
b u t  would have an accuracy of  + 50%. 

. . . . 

. . 
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. . 14.5 . S ATUl?L.TI 0:: 

When i n  r a d i a t i o n  f i e l d s  above t h e i r  in tended  range ,  some ins t ruments  

w i l l  . s a t u r a t e .  The e f f e c t  mani fes t s  i t s e l f  i n  one of two ways: e i t h e r  t h e  

ins t rument  reading  r i s e s  t o  a f rac t ion- -usua l ly  about 80-9O%--of t h e  maximum 

f u l l  s c a l e  r ead ing  and relnainz t h e r e  regardbeso o f  hew i n t e n s e  t h e  radi.n.tion 

l e v e l  g e t s ,  o r  ,, t h e  instrument  i s  dr ivqn  off  s c a l e  b u t  t h e  reading  drops 
. . . .,  

.back dol~n t o  ze ro  as, t h e  f i e l d  i n t , e n s i t y  i n c r e a s e s .  Each of t h e s e  cond i t i ons  

can r e s u l t  i n  a s e r i o u s  s i t u a t i o n  w i t h  poss2ble overexposures t o  personnel .  

  he former e f f e c t  occurs  most commonly in.' ion  c h m b e r  i n s t r u n e n t s  , and t h e  
. . 

l a t t e r  i n  Geiger  t y p e  survey meters .  

' s a t u r a t i o n  i s  e a s i l y  '.checked by p l a c i n g  t h e  ins t rument  i n  an appropr i a t e  
. . . . 

r a d i a t i o n  f l u ,  and inc reas ing  t h e  i n t e n s i t y  unt i ' l  t h e  e f f e c t  i s  noted g r ' a  
. s 

predetermined leve l - -usua l ly .100  t imes  the.maximum range o f  t h e  instrument-- 
. . 

i s  reached.  

4.6. . ENERGY DEPENDENCE 

Energy dependence--also known as  s p e c t r a l  s e .n s i t i v i ty - - r e fe r s  p r imar i ly  
. . 

t o  t h e  response o f  an inst'rument t o  X o r  gamma r a d i a t i o n  of  d i f f e r e n t  e n e r g i e s .  

Energy. dependencc ds c;l.used by many f a c t o r s . ,  t h e  ,two most impor tan t  ones be ing  
. .  . 

pho toe l ec t rons  ( and ,  t o  a l e s s e r  deg ree ,  Compton e l e c t r o n s )  from t h e  d e t e c t o r  

w a l l ,  a n d ' s e l f - a b s o r p t j . 0 ~  w i t h i n  th'e detec ' tor  w a l l .  These e f f e c t s  a r e ,  o f  
. . 

c.ourse , compet i t ive .  

.. ! . . .  , . . . 

. ' To eva lua t a  enel.0;v dep&ndericp, t , he  de tec to ' r  iS p laced  i n  a f i e l d  o f  known 
' 

. . 
s t r e n g t h  anci energy and.  t h e  response cohpa&a t r i t 5  t h e  t r u e  exposure r a t e .  .I 

! 
I 

. o r d i n a r i l y ,  t h z  instrdreni .  i s  c a l i b r a t e d  wi th  a sdu rce  having an energy of  , \ 

approximately I XeV, and t h e  instrument  re iponse  normalized t o  t h i s  enersg.  ' I  . 



Seve ra l  e f f e c t i v e  ene rg i e s  i n  t h e  r m e e  o f '  10  Key t o  g r e a t e r  i h a ; ~  1 

MeV a r e  necessary  t o  achieve  in accu ra t e  i n d i c a t i o n  o f  energy dependence. . I. . . 

An X-ray machine--preferably wi th  300 KIP c.apzbi1.ity--can be  used t o  .obt:~ir! 

e f f e c t i v e  ene rg i e s  i n  t h e  50-250 KeV region  by .neans  of  heav i ly  f i l t e r e d  
Ef f  

s p e c t r a ;  a wide bean K f'luore36;snt aource can be used to conveniently alztuj.~? 
. .  . 

e s s e n t i a l l y  monoenergetic photons i n  t h e  reg ion  8-100 KeV 
E f f '  The h ighe r  

ene rg i e s  a r e  wi th  ' n u c l i d e s ,  commonly 3 7 ~ s  (662 K ~ V E ~ ~ )  , 2 2 2 ~ e .  + 

daughters  (6 800 KeVEff), and 6 0 ~ o  (1 .25  MeVEff). A t y p i c a l  s e r i e s  o f  
... , 

ene rg ie s .  f o r  a, c u t i e  p i e  t ype  ins t rument  might be 8 ,  1 7 ,  23, 40,  60,  80, 

Energy dependence should be determifled wi th  bbth  open and c losed  window, 

and o f t e n  f o r  o t h e r  c o n d i t i o n s ,  such as  with '  t h e  beam end--on o r  thrbugh a 

t h i c k e r  s i d e  w a l l .  Energy dependence should b e  r e p o r t e d  a s  a +, - percentage  

over  a s p e c i f i c .  energy r a g e  .cr a +, - perodritage..normalized t o  a s p e c i f i c  

energy. Graphica l  p r e s e n t a t i o n ,  i n  t h e  form of  a p l o t  o f  response p e r  u n i t  

exposui-e a s  a func t ion  of energy ,  i s  a s u p e r i o r  method o f  showing energy 

dependence. . . 

.4.7. TEMPERATURE ADID PRESSURE DEPENDENCE 

These e f f e c t s  e r e  u s u a l l y  minor,  and a r e  comnonly caused by changes i n  

t h e  mass o f  a i r '  w i t h i n  t h e  d e t e c t o r . .  IIo>rever, . t empera ture  e f f e c t s  on 
. . 

other  corn:>crients can a l s o  cause apprec i ab le  changes i n  ins t rument  response ,  - . 

*. ' 

and a t e s t i n g  procedure similar t o  t h a t  ' d e s c r i b e d ' i n  3 . 8  above i s  recomendcd.  

Chenges i n  a t n ~ s p h e r i c  p r e s s u r e  shou ld  'Eave ,n in imal  e f f e c t .  If an 
. . 

. a p p r o p r i a t e  e n v i r o r i e n t a l  t e s t  chamber i s  a v n i l a 3 l c ,  t h e  change i n  ins t rument  
. . 

response t o  a cons t an t  f i e l d .  should be .determined i n  1 0  nun incr.erneiits over 



. , 

t h e  r a r ~ g e  -f20-780 rn ~ g .  A pres su re  c o e f f i c i e n t ,  i n  terms of  pe rcen t  

change1 p e r  mm Hg . . . w i l l  u s u a l l y  be apparent  from t h e  d a t a .  
. . 

. -  . . . 

4.8. ANGULAR DZPENDENCE 

Because most d e t e c t o r s  a r e  no t  s p h e r i c a l ,  angular  dependence may cause 

eer ioue  dlserapmciee i n  readings .  Pn p a r t i c u l a r ,  angu la r  dependence become-s/ 

s i g n i f i c a n t  trhen. a f i x e d  'geometry o r  windowed d e t e c t o r  i s  used i n  an a m b i e n t - Y  

/ ---- ' -- 
f i e l d  o r  i n  such a manner t h a t  t h e  window. cannot .be  poin ted  ,hoGards t h e  

d i r e c t i o n  o f  t h e  f i e l d ,  . - 

Angular dependence i s  b e s t  checked through a  f u l l  360' i n  pe rpend icu lz r  

p l a n e s ,  one p a r a l l e l  t o  t h e  h o r i z o n t a l  and t h e  o t h e r  t o  t h e  v e r t i c a l  a x i s  of 
, , .. 

t h e  d e t e c t o r .  Measurements should be  made a t  15°. . increments .  I f  t he .  d e t e c t o r  

.is symmetrical about an a x i s ,  t h e  de te rmina t ion  can be  made over  180° o r  go0, 
S 

as  i n d i c a t e d  by t h e  geometry. 
> . \ 

The s ta tement  o f  ang.ular dependence', should  be expressed a s  2 a percentage  
. . 

from s f i x e d  p o i n t ,  u sua l ly  t h e  so -ca l l ed  "normal" of  t h e  d e t e c t o r .  IIowever,' 

a g r a p h i c a l  r e p r e s e n t a t i o n  i s  s u p e r i o r ,  a s  .is t r u e  f o r  energy dependence. 
. . 

b . 9 . RF,SPO?~T3l3 TQ b?{WP>TED_RADIATIO!JS - -. - . .. . . , 

P o r t a b l e  survey meters  a r e  usual-ly in tended  t o  monitor  one t y p e  o f  radia.- 

t i o n .  Photor, nionit.ors such . a s  i o n i z a t i o n  chambers, . . f o r  exiunple., should  be  

r e l a t i v e l y  i n s e n s i t i v e  t o  o t h e r  penetrating: '  r a d i a t i o n s  , v i z  . ' neut rons .  

Similarly, a lpha  01. neuiron monitor? should  be i n s e n s i t i v e  t o  photon r a d i a t i o n s .  

Checking t h e  r e j e c t i o n  of unwantzd r a d i a t i o n s  i s  o f t e n  more art t h a n  
b 

sc i ence ; '  For example, ene.rgy dependence must be  cons idered ,  p a r t i c u l a r l y  i 
. . 

when e v a l u a t i n g  t h e  r e j ec t io r i  of photons by' neut ron  o r  a lpha  s c i n t i l l a t i c n  



ins t ruments .  ~ e u ' i r o n s  may sho:~ a s i m i l a r  energy 'dependence, wi.Lh ti response 

be ing  e l i c i t e d , .  s a y ,  only by thermal  neut rons .  And, t h e  undes i red  response 

may not  appear  except  i n  a. mixed f i e l d .  However ,' a s  a . gene ra l  r u l e  of t hunb ,  

'. i% i s  ' u sua l ly  necessary . t o  check response t o  unwmted p e n e t r a t i n g  r a d i a t i o n  

up t o  l e v e l s  of about 10  ~ / h r  i n  t h e  case  of p h ' ~ t p n s , '  l o 7  n/cm2/sec of f a s t '  . 

neutrons ' ,  and 10' n/cm2/sec o f  slow o r  t h e & i l  neut rons .  ' .. 

' 5.0.. CONCLUDING REMARKS 

The eva lua t ion  of  p o r t a b l e  r a d i a t i o n  monitor ing ins t ruments  i s  o f  

prime importance i f  t h e s e  dev ices  a r e  t o  be  s e l e c t e d  i n t e l l i g e n t l y  and used 

t o  maximum advantage by ope ra t ing  h e a l t h  phys ics  personnel .  Knowledge o f  
. . 

a p p r o p r i a t e  c o r r e c t i o n  f a c t o r s ,  id iosyncras ' i es  , and response '  c h a r a c t e r i s t i c s  

a r e  v i ta l  t o  proper  a p p l i c a t i o n  i n  t h e  f i e l d .  

Evalua t ion  of a p o r t a b l e  iristrwnent should tak% i n t o  account r e l e v a n t  

J . '  

'mechanical ,  e l e c t r o n i c ,  and r a d i o l o g i c a l  response f e a t u r e s ,  and should be  
-I 

orient?d.  towards u l t i rna t e  f i e l d  appl icat ior is ' .  ~ g t h  p h y s i c a l  and psychological.  --...- 
. . 6 

f a c t o r s  should  be considered';  personnel,  w i l l  no t  have confidence i n  an i n s t r u -  
, . 

ment t h a t  doesn ' t  look a s  i f  it t r i l l  work. 'under ly ing  a l l  phases o f  t h e  

eva l i ia t ion  i s  economics ;. .one 'must g e t  t h e  most f o r  each d o l l a r  s p e n t .  I m ~ l i -  

c i t  i n  t h i s  i s  minimal maintenance along. w i th  low i n i t i a l  c o s t .  

Proper  eva lua t ion  ' r equ i r e s  t ime and a . ' f a i r  amount, o f  expensive t e s t  

. equipp~ent .  The prcgi-an. o u t l i n e d  and b r i e f l y  d i scussed  above i s  by no means 
. . 

t h e  i d e a l  nor i s  it a;l encompassing. Rather  i . t  r e p r e s e n t s  an attempt-- 
/ .  

. , perhaps more r e a l i s t ? ' . c a l l y ,  a start--tolrard8 'uqiform eval-uation p roced~ l re s  , 

' ahd terminoloqy , ~ r i ' t h '  a p r a c t i c a l  end r e s u l t .  . ,.' - i 
. /--.-- 




