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FOREWORD 

The Atomic Energy Commission, through i t s  D i v i s i o n  o f  Operat ional  Sa fe ty ,  

has con t rac ted  w i t h  t h e  Ba t t e l l e -No r thwes t  Laboratory  t o  conduct a  s tudy  

and develop t e c h n i c a l  c r i t e r i a  f o r  de te rm in ing  the  adequacy o f  i n s t r u -  

mentat ion f o r  use i n  r a d i o l o g i c a l  emergencies, abnormal occurrences and 

acc iden ts .  The program i s  responsive t o  t h e  recommendations o f  t h e  AEC 

Advisory  Commi t t e e  on Reactor Safeguards rega rd ing  acc iden ts  i n v o l v i n g  t h e  

re l ease  o f  r a d i o a c t i v i t y .  The work has been p rogress ing  i n  c l ose  c o l l  abor- 

a t i o n  w i t h  t h e  AEC1s Regulatory  D i v i s i o n s .  A t echn i ca l  s t e e r i n g  c o m i t t e e  

was e s t a b l i s h e d  compr is ing  rep resen ta t i on  f rom t h e  D i v i s i o n s  o f  Opera t iona l  

Safety,  Reactor L icens ing ,  Reactor Development, t h e  U n i v e r s i t i e s  D i v i s i o n ,  

Richland, and t h e  Environmental  P r o t e c t i o n  Agency. Th is  comni t tee  p rov ides  

s u r v e i l l a n c e  and t e c h n i c a l  d i r e c t i o n  and assures t h a t  t h e  o v e r a l l  needs o f  

t h e  program and assoc ia ted  o b j e c t i v e s  a re  met. As a f i r s t  step, t h e  B a t t e l l e -  

Northwest Labora to ry  reviewed c u r r e n t  p r a c t i c e s  a t  a  number o f  Conmission 

owned and l i c e n s e d  f a c i l i t i e s .  Resu l ts  o f  t h i s  rev iew were approved and 

r e p o r t e d  i n  BNWL-1552, "Technolog ica l  Considerat ions i n  Emergency I n s t r u -  

menta t ion  Preparedness, Phase I - Cur ren t  Capabi 1  i t i e s  Survey". Th i s  r e p o r t  

p rov ides  a summary o f  t h e  "Emergency Radio1 o g i  c a l  and Meteor01 o g i  c a l  I n s t r u -  

menta t ion  C r i t e r i a  f o r  Reactors" which has been developed d u r i n g  t h e  f i r s t  

p o r t i o n  o f  t h e  Phase I 1  s tudy .  

Approved : 

E. J. V a l l a r i o ,  Chairman 
AEC Headquarters 
B a t t e l l  e-Northwest P r o j e c t  
S t e e r i  nq Comnii t t e e  

L 

~ { s h o n ,  A s s i s t a n t  D i r e c t o r  
Nu ", ea r  Faci  1 i t i e s  
Di  s i o n  o f  Opera t iona l  Sa fe ty  
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I .  INTRODUCTION AND SCOPE 

Th i s  r e p o r t  i s  in tended t o  serve as a  g u i d e l i n e  f o r  both r e a c t o r  

f a c i l i t y  opera to rs  and r e g u l a t o r y  agencies and i t  i s  in tended t o  s e t  a  

r a t i o n a l  p a t t e r n  f o r  t he  development and improvement of emergency 

ins t rumenta t ion .  

I n  the  des ign o f  r e a c t o r  cores and c o n t r o l  systems, e f f e c t i v e  use i s  

made o f  phys ics parameters and t e s t e d  mechanical and e l e c t r o n i c  elements t o  

p reven t  nonstandard opera t ion .  Eugineered safeguard systems a r e  p rov ided  

t o  l i m i t  t h e  e f f e c t s  o f  an u n l i k e l y  l oss  o f  c o n t r o l  t o  w i t h i n  the  r e a c t o r  

f a c i l i t y .  The l i c e n s i n g  process makes c e r t a i n  t h a t  t h e  des ign c r i t e r i a  

a r e  s a t i s f i e d  and t h a t  ope ra t i ng  procedures a r e  f o l l owed .  The a p p l i c a t i o n  

o f  these layered  m u l t i p l e  s a f e t y  f a c t o r s  makes i t  h i g h l y  improbable t h a t  

l a r g e  q u a n t i t i e s  o f  r a d i o a c t i v e  m a t e r i a l  w i l l  be a c c i d e n t a l l y  re leased  t o  

the  environment. I t  i s  prudent,  never the less,  t o  cons ider  poss ib l e  con- 

sequences o f  such re leases  and examine i n  some d e t a i l  i n s t r umen ta t i on  and 

procedures f o r :  ( 1 )  q u i c k l y  d e t e c t i n g  t h e  occurrence o f  a  re lease ,  

( 2 )  q u i c k l y  assessing t h e  i n t e n s i t y  and d i r e c t i o n  t h e  re l ease  takes, and 

(3 )  es t ima t i ng  t h e  impact o f  t h e  re l ease  on t h e  env i rons.  A l l  t h ree  

requirements need t o  be f u l f i l  l e d  if the  opera to rs  o f  a  nuc lear  f a c i l i t y  

a r e  t o  be w e l l  prepared t o  determine t he  p o t e n t i a l  and ac tua l  conse- 

quences o f  such a  ser ious  b u t  ve ry  low p r o b a b i l i t y  event.  

Few s tud ies  have c a l l e d  o u t  s p e c i f i c  c r i t e r i a  f o r  performance and 

placement o f  r a d i o l o g i c a l  and meteoro log ica l  i ns t rumen ta t i on  use fu l  f o r  



c h a r a c t e r i z i n g  t h e  emergency s i t u a t i o n .  Most pub1 i c a t i o n s  on r a d i o l o g i c a l  

emergencies deal  p r i m a r i l y  w i t h  p lans and procedures, a c t i o n  l e v e l s ,  and 

environmental  consequences, and a t  most ment ion i ns t rumen ta t i on  performance, 

needs, and r e l a t e d  c r i t e r i a  i n  o n l y  ve ry  genera l  terms. 

A  s tudy  has been undertaken t o  i n v e s t i g a t e  c u r r e n t  i ns t rumen ta t i on  capa- 

b i l i t y  f o r  d e a l i n g  w i t h  t he  acc iden t  s i t u a t i o n .  The s tudy  was performed as 

an i n t e g r a l  p a r t  o f  a  program t o  i d e n t i f y  t h e  need and develop emergency 

i ns t rumen ta t i on  c r i t e r i a  f o r  use i n  AEC ope ra t i ons .  The con~p le te  s tudy  on 

emergency preparedness requi rements,  which i s  supported by t h e  AEC w i t h  

guidance p rov ided  by o t h e r  federa l  agencies, i s  conven ien t l y  subd iv ided  i n t o  

t h r e e  phases: 

1. A  survey of bo th  p r i v a t e  i n d u s t r y  and AEC c o n t r a c t o r s  t o  determine 

t h e i r  ins t rumented capab i l  i ty  f o r  meet ing a  r a d i o l o g i c a l  emergency. 

2. Development o f  s u i  tab1 e  c r i t e r i a  on emergency i ns t rumen ta t i on  prepared- 

ness f o r  nuc lea r  r eac to r s ,  f u e l  f a b r i c a t i o n  p l an t s ,  f u e l  reprocess ing  

p l a n t s  and ma jo r  i so tope  l a b o r a t o r i e s .  

3 .  Implementat ion of research and development i d e n t i f i e d  i n  t h e  prev ious 

phase t o  a i d  i n  t he  development o f  needed i ns t rumen ta t i on  and p rov ide  

methods and f a c i l i t i e s  f o r  eva lua t i on ,  c a l i b r a t i o n ,  and c e r t i f i c a t i o n  

o f  emergency i n s  trumen t a  ti on. 

The f i r s t  phase o f  t h i s  s tudy  was completed i n  1970 and t he  r e s u l t s  o f  

t h i s  p o r t i o n  were repo r ted  i n  BNWL-1552, "Technolog ica l  Cons idera t ions  i n  

Emergency I ns t rumen ta t i on  Preparedness, Phase I - Cur ren t  C a p a b i l i t i e s  Sur- 

vey," dated January 1971. ) The Phase I r e p o r t  comprises t h e  r e s u l t s  o f  

ques t ionna i res  and i nspec t i ons  r e l a t i v e  t o  emergency i ns t rumen ta t i on  prepared- 

ness a t  25 major  nuc lea r  s i t e s ,  i n c l u d i n g  l i c e n s e d  power reac to r s ,  f u e l  r ep ro -  

cess ing  p l a n t s ,  and USAEC c o n t r a c t o r  s i t e s .  Emergency r a d i o l o g i c a l  instrumen- 

t a t i o n ,  as suspected by B e l l  and o thers , (2 )  was found t o  be d e f i c i e n t  t o  some 

degree a t  a l l  f a c i l i t i e s  v i s i t e d ,  and i n  some cases, no i ns t rumen ta t i on  was 

p rov ided  s p e c i f i c a l l y  f o r  t he  emergency s i t u a t i o n .  

The second phase o f  t h e  s tudy  i s  t h e  development o f  sound t e c h n i c a l  and 

ope ra t i ona l  c r i t e r i a  f o r  emergency i ns t rumen ta t i on  and i d e n t i f i c a t i o n  o f  

research  and development areas. Reactors, p lu ton ium and uranium f u e l  f a b r i -  

c a t i o n  p l an t s ,  f u e l  reprocess ing  p l a n t s ,  and major i so tope  l a b o r a t o r i e s  w i l l  



be cons ide red  i n d i v i d u a l l y  i n  t h e  development o f  these  c r i t e r i a .  C r i t e r i a  

f o r  s e v e r a l  i n s t r u m e n t  and i n s t r u m e n t a t i o n  systems w i l l  be i n c l u d e d  f o r  

each o f  t h e  nuc lea r  f a c i l i t y  types:  

L i q u i d  and gaseous r a d i o 1  o g i c a l  e f f  1  uen t  m o n i t o r i n g  i nstrumen- 

t a t i o n ,  b o t h  w i t h i n  t h e  f a c i l i t y  and i n  t h e  e n v i r o n s .  

Ambient r a d i a t i o n  m o n i t o r i n g  i n s t r u m e n t a t i o n .  

P o r t a b l e  r a d i o l o g i c a l  m o n i t o r i n g  i n s t r u m e n t a t i o n .  

M e t e o r o l o g i c a l  i n s t r u m e n t a t i o n ,  b o t h  f o r  s y n o p t i c  and p r e d i c -  

t i v e  purposes. 

The development o f  t e c h n i c a l  c r i t e r i a  p e r t a i n i n g  t o  communcations 

equipment, emergency c o n t r o l  c e n t e r  i n s t r u m e n t a t i o n ,  and e v a l u a t i o n  o f  

emergency i n s t r u m e n t a t i o n  i s  cons ide red  t o  be a  separa te  phase o f  t h e  

s t u d y  and w i l l  be desc r ibed  i n  a  l a t e r  document. S p e c i f i c a l l y  exc luded 

f r o m  c o n s i d e r a t i o n  a r e  process m o n i t o r i n g ,  personnel  dos imetry ,  and c r i t i -  

c a l  i t y  dos imet ry  and i n s t r u m e n t a t i o n  per se. A l s o  exc luded f rom these 

s t u d i e s  a r e  consequences, o p e r a t i o n s  and p l a n n i n g .  

The i n i t i a l  work on Phase I 1  was l i m i t e d  t o  n u c l e a r  r e a c t o r s  and 

t h e  r e s u l t s  o f  t h e  work a r e  d e t a i l e d  i n  t h i s  r e p o r t .  I n c l u d e d  a r e  

c r i t e r i a  f o r  i n s t r u m e n t a t i o n  f o r  de te rm in ing  t h e  n a t u r e  and e x t e n t  o f  

a  r a d i o l o g i c a l  i n c i d e n t  immed ia te ly  a f t e r  i t s  occurrence.  T h i s  r e p o r t  

seeks t o  e s t a b l i s h  emergency i n s t r u m e n t a t i o n  c r i t e r i a  f o r  t h e  contempo-, 

r a r y  r e a c t o r ,  i n  consonance w i t h  what i s  needed, reasonable,  and ach iev -  

a b l e  w i t h  t h e  c u r r e n t  s t a t e - o f - t h e - a r t ,  w h i l e  a t  t h e  same t i m e  i d e n t i -  

f y i n g  areas i n  which a d d i t i o n a l  s tudy  i s  i n d i c a t e d .  I t  should  n o t  be 

i n f e r r e d  t h a t  e i t h e r  these  proposed c r i t e r i a  o r  techn iques r e p r e s e n t  

t h e  o n l y  s a t i s f a c t o r y  s o l u t i o n .  What has been done i s  t o  p o i n t  o u t  

what appears t o  be a c h i e v a b l e  by more comp le te ly  e x p l o i t i n g  c u r r e n t  

c a p a b i l i t i e s .  

Be fo re  c r i t e r i a  f o r  r e a c t o r  emergency i n s t r u m e n t a t i o n  c o u l d  be 

developed, i t  was necessary t o  e s t a b l i s h  t h e  maximum f i s s i o n  p roduc t  



i nven to ry  which cou ld  be invo lved  i n  an acc ident ,  and a l s o  t o  make c e r t a i n  

assumptions about t he  f r a c t i o n  o f  the  i nven to ry  which migh t  escape from 

t h e  core. Once the  f i s s i o n  products were character ized,  i ns t rumen ta t i on  

requirements f o r  q u i c k l y  assessing t h e  re lease a n d  p r e d i c t i n g  the  t r a -  

j e c t o r y  and a i rbo rne  concent ra t ion  downwind were def ined.  

Based on the  q u a n t i t y  and c h a r a c t e r i z a t i o n  o f  a i rbo rne  f i s s i o n  products 

which cou ld  escape, guides t o  inst rument  s e l e c t i o n  a re  g iven  a lovg  w i t h  

c r i t e r i a  f o r  performance and placement, and some techniques presented f o r  

es t ima t i ng  the  magnitude o f  the  re lease.  Inst rumentat ion,  f o r  meteoro logi -  

c a l  parameter measurement i s  considered i n  d e t a i l  because o f  t he  impor tan t  

r o l e  such measurements w i l l  p l a y  i n  determin ing the  d i r e c t i o n  o f  f l o w  and 

d i spe rs ion  i n  t he  atmosphere, and i n  t he  i n i t i a l  response by mon i to r i ng  

personnel . 



11. THE R E A C T O R  A N D  A C C I D E N T  POTENTIAL 

ACCIDENT BOUNDS 

Reactors present a diversity of potential accident sources, ranging 

from zero power, uncontained research reactors to power reactors con- 

t a i  ni ng large inventories of fission products. Approximately 250 radio- 

nuclides are produced by the fission process, and the specific composition 

of the inventory i s  a complex function of fuel ,  core parameters, operating 

time, and decay time, amonq others. The total  inventory or quantity of 

radioactivity i s  basically a function of three parameters - operating 

time, decay time, and power level.  Power level and the quantity of radio- 

active material are direct ly  proportional. The relationship of quantity 

of radioactive material to operating and decay time are shown in Fig- 

ure 1 for a typical thermal reactor fuel ( i n i t i a l  f ission ra t io  2 3 9 ~ u :  

2 3 5 ~  = 0.0689) as calculated with the RIBD computer code. (3)  Assuming 

a constant release fraction, operating power level variations of 100 

among various reactors, and decay times of only u p  t o  10 hours, the 

radioactivity involved may ranqe over eight orders of magnitude. Hence, 

emergency monitoring instrumentation may well be required to  cover a wide 

ranqe of radiological conditions. 

To provide perspective, an accident potential c lassif icat ion - High, 

Medium or Low - based on severity was established in Phase I for  nuclear 

f a c i l i t i e s .  The classif icat ion postulates no mechanism nor does i t  con- 

sider the probability for occurrences; i t  takes into account the total  
inventory of radioactive materials and the fraction released to the con- 

tainment vessel. Reactors may be categorized by type of use into this  
broad classif icat ion scheme for severity potential without the need for 

precise definit ion or boundaries, as shown: 

Severity Potenti a1 Reactor Use 

High Power, Production 

Med i um Test 

Low Research, Crit ical  Facili ty,  
Training 



D E C A Y  T I V E  ( H O U R S )  

FIGURE 1. E f f e c t  of I r r a d i a t i o n  Time on ~ c t i v i t ~  - 
Decay Re la t i onsh ip  - A1 1  F i s s i o n  Products 



I n  o t h e r  words, t h e r e  a r e  t h r e e  d i s c r e t e  groups o f  r e a c t o r s  based on 

p o t e n t i a l  s e v e r i t y  o f  acc i den t ,  and t h i s  f a c t  w i l l  i n f l u e n c e  emergency 

i ns t r umen ta t i on  requi rements  and s e l e c t i o n .  

For r e a c t o r s  i n  t h e  Low S e v e r i t y  P o t e n t i a l  group, t h e  consequences 

o f  t h e  maximum acc iden t  w i l l  be cons iderab ly  l e s s  severe f rom a  r a d i o -  

l o g i c a l  p o i n t  o f  view. An upper l i m i t  t o  t h e  i n v e n t o r y  o f  r a d i o n u c l i d e s  

a v a i l a b l e  i n  t h e  co re  o f  these r e a c t o r s  m igh t  be t h a t  equ i va l en t  t o  a  

few meqawatt years  produced a t  power l e v e l s  o f  <1 MW, o r  r ough l y  t h r e e  

o rde rs  o f  magnitude l e s s  than  t h a t  p o t e n t i a l l y  a v a i l a b l e  i n  t h e  Medium 

S e v e r i t y  P o t e n t i a l  r e a c t o r s .  A l though r e a c t o r s  i n  t h i s  group may have 

l e s s  c o n s t r i c t i v e  c o n t r o l s  and containment f ea tu res ,  t h e  r e l a t i v e l y  

smal l  r a d i o a c t i v e  m a t e r i a l  i n v e n t o r i e s  i nvo l ved  p rec lude  t h e i r  f u r t h e r  

c o n s i d e r a t i o n  i n  t h i s  phase o f  t h e  s tudy.  It i s  planned t o  cons ider  

these  f a c i l i t i e s  f u r t h e r  i n  f u t u r e  s t u d i e s  which deal  w i t h  major  

i so tope  1  a  bora t o r  i es . 

For r e a c t o r s  w i t h  Medium and High S e v e r i t y  P o t e n t i a l ,  t h e  maximum 

a c c i d e n t  case, which determines t h e  upper range o f  t h e  r a d i o l o g i c a l  i n s t r u -  

mentat ion,  i s  taken t o  be t h a t  o f  DiNunno, e t  a l .  (4 )  Th i s  i s  m o d i f i e d  t o  

assume an ope ra t i ng  power l e v e l  o f  3500 MW(t) f o r  one yea r .  An es t imated  

15% o f  t he  t o t a l  f i s s i o n  p roduc t  i n v e n t o r y  i s  re leased  t o  the  containment 

vesse l ,  t h i s  f r a c t i o n  c o n t a i n i n g  100% o f  t he  nob le  gases, 50% o f  t he  ha lo -  

gens, and 1% o f  the  remain ing f i s s i o n  products .  I n  a d d i t i o n ,  o n l y  50% o f  

t he  i od i nes  re leased  t o  t h e  containment vesse l  remain a v a i l a b l e  f o r  

r e l e a s e  t o  t he  atmosphere. 

DiNunno assumed a  s p e c i f i c  l eak  r a t e  f rom t h e  containment.  However, 

f o r  t he  purpose o f  t h i s  s tudy no assumptions were made rega rd i ng  r a t e  o f  

leakage, r a t h e r  i t  was assumed t h a t  t h e  ins t ruments  must be capable o f  

d e t e c t i n g  and accoun t ing  f o r  the  r a d i o n u c l i d e s  whether they  remained i n  

t h e  conta inment  o r  were r e l eased  t o  t he  env i rons .  I n  t he  l a t t e r  case 

no l eak  r a t e  was s p e c i f i e d .  

E s t a b l i s h i n g  a  lower  l e v e l  o r  minimum a c c i d e n t  case i s  more d i f f i -  

c u l t  than  f o r  t h e  maximum acc iden t ,  s i n c e  v i r t u a l l y  any unplanned r e l e a s e  



of r a d i o a c t i v e  ma te r i a l s ,  however sma l l ,  can be cons idered an acc iden t .  

Consider ing o n l y  u n c o n t r o l l e d  r a d i o a c t i v e  m a t e r i a l ,  a  s p i  11 o r  r e l ease  o f  

o n l y  a  few c u r i e s  may be s i g n i f i c a n t  and r e s u l t  i n  a c t i v a t i o n  o f  t h e  

emergency p r o t o c o l .  S i m i l a r l y ,  i f  c r i t i c a l i t y  i s  cons idered t h e  c r i t e r i o n ,  

from rev iew o f  t he  l i t e r a t u r e  on r e a c t o r  and c r i t i c a l  assembly acc iden ts ,  

a  lower  l i m i t  o f  about 1016 f i s s i o n s  from a  nuc lea r  excurs ion  w i t h  f r e s h  

f u e l  appears t o  be t h e  p r a c t i c a l  minimum. (5-7) 

There are,  however, r a d i o a c t i v e  m a t e r i a l  r e l ease  s i t u a t i o n s  o t h e r  than 

a  nuc lear  excu rs i on  which cou ld  c r e a t e  an emergency s i t u a t i o n .  I n  genera l ,  

these w i l l  i n v o l v e  mixed f i s s i o n  products ,  and, f o r  t he  purposes o f  d e f i n -  

i n g  a  "minimum acc iden t "  o r  lower l i m i t  o f  d e t e c t i o n  c a p a b i l i t y  f o r  t he  

emergency ins t rumenta t ion ,  a  r e l ease  over  a  s h o r t  t ime p e r i o d  rough l y  equiva- 
3 l e n t  t o  10 t imes t h e  average annual r e l ease  r a t e  w i l l  be assumed. Th i s  

assumption i n  no way i m p l i e s  t h a t  l e s s e r  re leases  would n o t  be monitored, 

nor  charac te r i zed ,  o r  o therw ise  handled w i t h  speed and concern. It i s  

in tended t h a t  t h i s  lower  l e v e l  w i l l  ove r l ap  w i t h  ope ra t i ona l  mon i t o r i ng  

i ns t rumen ta t i on  used r o u t i n e l y  f o r  d e t e c t i o n  and q u a n t i f i c a t i o n  o f  lower  

l e v e l  o r  r o u t i n e  re1  eases. 

Most r e p o r t e d  r e a c t o r  acc iden ts  o f  s u f f i c i e n t  consequence t o  be 

repo r ted  i n  t h e  l i t e r a t u r e  (4-6)  f a l l  w i t h i n  t h e  range c i t e d  above, and 

most i f  n o t  a l l  Design Basis Acc idents  p o s t u l a t e  r a d i o a c t i v e  m a t e r i a l  

re leases  below the  upper 1  i m i  t s  c i t e d .  

The d i scuss ion  above i s  germane p r i m a r i l y  t o  a i r b o r n e  re leases,  and 

indeed, t he  overwhel~ning c o n s i d e r a t i o n  i s  g i ven  t o  t he  a i r b o r n e  re1  ease 

o f  r a d i o a c t i v e  m a t e r i a l .  Releases o f  r a d i o a c t i v e  m a t e r i a l  v i a  1  i q u i d  media 

c o n s t i t u t e  a  second b u t  more r e s t r i c t e d  means o f  i n j e c t i o n  o f  r a d i o a c t i v e  

m a t e r i a l  i n t o  t he  environment. I n  many acc iden t  s i t u a t i o n s ,  l a r g e  q u a n t i -  

t i e s  o f  hea t  w i l l  be generated, p rec lud ing  l i q u i d  re leases  per se. However, 

depending on t he  type  o f  r eac to r ,  numerous mechanisms r e s u l t i n g  i n  l i q u i d  

c a r r i a g e  o f  re leased  r a d i o a c t i v e  m a t e r i a l  can be pos tu la ted .  V i r t u a l l y  a l l  

of these f a l l  w i t h i n  t he  range pos tu l a ted  above. Hence, i n  p a r t  f o r  



s impl ic i ty  and consistency, the  l i m i t s  discussed above should serve ade- 

quately f o r  the waterborne o r  l iquid  re l ease  case .  I t  should be kept in  

mind t h a t  i n  a major acc ident ,  the  airborne re l ease  wil l  be the f i r s t  

considerat ion.  

1I.B. CHARACTERIZATION O F  IONIZING RADIATION FROM A REACTOR ACCIDENT 

I t  i s  convenient t o  cha rac te r i ze  the inventory or source in  terms of 

broad groups based on physicochemical proper t ies .  Several such group- 

ings appear in  the l i t e r a t u r e ,  along w i t h  est imates of f r ac t ion  of radio- 

a c t i v e  material released.  A p a r t i a l  review of the  l i t e r a t u r e  (3-29) 

f i s s i o n  product behavior and re lease  in accident  o r  simulated accidents  

leads t o  t h e  th ree  group c l a s s i f i c a t i o n  given below in  Table 1 .  The 

re l ease  f r ac t ions  c i t e d  f o r  both a i r  and water a r e  conservative and con- 

s i s t e n t  wi th8values  general ly assumed f o r  sa fe ty  analyses and design basis  

acc idents .  

TABLE 1 .  Fission Product C lass i f i ca t ion  

Group Constituents Charac te r i s t i c s  

Noble Gases Kr, Xe Short ha l f - l ives .  Essent ia l ly  chemi- 
c a l l y  i n e r t  (Group VIII) .  P r i -  
marily external  exposure hazard. 
Assumed a i rborne  re l ease  f r a c t i o n  = 
1.0. Liquid re l ease  f r a c t i o n  0.5. 

Ha 1 ogens 

Sol ids 

High chemical r e a c t i v i t y  (Group VII) .  
Radioiodines primary hazard with bio- 
logical  loca l i za t ion  i n  thyroid.  Bro- 
mines a r e  precursers of radios t ron t i  ums 
which a r e  long-lived bone seekers.  
Assum d a i rborne  re l ease  f r a c t i o n  = P 0.25. a )  Liquid re l ease  f r a c t i o n  = 0.5. 

A 1  1 Remaining Moderate chemical r e a c t i v i t y .  Pri - 
Fission Products marily in te rna l  hazard. Assumed 

airborne and l iquid  re l ease  f r a c t i o n  = 
0.003. (b)  Liquid re l ease  f r a c t i o n  = 
0.01. 

a .  The product of a core inventory re l ease  f r a c t i o n  of 0.5 and a p la te-  
out  correc t ion  f a c t o r  of 0.5. 

b. The product of a core inventory re l ease  f r a c t i o n  of 0.01 and a 
plate-out  correc t ion  f a c t o r  of 0.3. 



Using t he  l i b r a r i e s  and da ta  f rom the  RIBD and ISOSHLD-I11 computer 

programs (3y30931 ) and a  general  1 i t e r a t u r e  review, an examinat ion was made 

o f  t h e  f i s s i o n  p roduc t  i nven to ry  t o  a s c e r t a i n  i f  any un ique o r  s i g n i f i c a n t  

c h a r a c t e r i s t i c s  o r  commonality o f  nuc l i des  cou ld  be determined which would 

s i m p l i f y  o r  improve d e t e c t i o n  c a p a b i l i t i e s .  R a t i o s ' o f  s p e c i f i c  nuc l ides ,  

beta and photon energy d i s t r i b u t i o n s  , and s i m i  l a r  c h a r a c t e r i s t i c s  were 

looked a t  as a  f u n c t i o n  o f  both ope ra t i ng  and decay t imes.  

Several  u s e f u l  f a c t s  were revea led  by t h i s  eva lua t i on .  With t h e  

excep t ion  o f  a  b u r s t  o r  c r i t i c a l i t y  case, t he  f r a c t i o n a l  , r a d i o a c t i v i t y  o f  

each o f  t he  groups shown i n  Table 1  i s  e s s e n t i a l l y  cons tan t  w i t h i n  t h e  

l i m i t s  o f  decay and ope ra t i ng  t imes shown i n  F igures 2, 3,and 4. O f  par-  

t i c u l a r  i n t e r e s t  i s  t h e  nob le  gas f r a c t i o n ,  which i s  t he  ma jo r  c o n s t i t u e n t  

o f  a  r e l ease  and has severa l  r ad ionuc l i des  emi t t - ing  photons i n  t h e  r e g i o n  

o f  2  t o  3  MeV. 
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FIGURE 2. D i s t r i b u t i o n  o f  F i s s i o n  Products as a  Func t ion  
o f  I r r a d i a t i o n  Time a t  20 Minutes A f t e r  Shutdown 
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FIGURE 3. E f f e c t  o f  I r r a d i a t i o n  Time on F r a c t i o n a l  A c t i v i t y  
o f  Noble Gases a t  Selected Decay Times 
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FIGllRE 4. E f f e c t  o f  I r r a d i a t i o n  Time on F r a c t i o n a l  A c t i v i t y  
o f  Halogens a t  Selected Decay Times 

0 . 1  8 $ 8  4 ;  * $ 8  
- 

$ 8  

0 . 0 1  
1 o0 1 o 1  l o 2  l o 3  1  o 4  

D E C A Y  T I M E ,  M I N U T E S  

> 1 . 0  
+ - 
> - 
C 
U 
< 
_1 

< Z 

0 - 
C U 

4 

I D R A D I A T I O N  T I M E  

0 = 0 . 5  S E C O N D S  

= 1  HOUR 

A = 1  D A Y  

v = 3 0  D A Y S  

- = 1  Y E A R  - 
0 = 5  Y E A R S  

CY 8 e a  e e  9 
0 . 1  8 8 

0 O O  8 
- 

c 

0 . 0 1  

:: 
0 

. 
1  o 0  l o 1  1  0 2  l o 3  1  o 4  

D E C A Y  T I M E ,  M I N U T E S  



Examina t ion  o f  F i g u r e  3  shows t h e  constancy o f  t h e  r a d i o a c t i v i t y  f r a c -  

t i o n  f o r  t h e  n o b l e  gases. For decay t imes  f r o m  one m i n u t e  t o  one day, t h e  

f r a c t i o n a l  r a d i o a c t i v i t y  f r o m  t h e  nob le  gases i s  a p p r o x i m a t e l y  c o n s t a n t  a t  

abou t  10%. S ince these  have t h e  g r e a t e s t  r e l e a s e  f r a c t i o n  t o  t h e  atmo- 

sphere, t h e  n o b l e  gases would be expected t o  p r o v i d e  w e l l  o v e r  h a l f  o f  t h e  

a i r b o r n e  r a d i o a c t i v i t y  r e l e a s e d  f o l l o w i n g  an a c c i d e n t .  The remainder  o f  

t h e  r a d i o a c t i v i t y  i s  m o s t l y  f r o m  t h e  halogens,  wh ich a l s o  have a  c o n s t a n t  

r a d i o a c t i v i t y  f r a c t i o n  ( F i g u r e  4 ) .  

A l though  d i f f e r e n c e s  i n  g ross  r a d i o a c t i v i t y  o r  i s o t o p i c  c o m p o s i t i o n  

w i l l  occu r  as a  r e s u l t  o f  r e a c t o r  type,  use, f u e l  and o t h e r  c o r e  param- 

e t e r s ,  t h e y  w i l l  be i g n o r e d  s i n c e  they  a r e  sma l l  i n  compar ison t o  e f f e c t s  

o f  power l e v e l  and o p e r a t i n g  and decay t i m e .  The ma jo r  c o n t r i b u t o r s  and 

t h e i r  e n e r g i e s  a r e  g i v e n  i n  Tab le  2  below. 

TABLE 2. Photon Emiss ion i n  2  t o  3  MeV Range 
by Noble Gases and Daughters 

Accumulated Photon I n t e n s i t y  
F i s s i o n  Energy, Photons 

Nucl  i d e  Y i e l d ,  % H a l f - L i f e  MeV Per D i s .  Comments 

87 K r  2.6 76 m in  2.57 0.35 

8 8 ~ b  3.6 18 min  2.68 0.023 8 8 ~ r  daugh te r  

8 9 ~ b  4.8 15 min  2.20 0.14 8 9 ~ r  daugh te r  
2.59 0.13 

5.8 33 sec 2.48 0.04 D i r e c t  f i s s i o n  
p r o d u c t  o n l y  

3 8 ~ e  5.7 18  min  2.02 <O .01 

3 8 ~ s  5.7 33 m in  2.21 0.18 3 8 ~ e  daugh te r  
2.63 0.09 

4 0 ~ a  6.4 40 h r  2.53 0.03 D i r e c t  y i e l d  
e x c l  uded 

NOTE: Y i e l d  d a t a  f r o m  (32) ;  h a l f - l i f e ,  energy and i n t e n s i t y  f r o m  (33 ) .  



Table 2, shows t h a t  most o f  t h e  photons f rom t h e  nob le  gases, ha lo -  

gens, and t h e i r  daughters t h a t  have energ ies  g r e a t e r  than  2  MeV a r e  

assoc ia ted  w i t h  t h e  decay o f  t h e  r ad iok r yp tons  and daughters .  The aggre- 

ga te  c o n t r i b u t i o n  f rom radioxenons and daughters i s  r e l a t i v e l y  sma l l ,  as 

i s  t h e  c o n t r i b u t i o n  f rom t h e  halogens. (Of t h e  l a t t e r ,  o n l y  8 4 ~ r  and 

1 3 6 ~  em i t  photons i n  t h i s  energy r e g i o n  w i t h  any s i g n i f i c a n t  abundance. ) 

Hence, t h e  photons w i t h  energ ies q r e a t e r  than  2  MeV r e s u l t  p r i m a r i l y  

fro111 r a d i o k r y p t o n  decay. The f r a c t i o n  o f  r ad iok r yp tons  i s  cons tan t  f o r  

decay t imes  up t o  about 10 hours,  suggest ing measurement o f  photon 

energ ies  g r e a t e r  than  2  MeV as a  p o s s i b l e  means o f  q u a n t i f i c a t i o n  w i t h i n  

t h e  f i r s t  few hours a f t e r  t h e  acc iden t .  

Using t h e  atmospher ic r e l e a s e  f r a c t i o n  data from Table  1  and t h e  

f r a c t i o n a l  r a d i o a c t i v i t y ,  t h e  approximate compos i t i on  of t h e  a i r b o r n e  

i n v e n t o r y  o f  r a d i o a c t i v e  m a t e r i a l s  can be c a l c u l a t e d  as shown i n  Table  3. 

TABLE 3. Atmospheric Rad ioac t i ve  M a t e r i a l s  C h a r a c t e r i s t i c s  

Approx. Approx. 
F r a c t i o n  o f  Approx. P la te-Out  R e l a t i v e  F r a c t i o n  
A c t i v i t y  i n  Core Release C o r r e c t i o n  A i r bo rne  i n  

Category Reactor Core Fac to rs  Fac to rs  Containment Vessel 

Noble Gases 0.1 1  . O  1  .O 0.8 

Hal ogens 0.1 0.5 0.5 0.2 

A11 Remalntng 0.8 0.01 0.3 0.02 
F i s s i o n  Pro- 
duc ts  

From Table  3, i t  can be seen t h a t  p r a c t i c a l l y  a l l  o f  t h e  a i r b o r n e  

r a d i o a c t i v i t y  w i l l  be f rom nob le  gases and halogens. As p r e v i o u s l y  

po in ted  ou t ,  t h e  nob le  gases, and i n  p a r t i c u l a r ,  t h e  r ad iok r yp tons  and 

daughters,  produce nlost o f  t h e  photons w i t h  energ ies g r e a t e r  than 2 MeV. 



111. EMERGENCY INSTRUMENTATION REQUIREMENTS 

Several  types o f  emergency ins t ruments  o r  i n s t r u m e n t a t i o n  systems 

should  be p rov ided  t o  c h a r a c t e r i z e  t h e  s e v e r i t y  and e x t e n t  o f  t h e  a c c i -  

d e n t  and t o  a i d  i n  t h e  p r o t e c t i o n  o f  ope ra t i ng  personnel  and personnel  

l i v i n g  i n  t h e  env i rons .  The ins t ruments  should  be capable  o f  c h a r a c t e r i z -  

i n g  t h e  re l ease  t o  t h e  containment vesse l  and t h e  r a d i o l o g i c a l  problem asso- 

c i a t e d  w i t h  r e - e n t r y .  I ns t r umen ta t i on  a1 so should  be a v a i l  a b l e  t o  es t ima te  

t h e  amount of r a d i o a c t i v e  m a t e r i a l  re leased  t o  t h e  env i rons  e i t h e r  v i a  nor -  

mal e f f l u e n t  channels o r  u n a n t i c i p a t e d  breech of t h e  containment.  Meteoro- 

l o g i c a l  i n s t r umen ta t i on  should  p r o v i d e  necessary data t o  determine t h e  

d i r e c t i o n  t h e  c loud  w i l l  f o l l o w  and t h e  necessary parameters t o  p e r m i t  

r a p i d  c a l c u l a t i o n  o f  t h e  consequences w i t h i n  a  10  m i l e  r a d i u s  o f  t h e  p l a n t  

u s i n g  a  d i f f u s i o n  model a p p r o p r i a t e  t o  t h e  s i t e .  A d d i t i o n a l l y ,  i t  may be 

necessary t o  p rov i de  i n s t r u m e n t a t i o n  t o  a i d  i n  e a r l y  d i r e c t  assessment o f  

t h e  environmental  consequences i n  t h e  same area. F i n a l l y ,  survey ins t rumen-  

t a t i o n  i s  necessary t o  supplement f i x e d  i ns t r umen t  systems, t o  make 

r a d i o l o g i c a l  measurements a t  l o c a t i o n s  n o t  covered by f i x e d  instrumen- 

t a t i o n ,  and t o  a i d  i n  p r o t e c t i o n  o f  ope ra t i ng  personnel  d u r i n g  t h e i r  

e f f o r t s  t o  s t a b i l i z e  t h e  emergency. 

S p e c i f i c  i ns t ruments  o r  ins t rument  systems t h a t  a r e  e i t h e r  r e q u i r e d  

o r  recommended f o r  cop ing w i t h  an emergency a r e  descr ibed  below. Sec- 

t i o n s  I V  and V desc r i be  t h e  c h a r a c t e r i s t i c s  o f  these  ins t ruments  and 

systems and Sec t ion  V I  con ta i ns  s p e c i f i c  performance c r i t e r i a .  T y p i c a l  

r e a c t o r  emergency i n s t r u m e n t a t i o n  'systems a r e  i 11 u s t r a t e d  i n  F i g u r e  5. 

I I I .A. AIRBORNE RADIOACTIVE MATERIAL MEASLIREMEIIT I N  THE COlVTAIlVMElVT VESSEL 

D i r e c t  measurement o f  t h e  a i r b o r n e  r a d i o a c t i v e  m a t e r i a l  i n  t h e  con- 

ta inment  vesse l  f o l l o w i n g  a  h i g h  r a d i a t i o n  a la rm o r  known i n c i d e n t  i s  neces- 

sa r y  t o  eva lua te  t he  na tu re  and amount o f  a i r b o r n e  m a t e r i a l  p o t e n t i a l l y  

a v a i l a b l e  f o r  leakage o r  which i s  l e a k i n g  t o  t h e  env i rons .  Whi le t h e  

sampl ing and measurement f rom con ta ined  volumes w i l l  n o t  o f  i t s e l f  p e r m i t  

e v a l u a t i o n  o f  a  l e a k  t o  t h e  ou t s i de ,  t h e  da ta  w i l l  be va l uab le  f o r  recon- 

s t r u c t i n g  t h e  sequence o f  events  and i n  c o r r o b o r a t i n g  and supplement ing 





o t h e r  i n p u t  i n t o  t h e  a c c i d e n t  assessment. W i t h i n  minutes o f  the  i n c i d e n t ,  

i t  cou ld  add impo r tan t  da ta  r ega rd i ng  t h e  ser iousness o f  t h e  s i t u a t i o n .  I n  

a d d i t i o n ,  sampl ing and l a b o r a t o r y  a n a l y s i s  cou ld  p rov i de  a  measure o f  t h e  

e f f e c t i v e n e s s  o f  t h e  engineered safeguards and t h e  n a t u r a l  removal p ro -  

cesses and t h e r e f o r e  p r o v i d e  an i n d i c a t i o n  o f  t h e  compos i t i on  o f  r a d i o -  

a c t i v e  m a t e r i a l  re leased  o r  a v a i l a b l e  f o r  r e l e a s e  t o  t h e  ou t s i de .  The 

i n f o r m a t i o n  w i l l  a l s o  be o f  va l ue  w i t h  r espec t  t o  r e - e n t r y  i n t o  t h e  con- 

t a i  nment vesse l  . 
Ob ta i n i ng  r e p r e s e n t a t i v e  nieasurements f rom a  l a r g e  volume a t  a  s i n g l e  

l o c a t i o n  r e q u i r e s  t h a t  t h e  gases and p a r t i c l e s  be w e l l  mixed i n  t h e  vesse l .  

The p a r t i c u l a r  c i rcumstances sur round ing  t h e  a c c i d e n t  w i l l  a l t e r  t h e  

degree o f  u n i f o r m i t y  o f  m i x i ng ,  and s tagnan t  r eg ions  w i l l  l i k e l y  be pres-  

en t .  However, s t u d i e s  conducted a t  t h e  Containment Systems T e s t  F a c i l i t y  

a t  Ba t t e l l e -No r t hwes t  show t h a t  m i x i n g  was r a p i d  i n  a  l a r g e  vessel  f i l l e d  

w i t h  steam due t o  thermal convec t ion .  (19-21) A l though a  d e t a i l e d  s t udy  
6  has n o t  been conducted on a  vesse l  as l a r g e  as 2 x  10 c u b i c  f e e t ,  i t  i s  

l i k e l y  t h a t  over  a  p e r i o d  o f  minutes,  reasonably  un i f o rm  m i x i n g  w i l l  occur .  

Assuming an a c c i d e n t  e q u i v a l e n t  t o  t h e  maximum p o s t u l a t e d  i n  Sec- 

t i o n  11, and a  conta inment  volume o f  5.7 x  1 0 l o  cm3 (2  x  l o 6  f t 3 ) ,  t h e  

maximum concen t ra t i on  o f  a i r b o r n e  f i s s i o n  products  i n  t h e  con ta ined  

volume w i l l  be o f  t h e  o rde r  o f  5.9 x  ci/cm3, d i s t r i b u t e d  as 4 . 4 ~  
3  loF3 Ci/cm nob le  gases, 1.1 x  ~ i / c m ~  halogens, and 3.5 x  c i /cm3 

s o l  i d s .  The minimum c o n c e n t r a t i o n  i n  t h e  conta inment  volume i s  taken  t o  

be 1 0 ' ~  o f  t h e  maximum above. 

111.6. AMBIENT DOSE RATE MEASUREMENT IIV THE CONTAINMENT 

VESSEL AND BUILDING 

Ambient dose r a t e  m o n i t o r i n g  o r  area m o n i t o r i n g  w i t h  f i x e d  ins t rumen-  

t a t i o n  w i l l  be o f  va lue  i n  t h e  immediate pos tacc i den t  s i t u a t i o n .  Remote 

area mon i t o r s  (RAMS) a re  u s e f u l  p r i m a r i l y  as i n d i c a t o r s  o f  t h e  ambient  

r a d i a t i o n  f i e l d  i n  t h e  r e a c t o r  conta inment  vesse l  and b u i l d i n g ,  and t h i s  

da ta  can be u s e f u l  f o r  dec i s i ons  rega rd i ng  l i f e  o r  p r o p e r t y  sav ing  measures. 



Data f rom RAMS liiay a l s o  be o f  va lue  i n  de te rmin ing  changes i n  t he  r a d i a t i o n  

environment, i n c l u d i n g  a d d i t i o n a l  a c t i v i t y  re leases  o r  r a d i o a c t i v e  decay. 

However, t h e  data ob ta i nab le  a r e  q u i t e  1  i m i  ted, p a r t i c u l a r l y  i n  v iew of 

t h e  f i x e d  na tu re  o f  t h e  de tec to r ,  and t h e  p o s s i b i l i t y  t h a t  t h e  de tec to r s  

may have been sub jec ted  t o  temperature o r  pressure extremes. Moreover, 

t h e  phys i ca l  l o c a t i o n  of t h e  de tec to r  may be such t h a t  an i naccu ra te  p ro -  

t r a y a l  o f  t h e  r a d i a t i o n  f i e l d  i s  q iven.  

Area mon i to rs  a r e  u s u a l l y  p rov ided  i n  a  nuc lea r  f a c i l i t y  t o  meet 

l e g a l  o r  c o n t r a c t u a l  requirements and t o  p rov ide  an alarm'when ambient r a d i a -  

t i o n  l e v e l s  exceed predetermined l e v e l s .  V i r t u a l l y  a l l  such ins t ruments  a r e  

designed as exposure r a t e  meters, and some have an e f f e c t i v e  lower  l e v e l  

energy c u t o f f  near 100 keV. Whi le  these de tec to r s  may be s u i t a b l e  f o r  r ou -  

t i n e  mon i t o r i ng  s i t u a t i o n s  o r  f o r  warning purposes, t hey  i gno re  t h e  major  

component o f  t h e  ambient r a d i a t i o n  f i e l d  assoc ia ted  w i t h  unsh ie lded  f i s s i o n  

products ,  namely t h e  beta r a d i a t i o n  and assoc ia ted  low energy bremsstrahlung. 

Beta t o  photon dose r a t e  r a t i o s  can be as g r e a t  as 30 t o  1  under some c i r -  

cumstances, and i f  t h e  RAM system i s  t o  be used t o  eva lua te  r e - e n t r y  poss i -  

b i l i t i e s ,  i t  should have c a p a b i l i t y  o f  beta measurement. S i m i l a r l y ,  low 

energy photon measurement capabi 1  i ty  must be provided, because both 

bremsstrahlung and s c a t t e r  can c o n t r i b u t e  app rec iab l y  t o  t h e  dose. 

1 I I . C .  R A D I O A C T I V E  M A T E R I A L  MEASUREMENT TO THE P O I N T  OF RELEASE 

I I I . C . l  Stack E f f l u e n t  

Rad ioac t i ve  m a t e r i a l  may be re leased  t o  t h e  env i rons  th rough t h e  

r e a c t o r  b u i l d i n g  v e n t i l a t i o n  system as a r e s u l t  o f  an acc iden t .  Such a 

r e l e a s e  cou ld  occur  whether o r  n o t  containment has been breeched. V e n t i l a -  

t i o n  a i r  and a i r  i n  i n t i m a t e  c o n t a c t  w i t h  r a d i o a c t i v e  m a t e r i a l  can sweep 

r a d i o a c t i v e  gases and some smal l  p a r t i c l e s  th rough any c l e a n i n g  o r  t r e a t -  

ment processes, and f i n a l l y  t o  t h e  exhaust p o i n t .  I n  n e a r l y  every  case t h e  

exhaust p o i n t  w i l l  be a s tack  rang ing  f rom some tens o f  f e e t  t o  severa l  

hundred f e e t  t a l l ,  r e s u l t i n g  i n  d i l u t i o n  and d i s p e r s i o n  be fo re  t h e  m a t e r i a l s  



reach  ground l e v e l .  I n  i t s  passage through t h e  v e n t i l a t i o n  system, t h e  

e f f l u e n t  may be t r e a t e d  by f i  1  t r a t i o n ,  1  i q u i d  scrubbing,  a d s o r p t i o n  beds, 

o r  a  co r r~b ina t ion  o f  these and o t h e r  a i r  c l e a n i n g  techniques;  b u t  i n  a  

se r i ous  acc iden t ,  these engineered safeguards cou ld  f a i l  s t r u c t u r a l l y  as 

a  r e s u l t  of ove r l oad ing  o r  o t h e r  mechanical means. 

The s tack  r e l e a s e  may i n v o l v e  some o r  a l l  o f  t h e  f i s s i o n  products  

i n c l u d i n g  nob le  gases, halogens and p a r t i c u l a t e s  r e l eased  t o  t h e  con ta i n -  

ment vesse l  and i n  concen t ra t i ons  which cou ld  approach those found i n  t h e  

conta inment  vesse l  depending on t h e  e f f e c t i v e n e s s  o f  t h e  c leanup processes. 

A l though s tack  m o n i t o r i n g  i n s t r u m e n t a t i o n  may be designed t o  d e t e c t  
6 t h e  same m a t e r i a l s ,  t h e  i n s t r u m e n t a t i o n  may be as much as 10 t o o  

s e n s i t i v e .  

I I I . C . 2 .  L i q u i d  E f f l u e n t  

A1 though circumstances can be p o s t u l a t e d  which w i l l  r e s u l t  i n  uncon- 

t a i n e d  l i q u i d  re leases  w i t h o u t  concomi tant  a i r  re leases ,  t h e  l i q u i d  r e l e a s e  

s i t u a t i o n  i s  analagous t o  t h e  s tack  r e l e a s e  i n  t h a t  t h e  l i q u i d  i s  channeled 

th rough  a  p i p i n g  system be fo re  re lease .  Hence i n  v i r t u a l l y  a l l  s i t u a t i o n s ,  

i n c l u d i n g  t h e  r u p t u r e  of a  main p i p e l i n e ,  t h e  l i q u i d  can be mon i to red  

w i t h i n  an enc losed volume. Whi le  a  l a r g e  u n c o n t r o l l e d  s p i l l a g e  o r  r e l e a s e  

o f  h i g h l y  contaminated l i q u i d s  cou ld  be pos tu l a ted ,  t h e  r e s u l t a n t  a i r -  

borne o r  ambient  r a d i a t i o n  hazards would be o f  g r e a t e r  immediate concern. 

L i q u i d  m o n i t o r i n g  thus  i s  p r i m a r i l y  a  problem o f  measurement i n  an 

enc losed o r  p a r t i a l l y  enc losed volume. A l though  aqueous l i q u i d s  a r e  t h e  

p r imary  cons ide ra t i on ,  o t h e r  c o o l a n t  o r  moderat ing l i q u i d s  such as o rgan ics  

o r  c o r r o s i v e  l i q u i d s  may be i n c l u d e d  i f  these can be re l eased  t o  t h e  

env i rons  i n  any q u a n t i t y .  S p e c i f i c a l l y  exc luded f rom c o n s i d e r a t i o n  here 

a r e  l i q u i d  meta ls  o r  m a t e r i a l s  no rma l l y  s o l i d  a t  25°C. 

There a r e  two bas i c  methods f o r  emergency m o n i t o r i n g  o f  l i q u i d  e f f l u -  

en ts :  d i r e c t  measurement o f  t h e  r a d i o a c t i v i t y  i n  t h e  l i q u i d  and sample 

w i thd rawa l  and a n a l y s i s .  A l though  t h e  l a t t e r  can be accompl ished by an 

a p p r o p r i a t e l y  designed sampler-monitor,  d i r e c t  measurement penn i t s  t h e  



most r a p i d  and r e p r e s e n t a t i v e  ana l ys i s .  I n  a d d i t i o n ,  d i r e c t  m o n i t o r i n g  may 

reduce e r r o r s  assoc ia ted  w i t h  sampling, incomplete o r  inadequate mix ing,  

evapora t ion  o r  e f fe rvescence  o f  d i sso l ved  o r  suspended gases, and r a d i o a c t i v e  

decay. Hence, d i r e c t  measurement techniques a r e  s t r o n g l y  recommended. 

111. D. DETERMINATION OF THE MAGNITUDE AND DIRECTION OF THE PLUME 

To e f f e c t i v e l y  app l y  emergency p r o t e c t i v e  a c t i o n s  a g a i n s t  an a i r b o r n e  

r a d i o a c t i v e  m a t e r i a l  r e l ease  f rom a  r e a c t o r ,  i t  i s  necessary t o  know t h e  

nature,  e x t e n t  and d i r e c t i o n  o f  t h e  re lease ,  downwind a i r  concen t ra t ions ,  

ground depos i t i on ,  and ex te rna l  dose r a t e s .  Data can be e i t h e r  d i r e c t l y  

ob ta ined  o r  c a l c u l a t e d  f rom measurements. To implement emergency p lans,  

these data o r  es t imates  should be ob ta ined  as soon as p o s s i b l e  a f t e r  t h e  

acc iden t .  

I11 .D.1. Rad io l oa i ca l  Measurements 

Measurement w i t h i n  o r  immediate ly  ad jacen t  t o  t h e  r e a c t o r  b u i l d i n g ,  

w h i l e  p r o v i d i n g  t h e  most r a p i d  data,  i s  u n s a t i s f a c t o r y  on many grounds. The 

l a r g e  i n v e n t o r y  o f  f i s s i o n  products  w i t h  i t s  subsequent h i g h  l e v e l s  o f  

ambient r a d i a t i o n  make d e t e c t i o n  and q u a n t i f i c a t i o n  ques t ionab le .  S i m i l a r l y ,  

thermal s h i e l d i n g  and aerodynamic e f f e c t s  f rom t h e  f a c i l i t y  o r  nearby o b j e c t s  

may s e r i o u s l y  impa i r  t h e  c o l l e c t i o n  and accuracy o f  t h e  r a d i o l o g i c a l  data.  

Measurements should be made s u f f i c i e n t l y  f a r  f rom t h e  source t o  m in im ize  o r  

e l i m i n a t e  i n t e r f e r e n c e s ,  w h i l e  y e t  p r o v i d i n g  da ta  r e p r e s e n t a t i v e  o f  t h e  

source l o c a t i o n .  Thus, measurement a t  some d i s tance  ex te rna l  t o  t h e  r e a c t o r  

b u i l d i n g  i s  i n d i c a t e d  and t h e  d i scuss ion  i n  Sec t ion  I V  w i l l  sepa ra te l y  con- 

s i d e r  t h e  necessary r a d i o l o g i c a l  and meteoro log ica l  measurements. 

I I I .D .2 .  Meteoro log ica l  Measurements 

I n  t h e  even t  o f  a  r e a c t o r  acc iden t  r e s u l t i n g  i n  a  l eak  o f  r a d i o a c t i v e  

m a t e r i a l s  t o  t h e  atmosphere, i t  i s  necessary t o  employ r e a l  - t ime o n s i t e  



meteoro log ica l  data t o  p rov ide  a  r e a l i s t i c  es t imate  o f  t h e  a c t u a l  path o f  

t r a v e l  o f  t he  plume and t h e  concent ra t ions  i n  t he  plume as a  f u n c t i o n  o f  

space and t ime.  Th is  requi rement  e x i s t s  on two t ime scales.  The f i r s t  

requi rement  i s  t o  immediately assess t he  area t o  be a f f e c t e d  by t he  acc i -  

den t  and determine and implement t he  a c t i o n  app rop r i a te  t o  min imize the  

d i r e c t  exposure hazard t o  i n d i v i d u a l s  w i t h i n  and beyond the  p l a n t  boundary. 

The second requirement i s  t o  conduct a  d e t a i l e d  pos tacc iden t  ana l ys i s  t o  

determine the  ef fects  of t he  acc iden t  and the  a c t i o n  r e q u i r e d  t o  p r o t e c t  

i n d i v i d u a l s  f rom i n d i r e c t  exposure. 

Whereas p reopera t iona l  acc iden t  analyses a re  based upon c l i m a t o l o g i c a l  

da ta  and r e s u l t  i n  p r o b a b a l i s t i c  statements o f  e f f e c t ,  t he  r e a l - t i m e  and 

pos tacc iden t  analyses r e q u i r e  qu i ck  response t o  a  r e a l  and s i n g u l a r  event.  

Th is  bas ic  f a c t o r  p laces c o n s t r a i  n t s  upon inst ruments,  data hand1 i ng pro-  

cedures and ana l ys i s  technique n o t  common t o  p reopera t iona l  eva lua t ions .  

The meteoro log ica l  c r i t e r i a  recommended i n  t h i s  r e p o r t  a r e  in tended t o  

r e f 1  e c t  t h i s  bas ic  d i f f e r e n c e ,  t a k i o g  i n t o  account t h e  s t a t e - o f - t h e - a r t  

i n  meteoro log ica l  ins t run len ta t ion  and d i f f u s i o n  modeling. I t  should be 

r e a l i z e d  t h a t  c e r t a i n  judgements r e q u i r e d  o f  t he  authors m igh t  be made 

d i f f e r e n t l y  by o thers .  

A major requirement i n  e s t a b l i s h i n g  cormion c r i t e r i a  and i n  implement- 

i n g  them i s  t he  r e c o g n i t i o n  t h a t  i t  i s  n o t  poss ib le  t o  s p e c i f y  c r i t e r i a  

t h a t  w i l l  be optimum f o r  a l l  s i t e s  and acc iden t  s i t u a t i o n s .  The c r i t e r i a  

descr ibed a r e  considered minimal requirements.  Also, i t  has been recog- 

n i zed  t h a t  i t  i s  n o t  p o s s i b l e  t o  s p e c i f y  t he  requ i red  number o r  spacing 

o f  wind s t a t i o n s  ou ts i de  o f  the  p l a n t  boundary because o f  topographic 

v a r i a b i l i t y a n d  complex i ty  o f  l o c a l  meteorology. These cons idera t ions  

r e q u i r e  t he  eva lua t i on  o f  meteor01 o g i c a l  emergency preparedness i n s t r u -  

menta t ion  systems on a  s i t e - b y - s i t e  bas is .  The purpose o f  such an evalu-  

a t i o n  would be t o  determine the  c o m p a t i b i l i t y  and adequacy o f  t he  

meteoro log ica l  systeril f o r  t he  implementat ion o f  t he  rea l - t ime  emergency 

p l a n  and f o r  conduct ing an app rop r i a te  pos tacc iden t  a n a l y s i s  a t  t h a t  

s i t e .  



I t  i s  recognized t h a t  t h e  da ta  requi rements va ry  w i t h  t h e  model (s)  

se lec ted  f o r  e s t i m a t i n g  d i f f u s i o n .  However, t h e  data requi rements i d e n t i -  

f i e d  a r e  in tended t o  avo id  p l a c i n g  c o n s t r a i n t s  upon t h e  types o f  models 

employed. The accuracy requi rements i d e n t i f i e d  f o r  s p e c i f i c  types o f  

measurements a r e  those cons idered a p p r o p r i a t e  t o  t he  models employing t h a t  

t y p e  o f  measurement. The s p e c i f i c a t i o n  o f  a  s p e c i f i c  model ( s ) ,  and hence 

data hand l i ng  and a n a l y s i s  procedures, has n o t  been i nc l uded  w i t h i n  t h e  

scope o f  t h e  p resen t  s tudy a l though i t  i s  cons idered an a p p r o p r i a t e  and 

necessary s u b j e c t  f o r  f u t u r e  s tudy.  It should be recognized, however, 

t h a t  such a  s tudy  i s  con t i ngen t  upon f u r t h e r  d e f i n i t i o n  o f  ope ra t i ona l  

requi rements and procedures. 

I n  Sec t ion  1V.B. requi rements f o r  meteoro log ica l  da ta  and instrumen- 

t a t i o n  which a r e  cons idered necessary t o  p rov ide  t h e  i n f o r m a t i o n  f o r  r e a l -  

t ime  and pos tacc iden t  analyses a r e  d iscussed and t h e  minimum c r i t e r i a  f o r  

t he  system a r e  i n  Sec t ion  V1.B. 

1 I I .E .  RADIOLOGICAL MEASUREMENTS I N  THE ENVIRONS 

An i n f o r m a l  network e x i s t s  f o r  r a d i o l o g i c a l  m o n i t o r i n g  i n  t h e  env i rons  

around nuc lear  f a c i l i t i e s ,  i n c l u d i n g  those systems now coord ina ted  by t h e  

Environmental  P r o t e c t i o n  Agency. (34)  I n  genera l ,  these s t a t i o n s  a r e  n o t  

o r i e n t e d  t o  d e t e c t i o n ,  q u a n t i f i c a t i o n ,  and p r e d i c t i o n  i n  t he  e a r l y  pos t -  

a c c i d e n t  hours, and a r e  n o t  l i k e l y  t o  be a p p r o p r i a t e l y  l oca ted  t o  be use- 

f u l  . C i v i  l Defense and o t h e r  governmental emergency teams a r e  a1 so un l  i k e l y  

t o  be a b l e  t o  p rov ide  prompt de te rm ina t i on  o f  t h e  e x t e n t  o f  t h e  impact  on 

t h e  env i rons .  I n  some s t a t e s  and communit ies, however, response may be 

r a p i d  enough and c a p a b i l i t y  such as t o  r e l i e v e  t h e  f a c i l i t y  ope ra to r  o f  

any extended o f f - s i  t e  opera t ions .  The ava i  l a b i  l i ty o f  such ass i s tance  o r  

c o n t r o l  i f  r e q u i r e d  should be d e t a i l e d  i n  emergency p lans  f o r  t h e  f a c i l i t y .  

Thus, a  p l a n  f o r  emergency o f f - s i t e  r a d i o l o g i c a l  m o n i t o r i n g  must 

be es tab l i shed ,  and t h i s  i s  commonly done f o r  r e a c t o r s  as a  p a r t  

o f  t h e  general  s a f e t y  p lan .  The des ign  and adequacy o f  t h e  p l a n  a r e  

beyond t h e  scope o f  t h i s  r e p o r t .  The purpose i s  t o  p rov ide  general  
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c r i t e r i a  f o r  f i x e d  mon i t o r i ng  equipment i n  t he  env i rons,  work ing under t h e  

assumption t h a t  dec is ions  w i t h  r espec t  t o  s p e c i f i c  numbers, l o c a t i o n s ,  

and types a r e  p e c u l i a r  t o  t h e  i n d i v i d u a l  s i t e  and have been predetermined. 

Most emergency mon i t o r i ng  i n  t h e  env i rons w i l l  be accon~pl ished w i t h  

p o r t a b l e  ( o r  mob i le )  ins t ruments,  f o r  i t  would be f o r b i d d i n g l y  expensive 

t o  ins t rument  and con t i nuous l y  mon i t o r  l a r g e  areas o f  t h e  env i rons.  How- 

ever ,  a  few c r i t i c a l  l o c a t i o n s  can be u s e f u l l y  moni tored on a  more o r  l e s s  

cont inuous bas is ,  us ing  f i x e d  AC-powered i ns t rumen ta t i on .  Two bas ic  moni- 

t o r i n g  systems w i l l  be considered: f i x e d  a i r  mon i to rs  and ambient r a d i a -  

t i on moni t o r s .  

Continuous water  mon i t o r i ng  i n  t h e  u n c o n t r o l l e d  env i rons  i s  n o t  con- 

s idered,  f o r  i n  t h e  f i r s t  24 hours pos tacc iden t  t h e r e  i s  l i t t l e  p r o b a b i l i t y  

t h a t  data o t h e r  than from grab sampl ing w i l l  be needed. Th is  assumes t h a t  

mon i t o r i ng  o f  t h e  l i q u i d  e f f l u e n t s  cont inues i n  t he  event  o f  an emergency 

e i t h e r  a t  t he  source o r  a t  l e a s t  w i t h i n  t he  p l a n t  s i t e .  A f u r t h e r  assump- 

t i o n  has been made t h a t  u n l i k e  an a i r b o r n e  re lease ,  t he  movement o f  l i q u i d  

re leases can be p red i c ted  i n  advance w i t h  some r e l i a b i l i t y .  The a b i l i t y  t o  

do t h i s  should be der i ved  from preopera t iona l  s t ud ies  and ope ra t i ona l  

exper ience. 

1 I I . F .  AMBIENT RADIATION AND CONTAMINATION SURVEYS 

Fo l low ing  a  r e a c t o r  acc iden t ,  heavy re1  iance  w i l l  be placed on p o r t a b l e  

ins t ruments  t o  o b t a i n  f i r s t  hand i n f o r m a t i o n  rega rd ing  ambient r a d i a t i o n  o r  

su r f ace  con tamina t ion  l e v e l s  bo th  a t  o r  near t he  acc iden t  s i t e  and i n  t h e  

env i rons.  The i n f o r m a t i o n  ob ta ined  w i t h  these ins t ruments  may be used as 

t h e  bas is  f o r  a c t i o n s  i n v o l v i n g  rescue o f  personnel o r  the  p r o t e c t i o n  o f  

h e a l t h  and p roper ty .  I n  a d d i t i o n ,  these ins t ruments  may be u s e f u l  i n  

mapping r a d i a t i o n  f i e l d s ,  a s s i s t i n g  i n  con tamina t ion  c o n t r o l ,  and even as 

t he  means o f  de te rmin ing  personnel exposed t o  f a s t  neutrons from a  

c r i t i c a l i t y .  (35)  

The e f f e c t i v e n e s s  o f  r o u t i n e  o f f - s i t e  sampling s t a t i o n s  i n  p r o v i d i n g  

use fu l  i n f o rma t i on  i n  t h e  event  o f  an acc iden ta l  r e l ease  should n o t  be 



overlooked. Qu i ck  surveys us ing  p o r t a b l e  survey ins t ruments  o f  p a r t i c u l a t e  

a i r  f i l t e r s  a t  r o u t i n e  a i r  sample l o c a t i o n s  may w e l l  p rov ide  a  r a p i d  i n d i -  

c a t i o n  o f  c l oud  passage, i f  t h e r e  has been a  major  r e l ease  o f  nuc l i des  o the r  

than noble gases. I n  a d d i t i o n ,  a n a l y s i s  o f  a i r  f i l t e r s  and readout  o f  dosim- 

e t e r s  ( r e l a t i v e l y  inexpensive f o r  broad deployment) even though r e t u r n  t o  a  

l a b o r a t o r y  may be necessary f o r  data e x t r a c t i o n ,  p rov ide  a  second o rde r  o f  

f i e l d  da ta  g e n e r a l l y  ob ta i nab le  w i t h i n  a  few hours f o l l o w i n g  t h e  re lease .  

I n t e g r a t i n g  dev ices such as pocket  dosimeters,  personal alarm,dosim- 

e te r s ,  se l f - deve lop ing  f i l m  and thermoluminescent dos imeters  w i t h  b a t t e r y  

operated readout  may f i n d  a p p l i c a t i o n  i n  t h e  f i e l d  i n  t h e  e a r l y  hours a f t e r  

t h e  emergency. U n i t s  which p rov ide  a  cumulat ive reco rd  o f  exposure o r  

dose a long  w i t h  a  p rede te r~ i i i ned  a larm p o i n t  cou ld  be of i nes t imab le  va lue  

i n  rescue e f f o r t s .  S i m i l a r l y ,  smal l ,  inexpensive dosimeters 1  i b e r a l  l y  

spread throughout  t h e  env i rons  cou ld  p rov ide  an o therw ise  unobta inab le  

c h a r a c t e r i z a t i o n  o f  a  meanderinq c loud .  

Mob i le  ( i . e .  mounted i n  a i r p l anes ,  motor  veh ic les ,  o r  boats)  i n s t r u -  

menta t ion  has a  p l ace  i n  f a c i l i t y  emergency p lanning,  even though t h e  use 

of s p e c i f i c  ins t ruments  systems may be app rop r i a te  o n l y  i n  c e r t a i n  k inds  

o f  emergencies. For example, the  use o f  airplane-mounted ins t ruments  

( a e r i a l  mon i t o r s )  has been f r e q u e n t l y  suggested f o r  t r a c k i n g  a  r a d i o -  

a c t i v e  gas c loud,  b u t  may be o f  l e s s  va lue  than  a  boat-mounted ins t rument  

f o r  a  moderate 1  i q u i d  re1  ease. Vehic l  e-mounted ins t ruments ,  ( road moni- 

t o r s )  a l though l e s s  e f f e c t i v e  than a e r i a l  mon i to rs  f o r  r a p i d ,  wide- 

area scanning f o r  depos i t i on ,  a r e  used i n  r o u t i n e  surveys, and t h e r e f o r e  

may be more immediate ly  and re1  i a b l y  a v a i l a b l e  i n  an emergency s i t u a t i o n .  

K i e f e r  and Maushart (36) have po in ted  t o  f i v e  spec ia l  requirements f o r  

emergency survey i ns t rumen ta t i on  : 

a Measure h i ghe r  dose r a t e s  than normal 

a Obta in  r e s u l t s  more q u i c k l y  than  usual 

a Make a  l a r g e r  number o f  measurements than usual 



Carry  o u t  measurements i n  unusual areas, i n  t h e  open a i r ,  i n  

cars ,  i n  t r ucks ,  o r  i n  p r o v i s i o n a l  l a b o r a t o r i e s  

Use u n s k i l l e d  personnel f o r  making measurements and t a k i n g  

samples. 

To these should be added t he  cons ide ra t i on  of t he  p o t e n t i a l  use o f  t he  

inst ruments - e.g., f o r  e v a l u a t i n g  t h e  p o t e n t i a l  dose t o  those i nvo l ved  

i n  rescue operat ions,  o r  f o r  evacuat ion o f  a  populated area. These 

f a c t o r s  d i c t a t e  a  need f o r  r e l i a b i l i t y  and accuracy t h a t  m igh t  n o t  

o therw ise  be requ i red .  



I V .  EMERGENCY INSTRLIMENTATION SYSTEMS CHARACTERISTICS 

The r e q u i r e d  c h a r a c t e r i s t i c s  o f  Emergency I ns t r umen ta t i on  sys tems 

which w i l l  assure o p e r a t i o n  under a l l  c o n d i t i o n s  and p r o v i d e  needed 

da ta  t o  cope w i t h  t h e  emergency a r e  cons idered i n  t h i s  sec t i on .  The 

s p e c i f i c  performance c r i t e r i a  f o r  these systems a r e  presented i n  Sec- 

t i o n  V I .  General c r i t e r i a  f o r  i n s t a l l e d  r a d i o l o g i c a l  systems a r e  pre-  

sented i n  Sec t ion  VI.A. l .  and general  c r i t e r i a  f o r  gaseous and p a r t i c u l a t e  

sampl ing a r e  presented i n  Sec t i on  VI.A.2. 

Tab le  4 p resen ts  a  summary o f  t h e  containment vesse l  r e l ease  assump- 

t i o n s  which were used i n  t h i s  s tudy  and t h e  d e t e c t o r  range requi rements  

which were devel  oped. 

1V.A. PLUME DETECTION 

Performance c r i t e r ia  for the  Plume Detection Instrument System are 

presented i n  Section VI.A.3.a. 

1V.A. 1. Plume Measurement Method 

Sec t i on  I 1 1  .D. descr ibed  t h e  need t o  p rov i de  a  capab i l  i t y  t o  d e t e r -  

mine t h e  amount o f  m a t e r i a l  re leased  and t h e  d i r e c t i o n  i t  leaves t h e  s i t e .  

Th i s  s e c t i o n  descr ibes  t h e  t e c h n i c a l  f a c t o r s  t o  be cons idered i n  choosi.ng 

and p l a c i n g  t h e  needed r a d i o l o g i c a l  i n s t r u m e n t a t i o n  and i n t e r p r e t i n g  t h e  

data.  A  d e s c r i p t i o n  o f  t h e  f a c t o r s  t o  be cons idered f o r  t h e  assoc ia ted  

me te ro l og i ca l  i n s t r u m e n t a t i o n  i s  i nc l uded  i n  t h e  f o l l o w i n g  sec t i on .  

The d i r e c t i o n  o f  t h e  plume l e a v i n g  t h e  r e a c t o r  b u i l d i n g  and an 

es t ima te  of t h e  r a d i o a c t i v e  m a t e r i a l  i n v e n t o r y  can be determined by use of 

a  c i r c u l a r  a r r a y  o f  d e t e c t o r s  e q u a l l y  spaced around t h e  r e a c t o r .  The con- 

c e p t  o f  e q u a l l y  spaced de tec to r s  has been independent l y  proposed by 

Henderson, (37)   in^(^^) and Palmer. (39) I n  t h e  method o f  Henderson, (37 

da ta  f rom one o f  a  dozen e q u a l l y  spaced a i r  samplers was used a long  w i t h  

a p p r o p r i a t e  me teo ro l og i ca l  observa t ions  and es t imates  t o  p rov i de  a  r a p i d  

es t ima te  o f  t h e  t o t a l  a c t i v i t y  pass ing a  d e t e c t o r .  3 8 ~ e  was used as t h e  

ma jo r  c l o u d  c o n s t i t u e n t ,  a1 though any photon emi t t e r ( s )  can be moni tored 



TABLE 4. Summary o f  Containment Vessel Release Assumption 
and Detec t ion  Range Requi rements 

Cur ies pe r  cm 3 

Noble Gases Halogens P a r t i c u l a t e s  

Containment Vessel Inventory  4.4 x  1.1 x 3.5 

A i r  Moni tors  

Detec t ion  Levels (Curies per  cm 3 ) 

Noble Gases Ha 1 ogens P a r t i c u l a t e s  
Min Max - - Min Max - - Min Max - - 

Containment C e l l  Mon i to r  10- lo  10- 10 10-3 

Stack Mon i to r  10-9 10-2 lo-10 lo-3 lo-10 10-3 

Envi rons Mon i to r  

Plume Detec tor  

L i q u i d  Mon i to r  

De tec t i  on Level 

1  t o  1 o3 Ci/meter 

10m9 t o  Ci/cm 3 

Detec t ion  Level s  

Ambient Rad ia t ion  Mon i to r  

Gamma (R/hr)  Beta (Rad/hr) 

Containment Vessel 1  t o  l o 6  10 t o  l o 6  
Reactor Bui l d i  ng to l o 4  to l o 4  
Environs l o e 2  to l o 4  to l o 4  

i f  t h e  average energy i s  known. King (38) used twelve i o n  chambers pos i -  

t i oned  e q u i d i s t a n t l y  around a c i r c l e  w i t h  rad ius  o f  1000 f e e t  i n  a d d i t i o n  

t o  an a i r  sampling ar ray .  Both King and Henderson i n d i c a t e d  t h i s  technique 

was use fu l  f o r  o rder  o f  magnitude est imates. (37338)  palmer (39) suggested 

t h e  use o f  t h r e e  de tec to rs  approximately 100 meters apa r t  and approx imate ly  

150 meters from t h e  r e a c t o r  b u i l d i n g  t o  de tec t  t h e  passage o f  a  c loud o f  

r a d i o a c t i v e  gas r e s u l t i n g  from an acc identa l  re lease.  The accumulated dose 

r a t e  from t h e  th ree  de tec to rs  was c a l c u l a t e d  t o  be independent o f  t h e  

d i r e c t i o n  t h e  c loud takes as l ong  as the  c loud i s  i n  t h e  reg ion  between the  

two extreme detec to rs  o r  j u s t  ou ts ide  one o f  the  de tec to rs .   in^(^^^) has 



a l s o  descr ibed  a  "Skyscanner", use fu l  f o r  de te rmin ing  t h e  v e r t i c a l  r a d i o -  

a c t i v i t y  p r o f i l e  w i t h i n  a  c loud,  and which, i f  two o r  more a r e  used, can 

a c c u r a t e l y  1  ocate c l oud  p o s i t i o n .  The Skyscanner, designed f o r  d e t e c t i n g  

r e 1  eases o f  r a d i o a c t i v e  m a t e r i a l  f rom underground nuc lear  exp los ives  , con- 

s i s t s  o f  a  sodium i o d i d e  d e t e c t o r  mounted i n  a  t r a c k i n g  pedesta l  w i t h  bo th  

h o r i z o n t a l  and v e r t i c a l  c o n t r o l  and readout.  Th i s  m igh t  be s u i t a b l e  f o r  

emergency c l oud  mon i t o r i ng  w i t h  m o d i f i c a t i o n s  f o r  s c a t t e r ,  changes i n  

photon spectrum, and d is tance .  

An a l t e r n a t i v e  method, s i m i l a r  t o  those o f  Henderson (37 )  and 

Ki  ng (38y 38A) has been descr ibed by Watson and Strenge. (40)  T h i s  method may 

o f f e r  inc reased  accuracy a long w i t h  s i m p l i c i t y  and cou ld  be combined w i t h  

t h e  Skyscanner. A knowledge o f  t h e  wind v e l o c i t y ,  i .e., wind vec to r ,  and 

f l u x  a t  two f i x e d  p o i n t s  i s  requ i red .  A  minimum o f  s i x  de tec to r s  should be 

p laced i n  a  c i r c u l a r  a r r a y  a t  60" i n t e r v a l s  t o  p rov ide  s u f f i c i e n t  redun- 

dancy. The re l ease  r a t e  es t ima te  can be made f rom measurements a t  any two 

o f  t h e  t h ree  de tec to r s  w i t h i n  590" o f  t h e  h o r i z o n t a l  plume d i r e c t i o n  (8 ) .  

A t  a  m u l t i r e a c t o r  s i t e ,  t h e  s i x  de tec to r s  may serve more than one r e a c t o r  

as l o n g  as t h e  d i s tance  between t he  r e a c t o r  and t h e  d e t e c t o r  i s  l e s s  than  

500 f e e t .  

Geometric r e l a t i o n s h i p s  a re  shown i n  F igu re  6. The pa th  o f  t h e  plume 

i s  determined by t h e  wind d i r e c t i o n  as shown i n  F igu re  6. Rad ioac t i ve  

m a t e r i a l  i s  assumed t o  be u n i f o r m l y  d i s t r i b u t e d  i n  t h e  plume. The plume i s  

assumed t o  be a  r i g h t  c y l i n d e r  o f  r a d i u s  W whose cen te r1  i n e  and t h e  1  i n e  

from t h e  p o i n t  o f  r e l ease  t o  t h e  neares t  d e t e c t o r  subtend angle 8. Thus, 8  

i s  t h e  h o r i z o n t a l  angle between t h e  d i r e c t i o n  o f  t h e  plume t r a v e l  and t h e  

bea r i ng  o f  t h e  neares t  de tec to r ,  and w i t h  60" spacing between de tec to r s ,  

cannot exceed 60" w i t h  one d e t e c t o r  o u t  o f  ope ra t i on .  

Under some c o n d i t i o n s  t h e  plume from t h e  r e a c t o r  b u i l d i n g  may r i s e  as 

i t  t r a v e l s  downwind, making an angle @ w i t h  t h e  hor i zon ,  as shown i n  

F i g u r e  7. For  a  s p e c i f i e d  d i r e c t i o n  o f  t r a v e l ,  t h e  photon f l u x  a t  t he  

d e t e c t o r  descreases w i t h  i nc reas ing  values o f  @. 



0 = D E T E C T O R  - 
O P  = C L O U D  C E N T E R  L I N E  

R = S O U R C E  R A D I U S  

D  = D I S T A N C E  TO D E T E C T O R  

W = R A D I U S  O F  P L U M E  

8 = A N G L E  O F  P L U M E  C E N T E R L I N E  W I T H  D E T E C T O R  D I R E C T I O N  

FIGURE 6. Source-Detector  Geometry i n  H o r i z o n t a l  P lane 



R  = S O U R C E  R . 4 D I U S  

D  = D I S T A N C E  T O  D E T E C T O R  

W = R A D I U S  O F  PLLIME 

= A N G L E  O F  F L U M E  C E N T E R L I D E  W I T H  D E T E C T O R  D I R E C T I O N  

$ = V E R T I C A L  A N G L E  O F  P L U M E  C E N T E R L I r \ i E  W I T H  H O R I Z O N T A L  P L A N E  

FIGURE 7. T h r e e - D i m e n s i o n a l  S o u r c e - D e t e c t o r  G e o m e t r y  



An es t imate  o f  t h e  re l ease  r a t e  can be ob ta ined  by measuring photon 

f l u x  a t  t he  de tec to r s  on e i t h e r  s i de  of t h e  plume ( i . e . ,  t h e  two de tec to r s  

neares t  t he  plume) and o b t a i n i n g  t he  r a t i o  o f  f l u x  a t  t he  near d e t e c t o r  t o  

t h a t  a t  t h e  o t h e r  de tec to r .  The measured wind d i r e c t i o n  determines t h e  

ang le  8, and hence t he  plume c e n t e r l i n e .  By p l o t t i n g  8  and t h e  f l u x  r a t i o  

on F igu re  8, an e f f e c t i v e  plume r i s e  ang le  4 can be determined where t he  

ang le  between de tec to r s  i s  <60°. F i gu re  9 should be used i f  t h e  ang le  

between de tec to r s  i s  >60° and <120°. With these data, a  q u a n t i t a t i v e  e s t i -  

mate o f  f l u x  a t  t he  d e t e c t o r  equ i va len t  t o  1  C i lm  o f  plume l e n g t h  can be 

obta ined f rom F igu re  10. F igures  8, 9 and 10 assume t h e  d e t e c t o r  i s  

l o c a t e d  100 meters f rom t h e  r e a c t o r .  

The convers ion f rom photon emiss ion r a t e  t o  C i  o f  noble gases 

re leased  pe r  second depends on t h e  ope ra t i qg  h i s t o r y  o f  t h e  r e a c t o r .  F i g -  

u r e  11 i s  a  p l o t  o f  convers ion f a c t o r s ,  as a  f u n c t i o n  o f  ope ra t i ng  t ime  

and decay t ime a f t e r  shutdown. The convers ion f a c t o r  g ives  c u r i e s  o f  nob le  

gases per  photon lsec produced ( o f  energy >2 MeV) f rom nob le  gases p l u s  

daughters.  

IV.A.2. Source De tec to r  D is tance  

Another impo r tan t  cons ide ra t i on  i s  d i s t ance  o f  t h e  d e t e c t o r  f rom t h e  

r e a c t o r  o r  i o u r c e  o f  t h e  l eak .  The d i s tance  must be s u f f i c i e n t l y  g rea t ,  t o  

o b v i a t e  l o c a l  aerodynamic and thermal e f f e c t s  on t h e  plume, and thereby  

o b t a i n  reasonably  accura te  est imates o f  v e r t i c a l  and h o r i z o n t a l  angles,  

@ and 8. The d is tance ,  however, cannot be too  g r e a t  o r  t he  s e n s i t i v i t y  

w i l l  be reduced. For  purposes o f  t h i s  s tudy  a  d i s tance  o f  100 meters has 

been se lec ted .  

I V  .A. 2. Plume De tec to r  

It was shown p r e v i o u s l y  t h a t  t h e  nob le  gases, and i n  p a r t i c u l a r ,  t h e  

rad iok ryp tons  and daughters produce most o f  t h e  photons w i t h  energ ies 

12  MeV. Thus a  measurement o f  photon energ ies 22 MeV appears t o  be w e l l -  

s u i t e d  t o  q u a n t i f y  t h e  re lease .  A  NaI(T1) c r y s t a l  appears t o  bes t  f u l f i l  1  

t h e  need f o r  s e n s i t i v i t y ,  ruggedness, and convenience o f  ope ra t i on  t o  

q u a n t i f y  photons o f  these energ ies.  I n  addi  ti on, NaI ( T I  ) de tec to r s  a r e  



10 20 30  40 5 0  

H O R I Z O M T P  A N G L E ,  8 ,  [ T G R E E S  

I 
I I I I I I I 

- - 
V E R T I C A L  A N G L E  - 

- 
- 

- 

- 

- 

- 

- 

- 

FIGURE 8. High Energy Photon F lux  Ra t i o  as a Func t ion  o f  Plume 
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FIGLIRE 9. High Energy Photon F lux  Ra t i o  as a Funct ion o f  Plume 
D i r e c t i o n  f o r  Detectors Separated by 120" 
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FIGURE 10. Normal ized High Energy Photon F l u x  as 
a Func t i on  o f  8 and $I 
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FIGURE 11. High Energy Photon Emmission Rate f rom Noble Gases 
as a Func t ion  o f  Fuel I r r a d i a t i o n  Time 
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r e l a t i v e l y  inexpensive and t h e i r  technology and c h a r a c t e r i s t i c s  a re  we1 1  - 
known. A t  some f u t u r e  t ime, semiconductor de tec to r s  may p rov ide  improved 

d e t e c t i o n  c a p a b i l i t y ,  b u t  a t  p resen t  these de tec to r s  a r e  t oo  smal l  t o  pro-  

v i d e  adequate s e n s i t i v i t y ,  and i n  a d d i t i o n  a r e  d e l i c a t e ,  expensive and may 

r e q u i r e  cryogenic  ope ra t i on  o r  o t h e r  spec ia l  care.  

De tec t i on  of photon energ ies  22 MeV prov ides  c e r t a i n  advantages, 

p a r t i c u l a r l y  w i t h  respec t  t o  s e n s i t i v i t y .  The n a t u r a l  background r a d i a t i o n  

i n  t h i s  r eg ion  i s  s ~ i i a l l - - g e n e r a l l y  n o t  more than a  few counts pe r  minute.  

Hence, a  3 i n .  x  3 i n .  c r y s t a l  cou ld  be used i n  c o n j u n c t i o n  w i t h  a  th resh-  

o l d  d i s c r i m i n a t o r  o r  a  s i n g l e  channel ana lyzer  t o  d e t e c t  plume concentra- 

t i o n s  on t h e  o rde r  o f  1  mCi/m o f  c l oud  l e n g t h  o r  r e l ease  r a t e s  as low as a  

few m i l l i c u r i e s  per  second. A  p o s s i b l e  i n t e r f e r e n c e  m igh t  be f rom d i r e c t  

r a d i a t i o n  f rom the  b u l k  o f  t h e  i nven to ry ,  which e s s e n t i a l l y  a l l  remains i n  

t h e  containment vessel .  To e l i m i n a t e  t h i s  d i f f i c u l t y ,  a  shadow s h i e l d  

e q u i v a l e n t  t o  10 inches of  l ead  should reduce t h e  c o n t r i b u t i o n  from t h i s  
5  source by a  f a c t o r  o f  10 and t h i s  should be adequate. Another method 

migh t  be t o  p lace  t he  d e t e c t o r  i n  a  smal l  t r ench  which would p rov ide  ade- 

quate s h i e l d i n g  f rom d i r e c t  r a d i a t i o n  f rom the  containment vessel .  Sky- 

sh ine  i n te r f e rence  should be negl  i g i  b l e ,  s i nce  t h e r e  a r e  r e l a t i v e l y  few 

photons w i t h  energ ies above 2.65 MeV, and most sca t t e red  r a d i a t i o n  would 

t h e r e f o r e  r e s u l t  i n  photons w i t h  energ ies l e s s  than 2  MeV. The op t ima l  

so l  i d  angle f o r  minimal skyshine and good d e t e c t i o n  of t h e  plume should be 

on t h e  o rde r  o f  a  s te rad ian .  

A c y l i n d r i c a l  de tec to r ,  a t  l e a s t  3 inches i n  d iameter  should p rov ide ,  

as a  minimum, an e f f i c i e n c y  o f  a t  l e a s t  25% f o r  a  p o i n t  source i n  c o n t a c t  

w i t h  t h e  c r y s t a l .  The r e s o l u t i o n  should be 110% FWHM a t  2.5 MeV t o  m i n i -  

mize c o n t r i b u t i o n  f rom photons w i t h  energ ies below 2  MeV. The c r y s t a l  

i t s e l f  should he d i r e c t l y  mounted t o  t h e  p h o t o m u l t i p l i e r  face,  and t h e  

complete assembly h e r m e t i c a l l y  sealed i n  a  1  i g h t - t i g h t  magnet ic s h i e l d  

housing. The th ickness  o f  t h e  m a t e r i a l  over t h e  d e t e c t o r  should be no more 
2  than 750 mg/cm . I n t e g r a l  c r y s t a l  -photomu1 ti p l  i e r  tube housings a r e  con- 

s i de red  bes t  f o r  t h e  emergency d e t e c t i o n  s i t u a t i o n  s i nce  t h e  de tec to r s  may 

be r e q u i r e d  t o  f u n c t i o n  under r a t h e r  severe cond i t i ons .  I n  a d d i t i o n ,  low 



no ise  connectors and p h o t o m u l t i p l i e r  tubes a r e  reco~ilnlended and t h e  photo- - 
mu1 t i p l i e r  should be p rov ided  w i t h  a  mu metal  o r  o t h e r  s u i t a b l e  magnetic 

rf s h i e l d .  

The d e t e c t i o n  scheme descr ibed  above i m p l i e s  s i x  i n d i v i d u a l  systems, 

w i t h  a  c e n t r a l  readout.  While i t  i s  p o s s i b l e  t o  have o n l y  t h e  d e t e c t o r s  

and p r e a m p l i f i e r s  remote, i t  appears t h a t  a  supe r i o r  system would be 

achieved w i t h  p resen t  capabi 1  i t i e s  by p r o v i d i n g  s i x  e s s e n t i a l l y  se l f -con-  

t a i n e d  systems and te len le te r ing  o r  o therw ise  t r a n s m i t t i n g  t h e  o u t p u t  s i g n a l  

t o  a  c e n t r a l  da ta  c o l l e c t i o n  p o i n t  which may be t he  c o n t r o l  room. Shown 

below i n  b l ock  diagram i s  one o f  t h e  s i x  bas i c  d e t e c t i o n  and readout  

sys tems . 

The s e n s i t i v i t y  o f  t h e  e n t i r e  system should be adequate t o  d e t e c t  

NaI (T I  ) 
De tec to r  
Assembly 

I 
High 

Vol tage 
Supply 

20 cpm above normal background f o r  photons w i t h  energ ies 22 MeV w i t h i n  

f i v e  seconds a t  t h e  95% conf idence l e v e l .  The d e t e c t i o n  range should be 

Meter #2 

- 

over  a t  l e a s t  f i v e  o rders  o f  magnitude cove r i ng  plume concen t ra t i ons  f rom 
3 ' 0.01 t o  10  c u r i e s  pe r  meter  o f  c l oud  l eng th .  

Accurate c a l i b r a t i o n  o f  t h e  r a d i o l o g i c a l  measurement system i s  v i t a l  

Meter 

Remote 
-, Count Rate - Recorder 

f i e r  
* 

t o  t h e  i n t e r p r e t a t i o n  o f  t h e  da ta  c o l l e c t e d .  D i r e c t  c a l i b r a t i o n  o f  t h e  

system' us i ng  a source which emi ts  photons i n  t h e  app rop r i a te  energy range 

p rov ides  a complete system check. There are,  u n f o r t u n a t e l y ,  no con- 

Threshold - D i s c r i m i -  
n a t o r  ' Count Rate 

i-- 

v e n i e n t l y  a v a i l a b l e  l o n g - l i v e d  sources t h a t  em i t  photons i n  t h e  2 MeV 

reg ion .  However, t h e  photon cascade assoc ia ted  w i t h  6 0 ~ o  decay p rov ides  a 

L i n e a r  
Amp1 i- 

f i e r  

2.5 MeV co inc idence  approx imate ly  1% o f  t h e  t ime, and t h i s  nuc l i de ,  w i t h  a  

5.26 yea r  h a l f - l i f e ,  would make a s u i t a b l e  c a l i b r a t i o n  source. 



1V.B. METEOROLOGICAL MEASUREMENTS 

Performance Criteria for MeteoroZogicaZ Instmunents are presented in 

Section VI. B. 

Whether conducting a postaccident evaluation or determining action t o  
be taken during an accident, i t  i s  necessary t o  have on-site meteorological 

d a t a  from which accurate plume diffusion and transport estimates can be 

made. The d a t a  required and the d a t a  acquisition system necessary t o  pro- 

vide the information on the direction and dispersion of a radioactive cloud, 

or for  performing postaccident analyses are discussed in the following 

sections . 
IV. B.1. Meteorological Data Requirements 

Basically two types of information are necessary: the turbulence or 

diffusive capacity of the atmosphere, and the transport or p a t h  of flow of 

the a i r  mass containing the plume and the eddies effecting i t s  diffusion. 

Know1 edge of atmospheric diffusion processes i s  essential t o  predict- 

ing the extent and concentration of a radioactive release, and  t o  e s t i -  

mating deposition. In Tab1 e 5, common atmospheric diffusion models are 

given for  bo th  continuous and semi-instantaneous sources along with d a t a  

and instrumentation requirements for each. These are l i s ted  to demonstrate 

the range of input parameters conimon t o  most diffusion models and  are not 

intended to indicate a preference for  these models over others which might 

no t  be l i s ted .  A more complete discussion of the various models can be 

found in the references cited and in Slade. (41 

There i s  obviously a broad range in the required instrument types, 

from visual observation to a radar tracking system, with variations in the 

applicabili ty and r e l i ab i l i ty  of these different techniques as well. As no 

one model i s  superior in a l l  s i tuat ions,  the c r i t e r i a  specified in Sec- 

tion V1.B. will n o t  be based on any particular model. Basically, only four 

parameters are required: temperature ( T ) ,  wind speed (i) , standard devia- 

tion of the lateral  angular component of the wind vector (oe) , and standard 

deviation of the vertical angular component of the wind vector, (om) .  Direct 

measurement of the turbulence indices oe and o the standard deviations of m , 



TABLE 5. Examples of Atmospheric Diffusion Models 

Technique Req u i red Data Required Instrument  References 

Continuous Sources (Plumes) 
- 

Hay-Pasquil (1959) a g ,  a + ,  u Fas t  response bivane 42 
anemometer 

S u t t o n ' s  Model - aT, u 
a z 

Ver t i ca l  a r r a y  of 41 ,43  
d i f f e r e n t i a l  temperature 
s enso r s  and anemometers 

- 
Pasqui l  Is Curves u ,  s o l a r  r a d i a t i o n ,  Visual e s t ima te s  o r  44 
(1958) % cloud cover  measurements by observes  

Hanford Model 

Ve r t i ca l  a r r a y  of d i f -  45 
f e r e n t i a l  temperature  
s enso r s  and anemometers 

ag ,  ii - aT Ver t i ca l  a r r a y  of d i f -  
a z f e r e n t i a l  temperature  

s enso r s  and f a s t  response 
vane anemometer 

Track-ing Neutral l y  Balloon p o s i t i o n ,  Tracking r ada r ,  a i r b o r n e  41 
Buoyant Bal lons Ti me r ada r  t ransponder ,  

t e t r o o n s  

Semi -Instantaneous '  Sources (Pu f f s  1 
- 

Smtth-Hay (1961) ag ,  04, u Fas t  response bivane 46 
anemometer 

Cramer (1  964) 0 9 ,  Fa s t  response vane 47 
anemometer 

Tracking Neutral l y  Bal loon p o s i t i o n ,  Tracking r ada r ,  a i r b o r n e  47 
Buoyant Bal loons Time r ada r  t ransponder ,  

t e t r o o n s  

a9 = s t anda rd  dev ia t i on  o f  l a t e r a l  angular  component of wind v e c t o r  

a4 = s t anda rd  dev ia t i on  of  v e r t i c a l  angular  component of wind vec to r  

aT = v e r t i c a l  temperature  g r a d i e n t  - 
a z 
- 
u = mean w i n d  speed 



the  l a t e r a l  and v e r t i c a l  angular  wind d i r e c t i o n  f l u c t u a t i o n s ,  would prov ide  

b e t t e r  est imates of d i spe rs ion  than measurement o f  r e l a t e d  parameters such as 

thermal s t a b i l i t y .  The l a t t e r  technique has predominated; however, as 

ins t rumenta t ion  f o r  measuring o and og has improved, models dependent upon 
@ 

d i r e c t  measurements have evo1,ved. As these models a re  improved, turbulence 

measurements should become more common as i n p u t  parameters f o r  d i f f u s i o n  

and depos i t ion  est imates. These models should improve the accuracy o f  

p r e d i c t i o n s  and may be p re fe r red  i n  the near f u tu re .  It i s  no tab le  t h a t  

Pasqu i l l  , a  u n i v e r s a l l y  recognized worker i n  t he  f i e l d ,  has s ta ted  t h a t  

d i r e c t  eddy measurements are  t o  be pre fer red .  (45 

A basic  l i m i t a t i o n  i n  d i f f u s i o n  models c u r r e n t l y  being app l i ed  i s  t h a t  

they eniploy data obtained on l y  a t  t he  source f o r  p r e d i c t i n g  d i f f u s i o n  down- 

wind. The r e l i a b i l i t y  o f  d i f f u s i o n  est imates decreases w i t h  d is tance from 

the  source s ince  t h e  t u r b u l e n t  cond i t ions  a t  downwind l o c a t i o n s  may d i f f e r  

from those a t  t he  source. 

An analogous problem occurs when t r y i n g  t o  p r e d i c t  a i r  parce l  t r a j e c -  

t o r i e s .  When on l y  the  wind parameters a t  t h e  e f f l u e n t  source p o i n t  a re  

used, l a r g e  e r r o r s  i n  t ranspor t  est imates f o r  d is tances of more than a  few 

m i les  ( o r  a  few hours) occur due t o  the  parcel  being caught up i n  l o c a l  

mesocale f l o w  pa t te rns  caused by l o c a l  t e r r a i n  fea tures .  (48) Mesoscale 

c i r c u l a t i o n s  can cause s u r p r i s i n g l y  complicated and v a r i a b l e  t r a j e c t o r i e s  

i n  niany cases. Consequently f o r  s i t u a t i o n s  where the  e f f e c t s  of an acc i -  

dent could be s i g n i f i c a n t  ou t  t o  a  d is tance o f  several mi les,  wind d i r e c -  

t i o n  and speed measurements niay be requ i red  a t  several l oca t i ons  i n  t he  

area. The necess i ty  o f  such add i t i ona l  measurements w i l l  have t o  be 

determined on a  s i t e - b y - s i t e  basis  and w i l l  depend upon complexi ty  of l o c a l  

f l o w  fea tures  and p l a n t  parameters. Wind speed and d i r e c t i o n  i n fo rma t ion  

i s  f requen t l y  avai  lab1 e  from a i r p o r t s ,  l o c a l  and federa l  agencies, and 

m i l i t a r y  i n s t a l l a t i o n s  and these sources might be made a  p a r t  of an emer- 

gency system, al though a d d i t i o n a l  measurement systems w i l l  l i k e l y  be 

requ i red  a t  most s i t e s .  

I n  most s i t u a t i o n s ,  t ranspor t  i s  independent o f  d i f f u s i o n .  However, 

i n  t he rma l l y  s t a b l e  s i t u a t i o n s ,  the mean h o r i z o n t a l  wind d i r e c t i o n  changes 
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s i g n i f i c a n t l y  w i t h  r e l a t i v e l y  small changes i n  he igh t .  Al though v e r t i c a l  

d i f f u s i o n  i s  i n h i b i t e d  i n  s t a b l e  s i t u a t i o n s ,  i t  i s  s u f f i c i e n t  t o  cause 

m a t e r i a l  a t  t he  top  and bottom o f  t he  plume t o  be t ranspor ted  i n  d i f f e r e n t  

d i r e c t i o n s  causing the  plume t o  be fanned o u t  h o r i z o n t a l l y .  The p o i n t  i s  

t h a t  t he  v e r t i c a l  d i f f u s i o n  data i n  t h i s  s i t u a t i o n  a r e  a  requirement f o r  

accurate t r a n s p o r t  est imates. The occurrence o f  t h i s  s i t u a t i o n ,  o f  course, 

w i l l  va ry  f rom s i t e  t o  s i t e .  

The fann ing  process caused by t h e  wind d i r e c t i o n  shear can a l s o  

enhance t h e  d i f f u s i o n .  Two o the r  processes which can have a  major e f f e c t  

on t h e  a i r  concentrat ions i n  the  plume a t  ground l e v e l  a r e  plume r i s e  and 

depos i t ion .  Plume r i s e ,  which occurs as the  r e s u l t  o f  buoyancy and momen- 

tum, determines the  e f f e c t i v e  source he igh t  i n  d i f f u s i o n  models and 

gene ra l l y  i s  modeled i n  terms o f  t h e  meteoro logica l  parameters o f  wind 

speed and thermal s t a b i l i t y  (AT/AZ) and the  source parameters o f  e f f l u x  

v e l o c i t y  and temperature and the  o r i f i c e  s i ze .  Considerat ion o f  t h e  i nc lu-  

s i o n  o f  the  e f f e c t s  o f  plume r i s e  i n  determin ing emergency a c t i o n  seems 

unwarranted because o f  t h e  u n c e r t a i n t i e s  i n  t h e  source parameters a t  t h e  

t ime o f  t h e  acc ident ,  except poss ib l y  i n  t h e  case o f  acc identa l  s tack 

releases, and s ince  conservat ive est imates can be made assuming a  cons tan t  

source he igh t .  I n  postacc ident  analyses, i n c l u s i o n  o f  plume r i s e  e f f e c t s  

could be reasonably accomplished and may be o f  va lue i n  t he  pos tacc ident  

eva lua t ion .  Plume r i s e  r e s u l t i n g  from accidents could be o f  the  order  o f  a  

few hundred meters and hence cou ld  have a  s i g n i f i c a n t  e f f e c t  upon concen- 

t r a t i o n  and depos i t i on  est imates. The p o i n t  t o  note here i s  t h a t  t h e  

meteoro logica l  data requ i red  i s  no t  i n  a d d i t i o n  t o  t h a t  a l ready  de f ined  as 

necessary f o r  d i f f u s i o n  models. 

The depos i t i on  on, o r  attachment to ,  sur faces o f  t h e  m a t e r i a l s  i n  t he  

plume can r e s u l t  i n  a  s i g n i f i c a n t  r e d i s t r i b u t i o n  of t h e  re leased m a t e r i a l  

f rom t h a t  which cou ld  o b t a i n  w i thou t  cons idera t ion  o f  depos i t ion .  Dry 

depos i t i on  o f  a i rbo rne  gases and p a r t i c l e s  can be inc luded i n  d i f f u s i o n  

models by employing e m p i r i c a l l y  based depos i t i on  " v e l o c i t i e s "  which vary  

w i t h  n ia te r i a l  and sur face  type, and thermal s t a b i l i t y .  The i n c o r p o r a t i o n  

o f  t he  e f f e c t s  o f  d r y  depos i t i on  i n  a  d i f f u s i o n  model does n o t  r e q u i r e  



measurements beyond those a l ready i d e n t i f i e d .  It should be noted, however, 

t h a t  some d i f f u s i o n  r e s u l t s  inc lude the  e f f e c t s  o f  d r y  depos i t ion  t o  vary- 

i n g  degrees. 

A second form o f  plume dep le t i on  i s  wet depos i t ion  o r  washout by r a i n  

o r  snow. When washout occurs, i t  i s  repor ted  t h a t  i t  can r e s u l t  i n  deposi- 

t i o n  which i s  rough ly  an order  o f  magnitude g rea te r  than t h a t  due t o  d r y  

deposi t ion.  (49)  It i s  u n l i k e l y  t h a t  the e f f e c t s  o f  washout can be 

accounted f o r  i n  any q u a n t i t a t i v e  way dur ing  an accident,  bu t  an awareness 

o f  t he  s i g n i f i c a n c e  o f  t h e  process cou ld  be o f  importance. I n  a  post-  

acc ident  ana lys i s  a  q u a n t i t a t i v e  assessment would be poss ib le  and cou ld  be 

o f  va lue i n  determining and descr ib ing  the  e f f e c t s .  Q u a n t i t a t i v e  est imates 

of washout w i  11 r e q u i r e  the  i nco rpo ra t i on  o f  an appropr ia te  p r e c i p i t a t i o n  

r a t e  measurement method i n t o  the  measurements system. The method might  be 

an automatic device o r  v i sua l  observat ions. 

I V .  B. 2. Measurement o f  D i f f u s i o n  Parameters 

Table 5 suggests t h a t  a  s i n g l e  " p r o f i l e  tower" instrumented t o  measure 

o+, T  and ii a t  m u l t i p l e  e leva t ions  w i l l  p rov ide  the  data necessary f o r  

most models. I n  each o f  t he  models, the  requ i red  data have been c o r r e l a t e d  

t o  the  standard dev ia t i on  o f  plume spread , oy and o,, which are t h e  

independent va r i ab les  i n  app l i ed  d i f f u s i o n  models. Since i t  i s  the  tu rbu-  

l e n t  eddies o f  t he  atmosphere t h a t  d i f f u s e  a i rborne ma te r ia l ,  i t  i s  more 

d i r e c t  t o  c o r r e l a t e  o  and o, t o  measured wind f l u c t u a t i o n s  than t o  
Y 

secondary parameters such as s t a b i  1  i t y  : i t  has been demonstrated empi r i  - 
c a l l y  t h a t  t he  c o r r e l a t i o n s  a re  high. (41 ,42 $46 $50-52) 

A system employing ins t rumenta t ion  commensurate w i t h  the  s ta te-o f - the-  

a r t  should i nc lude  d i r e c t  eddy measurements. This,  added t o  the  requ i red  

temperature grad ien t  measurements enhances the  o v e r a l l  system r e l i a b i l i t y .  

Thus an independent sensor system i s  a v a i l a b l e  i n  t h e  event o f  quest ionable 

r e s u l t s  o r  a  f a i l u r e  i n  t he  eddy measurement sensors which may be somewhat 

l e s s  r e l i a b l e .  The measurement o f  i i s  requ i red  by a l l  app l ied  cont inuous 

and p u f f  source models. It i s  noted, however, t h a t  t he  basic  requirement 

i s  t o  determine, e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  t he  l a t e r a l  and v e r t i c a l  



dispers ion.  I n  t he  pas t  bo th  have been parameterized i n  terms o f  e i t h e r  

ae, AT, o r  the  Richardson number, R i  (def ined on nex t  page). However, oe 

i s  very poo r l y  co r re la ted  w i t h  e i t h e r  a  AT, o r  R i ,  therefore, i t  i s  con- 
9 , 

sidered necessary t o  measure oe d i r e c t l y  t o  determine a  The c o r r e l a t i o n s  
Y '  

between t h e  parameters a,, 
*9 ' AT, and R i  a re  a l l  q .u i te  good, however, and 

a1 though i t  i s  most des i rab le  t o  d i r e c t l y  measure a  i t  can be est imated 
9 ' 

by employing es tab l ished c o r r e l a t i o n s  t o  R i  . 
It i s  considered t h a t  measurements t o  a t  l e a s t  t h e  maximum he igh t  a t  

which ma te r ia l  could p o t e n t i a l l y  be released i s  a  minimum requirement. 

Maximum stack he igh ts  may exceed what could be considered economical tower 

heights.  I n  t h i s  s i t u a t i o n  an acceptable approach would be t o  use tower 

data t o  a  maximum p r a c t i c a l  l e v e l ,  and data from stack-mounted inst ruments 

a t  h igher  l eve l s .  The stack data could then be cor rec ted  f o r  excessive 

stack i n f  1  uences. Measurements could reasonably i n c l  ude w i  nd speed and 

d i r e c t i o n  and poss ib l y  temperature. Nomograms t o  c o r r e c t  f o r  t h e  s t a c k ' s  

i n f l ~ e n c e ~ i f b a s e d  on in situ measurements and s tud ies  repor ted  i n  l i t e r a -  

tu re ,  may be s u f f i c i e n t l y  e f f e c t i v e  t o  make the  data meaningful .  

It i s  recommended t h a t  the  minimum p r o f i l e  tower he igh t  be 60 meters 

i r r e s p e c t i v e  o f  the  maximum p o t e n t i a l  re lease p o i n t  height .  It should be 

recognized, however, t h a t  p r e d i c t i v e  c a p a b i l i t y  w i  11 genera l l y  be 1  i m i  t e d  

by ' tower he igh t .  For example w i t h  g reater  tower he igh t  i t  i s  poss ib le  t o  

i nc reas ing l y  take  account o f  such f a c t o r s  as fumigat ion cond i t ions ,  plume 

r i s e ,  and plume shearing. 

A tower which meets the  minimum he igh t  requirement should be i n s t r u -  

mented as a  minimum a t  t h ree  l eve l s ,  namely 2 ,  9 t o  15, and 60 meters above 

the  surface. (This  assumes the  sur face i n  t he  v i c i n i t y  o f  the  tower, w i t h i n  

say 60 meters, i s  r e l a t i v e l y  f r e e  from s i g n i f i c a n t  t e r r a i n  v a r i a t i o n s  o r  

dense h igh  vegetat ion.  I f  such roughness elements do surround the  tower, 

t h e  measurement he igh ts  g iven should be made from t h e  average he igh t  of t h e  

roughness elements. ) 

For f a c i  1  i t i e s  w i t h  p o t e n t i a l  re1 ease po in t s  exceeding 60 meters, t h e  

uppermost instrumented l e v e l  should be placed a t  t he  l e v e l  of t h e  h ighes t  

p o t e n t i a l  re lease  po in t .  Each l e v e l  should be instrumented t o  measure wind 



d i r e c t i o n  and d i r e c t i o n  v a r i a b i  1 i t y  (oe),  speed, and temperature. A t  a  

m u l t i f a c i l i t y  r e a c t o r  s i t e ,  one tower w i l l  be adequate i f  t h e  d is tance from 

r e a c t o r  t o  tower i s  no greater  than two t o  f o u r  mi les .  This  d is tance may 

be l e s s  depending on i n d i v i d u a l  s i t e  c h a r a c t e r i s t i c s .  

As mentioned above, the  ' v e r t i c a l  g rad ien ts  o f  wind speed and tempera- 

t u r e  can be used t o  est imate o,, however, these parameters must be measured 

very accurate ly .  For example, Table 6 (45) demonstrates t h e  r e l a t i o n s h i p  

between s t a b i l i t y  c lasses and t h e  Richardson number, R i ,  which i s  a measure 

o f  the  tendency f o r  turbulence (negat ive f o r  l a r g e  turbulence) .  

TABLE 6. Re la t ionsh ip  Between S t a b i l i t y  Classes 
and the  Richardson Number 

- 
a z R i  = 9  - , where - ae = - a ~ . +  0 . 9 8 " ~  

Tn /&\2 az az 100 meter 

Stabi  1 i t y  Class R i  @ 2  m 

A Extremely unstable -1.0 t o  -0.7 

B Moderately unstabl e -0.5 t o  -0.4 

C S l i g h t l y  unstable -0.17 t o  -0.13 

D Neutra l  0  

E S l i g h t l y  s t a b l e  0.03 t o  0.05 

F Moderately s tab le  0.05 t o  0.11 

Inspect ion  o f  Table 6 i nd i ca tes  t h a t  R i  changes as l i t t l e  as $0.04 

between the  neu t ra l  and s tab le  classes. As a minimum then i t  would be 

des i rab le  t o  d i s t i n q u i s h  R i  t o  + 0.02. For R i  a t  4  meters, ( t he  approxi -  

mate geometric mean o f  2 and 9 meters), t h i s  would be c\. 2 0.04. Calcula- 

t i o n s  us ing  sarnple data o f  A0 and Au f o r  determin ing R i  a t  4  m i n d i c a t e  

t h a t  a change o f  on l y  0.04"C w i l l  cause a 0.04 change i n  R i .  S i m i l a r l y  a 

change o f  0.05 m/s w i l l  cause a 0.04 change i n  R i .  I n  a s i t u a t i o n  where 

both f a c t o r s  were c o n t r i b u t i n g  i n  such a way as t o  cause the maximum e r r o r ,  

A0 and Au would need t o  be measured t o  about +0.02"C and k0.025 m/s f o r  R i  

t o  be 'L f0.04. 



These accuracy requi rements a r e  excess ive n o t  o n l y  f o r  r o u t i n e  i n s t r u -  

ment systems b u t  a l s o  f o r  exper imenta l  systems. Reasonable goa ls  f o r  

r o u t i n e  systems would be Au t o  r\l + 0.2 m/s and A0 t o  Q \I 0.05"C. An 

approximate a n a l y s i s  u s i n g  these ranges i n d i c a t e s  t h a t  i n  t h e  worse case i t  

may o n l y  be p o s s i b l e  t o  d i s t i n g u i s h  between broad, n e u t r a l  , s t a b l e ,  and 

uns tab le  c lasses.  Since t h e  change i n  x i/Q, t h e  normal ized c e n t e r l i n e  con- 
P 

c e n t r a t i o n ,  f rom P a s q u i l l  Classes A t o  F spans approx imate ly  two o rde rs  o f  

magnitude a t  a few hundred meters downwind and t h r e e  o rders  a t  10 k i l om-  

e t e r s ,  i t  i s  apparant t h a t  these must be cons idered minimum requi rements i f  

t h e  Richardson number i s  t o  be o f  va lue  f o r  de te rmin ing  oZ. For  these  

reasons, t h e  d i r e c t  measurement o f  e i t h e r  o o r  ow (s tandard  d e v i a t i o n  o f  
@ 

t h e  v e r t i c a l  component o f  t h e  wind v e c t o r )  w i t h  a b ivane  o r  p r o p e l l o r ,  

r e s p e c t i v e l y ,  i s  s t r o n g l y  recommended as an o p t i o n a l  method o f  o b t a i n i n g  oz 

a t  t h e  9-15 and 60 meter l e v e l s .  ( A t  p resen t  measurements o f  o o r  ow a t  4 
2 meters a r e  n o t  cons idered necessary.)  However, dev ices f o r  d i r e c t  

measurement o f  o o r  ow a r e  o f  r e l a t i v e l y  l i g h t  we igh t  c o n s t r u c t i o n  and 
@ 

would n o t  have t h e  environmental  s u r v i v a b i l i t y  o f  t h e  sensors r e q u i r e d  f o r  

de te rmin ing  R i .  Therefore,  d i r e c t  measurements o f  om o r  ow must be con- 

s idered  h i g h l y  des i r ab le ,  b u t  as a complementary o p t i o n  t o  dev ices f o r  

de te rmin ing  R i  through which t h e  v e r t i c a l  d i s p e r s i o n  can be i n d i r e c t l y  

i n f e r r e d .  The accuracy requi rements cons idered c o n s i s t e n t  w i t h  a v a i l a b l e  

models, i ns t rumen ta t i on ,  and t h e  p resen t  a p p l i c a t i o n  a r e  +20% f o r  oe and 

+35% f o r  o o r  ow. + 
I V  . B.3. T ranspor t  Es t ima t i on  

A t  many s i t e s  a con t i nuous l y  o p e r a t i n g  network o f  towers ins t rumented  

t o  measure windspeed and d i r e c t i o n  w i l l  be necessary t o  determine t h e  

t r a j e c t o r y  o r  p o s i t i o n  o f  a plume as a f u n c t i o n  o f  t ime.  T h i s  n e c e s s i t y  

a r i s e s  because o f  t h e  f a c t  t h a t  measurements o f  wind d i r e c t i o n  and speed a t  

a s i n g l e  p o i n t  a r e  f r e q u e n t l y  o n l y  a p p l i c a b l e  f o r  a few m i l e s .  As men- 

t i o n e d  p rev ious l y ,  t h e  requi rement  f o r  a system o f  t r a n s p o r t  towers w i l l  be 

determined by t h e  topography o f  t h e  s i t e  and p l a n t  parameters. Wi th  



presen t  r e a c t o r  power l e v e l s  i t . i s  a n t i c i p a t e d  t h a t  plume t r a j e c -  

t o r i e s  may need t o  be determined t o  d is tances  on t h e  o rde r  o f  10 m i l es .  

Because of t he  v a r i a b i l i t y  o f  p l a n t  parameters and topographies, t h e  

r e q u i r e d  number and placement of t r a n s p o r t  towers should be eva lua ted  t o  

determine t h e  c o m p a t i b i l i t y  o f  t h e  system w i t h  t h e  emergency a c t i o n  p l a n  

and a n t i c i p a t e d  pos tacc iden t  analyses requirements a t  t h e  s i t e .  A1 though 

exper ience i n  t h e  ana l ys i s  o f  mesoscale wind f low pa t t e rns  can gu ide tower 

placement, some adjustment may be necessa r i l y  based upon exper imenta l  

i n v e s t i g a t i o n s  and t h e  comparison o f  p r e d i c t e d  and observed t r a j e c t o r i e s .  

Experience w i t h  t h e  mesoscal e  t r a n s p o r t  o f  d i f f u s i o n  plumes i n d i c a t e s  

t h a t  t h e  inst ruments should be p laced a t  approx imate ly  15 t o  30 meters 

above t h e  l o c a l  roughness elements o r  vege ta t i on  canopy. I n  fo res ted  loca-  

t i o n s  t h e  r e g i o n  above and below the  canopy represen t  two markedly d i f f e r -  

e n t  t r a n s p o r t  regimes and i t  may be necessary t o  p lace  a second l e v e l  o f  

wi  nd speed sensors be1 ow t h e  canopy. 

Open t r i a n g u l a r  frame towers and smal l  d iameter  masts, a re  p r a c t i c a l  

means o f  suppor t ing  i ns t rumen ta t i on  f o r  extended per iods .  T h e i r  use has 

r e s u l t e d  i n  da ta  t o  demonstrate t he  e x t e n t  of tower i n f l u e n c e  upon wind 

measurements. It i s  reasonable t o  expect t h a t  o t h e r  apparen t l y  s u i t a b l e  

s t r u c t u r e s  may be i n  p lace  such as b u i l d i n g s ,  t rees ,  power l i n e  suppor ts ,  

and s tacks.  Since t h e  e f f e c t  o f  such s t r u c t u r e s  upon wind measurements 

can be s i g n i f i c a n t ,  due cons ide ra t i on  must be g iven  t o  them. Mountings on 

b u i l d i n g s  o r  towers o r  niasts very  near bu i  1  d ings should be considered 

inadequate. Towers o r  masts a re  p r e f e r a b l e  t o  s tacks,  b u t  t h e  economy of 

u t i l i z i n g  f a c i l i t y  s tacks must be considered when s tack  he igh t s  make t h e  

cos t s  o f  an independent tower unreasonable. 

Accuracy requirements f o r  average wind speed and d i r e c t i o n  commensu- 

r a t e  w i t h  a v a i l a b l e  i ns t rumen ta t i on  and t h e  a p p l i c a t i o n  o f  t he  measurements 

a re  cons idered t o  be k0.5 rnph o r  5%, and 25 degrees w i t h  a  s t a r t i n g  th resh-  

o l d  o f  <2 mph f o r  measurements o f  bo th  speed and d i r e c t i o n .  
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I V .  B.4. Data Recording, Processi ng and D isp lay  Requirements 

Spec i f i c  recommendations f o r  equipment t o  record,  process, and d i s -  

p lay  data w i l l  depend upon t h e  model ( s )  used and t h e  requirements o f  t h e  

emergency plan. The obvious general requirements should inc lude,  immediate 

access t o  summarized data f o r  r e a l  - t ime o r  postacc ident  eval ua t ion ;  t h a t  

the  e r r o r s  in t roduced by record ing,  processing, and d i s p l a y  equipment 

e i t h e r  be inc luded i n  t he  data accuracy l i m i t s  i d e n t i f i e d  o r  t h a t  they  be 

very smal l  i n  comparison t o  t he  acceptable e r r o r s ;  and t h a t  a l l  data be 

recorded such t h a t  a permanent record  w i l l  be assured. D isp lay  o f  t r ans -  

p o r t  tower wind speed and d i r e c t i o n  data a t  t he  emergency c o n t r o l  cen ter  

1 oca t i on  w i  11 r e q u i r e  r e a l  - t ime data t ransmiss ion by an appropr ia te  tech- 

nique such as te lemet ry  o r  telephone l i n e .  I n  processing and d i s p l a y i n g  

data i n  a t i m e l y  manner, cons idera t ion  should be g iven  t o  automatic da ta  

hand l ing  by analog and/or d i g i t a l  computers. 

Automatic r e a l  - t ime techniques f o r  c a l c u l a t i n g  the  standard d e v i a t i o n  

o f  f l u c t u a t i n g  meteoro logica l  va r i ab les  have been a v a i l a b l e  s ince the  

a p p l i c a t i o n  was suggested and demonstrated by Jones and Pasqu i l l  i n  

1 9 5 9 . ( ~ ~ )  . 

A s i m i l a r  approach centered around t h e  use o f  an analog computer, was 

sug.gested by Brock and Prov i  ne. (54) G i l l  and ~ i e r l ~ ( ~ ~ )  descr ibed a sys- 

tem o f  t he  Brock/Provine design i n s t a l l e d  a t  the  Enr ico Fermi Atomic Power 

P lan t  f o r  c o n t r o l l i n g  the  re lease o f  r a d i o a c t i v e  gaseous wastes f rom a 

60 meter s tack.  The Brock/Provi ne design w i  11 pe rm i t  c a l c u l a t i n g  standard 

dev ia t i ons  f o r  per iods o f  up t o  one hour w i t h  l e s s  than 5% e r r o r  as 

designed. It was suggested t h a t  c l o s e r  component to le rances  cou ld  improve 

the  accuracy. A t  some s i t e s ,  e x i s t i n g  computer f a c i l i t i e s  may be a v a i l a b l e  

t o  per form these data processing func t i ons .  I f  such a c a p a b i l i t y  i s  a v a i l -  

able, the  f e a s i b i l i t y  o f  programming acc ident  response dec is ions  and ce r -  

t a i n  aspects o f  t r a j e c t o r y  ana l ys i s  should be considered. From the  

s tandpo in t  o f  response t ime and accuracy, as much automation as poss ib le  i s  

des i rab le ;  b u t  i t  w i  11 have t o  be considered on l y  as a t o o l  f o r ,  and n o t  a 

replacement f o r ,  emergency personnel capable o f  us ing bas ic  data t o  a r r i v e  

a t  meteoro logica l  conclus ions.  



IV.B.5.  Loca t ion  o f  P r o f i l e  Tower, Transpor t  Tower(s), and Tower 

Ins t rumenta t ion  

The bas ic  purpose of t h e  near-source meteoro logica l  p r o f i l e  tower i s  

t o  nieasure the  parameters from which d i f f us ion  and t r a n s p o r t  ou ts ide  o f  

the  area c o n t r o l l e d  by the  f a c i l i t y  can be pred ic ted .  This  requ i res  t h a t  

t he  inst ruments be loca ted  where cond i t i ons  a re  rep resen ta t i ve  o f  condi -  

t i o n s  downwind as opposed t o  those w i t h i n  t he  c o n t r o l l e d  area, as t h e  

l a t t e r  has a  spec ia l  microenvironment s e t  up by superimposed b u i l d i n g  

wakes and heat plumes. 

These cons idera t ions  w i l l  l i k e l y  r e q u i r e  t h a t  the  tower be l oca ted  

away from the  f a c i l i t y  complex i n  most cases. This  assumes t h a t  t he  

f a c i l i t y  i s  an anomalous t e r r a i n  feature. I n  populated areas where t h e  

f a c i l i t y  i s  surrounded by o ther  bu i l d i ngs ,  the  goal i s  t o  p lace  t h e  tower 

a t  a  p o s i t i o n  t h a t  w i l l  r e f l e c t  t h e  general charac ter  o f  t he  area r a t h e r  

than i n  some spec ia l  microenvironment. Actual p r o f i l e  measurements o f  the  

parameters of i n t e r e s t  can he1 p  s i g n i f i c a n t l y  i n  de tec t i ng  data d i s t o r -  

t i o n s .  Placement of t he  p r o f i l e  tower away from the  f a c i l i t y  i s  a l s o  con- 

s idered  des i rab le  from the  s tandpo in t  t h a t  the  extreme winds associated 

w i t h  tornadoes and waterspouts are very  l o c a l  and l e s s  l i k e l y  t o  e f f e c t  

both t he  f a c i l i t y  and the  towers if they are  separated. Another considera- 

t i o n  i n  p l a c i n g  a  p r o f i l e  tower r e l a t i v e  t o  an o b s t r u c t i o n  i s  t h e  wind 

d i r e c t i o n  c l imato logy .  I f  the c l ima to logy  shows a  p a r t i c u l a r  wind d i r e c -  

t i o n  w i t h  a  very  low percentage o f  occurrence, t he  tower can be placed i n  

the corresponding downwind sec to r  and n o t  be i n  t h e  o b s t r u c t i o n ' s  i n f l u e n c e  

bu t  a  small percentage o f  the  t ime. O f  course, i f  winds from t h a t  d i r e c -  

t i o n  c o r r e l a t e  s i g n i f i c a n t l y  w i t h  nonrepresentat ive atmospheric d i f f u s i o n  

cond i t ions ,  t he  tower must be loca ted  f u r t h e r  away from the  o b s t r u c t i o n  o r  

a t  a  d i f f e r e n t  azimuth l o c a t i o n .  

S im i l a r  cons idera t ions  must a l s o  be g iven t o  n a t u r a l  t e r r a i n  fea tures  

such as vegetat ion,  h i l l s ,  b l u f f s ,  va l l eys ,  slopes, water bodies, e tc .  

Where these fea tures  c o n t r o l  the  d i f f u s i o n  c l ima to logy  over t h e  reg ion  of 

which the  tower data a re  t o  be representa t i ve ,  i t  i s  t h e i r  i n f l uence  on 



d i f f u s i o n  t h a t  i s  t o  be measured. However, where these f e a t u r e s  a r e  o n l y  

anomal ies i n  t h e  reg ion ,  t h e i r  e f f e c t s  should  be avoided. 

S i m i l a r l y ,  i t  i s  n o t  impo r tan t  t h a t  t r a n s p o r t  towers be l o c a t e d  i n  a  

r e g i o n  t h a t  i s  r e p r e s e n t a t i v e  i n  terms o f  roughness o f  d i f f u s i v e  capac i t y ,  

b u t  t h e  f l o w  a t  these s i t e s  must be r e p r e s e n t a t i v e  o f  as l a r g e  an area as 

poss ib l e .  Obv ious ly ,  judgments on these ma t t e r s  w i l l  have t o  be made f o r  

each i n d i v i d u a l  s i t e  by me teo ro l og i s t s  exper ienced i n  mesoscale f l o w .  It 

should  be recogn ized  t h a t  i n  some cases exper imenta l  s t u d i e s  may be 

r e q u i r e d  t o  determine t h e  need f o r  and placement o f  t r a n s p o r t  towers.  

Var ious i n v e s t i g a t o r s  have observed t h a t  towers and s tacks  have s i g -  

n i f i c a n t  e f f e c t s  on me teo ro l og i ca l  i n s t r umen ts  supported on h o r i z o n t a l  

booms. The conc lus ions  o f  G i l l ,  e t  a l .  a re  r e p r e s e n t a t i v e  and a r e  as 

f o l  1  ows: 

For  Open T r i a n g u l a r  Towers w i t h  i ns t r umen t  booms p a r a l l e l  t o  tower  

s i des  : 

1. One sensor s e t  a t  two d iameters  away f rom t h e  edge o f  t h e  tower  w i l l  

p r o v i d e  wind speed + l o %  and w ind  d i r e c t i o n  25" t o  + l o 0  f o r  an a r c  o f  

330". 

2. I f  accuracy t o  25% f o r  speed and t 5 "  f o r  d i r e c t i o n  i s  d e s i r e d  over  

, 360" o f  azimuths,  two i ns t r umen t  s e t s  180" o f  a r c  a p a r t  a t  a  d i s t a n c e  

o f  n o t  l e s s  than  1.5 d iameters  a r e  recommended. 

It i s  d e s i r a b l e  t o  m in im ize  tower  induced e r r o r  as much as poss ib l e ;  

however, adequate suppo r t  o f  l o n g  i ns t r umen t  booms may become d i f f i c u l t  

beyond 2-3 d iameters  beyond t h e  edge of a  tower.  Therefore,  w i t h  one 

i ns t r umen t  s e t  an i ns t r umen t  boom two tower d iameters  i n  l e n g t h  i s  con- 

s i de red  t h e  minimum requi rement .  Longer booms a r e  d e s i r a b l e  i f  t h e i r  

i n t e g r i t y  can be assured. E r r o r s  can be reduced by p l a c i n g  t h e  i ns t r umen ts  

on t h e  predominate windward s i d e  o f  t h e  tower; however, placement should  

a l s o  cons ide r  o t h e r  f a c t o r s  such as t h e  d i s t r i b u t i o n  o f  s t a b i  1  i t y  w i t h  wind 

d i r e c t i o n  and t h e  d i s t r i b u t i o n  o f  p o p u l a t i o n  about  t h e  s i t e .  L i t t l e  d a t a  

appear t o  be a v a i l a b l e  concern ing t h e  e f f e c t s  o f  towers on measurements of 

ore and or o r  orw, b u t  t h a t  which does e x i s t  i n d i c a t e s  t h a t  l a r g e  e r r o r s  can 0 
occur .  Dur ing  p e r i o d s  when t h e  i ns t r umen ts  a r e  s i g n i f i c a n t l y  i n  t h e  wake 



o f  t he  tower, d i f f u s i o n  est imates should be p r i m a r i l y  based upon thermal 

s t a b i l i t y  o r  Richardson number est imates.  A d e s i r a b l e  complementary o p t i o n  

would be t o  p l ace  a d u p l i c a t e  s e t  o f  wind ins t ruments  a t  t h e  9-1 5 meter  

l e v e l  on t h e  oppos i t e  s i d e  o f  t h e  tower. 

The e f f ec t s  o f  c y l i n d r i c a l  s tacks  on measurements o f  wind speed and 

d i r e c t i o n  a re  summarized below f o r  re fe rence .  

1. A t  a  d i s t ance  of 3  diameters,  one i nstrunient s e t  wi  11 measure wind 

speed t o  210% f o r  a  180" a r c  and wind d i r e c t i o n  t o  +5% f o r  a  300" a rc .  

2. A t  a  d i s t ance  o f  two diameters,  two ins t ruments  s e t  180' a p a r t  w i l l  
p rov ide  wind speed t o  210% and d i r e c t i o n  t o  +5% over  360". 

3. The accuracy o f  t o p  l e v e l  ins t ruments  can be g r e a t l y  improved by 

l o c a t i n g  them 0.5 d iameter  o r  g r e a t e r  above t h e  s tack .  

I V .  6.6. System C a l i b r a t i o n  and Maintenance 

Cal i b r a t i o n  and maintenance requirements a re  d i c t a t e d  by t h e  accuracy 

and r e l i a b i l i t y  requirements f o r  t h e  data. Guidance as t o  t he  frequency 

and procedures f o r  t h e  c a l i b r a t i o n  and maintenance o f  meteoro log ica l  sen- 

sors  and p e r i p h e r a l  equipment i s  bes t  obta ined f rom t h e  manufacturers.  

Ac tua l  use o f  manufac tu re r ' s  recommendations w i l l  q u i c k l y  revea l  whether 

t h e  procedure and f requency a r e  adequate f o r  a  s p e c i f i c  system and env i ron-  

ment. A l l  c a l i b r a t i o n  equipment should be t r aceab le  t o  app rop r i a te  s tand-  

ards. C a l i b r a t i o n s  should i n c l u d e  system end-to-end checks f o r  t h e  range 

o f  probable 'environmental  c o n d i t i o n s .  As a minimum requirement,  t h e  e n t i r e  

meteoro log ica l  system should be checked a t  l e a s t  q u a r t e r l y  and c a l i b r a t e d  

and mainta ined as necessary. 

I V .  6.7. Sensor Environmental Operat ing Cond i t ions  

I t  i s  recommended t h a t  sensor system o p e r a t i  ng c o n d i t i o n s  be p re -  

s c r i b e d  on a s i  t e -by -s i  t e  o r  r eg iona l  bas i s  t o  avo id  imposing unreasonable 

requirements on f a c i l i t i e s  n o t  exper ienc ing  extremes. The recommended 

guide1 i n e  i s  t h a t  t h e  sensor system should be designed t o  meet t h e  spec i  - 
f i e d  data and da ta  accuracy c r i t e r i a  f o r  t h e  range o f  c l i m a t o l o g i c a l  condi -  

t i o n s  a t  a  p a r t i c u l a r  s i t e  and t h a t  t he re  should be an ext remely  smal l  

p r o b a b i l i t y  t h a t  a  measurement o f  wind speed, d i r e c t i o n ,  and d i r e c t i o n  

v a r i a b i l i t y  would n o t  be a v a i l a b l e  i n  t h e  event  o f  an acc iden t  a t  l e a s t  one 



l e v e l .  I n  reg ions  frequented by hurr icanes and/or tornadoes such an assur- 

ance cou ld  be prov ided by e s t a b l i s h i n g  a  mast and wind ins t rument  s e t  o f  

rugged design a t  a  p o i n t  separated from both the  f a c i l i t y  and t h e  p r o f i l e  

tower. Instruments o f  rugged design a re  a v a i l a b l e  which can w i ths tand 

hur r i cane f o r c e  winds and the  redundancy and separat ion o f  a  rugged wind 

s e t  system make the  p r o b a b i l i t y  o f  a  tornado s t r i k i n g  the  f a c i l i t y ,  t h e  pro-  

f i l e  tower, and the  rugged wind inst rument  s e t  h i g h l y  improbable. 

The wind se ts  f o r  t r anspo r t  towers should be capable o f  ope ra t i on  

under c l i m a t o l o g i c a l  ranges f o r  t he  s p e c i f i c  s i t e .  

It should be recognized t h a t  f o r  c l i m a t o l o g i c a l  extremes a t  some 

s i t e s ,  i t  may be imprac t i ca l  t o  meet c e r t a i n  o f  t he  c r i t e r i a  es tab l i shed  

and t h a t  i n d i v i d u a l  s i t e  eva lua t ions  and judgments w i  11 be requ i red .  

MEASUREMENT OF GASEOUS EFFLUENT -- 

Mon i to r i ng  w i t h i n  t he  containment vessel a  v e n t i l a t i o n  system o r  a  

stack, can be ca tegor ized  as d i r e c t  o r  i n d i r e c t .  I n  t he  case o f  d i r e c t  

moni tor ing,  t he  e f f l uen t  i s  examined w i t h o u t  removal f rom the  system o r  

w i thou t  i n t e r v e n i n g  t reatment  of any k ind.  Thus, d i r e c t  mon i to r ing  

i s  a  r a p i d  method t h a t  i n  general r equ i res  on l y  r e l a t i v e l y  s imple 

ins,trumentat ion. 

However, d i r e c t  mon i to r ing  does n o t  u s u a l l y  p rov ide  i n f o r m a t i o n  on 

the  chemical and phys i ca l  form of t he  re lease o r  o f  t he  i s o t o p i c  composi- 

t i o n .  For these reasons, d i r e c t  mon i to r ing  systems are  u s u a l l y  n o t  ade- 

quate f o r  c h a r a c t e r i z i n g  an acc identa l  re lease.  However, i n  some 

app l i ca t i ons ,  d i r e c t  mon i to r ing  may be advantageous. 

I n d i r e c t  mon i to r ing  requ i res  t reatment  o r  removal o f  t h e  e f f l u e n t  o r  a  

sample from a  system. The p o i n t  f rom which a  sample i s  withdrawn must be 

chosen w i t h  carefu l  a t t e n t i o n  t o  f a c t o r s  which may make the  sample unrepre- 

sen ta t i ve .  The degree o f  freedom i n  choice o f  sampling l o c a t i o n  may be 

very  r e s t r i c t i v e  o r  q u i t e  nominal depending upon t h e  na ture  o f  t he  process, 

t h e  i n t e g r i t y  o f  t he  a i r  c lean ing  system, the  physica l  and chemical form o f  



t h e  e f f l u e n t ,  and t h e  bas i c  aerosol  phys ics d i c t a t i n g  t h e  geometr ica l  

r e l a t i o n s h i p s  f o r  r e p r e s e n t a t i v e  sampl i ng .  

I V .  C. 1. C h a r a c t e r i s t i c s  o f  Gaseous E f f  1  uent  

The s tack  re l ease  w i l l  i n c l u d e  f i s s i o n  products  and t h e i r  daughters as 

w e l l  as a c t i v a t i o n  products  i n  a  v a r i e t y  of chemical and phys i ca l  forms. 

A l though a  l a r g e  f r a c t i o n  o f  t h e  r a d i o a c t i v i t y  probably  w i l l  be f rom t h e  

nob le  gases, cons ide ra t i on  must be g iven  t o  o t h e r  gases as w e l l .  T r i t i u m ,  

produced bo th  by a c t i v a t i o n  and f i s s i o n ,  can occur  as nascent o r  mo lecu la r  

hydrogen, i n  water,  o r  i n  p a r t i c l e s  which c o n t a i n  hydrated s a l t s .  

Impor tan t  gaseous compounds o f  r a d i o a c t i v e  heavy meta ls  and o t h e r  

elements may be formed i n  spec ia l  c i rcumstances. I f  compounds o f  t h i s  k i n d  

a r e  a n t i c i p a t e d ,  g r e a t  ca re  must be exerc ised  i n  sampling and mon i t o r i ng  t o  

assure t h a t  m a t e r i a l s  o f  t h e  sampl ing l i n e s  a re  chemica l l y  nonreac t i ve  and 

t h a t  temperatures a re  s u f f i c i e n t l y  h i g h  t o  prec lude condensat ion. 

As d i s t i n c t  f rom t h e  permanent gases, vapors a re  those elements o r  

compounds which a t  o r d i n a r y  temperatures i n  t h e  condensed phase have 

app rec iab l y  h i g h  vapor pressures. Common nuc l  i des  i n  t h i s  category a r e  

rad io i od ines ,  which subl ime r e a d i l y  f rom t h e  s o l i d  a t  room temperature, 

even though t he  m e l t i n g  p o i n t  i s  113.5"C. Elemental i o d i n e  and most 

i o d i n e  compounds a r e  chem ica l l y  r e a c t i v e ,  as w e l l ,  and m a t e r i a l s  used i n  

t h e  sanlpl i n g  system must be chosen t o  a v o i d  i n t e r f e r e n c e  f rom t h i s  source. 

Aerosols  c o n s i s t  o f  l i q u i d s  o r  s o l i d s  i n  a  f i n e  s t a t e  o f  subd i v i s i on ,  

and f o r  p r a c t i c a l  purposes can be cons idered t o  have aerodynamic mass 

median (AMM) d iameters sma l l e r  than  50 micrometers.  P a r t i c l e s  can c o n s i s t  

e n t i r e l y  o f  t h e  r a d i o a c t i v e  element o r  i t s  compound, b u t  more o f t e n  a r e  

non rad ioac t i ve  m a t e r i a l  contaminated w i t h  r a d i o a c t i v e  m a t e r i a l .  I n  most 

s i t u a t i o n s  i n v o l v i n g  a i r b o r n e  r a d i o a c t i v e  m a t e r i a l  f rom a  r e a c t o r  acc ident ,  

t h e  pure r a d i o a c t i v e  m a t e r i a l  represen ts  a  smal l  f r a c t i o n  o f  t h e  t o t a l  

s o l i d s  con ten t .  P a r t i c l e  s i z e  and s o l u b i l i t y  a r e  o f  g r e a t  importance i n  

de te rmin ing  t h e  b i o l o g i c a l  s i g n i f i c a n c e  o f  p a r t i c l e s  when breathed, y e t  

p a r t i c l e  s i z e  i n f o r m a t i o n  i s  seldom gathered i n  r o u t i n e  ope ra t i on  o r  dur -  

i n g  acc iden ts  i n  which r a d i o a c t i v e  m a t e r i a l  i s  made a i r bo rne .  



IV.C.2. Stack E f f l u e n t  M o n i t o r i n g  

Performance cr i ter ia  for the Stack Effluent Monitoring System are pre- 

sented i n  Section V I .  A.  3. d. 

IV.C.2.a. D i r e c t  M o n i t o r i n g  

D i r e c t  measurement methods a r e  used i n  many ins tances  f o r  r o u t i n e  

m o n i t o r i n g  o f  gaseous e f f l u e n t s  i n  t h e  s tack .  However, t h e  use of t h i s  

technique i s  cons idered t o  be i m p r a c t i c a l  f o r  emergency purposes due t o  t h e  

h i g h  1  eve1 of r a d i a t i o n  t h a t  would be p resen t  and t he  unknown c h a r a c t e r  o f  

t h e  e f f l u e n t .  Thus, no d i r e c t  m o n i t o r i n g  method i s  suggested. . 
IV.C.2.b. I n d i r e c t  M o n i t o r i n g  

E f f l u e n t  samples must r ep resen t  t h e  t r u e  composi t ion and c o n c e n t r a t i o n  

o f  t h e  r a d i o a c t i v e  m a t e r i a l  be ing  re l eased  t o  t h e  environment over  some 

s e l e c t e d  t ime  i n t e r v a l .  It f o l l o w s  t h a t  t h e  sample p o i n t  shou ld  be a t  o r  

near  t h e  p o i n t  o f  r e l e a s e  t o  t h e  environment.  For  i n s t a l l a t i o n s  which d i s -  

charge a l l  v e n t i l a t i o n  a i r  through a  s i n g l e  t a l l  s tack,  a i r  f rom t h e  t o p  o f  

t h e  s t ack  shou ld  be sampled. S ince some s tacks  a r e  over  200 f e e t  t a l l  and 

compromises may be faced  i n  t r a n s p o r t i n g  t h e  sample t o  t he  su r f ace  s t a t i o n ,  

t h e  ques t i on  immed ia te ly  a r i s e s  as t o  whether t h e  sample must be taken a t  

t h e  ve r y  t o p  o f  t h e  s t ack  o r  whether i t  can be removed a t  a  p o i n t  somewhere 

below t h e  top .  Th i s  dilemma cannot  be answered w i t h  a  s imp le  s ta tement  

t h a t  t he  sample must be taken f rom t h e  t o p  o f  t h e  s tack ,  a l t hough  t h i s  l oca -  

t i o n  i s  p r e f e r r e d .  A p o i n t  o t h e r  than  t h e  ac tua l  d i scharge  p o i n t  can be 

chosen if t h e r e  a r e  no des ign  f e a t u r e s  o r  physicochemical  r e a c t i o n s  which 

w i  11 render  t h e  sample nonrepresen ta t i ve .  

When sampl ing f o r  r a d i o a c t i v e  gases, t h e  e s s e n t i a l  c r i t e r i o n  i s  t h a t  

t h e  sampl ing p o i n t  shou ld  be se lec ted  f a r  enough downstream f rom t h e  i n j e c -  

t i o n  p o i n t  t h a t  t h e  i n j e c t e d  gas wi  11 be thorough ly  mixed w i t h  t h e  c a r r i e r  

gas. Th i s  d i s t a n c e  w i l l  v a r y  depending upon t h e  c o n d i t i o n s  o f  tu rbu lence ,  

d i s t a n c e  f rom t h e  w a l l  a t  which i n j e c t i o n  occurs,  and t h e  s i z e  and o r i e n t a -  

t i o n  o f  t h e  i n j e c t e d  gas p o r t  i n t o  t h e  main stream. Genera l l y ,  t e n  d u c t  

d iameters  downstream f rom t h e  i n j e c t i o n  p o i n t  i n  a  t u r b u l e n t  stream i s  

s u f f i c i e n t  t o  u n i f o r m l y  mix t h e  gas. I n  most v e n t i l a t i o n  systems t h e  



entrance of the contaminated gas occurs a t  many points f a r  upstream of the 
discharge point to  the  atmosphere. Passage of the gas through the a i r  
cleaning system and the exhaust fans fur ther  assure uniform mixing pr ior  t o  
the point of sampling. In  the event t ha t  uniform mixing a t  the selected 
point of sampling cannot be 'assured, mu1 t i p l e  i n l e t s  in the sampling probe 
can be used to  extract  samples from several points w i t h i n  the stack.  
Empirical ver i f icat ion t ha t  the sampling point and method do provide a 
representative sample i s  highly desi rable ,  and can be done by sampling a 
known concentration of a t racer  gas injected a t  the normal entrance point 
of the gas in to  the main exhaust system. 

Design of a representative pa r t i c l e  sampling system requires e i t he r  a 
knowledge of the par t i c le  s izes  t o  be sampled, o r  an assumption tha t  a l l  
s izes  of par t ic les  will be present. The l a t t e r  assumption i s  required 
when the source of the par t i c les  i s  unknown, as  with accidental releases.  
When par t ic les  are  to be sampled from a t a l l  stack the same considerations 
regarding uniformity across the stack cross section will apply as  fo r  
gases. The principal difference i s  t ha t  par t i c les  larger  than a few 
microns have appreciable iner t i a  and do not follow f a i t h fu l ly  the stream- 
l ines  and eddies of the gas. A b r u p t  t ransi t ions  such as an elbow may tend 
t o  s t r a t i f y  par t ic les  according to  s i ze  across a large duct. Good m i x i n g  

in a turbulent system following a t ransi t ion occurs 5 to  10 diameters down- 
stream where mixing again i s  complete. (57)  More data a re  needed on large 
diameter ducts regarding s t r a t i f i c a t i o n  of par t i c les  as  a function of 
par t i c le  s ize .  I t  has been observed tha t  nonuniform dis t r ibut ions  of par- 
t i c l e s  of a given s i ze  occur when par t ic les  are swept in turbulent flow in  
a three-inch diameter tube. (58) This phenomenon, not yet  c lear ly  explained, 
appears to r e su l t  from a balancing of reentrainment from the wall and f lux 
t o  the wall which requires a greater concentration of par t i c les  in the 
annulus near the wall f o r  some conditions. If t h i s  a lso  occurs in large 
diameter ducts, i t  would necessitate simultaneous sampling from representa- 

t i ve  points on the cross section.  

Another fac tor  which influences the location of the sample withdrawal 
point i s  the distance downstream from a t ransi t ion a t  which the velocity 



p r o f i l e  has s t a b i l i z e d .  I n  one respec t  t h i s  d is tance may be regarded as 

i d e n t i c a l  t o  t h e  p o s i t i o n  a t  which u n i f o r m i t y  of p a r t i c l e  concent ra t ion  i s  

achieved o r  res to red .  However, t h e  two p o s i t i o n s  may n o t  be i d e n t i c a l ,  

p a r t i c u l a r l y  i n  t h e  complex, y e t  p r a c t i c a l  case i n  which two o r  more 

streams a r e  being de l i ve red  from separate systems i n t o  t he  base o f  a  s i n g l e  

s tack.  

V e l o c i t y  t raverses  must be taken a t  a  sec t i on  where the  v e l o c i t y  

p r o f i l e  has s t a b l i z e d  so t h a t  t h e  r a d i a l  p o s i t i o n  a t  which t h e  average f l o w  

occurs can be determined and used f o r  measuring t o t a l  gas f l ow .  Locat ing  

the  sample withdrawal p o i n t  near t he  p o i n t  se lected f o r  v e l o c i t y  measure- 

ments i s  recommended s ince  the  requirements o f  isok- i  n e t i c  sa~iipl i n g  can be 

more n e a r l y  achieved i f  t h i s  i s  done. 

The p o i n t  a t  which the  v e l o c i t y  p r o f i l e  has s t a b i l i z e d  and achieved t h e  

aerodynamic symmetry f o r  t h e  c i r c u l a r  condu i t  occurs a t  a  minimum o f  f i v e  

diameters from a disturbance, t e n  diameters i s  recommended. Hence, f o r  

s tacks on t h e  order  o f  f i v e  t o  e i g h t  f e e t  i n  diameter, the  e n t r y  p o i n t  f o r  

sampling should be a minimum o f  25 t o  50 f e e t  above t h e  breeching o r  change 

o f  f l ow  from t h e  h o r i z o n t a l  t o  v e r t i c a l .  Withdrawal a t  t h i s  p o i n t  permi ts  

sampling o f  reen t ra ined  p a r t i c l e s  from t h e  w a l l  i n  the  lower p o r t i o n  o f  t h e  

stack, b u t  cannot take  i n t o  account changes i n  e f f l u e n t  composit ion which 

may occur f rom t h i s  p o i n t  t o  t he  top  o f  the  s tack.  

A s i n g l e  e n t r y  probe w i t h  t h e  c o l l e c t o r  element l oca ted  immediately 

downstream o f  t h e  probe could be i n s t a l l e d  i n  a s tack a t  the  proper  p o i n t  

which represents t h e  average p a r t i c l e  concentrat ion.  During an emergency 

cond i t ion ,  however, t h e  s tack f l o w  r a t e  and the  p a r t i c l e  concent ra t ion  may 

change d r a s t i c a l l y  over those used i n  t he  design and l o c a t i o n  o f  t h e  s i n g l e  

e n t r y  probe. A m u l t i e n t r y  probe across the  s tack  would compensate f o r  t h e  

u n c e r t a i n t i e s  accompanying the  c o l l e c t i o n  of a  sample du r i ng  emergency 

cond i t i ons .  The p a r t i c u l a r  advantages o f  t he  m u l t i e n t r y  probe f o r  emer- 

gency mon i to r ing  and t h e  added assurance o f  rep resen ta t i ve  sampl i ng d i c -  

t a t e s  t h a t  t h i s  c o n f i g u r a t i o n  be used i n  a l l  e f f l u e n t  stacks. 



The transport l ine  from the i n l e t  probe t o  the collector should be as 

short as possible. This requirement i s  necessary to  insure that  a repre- 

sentative sample i s  transported and i s  particularly important when part i -  

cles one micron and larger are expected and flow i s  turbulent. If there 
are cases in which gases or submicron particles alone are present, the 

requirement of short  delivery l ines may not be so important. I n  the usual 

case, both particles and gases must be sampled, and delivery l ines should 

be kept short ,  preferably no greater than a few fee t  from sample point t o  
collector.  Practical considerations of monitor placement may dictate  

otherwise, however. A b r u p t  changes in flow direction in any part of the 

sample delivery system must be avoided. The larger the par t ic le ,  the 

greater the loss from deposition a t  sharp bends. Data to predict deposi- 

tion losses in curved tubes are meager. Change in flow direction must be 

accomplished with sweeping bends with as large a radius as practical.  

Bend radii of less  than 5 tube diameters should be avoided. (57)  

I t  i s  beyond the scope of th is  discussion to specify or recommend 

actual sample flow ra tes ,  since the i r  selection hinges so materially on 

the particular requirements established for the particular instal la t ion.  

There will be interplay and compromise between the sample airflow require- 

ments established solely by the minimum quantity of radioactive material 

which must be detected during some interval.  Other factors t o  be con- 

sidered include pressure drop requirements for  the collecting mediunl and 

isokinetic sampling requirements. The l a t t e r  i s  of major importance, and 

the recommended range of i n l e t  velocity to duct velocity ra t io  U/Uo i s  

1.0 + 0.2. 

All parts of the sampling delivery system must be highly corrosion 

resis tant  fo r  the atmospheres in the system. Therefore, s ta inless  steel 

i s  recommended. Plastic and rubber l ines are not recommended because of 

chemical react ivi ty  with halogens and possible electr ical  effects  wh.ich 

may enhance deposition. 

All parts must be f i t t ed  carefully prior to  welding and any weld 

intrusion to  the inside surfaces should be ground flush. Demountable 

joints in tubing must permit good alignment with minimal breaks in the 

wall surface continuity. 



Condensation i n  a l l  p a r t s  o f  t he  sampl ing system must be avoided. 

Thus, i t  may be necessary t o  hea t  t h e  sampl ing system t o  temperatures equal 

t o  o r  s l i g h t l y  above those of t h e  sampled gas. 

I n  t he  s tack  re l ease  case, cons ide ra t i on  needs t o  be g i ven  t o  t h e  

phys i ca l  form o f  t h e  ma te r i a l  be ing exhausted. Because t he  fo rm and t h e  

t ype  o f  r a d i o a c t i v e  m a t e r i a l  can be h i g h l y  v a r i a b l e ,  a  th ree-s tage  sampl i ng -  

d e t e c t i o n  system i s  recommended. The f i r s t  s tage c o n s i s t s  o f  a  f i l t e r  sys- 

tem t o  c o l l e c t  p a r t i c u l a t e s ;  i d e a l l y ,  such a  system would remove no 

r a d i o a c t i v e  m a t e r i a l  i n  t he  gaseous o r  vapor phase. Whi le i n  p r a c t i c e  t h i s  

i s  n o t  t h e  case, j u d i c i o u s  s e l e c t i o n  o f  t h e  f i l t e r  should min im ize  t h e  

e f f e c t .  A  rnenlbrane f i  1  t e r  w i t h  pore s i z e  15 pm, sampl ing a t  approx imate ly  

30 li t e r s  per  minute should prove adequate. The deposi ted r a d i o a c t i v e  

m a t e r i a l  - - essen t i a l  l y  r e f r a c t o r i e s - - c a n  be q u a n t i f i e d  by n o t i n g  t h e  r a t e  o f  

r i s e  o f  t h e  a c t i v i t y  on t he  f i l t e r ,  making s u i t a b l e  c o r r e c t i o n  f o r  decay 

and nonequi 1  i b r i  um cond i t i ons .  

The f i l t e r e d  a i r  f rom t h e  f i r s t  s tage i s  passed through an a c t i v a t e d  

charcoal  t r a p  t o  c o l l e c t  halogens. Since 131 I i s  t he  n u c l i d e  o f  concern, 

some systems have been dev ised f o r  d i r e c t  measurement of  t h e  364 keV photon 

assoc ia ted  w i t h  decay o f  t h i s  nuc l i de .  However, t he  f r a c t i o n a l  abundance 

o f  13'1 r e l a t i v e  t o  t h e  o t h e r  halogens v a r i e s  w i t h  decay t ime  (3,30,31,59) 

r ende r i ng  t h i s  n u c l i d e  unsui  tab1 e  f o r  q u a n t i f y i n g  t he  halogen f r a c t i o n  

un less a p p r o p r i a t e  c o r r e c t i o n s  a r e  made. Gross beta coun t i ng  of  t h e  ha lo -  

gen f r a c t i o n  may be found u s e f u l ,  w i t h  examinat ion of s p e c i f i c  photon 

energ ies reserved f o r  t he  1  a  bora t o r y .  

A f t e r  removal o f  p a r t i c u l a t e s  and halogens, t he  sample w i l l  c o n t a i n  

o n l y  gaseous r a d i o a c t i v e  m a t e r i a l ,  e s s e n t i a l l y  a1 1  nob le  gases, which cou ld  

be measured by a  f low- th rough i o n  chamber. A1 though o t h e r  methods, such 

as f low- th rough s c i n t i l l a t o r s  o r  Geiger-Muel ler  de tec to r s  can be used, t h e  

f low- th rough i o n  chamber may o f f e r  c e r t a i n  advantages, i n c l u d i n g  s i m p l i c i t y  

of ope ra t i on  and design, and hence, i s  recommended. 

P o s i t i v e  removal o f  t h e  sample f rom the  v e n t i l a t i o n  system i s  bes t  

accomplished by a  cons tan t  displacement pump o r  o t h e r  vacuum system which 
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w i l l  ma in ta in  a  constant  f low,  i r r e s p e c t i v e  o f  pressure drop changes i n  

t he  system. I d e a l l y ,  a  sampling system should p rov ide  a  sample volume 

which i s  p ropo r t i ona l  t o  t he  volume exhausted through the  stack. I n  

p rac t i ce ,  t h i s  i s  d i f f i c u l t  t o  achieve, and a  s a t i s f a c t o r y  a l t e r n a t i v e  i s  

t o  measure the  f l o w  r a t e  through t h e  s tack  and main ta in  a  constant  

sampl i ng r a t e .  

IV.C.3. Containment Vessel Gaseous Mon i to r ing  

IV.C.3.a. D i r e c t  Mon i to r ing  o f  Noble Gases 

Performance c r i t e r i a  for the  Containment Vessel Noble Gas Monitoring 

System are presented i n  Section VI.A.3.b. 

A r a p i d  and reasonably q u a n t i t a t i v e  est imate o f  t he  magnitude o f  t he  

re lease i n t o  t he  containment vessel can be made by l o o k i n g  a t  t h e  h igh  

energy photons from the  noble gases. This  i s  based upon an est imated 

0.35 photons per  d i s i n t e g r a t i o n  i n  t he  reg ion  2.15 t o  2.65 MeV, as de te r -  

mined from the  data i n  Table 1. A s i n g l e  de tec to r ,  designed t o  measure 

o n l y  photons above 2  MeV cou ld  be used. I n  a  l a r g e  volume containment 

vessel w i t h  t he  de tec to r  a t  t he  center ,  s e m i - i n f i n i t e  f i e l d  cond i t i ons  

p r e v a i l ,  and the  f o l l o w i n g  equat ion which i s  der ived  f rom in fo rma t i on  con- 

t a ined  i n  t he  Rockwell (60) can be used t o  o b t a i n  the  a i r  concent ra t ion  i n  
3  pCi/cm o f  noble gases i n  the  containment vessel : 

Equation (1 ) assumes a  spher ica l  containment vessel o f  rad ius  r cm, and 

p  = 1  i nea r  absorp t ion  c o e f f i c i e n t  f o r  a i r  f o r  2.15 t o  

2.65 MeV photons (14.5 x  1  o - ~  cm-' ) . 

G = A geometry ( o r  e f f i c i e n c y )  f a c t o r  f o r  the  de tec t i on  

system, i n  u n i t s  o f  photons per  count.  

s  = The count r a t e  i n  counts per second. 



k = A constant equal t o  2.7 x lo-' yCi second per 

disintegration. 

f = A constant equal t o  the number of disintegrations per 

2.15 t o  2.65 MeV photons emitted (2.85). 

Putting in the constants y ,  f ,  and k ,  Equation (1 ) becomes: 

5 For very large values of r (210 ),  the exponential approaches 0 and  hence 

Equation ( 2 )  sinipl i f i es  t o  

3 4 In most cases, however, r will be on the order of 10 t o  10 cm, and hence 

[ - 4 * 5  will range from 0.044 t o  0.36. For this the term 1 - e 

reason, Equation ( 2 )  should be solved directly for each individual case. 

Thus, i t  appears the airborne fission product concentration can be 

quickly and easily estimated by a detector located in the containment 

veisel. The detector of choice for monitoring photons above 2 MeV energy 

i s  a Na I (TI  ) crystal . Such detectors are rugged, re1 a t i  vel y inexpensive, 

and have well-known characteristics. A NaI(T1) detector for in-containment 

monitoring should be small, (112 in. x 112 in . )  since sensitivity i s  

directly proportional t o  the detector size. A block diagram for the sys- 

tem i s  shown below: 

r1 n E E ~ r 1  Detector n . . ,. _ .. ~- -4 . ,-2 - .. n - . _ .  1 ~ s s e m b l ~  n rreampiiner n n m p ~ i n e r n  u i s c r i m i - n  na tor 
C o u n t  



The preceding d iscussion suggests de tec to r  placement a t  o r  near t he  

geometric center  o f  a f a i r l y  l a r g e  spher ica l  containment vessel.  I n  

p rac t i ce ,  t h i s  p o s i t i o n i n g  may be d i f f i c u l t  t o  achieve, and a suggested 

a l t e r n a t i v e  would be t o  p o s i t i o n  t h e  de tec tor  such t h a t  reproduc ib le  

geometry cond i t ions  a re  met. The detec tor  should be pos i t i oned  such t h a t  

t h e  i n t a c t  b i o l o g i c a l  s h i e l d  i s  between i t  and the  core; t h i s  w i l l  minimize 

the  e f f e c t  o f  t he  f i s s i o n  products remaining i n  t he  core. Pos i t i on ing  the  

de tec tor  on the  wa l l  o f  a spher ica l  vessel w - i l l  enable the  a i r  concentra- 

t i o n  o f  noble gases t o  be est-imated by: 

S i m i l a r  c a l c u l a t i o n s  can be made f o r  v i r t u a l l y  any geometry; a p a r t i c u l a r l y  

good sumary  o f  r e l e v a n t  equations i s  g iven i n  Rockwell. (60) 

1V.C. 3. b. I n d i  r e c t  Mon i to r ing  o f  Radioiodines and P a r t i c u l a t e s  

Performance c r i t e r i a  for  t h e  Containment Vesse l  Radioiodine and 

Par t i cu lu te  Monitoring System are  presented i n  Sec t ion  VI.A.3.c. 

Charac ter iza t ion  o f  p a r t i c u l a t e  and i o d i n e  r a d i o a c t i v i t y  cou ld  bes t  be 

accomplished by remote l abo ra to ry  ana lys is  o f  t he  atmosphere w i t h i n  ' the 

containment vesse l . .  This,  however, i s  n o t  p r a c t i c a l  f o r  emergency 

purposes. In-containment measurement o f  rad io iod ines  and p a r t i c u l a t e  

r a d i o a c t i v i t y  can bes t  be accomplished by a system which permi ts  t h e  atmo- 

sphere w i t h i n  t h e  containment vessel t o  be sampled and monitored con- 

t inuous ly .  Un l i ke  the  noble gas case, t h e  in-containment moni tor  f o r  

p a r t i c u l a t e  and i o d i n e  r a d i o a c t i v i t y  should serve on ly  as a semi- 

q u a n t i t a t i v e  t o o l .  There are  many methods f o r  assessing the  a i rborne 

p a r t i c u l a t e  and i o d i n e  r a d i o a c t i v i t y  w i t h i n  t h e  containment vessel.  The 

h igh  l e v e l  ambient r a d i o a c t i v i t y  w i  11 adversely a f f e c t  the  accuracy of 

niost i f  n o t  a l l  systems who l ly  contained w i t h i n  t h e  containment, and f o r  

t h i s  reason, t he  de tec tor  system should be w e l l  shielded, and p re fe rab l y  

should be loca ted outs ide  the  containment. 
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Obta in ing  a rep resen ta t i ve  a i rbo rne  p a r t i c u l a t e  sample f rom a l a r g e  

volume us ing  a s i n g l e  o r  few sampling l o c a t i o n s  requ i res  t h a t  t he  gases and 

p a r t i c l e s  be w e l l  mixed i n  the  vessel,  and t h a t  t he  sample q u a l i t y  be 

mod i f i ed  inapprec iab ly  i n  t r a n s p o r t i n g  i t  t o  t he  c o l l e c t i o n  and ana l ys i s  

po in t .  I n  a l a r g e  vessel f i l l e d  w i t h  steam due t o  thermal convect ion, i t  

i s  1 i k e l y  t h a t  over  a pe r i od  o f  a  few minutes reasonably un i fo rm m ix ing  

w i l l  occur. (1 9-21 ) 

Sampler and c o l l e c t o r  design cons idera t ions  a re  s i m i l a r  t o  t h e  s tack  

mon i to r ing  case, Sect ion IV.C.Z.b., and w i l l  be considered b r i e f l y  f o r  t h i s  

case. The p o i n t  f rom which containment a i r  i s  drawn should be i n  t h e  open, 

severa l  f e e t  f rom any l a r g e  p iece o f  equipment. There i s  no compel l ing 

j u s t i f i c a t i o n  t o  f ace  the  e n t r y  upward, downward, o r  h o r i z o n t a l l y ,  s i nce  

i s o k i n e t i c  f l o w  does n o t  apply  i n  t he  circumstances o f  sampling from a 

l a r g e  s t a t i c  volume. I n  any o r i e n t a t i o n  chosen, the  e n t r y  p o r t  must be 

pro tec ted  f rom the  containment syste~i i  spray, and fa1  1 ou t  o f  l a r g e  p a r t i c l e s  

o r  d rop le t s .  A r a i n  d e f l e c t o r  cap supported f o u r  t o  s i x  inches beyond t h e  

e n t r y  should s u f f i c e .  Much o f  the  u n c e r t a i n t y  i n  ob ta in ing  a representa-  

t i v e  sample under t h e  cond i t i ons  i n  a containment vessel f o l l o w i n g  an 

acc ident  r e s u l t s  from depos i t i on  i n  t h e  sampling l i n e  between t h e  e n t r y  

p o i n t  and t h e  sample c o l l e c t i o n  po in t .  Condensation i n  t h e  system w i l l  

c a r r y  p a r t i c l e s  and vapors t o  t h e  w a l l  and must be minimized. Transpor t  o f  

elemental vapors such as i o d i n e  and bromine w i thou t  l o s s  i s  p a r t i c u l a r l y  

d i f f i c u l t  t o  achieve because o f  t h e i r  chemical r e a c t i v i t y .  I n  general , 
the  depos i t i on  o f  ha1 ogen vapors i s  enhanced on copper, s i l  ver, bronze, 

and some p l a s t i c  m a t e r i a l s  w i t h  which the  halogens w i l l  r e a c t  r e a d i l y .  

It i s  v i r t u a l l y  impossib le t o  s e l e c t  a  d e l i v e r y  l i n e  and s p e c i f y  a 

ma te r i a l  which would depos i t  a  n e g l i g i b l e  q u a n t i t y  o f  t h e  halogens i n  t h e  

l e n g t h  o f  l i n e  needed f o r  a p p l i c a t i o n  t o  a l a r g e  r e a c t o r  containment 

volume, and f o r  a range o f  humid i t i es  and temperatures. Once t h e  sur face  

has an e q u i l i b r i u m  depos i t ,  t he  a i r  concent ra t ion  i n  t he  sampling l i n e  

should s tay  reasonably rep resen ta t i ve  unless l a r g e  concent ra t ion  changes i n  

t h e  sampled atmosphere occur. These can occur du r i ng  t h e  course o f  an 

acc ident .  Reasonably good t ransni iss ion can be expected i n  s t a i n l e s s  s t e e l  



l i n e s .  G lass- l ined  and epoxy-res in  coated l i n e s  should prove t o  be s u i t -  

ab le  m a t e r i a l  s  f o r  sarr~pl i ng 1  i nes. A  necessary c o n d i t i o n  i s  maintenance 

o f  sample te r~ ipera tu re  above t h e  dew p o i n t  upstream o f  t h e  c o l l e c t o r ,  

thereby e l i m i n a t i n g  condensat ion. P r o v i s i o n  f o r  hea t ing  t h e  sampl ing 

l i n e  i s  t h e r e f o r e  h i g h l y  recommended. P a r t i c l e  d e p o s i t i o n  i n  sample 

l i n e s  i s  a  marked f u n c t i o n  o f  p a r t i c l e  s i z e  and a i r  v e l o c i t y .  By ma in ta in -  

i n g  laminar  f l ow ,  t h i s  problem i s  obv ia ted .  I n  general  terms, d e p o s i t i o n  

w i l l  be l e s s  f o r  smal l  p a r t i c l e s  i n  l i n e s  w i t h  laminar  f l ow ,  b u t  w i t h  

s u f f i c i e n t  v e l o c i t y  t o  p r e c l  ude Brownian d i f f u s i o n  o r  s e t t l  i n g  i n  hor i zon-  

t a l  sec t ions .  Values f o r  t h e  Reynolds number, Re, should be kep t  52000, 

and h o r i z o n t a l  sec t ions ,  bends and f i t t i n g s  should be kep t  t o  a minimum. 

Adequate mon i t o r i ng  w i l l  be ob ta ined  by a  cons tan t  a i r  mon i t o r  us ing  

a  two-step f i l t e r  system. The f i r s t  s tage i nc l udes  a  p a r t i c u l a t e  f i l t e r .  

Th is  i s  f o l l owed  by a  second s tage charcoal  ( o r  o t h e r  halogen adsorb ing 

m a t e r i a l  ) c a r t r i d g e  o r  f i l t e r  which e f f e c t i v e l y  removes 99.5% o f  t h e  

halogens. Gross beta coun t i ng  i s  suggested f o r  t h e  p a r t i c u l a t e  f i l t e r  and 

t h i s  can be accomplished by Geiger tubes, s c i n t i l l a t o r s ,  o r  o t h e r  detec-  

t o r s .  Th i s  i m p l i e s  t h a t  t he  d e t e c t o r  w i l l  be s u i t a b l y  sh ie l ded  o r  t h a t  

e l e c t r o n i c  o r  o t h e r  means o f  d i s c r i m i n a t i o n  w i l l  be employed t o  p r o t e c t  

t h e  d e t e c t o r  f rom h i g h  ambient dose r a t e s .  S o l i d  s t a t e  de tec to r s  w i t h  

h i g h  beta s e n s i t i v i t y  and low response t o  t h e  lower  LET photon r a d i a t i o n  

may prove t o  be a  s u p e r i o r  d e t e c t i n g  system. A t  t h i s  t ime, these a r e  n o t  

s u f f i c i e n t l y  developed t o  recommend t h e i r  use, b u t  t h e  technology i s  

r a p i d l y  developing. Gross gamma count ing  i s  suggested f o r  t h e  halogen 

absorb ing f i l t e r  i n  a  second s u i t a b l y  sh ie l ded  l o c a t i o n .  Th i s  can be 

accomplished by a  s c i n t i l l a t o r  d e t e c t o r  w i t h  a  s ing le-channel  ana lyzer  

t o  mon i t o r  t h e  13' 1  photons. 

IV.C.4. Env i rons A i r  Mon i t o r i ng  

Performance c r i t e r ia  for Environs A i r  Monitoring System are presented 

i n  Section V I . A .  3.e. 

Wi th in  t h e  env i rons  ou t s i de  t h e  s i t e  boundary, a i r  mon i t o r i ng  can be 

r e s t r i c t e d  t o  p a r t i c u l a t e  r a d i o a c t i v i t y  and halogens. The nob le  gases, 
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which would c o n s t i t u t e  most o f  t h e  a c t i v i t y  re leased  i n  t h e  e a r l y  h o ~ ~ r s  

a f t e r  t he  i n c i d e n t ,  a r e  p r i m a r i l y  an ex te rna l  hazard, and w i l l  be de tec ted  

by ambient r a d i a t i o n  m o n i t o r i n g  equipment. 

I n  genera l ,  a i r  mon i t o r i ng  equipment should be o f  t he  cont inuous type,  

a1 though spo t  samples w i t h  h i g h  volume samplers may be o f  some va lue  t o  

fill i n  gaps i n  geographica l  coverage by f i x e d  u n i t s .  The bas i c  c r i t e r i a  

f o r  ins t ruments  f o r  cont inuous a i r  mon i t o r i ng  i n  t he  env i rons  a r e  s i m i l a r  

t o  those p rov ided  f o r  t h e  a i r  m o n i t o r i n g  inst ruments i n  o r  near  t h e  

f a c i  1  i ty, and should p rov ide  compati b i  1  i ty w i t h  those ins t ruments .  

Woodward (61) has descr ibed  a t e n  l o c a t i o n  a i r  mon i t o r i ng  ins t rument  which, 

w i t h  minor  m o d i f i c a t i o n ,  cou ld  serve as t he  bas i c  e l e c t r o n i c s  package. 

1V.D. MEASUREMENT OF LIQUID RELEASE 

Performance c r i t e r i a  for the  Liquid E f f luen t  Monitoring System are pre- 

sented i n  Sect ion  V I .  A .  3. f .  

The measurement o f  a  l i q u i d  re l ease  as t h e  r e s u l t  o f  an acc iden t  does 

n o t  p resen t  t he  same problem as t h e  measurement o f  an a i r b o r n e  re lease ,  

s i nce  t h e  d i r e c t i o n  t h e  1 i q u i d  w i  11 t ake  can be determined. I n  a  ma jo r  

acc iden t  t h e  a i r b o r n e  r e l e a s e  w i l l  be t h e  ma jo r  cons ide ra t i on .  D i r e c t  

m o n i t o r i n g  o f  t h e  gross r a d i o a c t i v i t y  i n  l i q u i d s  i s  o f t e n  done t o  d e t e c t  

c l add ing  breaks o r  o t h e r  abnormal s i t u a t i o n s  f o r  r e a c t o r  c o n t r o l  purposes, 

and many m o n i t o r i n g  systems have been designed f o r  t h i s  purpose. Gener- 

a l l y ,  these a r e  a t  bes t  o n l y  m a r g i n a l l y  s u i t a b l e  t o  t he  g r e a t e r  demands o f  

t he  emergency r a d i o l o g i c a l  s i t u a t i o n .  S i m i l a r l y ,  1  i q u i d  e f f l u e n t  mon i t o r s  

f o r  low l e v e l  r o u t i n e  c o n d i t i o n s  may be inadequate f o r  t h e  more r i g o r o u s  

emergency requi rements.  

De tec t i on  o f  r a d i o a c t i v i t y  i n  1  i q u i d  e f f l u e n t s  i s  bes t  accompl i shed  

by spec t rograph ic  techniques. (62-64) The h i g h  d e n s i t y  o f  t h e  l i q u i d  medium 

r e l a t i v e  t o  a i r  prec ludes measurement o f  be ta  a c t i v i t y ,  s i n c e  t h e  range of 

most f i s s i o n  p roduc t  betas i s  l e s s  than one cen t ime te r  i n  water .  To m i n i -  

mize i n t e r f e r e n c e  f rom bremsstrahlung, p a i r  p roduc t i on  and s c a t t e r e d  

photons, a  reasonably  h i g h  lower  l e v e l  c u t o f f  energy should be used, and 



600 keV i s  t h e  suggested l e v e l .  Above t h i s  energy, approximately 

0.5 photons per d i s i n t e g r a t i o n  are  emi t ted  by nucl ides i n  each o f  the  

groups c i t e d  i n  Sect ion 11. Thus, i r r e s p e c t i v e  o f  the  s o l u b i l i t y  o r  

f r a c t i o n  o f  each group re leased t o  the  l i q u i d ,  a  reasonably good es t imate  

o f  t he  t o t a l  a c t i v i t y  can be made by measurement o f  t he  photons w i t h  

energies greater  than 600 keV. 

The p re fe r red  detec tor  i s  a  small NaI (T I  ) c r y s t a l ,  app rop r ia te l y  

sealed and placed w i t h i n  the  l i q u i d  medium, o r  a1 t e r n a t i v e l y  placed such 

t h a t  i t  looks d i r e c t l y  a t  the  e f f l u e n t  l i q u i d  stream. However, o the r  

de tec t i on  systems such as p ropo r t i ona l  counters o r  semiconductors can be 

used i f  these can meet the s e n s i t i v i t y  and ruggedness requirements; i n  

c e r t a i n  cases, p a r t i c u l a r l y  where h igh  temperatures may be encountered, 

these may be super ior .  Moreover, these g i ve  super io r  r e s o l u t i o n  f o r  

spectroscopy. The detec tor  can be loca ted i n - l i n e  o r  immersed i n  a  

ho ld ing  tank o r  pond o r  i t  can be loca ted ex terna l  t o  bu t  d i r e c t l y  on the  

l i n e  o r  tank. There are advantages t o  each l oca t i on ,  and t h e  dec i s ion  

w i t h  respect  t o  placement must be based on considerat ions s p e c i f i c  t o  

each reac tor ,  bear ing i n  mind t h e  advantages and l i a b i l i t i e s  o f  each. 

D i r e c t  immersion i n  tank o r  i n-1 i ne general l y  prov ides improved 

geometry, minimal e r r o r  from source nonuniformi t y ,  and minimizes ambient 

r a d i a t i o n  i n te r fe rence  from the  reac to r  o r  o the r  nearby sources. However, 

immersion o f  t he  de tec tor  requ i res  specia l  encapsulat ion, p a r t i c u l a r l y  i f  

the  l i q u i d  i s  co r ros i ve  o r  i f  the  temperature i s  beyond the  range o f  t he  

de tec tor .  Access and maintenance may be rendered more d i f f i c u l t  and f l o w  

i n t e r r u p t i o n  and l i n e  s i z e  may impose a d d i t i o n a l  l i m i t a t i o n s .  A  bypass 

l i n e  may o f f s e t  some o f  the  l i a b i l i t i e s ,  (e.g., t he  f l u i d  can be cooled),  

bu t  a t  t h e  same t ime may reduce some o f  t he  advantages o f  d i r e c t  i n - l i n e  

moni t o r i  ng . 
Moni to r ing  o f f - l i n e ,  w h i l e  genera l l y  p rov id ing  poorer geometry and 

reduced s e n s i t i v i t y ,  pernii t s  g rea te r  f l e x i b i l i t y  i n  placement along w i t h  

increased ease o f  maintenance. However, s h i e l d i n g  requirements may be 

increased, and i n  add i t i on ,  co r rec t i ons  f o r  w a l l  e f f e c t s  may be requ i red .  



As can be seen f rom t h e  b l o c k d i a g r a m  shown below, spectroscopy c a p a b i l i t y  

may be i nc l uded  t o  p r o v i d e  a means o f  s p e c i f i c  n u c l i d e  i d e n t i f i c a t i o n  and 

q u a n t i f i c a t i o n .  
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ambient r a d i a t i o n  f i e l d  a t  des ignated 1  oca t ions .  However, a p p r o p r i a t e l y  

p laced  remote area mon i to rs  can p rov ide  va luab le  i n f o r m a t i o n  about t h e  

r a d i a t i o n  f i e l d s  i n  o r  near t h e  r e a c t o r  f a c i l i t y  which migh t  o therw ise  be 

unobta inab le  because o f  t h e  h i gh  r a d i a t i o n  l e v e l s  and concommitant 

personnel hazards. 

IV.E.1. Containment Vessel and Reactor B u i l d i n g  Ambient Rad ia t i on  

Mon i t o r i ng  

The use of remote area mon i to rs  f o r  measuring ambient r a d i a t i o n  f i e l d s  

should be l i m i t e d  t o  l o c a t i o n s  i n  t h e  i n t e r i o r  o f  t h e  r e a c t o r  f a c i l i t y  most 

l i k e l y  t o  be a f f e c t e d  by r a d i a t i o n  i n c i d e n t s .  Typ ica l  l o c a t i o n s  would 

i n c l u d e  t h e  containment vessel ,  c o n t r o l  room, f u e l  hand l i ng  and s to rage  

areas, and i n  ha l lways and l a b o r a t o r i e s .  S p e c i f i c  l o c a t i o n s  w i l l  va r y  f rom 

s i t e  t o  s i t e ,  b u t  i n  genera l ,  a  dozen de tec to r s  should s u f f i c e .  S p e c i f i c  

placement should be d i c t a t e d  by l o c a l  shadow s h i e l d i n g ,  p o t e n t i a l  f o r  

phys i ca l  damage, r a d i a t i o n  f i e l d  mapping requirements,  and d i s tance  f rom 

t h e  source. Th is  l a t t e r  i t e m  can be o f  major  importance. For  example, i f  

t h e  source i s  a t  f l o o r  l e v e l  and t h e  d e t e c t o r  i s  p laced some 15 o r  20 f e e t  

overhead, beta r a d i a t i o n  w i l l  be v i r t u a l l y  comple te ly  sh ie l ded  by t h e  a i r ,  

and hence an erroneous i n d i c a t i o n  o f  t h e  ambient f i e l d  a t  t h e  l o c a t i o n  o f  

i n t e r e s t  may r e s u l t .  I f  t h e  erroneous data a re  used f o r  eva lua t i ng  

r e e n t r y  p o s s i b i l i t i e s ,  consequences cou ld  be severe. 

D i f f e r e n t i a t i o n  o f  t h e  penetrating-nonpenetrating p o r t i o n s  o f  t h e  

dose c o n t r i b u t i o n  i s  n o t  commonly accomplished, b u t  i n  t h e  emergency s i t u -  

a t i o n  t h i s  may be v i t a l .  Area mon i to rs  should be designed t o  p rov ide  

separate i n d i c a t i o n  o f  t h e  ambient beta p l us  low energy photon f i e l d s  and 

h igh  energy photon f i e l d s  w i t h i n  t h e  r e a c t o r  f a c i l i t i e s ,  and should a l s o  

have a  very  wide range. V i r t u a l l y  any t y p e  o f  d e t e c t o r  can be used, b u t  

i o n i  z a t i o n  chambers and poss ib l e  Geiger-Muel l e r  de tec to r s  appear t o  o f f e r  

t he  g r e a t e s t  advantages. To o b t a i n  h i g h  range c a p a b i l i t y  w i t h  t h e  l a t t e r ,  

p r o v i s i o n  must be made f o r  ope ra t i on  i n  t he  c u r r e n t  mode. 

Examinat ion of t h e  photon f l u x  as a  f u n c t i o n  o f  energy a t  va r i ous  

t imes a f t e r  f i s s i o n  revea l s  t h a t  an apprec iab le  f r a c t i o n  o f  t h e  photons 



have energ ies  be1 ow 100 keV. ( 3 y 3 0 y 3 1 y 6 0 )  TO t h i s  must be added any l ow  

energy photons f rom s c a t t e r ,  a c t i v a t i o n  products ,  bremsstrahlung, and 

perhaps f u e l .  The exac t  composit ion, o r  even a  reasonable es t imate ,  o f  t h e  

photon spectrum cannot be determined by c a l c u l a t i o n  o r  t h e o r e t i c a l  means; 

however, data f rom a  s imu la ted  l o s s  o f  water  acc iden t  showed an e f f e c t i v e  

photon energy o f  approx imate ly  150 keV, w i t h  a  preponderance o f  photon 

energ ies below 250 keV. (65)  Hence, any d e t e c t o r  system used should have 

f a i r l y  f l a t  photon energy response. S i m i l a r l y ,  t h e  d e t e c t o r  should have 

t h i n  w a l l s  t o  p rov ide  improved be ta  s e n s i t i v i t y .  A suggested maximum w a l l  
2  th ickness  i s  15 mg/cm ; t h i s  w i l l  pe rm i t  beta p a r t i c l e s  w i t h  energ ies  

g r e a t e r  than  100 keV t o  pene t ra te  t he  de tec to r .  The de tec to r s  p laced  

w i t h i n  t h e  containment b u i l d i n g  w i l l  r e q u i r e  t h i c k e r  w a l l s  i n  o rde r  t o  

w i t hs tand  p o s s i b l e  pressure surges t o  50 p s i .  These de tec to r s  w i l l  n o t  

have proper  beta s e n s i t i v i t y  and c o r r e c t i o n s  w i l l  be r e q u i r e d  when these 

de tec to r s  a re  u t i  1 i zed .  

Beta-photon d i f f e r e n t i a t i o n s  can be r e l a t i v e l y  e a s i l y  ob ta ined  by two 
2  

de tec to rs ,  one bare and one sh ie l ded  w i t h  approx imate ly  1  gm/crn o f  a  low Z 

p l a s t i c  such as po l ye thy lene  o r  po lys ty rene .  These o r  s i m i l a r  p l a s t i c s  a r e  

recommended because o f  t h e i r  we1 1  -known p r o p e r t i e s  , ava i  1  a b i  1  i ty  , 1 ow cos t ,  

w o r k a b i l i t y ,  and r a d i a t i o n  res i s tance .  For example, a  po l ye thy lene  s h i e l d  
2  1.0 gm/cm t h i c k  would be opaque t o  be ta  p a r t i c l e s  w i t h  energ ies below 

about 2 MeV, would produce e s s e n t i a l l y  no bremsstrahlung, and would 

a t t enua te  low energy photon response o n l y  s l i g h t l y  s i nce  "bu i l dup "  o r  

s c a t t e r i n g  w i t h i n  t he  s h i e l d  would compensate t o  some degree. The e s t i -  

mated response of an unshie lded d e t e c t o r  and t he  est imated response o f  
2 t h e  same d e t e c t o r  sh ie l ded  w i t h  1.0 gm/cm o f  po lye thy lene  i s  shown i n  

F igure  12. As can be seen, t he  e f f e c t  o f  t he  s h i e l d  i s  minimal below 

about  30 keV. 

A l though v i r t u a l l y  any d e t e c t o r  w i t h  f l a t  be ta  and a  f l a t  photon 

response can be used, an unpressur ized a i r  i o n i z a t i o n  chamber would 

p robab ly  prove t o  be t h e  most s a t i s f a c t o r y .  I o n  chambers a r e  f a i r l y  

s imple,  i n h e r e n t l y  s t a b l e  and rugged, have broad range, have minimal e l ec -  

t r o n i c s  and o t h e r  suppo r t i ng  requirements,  and can be made t o  have f l a t  
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photon energy response w i t h  r e l a t i v e  ease. S i m i l a r l y ,  a p p r o p r i a t e l y  

designed and cons t ruc ted  i o n i z a t i o n  chambers can p rov ide  a  good measure o f  

t h e  beta dose i n  a i r .  

A l though i o n  chamber de tec to r s  a r e  p re fe r red ,  t h e  use o f  o t h e r  

d e t e c t o r s  o r  systems w i t h  f l a t  response, e i t h e r  i n h e r e n t  o r  by app rop r i a te  

s h i e l d  f l a t t e n i n g ,  i s  n o t  precluded. A  system o f  t i s s u e  e q u i v a l e n t  detec-  

t o r s  cou ld  be used, p rov ided  t h a t  these  g i v e  t h e  absorbed dose t o  t h e  su r -  

f ace  o f  t h e  body o r  t o  t h e  basal e p i t h e l i a l  l a y e r  o f  t h e  sk i n ,  as w e l l  as 

t h e  absorbed dose t o  e i t h e r  t h e  1  cm s o f t  t i s s u e  depth (gonads) o r  5 cm 

depth (b lood fo rming  organs) .  

E l e c t r o n i c s  used w i t h  t h e  i o n  chamber de tec to r s  should r e f l e c t  t h e  

l a t e s t  technology, and should be s o l i d  s t a t e  throughout .  A l though many 

commercial i o n  chamber c i r c u i t s  make use o f  e lec t rometer  tubes, t h e  tech-  

no logy o f  semiconductors i s  s u f f i c i e n t l y  advanced t o  pe rm i t  w h o l l y  s o l i d  

s t a t e  e l e c t r o n i c s ,  w i t h  t h e  excep t ion  o f  t h e  de tec to r .  MOS-FET c i r c u i t r y  

can be used i n  p lace  o f  e lec t rometer  tubes, e l i m i n a t i n g  t h e  warm-up 

requirements,  d r i f t ,  and s i m i l a r  problems o f  i n s t a b i l i t y  assoc ia ted  w i t h  

e lec t ron ie te r  tubes. E lec t rometer  tubes a r e  much more r a d i a t i o n  r e s i s t a n t  

than MOS-FET c i r c u i t r y  and may be r e q u i r e d  i n  l o c a t i o n s  such as t h e  con- 

ta inment  vessel  where t h e  i n t e g r a t e d  dose cou ld  be la rge .  

I V .  E.2. Env i rons Ambient Rad ia t i on  M o n i t o r i n g  

The use o f  remote area mon i to rs  f o r  measuring ambient r a d i a t i o n  

f i e l d s ' i n  t h e  env i rons  a l s o  cou ld  be wor th  w h i l e .  The ambient r a d i a -  

t i o n  f i e l d  w i l l  be produced by mixed f i s s i o n  products  f rom f a l l o u t  on to  

t h e  ground o r  o t h e r  h o r i z o n t a l  sur faces.  A  d i s t i n c t  f e a t u r e  o f  t h e  ambient 

r a d i a t i o n  f i e l d  w i l l  be i t s  unevenness, i n  p a r t  caused by t e r r a i n  f a c t o r s ,  

vege ta t i on  and s h i e l d i n g  f rom s t r u c t u r e s ,  as we1 1  as micrometeorol  o g i c a l  

cond i t i ons .  The r a d i o a c t i v e  c loud  f rom e i t h e r  a  b u r s t  o r  cont inuous 

re l ease  cou ld  r e s u l t  i n  a  s i g n i f i c a n t  ambient f i e l d ,  which, a t  l e a s t  a t  

e a r l y  t imes a f t e r  t h e  occurrence, cou ld  be predominate ly  f rom t h e  nob le  

gases and t h e i r  assoc ia ted  h i gh  energy photons. 



The number and cho ice  o f  l o c a t i o n s  i s  dependent on severa l  f a c t o r s  

i n c l u d i n g  s i z e  o f  s i t e ,  a n a l y s i s  o f  acc iden t  p o t e n t i a l ,  and t e r r a i n  and 

popu la t i on  f ea tu res .  Log i ca l  l o c a t i o n s  migh t  be s i t e  boundary, p o p u l a t i o n  

cen te r ,  and i n d i v i d u a l  res idence i n  p o t e n t i a l  d i r e c t  p a t h  o f  a  plume. I n  

a  mu1 t i f a c i l i t y  r e a c t o r  s i t e ,  these inst ruments cou ld  serve a l l  o f  t h e  

reac to r s .  

The c h a r a c t e r i s t i c s  o f  the  ambient f i e l d  i n  the  env i rons i s  h i g h l y  

dependent on t h e  s p e c i f i c  l o c a t i o n  o f  t he  measurement as we1 1  as t h e  t ime 

a f t e r  t h e  occurrence and t h e  var ious  f r a c t i o n s  re leased.  An apprec iab le  

f r a c t i o n  o f  t h e  dose c o n t r i b u t i o n  may be f rom beta o r  low energy "non- 

pene t ra t i ng "  photon r a d i a t i o n ,  and t o  adequate ly  c h a r a c t e r i z e  t h i s  f i e l d ,  

a  t h i n - w a l l e d  d e t e c t o r  i s  r equ i red .  However, t h e  h i gh  energy photons f rom 

t h e  nob le  gases w i l l  a l s o  be major  c o n t r i b u t o r s  t o  t h e  t o t a l  dose, and f o r  

mon i t o r i ng  w i l l  r e q u i r e  a  t h i c k - w a l l e d  d e t e c t o r  t o  ach ieve charged 

p a r t i c l e  e q u i l i b r i u m .  Hence, two i n d i v i d u a l  de tec to r s  would be neces- 

sary  t o  adequately c h a r a c t e r i z e  t he  t o t a l  ambient r a d i a t i o n  f i e l d .  

The need f o r  beta-gamma d i s c r i m i n a t i o n ,  however, i s  n o t  as apparent f o r  

t h i s  case. 

Dose i n t e g r a t i o n  should be cons idered f o r  t h e  ambient mon i to rs  

l o c a t e d  i n  t h e  env i rons.  Th i s  can be r e a d i l y  accomplished by s igna l .  

s p l i t t i n g ,  w i t h  a  p o r t i o n  o f  t h e  s i g n a l  used f o r  dose accumulat ion measure- 

ment. Other convenient  i n t e g r a t i n g  techniques a r e  a v a i l a b l e  as w e l l .  

I n t e g r a t i n g  c a p a b i l i t y  may p e r m i t  a  r a p i d  assessment o f  popu la t i on  dose 

f o r  a  l i m i t e d  area w i t h o u t  t h e  need f o r  r e t r i e v a l  and process ing o f  thermo- 

1  uniinescent o r  o t h e r  dosimeters.  

1V.F. GENERAL DESIGN CONSIDERATIONS FOR INSTALLED RADIOLOGICAL 

INSTRUMENTATION 

Genera2 Performance c r i t e r ia  for InstaZZed RadioZogicaZ Systems are 

presented i n  Section V I . A .  I .  

Much o f  t h e  t o t a l  emergency r a d i a t i o n  mon i t o r i ng  i ns t rumen ta t i on  

package w i l l  c o n s i s t  o f  i n s t a l l e d  o r  f i x e d  i ns t rumen ta t i on  a t  a  s p e c i f i c  



l o c a t i o n .  There i s  c o n s i d e r a b l e  f u n c t i o n a l  commonal i ty  o f  i n s t r u m e n t  

modules wh ich  w i l l  p e r m i t  d e s i g n  and use o f  many i n t e r c h a n g e a b l e  u n i t s .  

Where p o s s i b l e ,  f u n c t i o n a l  e n t i t i e s ,  e.g., power s u p p l i e s ,  c i r c u i t  modules, 

u n i t s  and components shou ld  be i n t e r c h a n g e a b l e ,  t h e r e b y  p r o v i d i n g  demon- 

s t r a b l e  p r a c t i c a l  advantages, i n c l  ud ing:  

Small  e r  p a r t s  i n v e n t o r y  requ i rements .  

Rapid  in s i t u  r e p a i r  c a p a b i l i t y  by module o r  p l u g - i n  p a r t  rep lacement ,  

p e r m i t t i n g  f u n c t i o n a l  c a p a b i l i t y  t o  be m a i n t a i n e d  w i t h  r e l a t i v e l y  

i n e x p e r i e n c e d  and u n t r a i n e d  pe rsonne l .  

Reduced t r a i n i n g  requ i rements ,  s i n c e  maintenance personnel  need be 

f a m i l i a r  w i t h  f e w e r  b a s i c  u n i t s .  

M i n i m i z a t i o n  o f  des ign  and i n s t a l l a t i o n  c o s t .  

The o v e r a l l  system shou ld  be capab le  o f  o p e r a t i n g  b o t h  on 11 7 v o l t ,  

60 Hz AC l i n e  and secondary o r  emergency power sources.  The l a t t e r  can 

e i t h e r  be a  secondary AC g e n e r a t o r  des igned t o  come on i n  t h e  e v e n t  o f  a  

power f a i l u r e ,  o r  a  DC system u s i n g  b a t t e r i e s  m a i n t a i n e d  by  a  t r i c k l e  

charge.  

E l e c t r o n i c  components shou ld  conform t o  t h e  s p e c i f i c a t i o n s  f o r ,  and 

be c o m p a t i b l e  w i t h ,  t h e  s tandard  n u c l e a r  i n s t r u m e n t  modules e s t a b l i s h e d  i n  

TID-20893, R e v i s i o n  2, (67) t h u s  e n s u r i n g  a  b a s i c  s tandard .  I n s o f a r  as i s  

p r a c t i c a b l e ,  c r i t e r i a  s t a t e d  below r e f e r  t o  t h e  o v e r a l l  system i n c l u d i n g  

t h e  d e t e c t o r ,  r a t h e r  t h a n  a  s p e c i f i c  component o r  u n i t .  The c r i t e r i a  a r e  

n o t  i n tended  f o r  p o r t a b l e  r a d i a t i o n  i n s t r u m e n t s  o r  m e t e o r o l o g i c a l  i n s t r u -  

men ta t ion .  G e n e r a l i z a t i o n  w i l l  a l l o w  f o r  some c h o i c e  of  modules, u n i t s  

and components, and m i n i m i z e  " l o c k i q g  i n "  on s p e c i f i c  des igns .  

E l e c t r o n i c  components s h o u l d  r e f l e c t  t h e  l a t e s t  techno logy ,  and a  

t h r e e  t o  f i v e  y e a r  d e s i g n  l i f e t i m e  f o r  modules i s  n o t  unreasonable  when 

c o n s i d e r e d  i n  t h e  l i g h t  o f  t e c h n o l o g i c a l  progress.  To t h a t  end, e l e c t r o n i c  

appara tus  shou ld  make maximum use o f  s o l i d  s t a t e  dev ices ,  and i n  p a r t i c u l a r ,  

i n t e g r a t e d  c i r c u i t s .  P l u g - i n  c i r c u i t r y ,  ease of maintenance, and a p p r o p r i  - 
a t e  human e n g i n e e r i n g  a r e  v i t a l .  As an example o f  t h e  l a t t e r ,  b a s i c  s a f e t y  

f e a t u r e s ,  mechanical  as w e l l  as e l e c t r i c a l ,  must be i n c o r p o r a t e d  i n t o  each 



system as a whole. Test points and switches should be appropriately 

marked, and the requisite wavefor~iis, voltages , or other parameters should 

be called out a t  the t e s t  point as well as in service manuals. 

Overall system accuracy should be within +40% a t  the 95% confidence 

level as determined with a calibration source, with a precision (repro- 

ducibi l i ty)  of 210% for any single level. The ent i re  system should be 

unaffected by power surges, external r f  or magnetic f i e lds ,  and AC induced 

f ie lds  and transients,  and to  best achieve th is  independence, a separate 

instrument power c i r cu i t  i s  recommended. Is01 a t i  on transformers, while 

effective in many instances, can be adversely affected or even rendered 

inoperative by extraordinary demands of a major accident. 

The instrument system inclusive of the detector should not paralyze-- 

i . e . ,  indicate downscale--in radiation f ie lds  greater than the intended 

range. Readout should be accompl i shed without recourse to manual range 

changing, since in the emergency situation adjustment of the instrument 

system may be impractical . Automatic range changing with 1 i near readout, 

logarithmic readout, or digi ta l  readout are acceptable methods of presen- 

tation. Two central readout stations are recommended: one in the reactor 

control room, and the second in the emergency control center. The emer- 

gency control center should be a preselected location physically removed 

from the reactor f a c i l i t y  and situated and designed for access and use in 

the emergency situation. In addition, a readout s h o ~ ~ l d  also be provided 

a t  the detector location. This readout i s  of value for  f ie ld  calibration 
and could in many instances be of value in the emergency situation as 'wel l .  

Instrument systems will most 1 i kely be included in areas of substantial 

ambient background radiation, therefore they should be f ree  of extra-camera1 
5 6 effects ,  possibly to levels of 10 to  10 R / h r .  Radiation-hardened com- 

ponents are strongly recommended, and the overall system should be cap- 
5 of withstanding an exposure to  5 x 10 R without breakdown. 

Neutron effects  can be minimized by appropriate shielding and 

judicious choice of materials with small cross sections for  neutron inter-  

actions, particularly with respect to activation and ( n , p ) ,  ( n ,  a )  and 



o t h e r  n e u t r o n  produced charged p a r t i c l e s .  P r o t e c t i o n  f r o m  magnet ic  and rf 

f i e l d s ,  i f  r e q u i r e d ,  can be a f f o r d e d  by mu meta l  and/or  copper screen 

enc losures  . 
Weather p r o t e c t i o n  and temperature  r e g u l a t i o n  i s  a l s o  r e q u i r e d ;  

temperatures shou ld  be k e p t  a t  20 2 5°C t o  m in im ize  t h e  e f f e c t s  o f  tempera- 

t u r e  on t h e  system response. I n  p a r t i c u l a r ,  o v e r h e a t i n g  of a system must 

be avo ided t o  p r e v e n t  damage t o  s e n s i t i v e  elements.  A l though  some systems 

shou ld  be enc losed i n  weatherproof ,  temperature  c o n t r o l  l e d  b u i l d i n g s ,  t h e y  

none the less  shou ld  be capabl  e o f  o p e r a t i o n  under v a r i e d  env i ronmenta l  cond i  - 
t i o n s  i n  t h e  e v e n t  o f  power f a i l u r e ,  earthquake, e t c .  Thus, t h e  o p e r a t i n g  

temperature  range o f  t h e  equipment shou ld  encompass t h e  extremes a n t i c i -  

pated.  Where t h e  i n s t r u m e n t a t i o n  may be exposed t o  ambient o u t s i d e  tempera- 

t u r e s ,  t h e  50 y e a r  extremes shou ld  be a p p l i e d .  Temperature compensat ion 

f o r  t h e  d e t e c t o r  o r  o t h e r  s e n s i t i v e  components may be r e q u i r e d .  



V .  AMBIENT RADIATION AND CONTAMINATION 

SLIRVEY IlVSTRLllY ENTS CHARACTERISTICS 

Ambient r a d i a t i o n  and con tamina t ion  survey i ns t r umen t  measurements 

a r e  in tended  t o  supplement those ob ta ined  from f i x e d  i ns t r umen t  systems 

and a l s o  t o  a i d  i n  t h e  p r o t e c t i o n  o f  ope ra t i ng  personnel  d u r i n g  e f f o r t s  

t o  s t a b i l i z e  t h e  emergency. 

C h a r a c t e r i s t i c a l l y ,  these ins t ruments  need t o  be h i g h l y  f l e x i b l e  

and y e t  rugged i n  o rde r  t o  f u n c t i o n  as des i r ed  and w i t hs tand  t h e  punish- 

ment they  may rece i ve .  

V.A. PORTABLE DOSERATE AND CONTAMZNATION MONITORING 

Performance crite12ia for Doserate and Contamination Survey Instru- 

ments are presented i n  Section V I . C . l .  

Mon i t o r i ng  on an emergency bas is  f o l l o w i n g  a  r e a c t o r  a c c i d e n t  nor -  

m a l l y  w i l l  be f o r  mixed be ta  and photon r a d i a t i o n  f rom ambient a i r  and 

su r f ace  contaminat ion.  Neutrons w i l l  be absent except  i n  r a r e  cases. 

A1 pha contaminat ion,  if present ,  w i  11 be g r e a t l y  overshadowed by t h e  

f i s s i o n  p roduc ts .  Hence, t h e  problem reduces t o  one o f  f i e l d  m o n i t o r i n g  

f o r  beta and gamma r a d i a t i o n s .  

The b read th  o f  a p p l i c a t i o n  o f  p o r t a b l e  survey meters may r e q u i r e  

unusual des ign  demands o r  seve ra l  i ns t ruments  t o  accompl ish t he  tasks  

a t  hand. Two bas i c  des ign  concepts: ( 1 )  an i ns t r umen t  designed and 

used f o r  -a s p e c i f i c  purpose, o r  ( 2 )  a  u n i v e r s a l  e l e c t r o n i c s  package 

designed t o  accep t  a  v a r i e t y  o f  de tec to r s ,  and, poss ib l y ,  readouts .  

Each has m e r i t s ,  and has been a p p l i e d  i n  t h e  f i e l d .  Un fo r t una te l y ,  

each a l s o  has se r i ous  drawbacks. For  example, t h e  i n d i v i d u a l  i n s t r u -  

ment approach may r e q u i r e  a  r e l a t i v e l y  l a r g e  number o f  d i f f e r e n t  i n s t r u -  

ment types, and may prove expensive and i m p r a c t i c a l  f rom a  l o g i s t i c s  

p o i n t  o f  view. The " u n i v e r s a l  " e l e c t r o n i c s  package r e q u i r e s  a d d i t i o n a l  

s o p h i s t i c a t i o n  on t he  p a r t  o f  t h e  user  w i t h  r e s p e c t  t o  d e t e c t o r  



s e l e c t i o n  and i n t e r p r e t a t i o n  o f  readou t ;  i n  a d d i t i o n ,  some compromises i n  

i n d i v i d l ~ a l  d e t e c t o r  c a p a b i l i t y  may have t o  be made t o  ach ieve  a  h i g h  degree 

o f  u n i v e r s a l i t y .  

I t  i s  p o s s i b l e  t o  go one s t e p  beyond and c o n s i d e r  a  more t r u l y  u n i -  

v e r s a l  des ign :  A  s i n g l e  i n s t r u m e n t  which w i l l  p r o v i d e  t h e  necessary broad 

range f o r  ambient r a d i a t i o n s ,  beta-photon d i s c r i m i n a t i o n ,  c o n t a m i n a t i o n  

m o n i t o r i n g  c a p a b i l  i ty, and, p o s s i b l y ,  an i n t e g r a t e  mode. Such an i n s t r u -  

ment i s  n o t  beyond t h e  c u r r e n t  s t a t e - o f - t h e - a r t ,  and w i t h  s o l i d  s t a t e  c i r -  

c u i t r y  would n o t  be p r o h i b i t i v e l y  heavy. Recent commercial t r e n d s  have 

been t o  i n s t r u m e n t s  hav ing  these  c a p a b i l i t i e s .  

I n  r e c o g n i t i o n  o f  t h e  f a c t  t h a t  d i f f e r e n t  s i t e s  and l o c a t i o n s  may have 

d i f f e r e n t  needs, b o t h  s i n g l e  purpose and " u n i v e r s a l "  i ns t ruments  a r e  i n c l u d e d  

i n  t h e ,  f o l l o w i n g  c o n s i d e r a t i o n s .  I t  shou ld  be noted,  however, t h a t  t h e  

s e l e c t i o n  o f  a  m u l t i p u r p o s e  o r  " u n i v e r s a l "  t y p e  i n s t r u m e n t  i s  u s u a l l y  recom- 

mended, s i n c e  t h e  advantages would seem t o  f a r  outweigh t h e  d isadvantages.  

I n s t r u m e n t  d e s i g n  and e v a l u a t i o n  can be cons idered i n  t h e  c o n t e x t  o f  

t h r e e  broad a reas :  mechanical ,  e l e c t r o n i c ,  and r a d i o l o g i c a l .  (68,69) Mechan- 

i c a l  f e a t u r e s  r e f e r  t o  p h y s i c a l  c o n s t r u c t i o n ,  which o f  course  must be rugged 

and o f  good q u a l i t y .  The i n s t r u m e n t  must be designed f o r  ha rd  usage, and 

t h e r e f o r e  shou ld  be capable  o f  w i t h s t a n d i n g  shock and shou ld  be operab le  i n  

weather extremes o r  o t h e r  s i m i  l a r  s i t u a t i o n s  . 
An i m p o r t a n t  aspec t  o f  p o r t a b l e  survey ins t ruments ,  o f t e n  over looked,  

i s  human eng ineer ing ,  which should  i n c l u d e  c o n s i d e r a t i o n  o f  s a f e t y  hazards,  

a l o n g  w i t h  ease of hand l ing ,  readou t ,  and s e r v i c i n g .  T y p i c a l  s a f e t y  haz- 

a rds  i n c l u d e  sharp edges, inadequate grounding,  and o t h e r  shock hazards.  

The shape, s i z e  and w e i g h t  o f  t h e  i n s t r u m e n t  a r e  i m p o r t a n t  and obv ious f a c -  

t o r s  i n  ease o f  hand l ing ,  and a r e  seldom over looked.  The genera l  e x t e r n a l  

appearance of an i n s t r u m e n t  i n c l u d i n g  l o c a t i o n  o f  sw i t ches  and t h e i r  s w i t c h -  

i n g  arrangements a l o n e  can a f f e c t  i t s  acceptance by m o n i t o r i n g  personnel .  

C o n s i d e r a t i o n  shou ld  be g i v e n  t o  use o f  p o r t a b l e  ins t ruments  by personnel  

wear ing g loves  and o t h e r  personal  p r o t e c t i v e  c l o t h i n g ,  t o  use o f  p o r t a b l e  

i n s t r u m e n t s  a t  n i g h t  o r  i n  i n c l e m e n t  weather,  and t o  t h e  ease o f  

decontarni n a t i o n .  



Ease o f  s e r v i c i n g  i s  an impo r tan t  cons ide ra t i on .  B a t t e r i e s  should 

be r e a d i l y  access ib l e  w i t h o u t  removal o f  o t h e r  components o r  a  l a r g e  

number o f  fas teners ;  t h i s  f a c t o r  a lone  can save severa l  maintenance man- 

hours per  year .  Low cos t ,  comnon b a t t e r i e s  a r e  h i g h l y  d e s i r a b l e  and a r e  

s t r o n g l y  reco~iimended; p a r t i c u l a r l y  i f  f i e l d  replacement i s  r equ i red .  

Standard f l a s h l i g h t  t ype  b a t t e r i e s  such as t h e  D c e l l  and 9 v o l t  t r a n s i s -  

t o r  b a t t e r i e s ,  because o f  t h e i r  low c o s t  and a v a i l a b i l i t y ,  a r e  perhaps 

t h e  bes t  choice.  B a t t e r i e s  should meet t h e  s p e c i f i c a t i o n s  pub1 i shed  by 

t he  Nat iona l  Bureau o f  Standards. (74)  Inst ruments so designed a l s o  can 

be compat ib le  w i t h  s tandard mercury o f  a l k a l i n e  c e l l s .  A carbon z i n c  

b a t t e r y  w i l l  n o t  operate below 0°C f o r  more than a  few hours w i t h o u t  

f r eez ing .  If ins t ruments  a r e  t o  be operated i n  l o c a t i o n s  where tempera- 

t u res  below 0°C can be expected, a1 k a l  i n e  b a t t e r i e s  should be used f o r  

con t inued  opera t ion .  C i r c u i t  boards, access ib l e  f rom bo th  s i d e  and w i t h  

l abe led  components can a l s o  p rov ide  s i g n i f i c a n t  r educ t i ons  o f  maintenance 

cos ts .  C i r c u i t  boards should be keyed t o  p reven t  i nadver ten t  erroneous 

p o s i t i o n i n g  i n  t he  socket.  

E l e c t r o n i c  components should r e f l e c t  t he  l a t e s t  technology and h igh-  

e s t  r e l i a b i l i t y  poss ib le .  To t h i s  end, s o l i d  s t a t e  dev ices should be 

used wherever p o s s i b l e  t o  min imize c u r r e n t  d r a i n  and reduce weight .  E lec -  

t rometer  tubes w i t h  t h e i r  i n h e r e n t  i n s t a b i l i t y ,  l oqg  warmup t ime and. 

c u r r e n t  d r a i n s  a r e  n o t  recommended, except i n  cases where extreme 

r a d i a t i o n  hardness i s  r equ i red .  The MOS f i e l d  e f f e c t  t r a n s i s t o r  c i r -  

c u i t  i s  f a r  supe r i o r  w i t h  regard  t o  c u r r e n t  d r a i n  and s t a b i l i t y ,  however, 

i t  i s  f a r  i n f e r i o r  w i t h  regard  t o  r e s i s t a n c e  t o  h i gh  r a d i a t i o n  exposure. 

E lect romagnet ic  r a d i a t i o n  o f  many k inds can cause unusual e f f e c t s  

and spur ious  response. The c i r c u i t r y ,  r a t h e r  than t h e  de tec to r s ,  i s  more 

commonly a f f e c t e d .  I n  most cases, w e l l  designed c i r c u i t s  w i t h  good e lec -  

t r i c a l  s h i e l d i n g  w i l l  n o t  be a f f e c t e d  by e lec t romagnet i c  f i e l d s .  

The r a d i o l o g i c a l  response o f  t h e  ins t rument  system i s ,  o r  course, t he  

p r imary  cons ide ra t i on .  Survey meters should be responsive t o  bo th  beta 

and photon r a d i a t i o n ,  and should p rov ide  a  reasonably  accura te  measure 



o f  doserate ,  p a r t i c u l a r l y  i f  t h e  read-irrgs ob ta ined  f rom them w i l l  se rve  

as t h e  b a s i s  f o r  rescue work. The method o u t l i n e d  i n  S e c t i o n  IV.E. l .  

f o r  ambient r a d i a t i o n  mon i to rs ,  i n  which a  1  gm/cm2 low Z s h i e l d  i s  used 

f o r  beta-photon d i s c r i m i n a t i o n ,  i s  r e a d i l y  adap tab le  t o  p o r t a b l e  survey 

meters .  For  r a t e  meters,  and i n  p a r t i c u l a r  those  which ma.y be used as t h e  

b a s i s  f o r  rescue  e f f o r t s ,  accuracy i s  necessary (70y71  ) a1 ong w i t h  an upper 

l i m i t  o f  a t  l e a s t  5 t o  10 k i l o r a d s  p e r  hour .  (72,731 

Lower l e v e l  c a p a b i l i t y ,  perhaps down t o  l e v e l s  o f  a  few t e n t h s  o f  

a  m i l l i r a d  p e r  hour may be r e q u i r e d  f o r  env i ronmenta l  e v a l u a t i o n  purposes. 

To m o n i t o r  t h i s  w ide range, which extends over  e i g h t  o r d e r s  o f  magni tude, 

a  s i n g l e  d e t e c t o r  may n o t  be adequate. 

P o r t a b l e  survey meters can be made w i t h  an i n t e g r a t e  mode i n  a d d i t i o n  

t o  t h e  r a t e  mode. An i n s t r u m e n t  w i t h  t h i s  c a p a b i l i t y  c o u l d  be used i n  l i e u  

o f  o r  i n  s u p p o r t  o f  immediate readou t  o r  a la rm pocke t  dos imeters .  The i n t e -  
3  g r a t i n g  range f o r  photon exposure and be ta  dose should  be a t  l e a s t  10 R and 

rem, r e s p e c t i v e l y ,  and should  span a t  l e a s t  f o u r  decades w i t h  a  v a r i a b l e  p r e -  

s e t t a b l e  a la rm p o i n t .  The a la rm should  be s e t t a b l e  by an e x t e r n a l  s w i t c h  and 

t h e  a la rm shou ld  have t h e  a p p r o p r i a t e  f requency and sound l e v e l  so t h a t  i t  

can be heard d i s t i n c t l y  a t  l e a s t  50 c e n t i m e t e r s  f rom t h e  i n s t r u m e n t .  

V.B. MOBILE DOSERATE AND CONTAMINATION MONITORING 

Performance c r i t e r i a  for Doserate and Contamination Survey Instrwnents 

are presented i n  Section VI.C.1. 

P o r t a b l e  beta-gamma m o n i t o r i n g  ins t ruments ,  as desc r ibed  i n  t h e  preced-  

i n g  s e c t i o n  may w e l l  se rve  s a t i s f a c t o r i l y  as m o b i l e  ins t ruments ,  i f  r e c o r d -  

i n g  c a p a b i l i t y  e x i s t s  and i f  a  s p e c i a l  mount f o r  t h e  probe i s  p rov ided .  

These c o n d i t i o n s  c o u l d  p e r m i t  s a f e  o p e r a t i o n  o f  a  s u r f a c e  v e h i c l e  such as a  

jeep  o r  b o a t  by a  s i n g l e  i n d i v i d u a l  w h i l e  c o n t i n u o u s l y  r e c o r d i n g  i n s t r u m e n t  

data .  The c o n d i t i o n s  o r  requ i rements  desc r ibed  f o r  p o r t a b l e  i n s t r u m e n t a t i o n  

shou ld  a l s o  a p p l y  f o r  i n s t r u m e n t s  used i n  m o b i l e  m o n i t o r i n g .  I f  these  a r e  

t o  be used i n  an a i r p l a n e ,  t h e y  shou ld  be designed t o  opera te  p r o p e r l y  a t  



an a l t i t u d e  o f  5000 f e e t  over  t h e  su r round ing  t e r r a i n .  Each separate  com- 

ponent o f  t h e  mob i l e  i ns t r umen t  system shou ld  we igh t  l e s s  then  50 pounds. 

V.C. PORTABLE AIR MONITORING 

Performance C r i t e r i a  for Portable A i r  Samplers are presented i n  

Sec t ion  V I .  C .  2. 

E~iiergency moni t o r i  ng o f  a i r b o r n e  r a d i o a c t i v e  m a t e r i a l s ,  if acco~i ip l  i shed  

i n  t h e  f i e l d ,  i s  o f t e n  done w i t h  ambient r a d i a t i o n  mon i t o r i ng  ins t ruments  

c a l i b r a t e d  o r  o therw ise  used i n  c o n j u n c t i o n  w i t h  grab 'samples.  (36,75-78) 

A few a i r  samplers w i t h  s e l f - c o n t a i n e d  power supp l i es  have been descr ibed  

which enable  a  sample of p a r t i c u l a t e  r a t i o a c t i v i t y  t o  be ob ta ined  i n  t h e  

f i e l d .  (79-82) I n  a d d i t i o n ,  seve ra l  s e l f - c o n t a i n e d  a i r  samplers o f  t h e  

' personal  ' t ype  a l s o  have been descr ibed .  (83-88) However, t h e r e  have been 

essen t ' i a l l y  no who1 l y  s e l f - c o n t a i n e d  p o r t a b l e  a i r  o r  1  i q u i d  r a d i o a c t i v e  

m a t e r i a l  mon i t o r s  designed f o r  emergency purposes, w i t h  t h e  p o s s i b l e  

excep t ion  o f  t h e  survey meter adopted by B lock and co-workers. (71 $72)  

Cons ide ra t i on  o f  t h e  p o t e n t i a l  a p p l i c a t i o n ,  need, and capabi 1  i ty 

requi rements  leads t o  t h e  conc lus i on  t h a t  t h e  concept  o f  Block and 

Beard (79)  cou ld  be adapted t o  d i r e c t  mon i t o r i ng  o f  a i r b o r n e  r a d i o a c t i v i t y  

i n  t h e  f i e l d .  Such an adap ta t i on  appears bo th  p r a c t i c a l  and l o g i c a l ,  

and p rov ides  f o r  t h e  d i r e c t  examinat ion o f  a  f i l t e r  w i t h  a  p o r t a b l e  su r -  

vey meter. I n  f a c t ,  t h e  n e t  r e s u l t  i s  e s s e n t i a l l y  a  p o r t a b l e  a i r  san~p le r  

used i n  c o n j u n c t i o n  w i t h  a  p o r t a b l e  survey meter.  The survey meter  shou ld  

o f  course, meet t h e  requi rements  descr ibed  i n  V.A., and should  be mechan- 

i c a l  l y  and o the rw i se  compat ib le  w i t h  t h e  a i r  sampler p o r t i o n .  L o g i c a l l y ,  

t h e  two p a r t s  shou ld  be designed t o  f u n c t i o n  as an i n t e g r a l  u n i t ,  b u t  

w i t h  p r o v i s i o n  made f o r  detached, independent ope ra t i on .  Hence, each 

would have i t s  own source o f  power. 

The a i r  mover-sampler w i l l  r e q u i r e  cons ide rab l y  more power than  o t h e r  

p o r t a b l e  e l e c t r o n i c  i n s t r u ~ i i e n t a t i o n .  Power requi rements  f o r  a  sampl ing 

r a t e  on t h e  o rde r  o f  20 l i t e r s  pe r  m inu te  i s  severa l  wa t t s .  Such power 



l e v e l s  cannot  be conven ien t l y  p rov ided  w i t h  D c e l l s ,  and n e c e s s a r i l y  t he  

use o f  Ni-Cd wet  c e l l s  o r  s i m i l a r  h i g h  e f f i c i e n c y - l o w  we igh t  b a t t e r i e s  w i l l  

be r equ i r ed .  Rechargeable b a t t e r i e s  a r e  recommended, w i t h  p r o v i s i o n  f o r  

r echa rg i ng  f rom a s tandard  11 7 V ,  60 Hz AC, o r  a  12 V DC au tomot i ve  system 

i s  recommended. 

V.D. DETERMINATION OF PERSONNEL EXPOSURE OR DOSE 

Performance c r i t e r i a  for Direct Reading Dosimeters are presented i n  

Section V I . C . 3  and performance c r i t e r i a  for Personal Alarm Dosimeters are 

presented i n  Section V I .  C .  4 .  

There a r e  a  wide v a r i e t y  o f  dev ices which i n t e g r a t e  exposure o r  dose. 

From t h e  s tandpo in t  o f  t he  emergency o n l y  those dev ices which p r o v i d e  f o r  

a  d i r e c t ,  ins tantaneous readou t  w i t h o u t  d i s t u r b i n g  t h e  o p e r a t i o n  o f  t he  

dev ice  o r  t he  accumulat ion o f  i n f o r m a t i o n  w i l l  be cons idered.  Hence, f o r  

a l l  p r a c t i c a l  purposes, photographic  and luminescent  dev ices  a r e  excluded, 

s i n c e  these r e q u i r e  s p e c i a l  readou t  equipment and, i n  a d d i t i o n ,  readou t  

may erase o r  t e rm ina te  t h e  use fu lness  o f  t h e  dev ice .  

Wi th  t h e  e x c l u s i o n  of photographic  and luminescence systems, essen- 

t i a l l y  o n l y  e l e c t r o n i c  methods remain. Pocket i o n i z a t i o n  chambers (PICs),  

survey meters w i t h  i n t e g r a t i o n  c a p a b i l i t y  which were descr ibed  i n  Sec t i on  V.A. 

and personal  a l a rm  dos imeters  (PADS) c h a r a c t e r i z e  t h i s  group. 

Personal  ( o r ,  a1 t e r n a t i v e l y )  pocket  a l a rm  dos imeters  a r e  a  h y b r i d  

pocket  dos imeter  and i n t e g r a t i n g  survey meter .  Several  have been desc r i bed  

i n  t he  open l i t e r a t u r e  over  t he  pas t  few years .  (89-94) These have been made 

a v a i l a b l e  p r i m a r i l y  as a  r e s u l t  o f  t h e  development o f  m i n i a t u r e  components. 

A l though i n  many respec t s  these have n o t  y e t  been developed t o  t h e i r  f u l l  

p o t e n t i a l ,  they  may be s u p e r i o r  t o  e i t h e r  t h e  PIC o r  i n t e g r a t i n g  survey 

meter f o r  rescue  purposes. I n  genera l ,  these should  meet t h e  requi rements  

descr ibed  f o r  i n t e g r a t i n g  survey meters .  

D i r e c t  r ead ing  pocke t  i o n i z a t i o n  chambers would appear t o  be t h e  l e a s t  

s u i t a b l e  f o r  t h e  emergency s i t u a t i o n  i n  genera l  and rescue work i n  par -  

t i c u l a r ,  because o f  t he  absence o f  an a la rm c a p a b i l i t y  and t h e  d i f f i c u l t y  



i n  readout .  Pocket i o n i z a t i o n  chambers should  g e n e r a l l y  conform t o  t h e  

s tandards and c r i t e r i a  p u t  f o r t h  by t h e  American N a t i o n a l  Standards 

I n s t i t u t e .  (95 



V I .  EMERGENCY INSTRllMENTATION CRITERIA 

The Emergency Inst rumentat ion C r i t e r i a  presented i n  t h i s  sec t fon  are 

p r imar i  l y  perforniance c r i t e r i a .  Spec i f i c  inst rument  systems, components 

or  i n d i v i d u a l  instruments which should meet these c r i t e r i a  a re  discussed 

i n  Sections I V  and V.  Throughout these c r i t e r i a  f o u r  verbs have been 

used t o  i n d i c a t e  the degree o f  r i g o r  intended by the  s p e c i f i c  c r i t e r i o n .  

"Sha l l "  and " W i l l "  i n d i c a t e  t h a t  s t r i c t  a p p l i c a t i o n  o f  the  c r i t e r i o n  i s  

poss ib le  and i s  considered necessary t o  assure the ins t rumenta t ion  o r  

systems w i l l  perform as needed du r ing  an emergency. "Should o r  "Would" 

i n d i c a t e  t h a t  the  a p p l i c a t i o n  o f  t he  c r i t e r i o n  i s  des i rab le .  

Some o f  the  r a d i o l o g i c a l  and environmental c r i t e r i a  a re  severe and 

c a l i b r a t i o n  or  c e r t i f i c a t i o n  are beyond the c a p a b i l i t y  o f  i n d i v i d u a l  

nuclear  f a c i l i t i e s .  Therefore, i t  i s  important  t h a t  these instruments, 

systems o r  i n d i v i d u a l  components be thoroughly tes ted  a t  l e a s t  once under 

a l l  extreme cond i t ions  o f  opera t ion  t o  assure conformance w i t h  the  

c r i t e r i a .  

V1.A. RADIOLOGICAL INSTRUMENTATION SYSTEMS 

V I  .A. 1. General C r i t e r i a  f o r  I n s t a l l e d  Radio logical  Systems 

1. The system s h a l l  have an i n t e r n a l  e l e c t r o n i c  c a l i b r a t i o n  check, 

which s h a l l  check opera t ion  o f  a l l  c i r c u i t r y  o ther  than the  

de tec tor .  

2. The system s h a l l  be f a l l - s a f e ;  i n  the  event of a malfunct ion o r  

f a i l u r e ,  an I n t e r n a l  a u d t t  c t r c u t t  s h q l l  be a c t i v a t e d  and t rans-  

m i  t an appropr ia te  s igna l  t o  a  c e n t r a l  manned loca t i on .  

3 .  The system s h a l l  be capable of operat ion on 117 V 60 Hz AC, 

and s h a l l  be unaf fected by vo l tage o r  frequency changes o f  

+20%. Emergency power c a p a b i l i t y  s h a l l  be inc luded i n  the  

design and i n s t a l  l a t i o n ,  and s h a l l  be au tomat i ca l l y  implemented 

when requi red,  w i t h  no more than a  s i x  second delay. 



4. When responding t o  l e v e l s  i n  excess o f  t he  maximum s p e c i f i e d  range, 

t h e  i ns t r umen t  should  n o t  pa ra l yze  and t he  readou t  s i g n a l  s h a l l  

remain f u l l  upsca le .  

5. Switches and o t h e r  c o n t r o l s  s h a l l  be p ro tec ted  t o  p reven t  inad-  

v e r t e n t  d e a c t i v a t i o n  o r  o p e r a t i o n  o f  system. 

6. Ove ra l l  system accuracy s h a l l  be *40% a t  the  95% con f idence  l e v e l  

over  t h e  e n t i r e  ope ra t i ng  range, w i t h  p r e c i s i o n  * l o% f o r  any 

s i n g l e  measurement 1 eve1 . 

7. Ove ra l l  system response t i m e  f rom 0 t o  90% o f  f u l l  r ead ing  s h a l l  

be 5 2  seconds. 

8. There s h a l l  be no d e l e t e r i o u s  e f f e c t  t o  t h e  system f rom r a d i o f r e -  

quency and microwave exposure t o  10 mw/cm2, photon exposure t o  
5 5 x 10 R, re ferenced t o  t h e  energy range between 0.8  - 1.2 MeV, 

and f rom e l e c t r o s t a t i c  charges w i t h  p o t e n t i a l s  t o  10,000 v o l t s .  

9. The o p e r a t i n g  temperature range o f  t h e  system s h a l l  encompass 

t h e  extremes a n t i c i p a t e d .  Where t h e  i n s t r u m e n t a t i o n  may be 

exposed d i r e c t l y  t o  ambient o u t s i d e  temperatures,  t h e  50 yea r  

extremes s h a l l  be app l i ed .  

10. For t h e  o p e r a t i n g  temperature range t h e  temperature c o e f f i c i e n t  

s h a l l  be 50.5% pe r  "C and i t  should  be +15% over  t h e  e n t i r e  range. 

11. The i ns t r umen t  system s h a l l  be una f f ec ted  by r e l a t i v e  h u m i d i t i e s  

from 5% t o  95% over  t h e  des ignated temperature range. 

12. The system s h a l l  be a b l e  t o  w i t hs tand  mechanical s t r e s s  e q u i v a l e n t  

t o  a peak overpressure o f  15 p s i .  I f  l oca ted  w i t h i n  t h e  con ta i n -  

ment f a c i l i t y ,  t h e  system s h a l l  be a b l e  t o  w i t hs tand  mechanical 

s t r e s s  e q u i v a l e n t  t o  a peak overpressure o f  50 p s i .  



13. Logar i thmic  o r  d i g i t a l  readout  should be employed. I f  m u l t i p l e  

ranges a r e  used, automat ic  range changing s h a l l  be prov ided.  Manual 

ad justment  o f  range s h a l l  be unnecessary. 

14. Readout c a p a b i l i t y  s h a l l  be p rov ided  i n  t h e  c o n t r o l  room and a t  

l e a s t  two o t h e r  p h y s i c a l l y  separate l o c a t i o n s ,  one o f  which s h a l l  

be t h e  emergency opera t ions  cen te r ,  and t h e  o t h e r  a t  o r  near t h e  

de tec to r .  

15. A l l  u n i t s  of s i m i l a r  f u n c t i o n ,  i n c l u d i n g  de tec to rs ,  e l e c t r o n i c  

modules, readout  and d i s p l a y  dev ices and power supp l ies ,  s h a l l  

be who1 l y  in terchangeable w i t h i n  type.  

16. Except as noted, t h e  e l e c t r o n i c s  s h a l l  meet t h e  s p e c i f i c a t i o n s  

f o r  and be compat ib le  w i t h  t h e  AEC standard nuc lear  ins t rument  

modules, (67)  thus  ensur ing a  bas ic  standard, ease o f  maintenance, 

and p r o v i d i n g  i n t e r c h a u g e a b i l i t y  and c o m p a t i b i l i t y .  

17. E l e c t r o n i c  and o t h e r  s u p ~ o r t i n g  components should r e f l e c t  t h e  

l a t e s t  technology w i t h  so l  i d  s t a t e  ( i  .e., t r a n s i s t o r i z e d )  

c i r c u i t r y  incorpora ted  throughout ,  as p r a c t i c a b l e .  The use o f  

i n t e g r a t e d  c i r c u i t s  should be considered. 

18. A l l  modules s h a l l  be access ib le  f o r  t e s t  w i t h o u t  removal f rom 

t h e  c i r c u i t .  P lug - i n  t ype  u n i t s  should be considered. 

19. The ins t rument  system s h a l l  be equipped w i t h  an a la rm capable 

o f  be ing e x t e r n a l l y  s e t  t o  a la rm a t  any p o i n t  over  t h e  s t a t e d  

range. The a larm should be bo th  a u d i b l e  and v i s i b l e ,  and 

should be capable o f  r e s e t  w i t h o u t  removing t h e  ins t rument  

f rom serv ice .  
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V1 .A. 2. General C r i t e r i a  f o r  Gaseous and P a r t i c u l a t e  Sampling 

1. The system s h a l l  be designed t o  remove on a  cont inuous bas i s ,  a  

r e p r e s e n t a t i v e  sample. 

2. The l o c a t i o n  f o r  sampl ing should be c l o s e  t o  t h e  p o i n t  o f  

r e 1  ease. 

3 .  P a r t i c u l a t e - g e n e r a t i n g  gas phase reac t i ons ,  co r ros i on ,  o r  

r e l e a s e  o f  contaminants,  should  be absent downstream o f  t h e  

sampl ing p o i n t .  

4. When sampl ing a  s tack,  t h e  sampl ing p o i n t  s h a l l  be no l e s s  than  

f i v e  duc t  d iameters  and p r e f e r a b l y  should  be a t  l e a s t  10 d u c t  

d iameters  downstream from any i n j e c t i o n  p o i n t  o r  p o i n t  of 

t u rbu lence  o r  t r a n s i t i o n .  A  m u l t i - e n t r y  probe s h a l l  be used 

f o r  sampl ing i n  t h e  duc t  o r  s tack .  

5. Sampling c o n d i t i o n s  should  approach i s o k i n e t i c .  The i n l e t  

v e l o c i t y  t o  d u c t  v e l o c i t y  should  be 1.0 2 0.2. 

6. Sampling l i n e s  s h a l l  be kep t  s h o r t .  The d i s t a n c e  f rom sample 

p o i n t  t o  c o l l e c t o r  should  be l e s s  than  10 fee t .  Sample l i n e  

bend r a d i i  s h a l l  exceed f i v e  sampl ing l i n e  d iameters .  

7. The sample d e l i v e r y  system s h a l l  be c o r r o s i o n  r e s i s t a n t  and 

designed f o r  s t r e a m l i n e  f l o w  w i t h  no r i g h t  ang les o r  sharp 

bends. S t a i n l e s s  s t e e l  should  be used f o r  c o n s t r u c t i o n  and 

p l a t e  o u t  o f  r a d i o a c t i v e  m a t e r i a l  should  be l e s s  than  5%. 

8. A  cons tan t  sample f l o w  r a t e  s h a l l  be  used and a  cons tan t  

d isp lacement  pump should  be used as t h e  a i r  mover. An 

a p p r o p r i a t e l y  c a l i b r a t e d  a i r f l o w  meter  s h a l l  con t i nuous l y  

v e r i f y  f l o w  r a t e ,  and s h a l l  be accura te  t o  w i t h i n  ~ 2 0 % .  



9. P a r t i c u l a t e  r a d i o a c t i v e  m a t e r i a l  s h a l l  be removed by membrane 

f i l t e r s  w i t h  pore s i z e  - (5 pm, having an e f f i c i e n c y  o f  2 9 . 5 %  

f o r  p a r t i c l e s  w i t h  diameters 20.3 pm. 

10. Charcoal impregnated w i t h  potassium i o d i d e  s h a l l  be used t o  

sample a i r b o r n e  rad io i od ines .  A  minimum o f  99.5% removal s h a l l  

be r e q u i r e d  w i t h  a  minimum 24 hour r e t e n t i o n  a t  t h e  maximum con- 

c e n t r a t i o n s  expected. The charcoal  medium should f o l  low t h e  

p a r t i c u l a t e  f i l t e r  i n  t h e  same sample stream. 

VI.A.3. Spec i f i c  C r i t e r i a  f o r  Rad io l og i ca l  I ns t rumen ta t i on  Systems 

VI.A.3.a. C r i t e r i a  f o r  Plume De tec t i on  I ns t rumen ta t i on  

The c r i t e r i a  l i s t e d  below a r e  i n  a d d i t i o n  t o  those presented i n  

Sec t i on  VI.A. l .  

1. The d e t e c t o r  system s h a l l  c o n s i s t  o f  s i x  NaI(T1) c r y s t a l s  p laced 

i n  c i r c u l a r  a r r a y  a t  ground l e v e l  60" o f  a r c  a p a r t  100 meters 

f rom the  reac to r .  

2. The de tec to r s  should be h e r m e t i c a l l y  sealed NaI(T1) c r y s t a l s ,  

t y p i c a l l y  3" x 3". 'The p h o t o m u l t i p l i e r  tubes s h a l l  be an i n t e g r a l  

p a r t  of d e t e c t o r  assembly. 

3. The p h o t o m u l t i p l i e r  tube s h a l l  be sh ie l ded  f rom rf and magnetic 

f i e l d s .  

4. The d e t e c t i o n  range f o r  f i s s i o n  gases s h a l l  be lo- '  t o  l o 3  C i  

pe r  meter of plume leng th ,  based on d e t e c t i o n  o f  photons above 

2.0 MeV. 

5. The d e t e c t o r  r e s o l u t i o n  s h a l l  be 110% FWHM a t  2.5 MeV. 

6. The co inc idence sum peak f rom 6 0 ~ o  s h a l l  be used t o  c a l i b r a t e  

t h e  system. Each d e t e c t o r  s h a l l  be checked q u a r t e r l y  w i t h  a  

source, and c a l i b r a t i o n  o r  maintenance s h a l l  be performed 

when i nd i ca ted .  



VI.A.3.b. C r i t e r i a  f o r  Containment Vessel Noble Gas Mon i t o r  

The c r i t e r i a  l i s t e d  below a r e  i n  a d d i t i o n  t o  those presented i n  

Sec t ion  V I  .A .  1. 

1. The d e t e c t o r  s h a l l  be a  h e r m e t i c a l l y  sealed NaI(T1) c r y s t a l .  

The p h o t o m u l t i p l i e r  tube s h a l l  be an i n t e g r a l  p a r t  o f  d e t e c t o r  

assernbly . 

2. The p h o t o m u l t i p l i e r  tube s h a l l  be sh ie l ded  f rom rf and magnetic 

f i e l d s .  

3. The d e t e c t i o n  range f o r  noble gases s h a l l  be lo- '  t o  ci/cm3 

assuming d e t e c t o r  immersion i n  a  semi - i n f i n i  t e  sphere and based 

upon d e t e c t i o n  o f  photons above 2.0 MeV. 

4. De tec to r  r e s o l u t i o n  s h a l l  be g o %  FWHM a t  2.5 MeV. 

5. The co inc idence  sum peak f rom 6 0 ~ o  s h a l l  be used t o  c a l i b r a t e  t h e  

system. The system s h a l l  be checked q u a r t e r l y  w i t h  a  source, and 

c a l i b r a t i o n  o r  maintenance s h a l l  be performed when i n d i c a t e d .  

V I  .A.3.c. C r i t e r i a  f o r  Containment Vessel Radio iod ine and P a r t i c u l a t e  

Moni t o r  

The c r i t e r i a  l i s t e d  below a r e  i n  a d d i t i o n  t o  those presented i n  Sec- 

t i o n s  V I . A . l .  and VI.A.2. 

1 .  De tec t i on  o f  p a r t i c u l a t e  radioactivity should be on t he  bas i s  

of beta coun t ing  and i o d i n e  r a d i o a c t i v i t y  should be on t h e  

bas is  o f  gamma count ing .  

2. For p a r t i c u l a t e  r a d i o a c t i v i  ty t he  minimum d e t e c t i o n  range s h a l l  
3  be 10- I  t o  l o m 3  Ci/cm re fe renced  t o  betas from 'OSY-Y. 

3. For r a d i o i o d i n e ,  t he  d e t e c t i o n  c a p a b i l i t y  s h a l l  be 10- lo  t o  
3  Ci/cm re fe renced  t o  gammas f rom 13' I. 

4. The e n t i r e  system ope ra t i on  s h a l l  be checked a t  l e a s t  q u a r t e r l y  

and c a l  i bra ted  and mainta ined when i n d i c a t e d .  



VI.A.3.d. C r i t e r i a  f o r  Stack E f f l u e n t  Mon i t o r  

The c r i t e r i a  l i s t e d  below a r e  i n  a d d i t i o n  t o  those presented i n  

Sec t i on  VI .A. l  and VI.A.2. 

1. The d e t e c t i o n  c a p a b i l i t y  f o r  p a r t i c u l a t e  r a d i o a c t i v i t y  s h a l l  have 
3 a  minimum range o f  t o  1 0 ' ~  Ci/cm re fe renced  t o  9 0 ~ r - ~ ,  and 

based on gross be ta  d e t e c t i o n .  Th i s  range s h a l l  o v e r l a p  t h e  range 

o f  s t ack  mon i t o r i ng  i n s t r u m e n t a t i o n  used f o r  r o u t i n e  o r  non- 

emergency mon i t o r i ng  . 
2. For  r ad io i od ines ,  t h e  d e t e c t i o n  c a p a b i l i t y  s h a l l  be t o  1 0 ' ~  

3  Ci/cm re fe renced  t o  13'1, and based on d e t e c t i o n  o f  t h e  gamna 

energy o f  i n t e r e s t .  Th is  range s h a l l  ove r l ap  t he  range o f  non- 

emergency i n s t r u m e n t a t i o n  used f o r  moni t o r i  ng r a d i o i o d i n e  i n  

s t a c k  r e1  eases. 

3. For  t h e  gaseous f r a c t i o n ,  d e t e c t i o n  c a p a b i l i t y  s h a l l  be lo- '  t o  
3  lo- '  Ci/cm . A f l ow- th rough  i o n  chamber f o r  gross be ta  r a d i o -  

a c t i v i t y  should be used f o r  t h e  d e t e c t o r  system. 

4. The d e t e c t o r s  s h a l l  be s u i t a b l y  sh i e l ded  f rom e x t e r n a l  r a d i a t i o n  

f rom t h e  r e a c t o r  o p e r a t i o n  o r  a  r e l ease  i n t o  t h e  containment 

vesse l .  I f  a  f l ow- th rough  i o n i z a t i o n  chamber i s  used f o r  de tec t -  

i ng gaseous r a d i o a c t i v e  m a t e r i a l  , approx imate ly  15 cm ( 6  inches)  

of l e a d  should  be used i f  t h e  d e t e c t o r  i s  w i t h i n  t h e  containment 

vessel  . For beta de tec to r s ,  e l e c t r o n i c  d i  s c r i m i  n a t i o n  should  be 

used, b u t  i f  t h i s  i s  n o t  f e a s i b l e ,  s h i e l d i n g  may be used. 

5. The e n t i r e  system o p e r a t i o n  s h a l l  be checked a t  l e a s t  q u a r t e r l y  

and c a l i b r a t e d  and ma in ta ined  when i n d i c a t e d .  

V I  .A.3.e. C r i t e r i a  f o r  Environmental  A i r  Mon i to r  

The c r i t e r i a  l i s t e d  below a r e  i n  a d d i t i o n  t o  those genera l  c r i t e r i a  

presented i n  Sec t ions  V I .A . l  and VI.A.2. 

1. The system s h a l l  be designed t o  t ake  on a  cont inuous bas i s  a  

r e p r e s e n t a t i v e  sample o f  t h e  ambient a i r .  The p r e f e r r e d  sampl ing 



l o c a t i o n  i s  a t  one meter above ground l e v e l ,  i n  a  l o c a t i o n  f r e e  f r o m  

unusual  n i i c rometeoro log ica l  o r  o t h e r  c o n d i t i o n s  (e.g. , p r o x i m i t y  o f  

l a r g e  b u i l d i n g s ,  v e h i c u l a r  t r a f f i c )  which c o u l d  r e s u l t  i n  a r t i f i c i a l l y  

h i g h  o r  l ow a i r  c o n c e n t r a t i o n s .  

2. D i r e c t  sampl ing w i t h  no l i n e s  upstream o f  t h e  sample medium i s  g r e a t l y  

p r e f e r r e d .  

3. The sample c o l l e c t o r  s h a l l  be e a s i l y  readab le  i n  p l a c e  w i t h  p o r t a b l e  

m o n i t o r i n g  i n s t r u m e n t s  and removable f o r  subsequent l a b o r a t o r y  

a n a l y s i s .  

4. The measurement c a p a b i l i t y  f o r  p a r t i c u l a t e  a c t i v i t y  s h a l l  have a  
3  minimum range o f  10y6 t o  10- I  Ci/cm g ross  be ta  r e f e r e n c e d  t o  ' O S ~ - Y .  

T h i s  range  s h a l l  o v e r l a p  t h e  range o f  i n s t r u m e n t a t i o n  used f o r  r o u -  

t i n e  o r  nonemergency m o n i t o r i n g  . 

5. For r a d i o i o d i n e s ,  t h e  measurement c a p a b i l i t y  s h a l l  be t o  lo- '  
3  Ci/cm r e f e r e n c e d  t o  l 3 ' 1 .  T h i s  range s h a l l  o v e r l a p  t h e  range o f  

r o u t i n e  o r  nonemergency i n s t r u m e n t a t i o n  used f o r  m o n i t o r i n g  r a d i o -  

i o d i n e  i n  t h e  e n v i r o n s .  

6. The i n s t r u m e n t  system s h a l l  be p r o t e c t e d  f r o m  t h e  e x t e r n a l  e n v i r o n -  

ment, and s h a l l  be housed i n  a  l o c k e d  f a c i l i t y  t o  a f f o r d  a  measure 

o f  s e c u r i t y  f r o m  a c c i d e n t a l  o r  w i l l f u l  damage o r  tamper ing.  

7. The e n t i r e  system o p e r a t i o n  s h a l l  be checked a t  l e a s t  q u a r t e r l y  

and c a l i b r a t e d  and m a i n t a i n e d  when i n d i c a t e d .  

VI .A.3 . f .  C r i t e r i a  f o r  L i q u i d  E f f l u e n t  M o n i t o r  

The c r i t e r i a  l i s t e d  below a r e  i n  a d d i t i o n  t o  those  genera l  c r i t e r i a  

p resen ted  i n  S e c t i o n  V I  .A.1. 

1. The d e t e c t o r  system shou ld  c o n s i s t  o f  a  sma l l  ( t y p i c a l l y  an 0 .5  x  

0.5 i n .  r i g h t  c y l i n d r i c a l )  NaI ( T I )  c r y s t a l .  

2. The d e t e c t o r  and p h o t o m u l t i p l i e r  s h a l l  be o p t i c a l l y  coup led  and 

h e r m e t i c a l l y  sea led i n t o  an i n t e g r a l  c o n t a i n e r .  



3. The minimum th i ckness  o f  t h e  m a t e r i a l  around t h e  d e t e c t o r  s h a l l  be 
2  a t  l e a s t  400 mg/cm2; p r e f e r r e d  th ickness  i s  1000 mg/cni . 

4. The d e t e c t o r  r e s o l u t i o n  s h a l l  be +12% FWHM f o r  t h e  1.17 MeV photon 

peak assoc ia ted  w i t h  6 0 ~ o  decay. 

5. The p h o t o m u l t i p l i e r  tube s h a l l  be p rov i ded  w i t h  mu metal  o r  o t h e r  

s h i e l d i n g  t o  o b v i a t e  t h e  e f f e c t s  o f  magnet ic f i e l d s .  

6. The d e t e c t o r  s h a l l  be capable  o f  o p e r a t i n g  comp le te ly  submerged. 

7. The system s h a l l  be capable  o f  d e t e c t i n g  gross r a d i o a c t i v i t y  i n  

aqueous 1  i q u i d s  over  t h e  range 10" t o  c i /cm3, re fe renced  t o  

photons w i t h  energ ies g r e a t e r  than  0.6 MeV, and assuming 0.5 photons 

per  d i s i  n t e g r a t i  ons . 
8. I f  t h e  system i s  used t o  mon i to r  a  l i q u i d  stream, a  f l o w  meter, 

accura te  t o  w i t h i n  +20%, s h a l l  be prov ided.  Th i s  f l o w  meter 

should  a l s o  have remote readou t  c a p a b i l i t y ;  i n t e g r a t i n g  capa- 

b i l i  ty should  be cons idered.  

9. I f  t h e  system i s  used t o  moni t o r  a  s t a t i c  o r  n e a r l y  s t a t i c  volume 

o f  l i q u i d ,  p r o v i s i o n  s h a l l  be made t o  a c c u r a t e l y  mon i t o r  l i q u i d  

volume, o r  a l t e r n a t i v e l y ,  l i q u i d  l e v e l .  

10. The photon peak a t  1.17 MeV f rom 6 0 ~ o  s h a l l  be used t o  c a l i b r a t e  

t h e  system. The system s h a l l  be checked q u a r t e r l y  w i t h  a  source 

and c a l  i bra  t i o n  and maintenance performed when i n d i c a t e d .  

VI.A.3.g. C r i t e r i a  f o r  Ambient k a d i a t i o n  Mon i t o r i ng  I ns t r umen ta t i on  

The c r i t e r i a  l i s t e d  below a r e  i n  a d d i t i o n  t o  those presented i n  

Sec t i on  V I .A . l .  

1.  The system s h a l l  be capable  o f  d e t e c t i n g  sepa ra te l y  dose c o n t r i b u -  

t i o n  f rom be ta  and low energy photon r a d i a t i o n ,  and t h e  h i g h  energy 

photon r a d i a t i o n .  

2. Photon energy dependence s h a l l  be +20% ove r  t h e  range 30 keV t o  

3  MeV. 



3. Beta energy dependence s h a l l  be +30% over  t he  range 0.1 t o  3  MeV. 

4. The system s h a l l  have an i n t e r n a l  e l e c t r o n i c  c a l i b r a t i o n  check and 

an i n t e r n a l  r a d i o a c t i v e  check source f o r  t h e  de tec to r .  These s h a l l  

be capable o f  remote opera t ion ,  i .e., t h e  check s h a l l  be capable- of 

be ing  made f rom the  Emergency Cont ro l  Center.  C a l i b r a t i o n  and oper- 

a t i n g  checks s h a l l  be made monthly and r e c a l i b r a t i o n  and r e p a i r  

accomplished when i n d i c a t e d .  I f  i n t e g r a t i n g  c a p a b i l i t y  i s  prov ided,  

t h i s  f e a t u r e  s h a l l  be r e s e t  a t  t he  t ime o f  c a l i b r a t i o n  check. 

5. De tec to r  placement s h a l l  be such t h a t  a  represen ta t i ' ve  measurement 

o f  t he  ambient f i e l d  i s  obta ined.  The d e t e c t o r  s h a l l  t h e r e f o r e  be 

p ro tec ted  f rom f a l l o u t  accumulat ions, shadow s h i e l d i n g ,  and s i m i l a r  

e f f e c t s .  The recommended d e t e c t o r  h e i g h t  i s  one meter above ground 

l e v e l  i n  t he  env i rons .  

6. I f  the  ambient r a d i a t i o n  mon i to r  i s  t o  be used i n  t he  containment 

vessel  t he  f o l l o w i n g  s h a l l  app ly :  

The d e t e c t i o n  range f o r  photons s h a l l  be 1 t o  l o 6  R/hr.  

6  The d e t e c t i o n  range f o r  beta r a d i a t i o n  s h a l l  be 10 t o  10 rad /h r .  

Extracameral  response s h a l l  be unde tec tab le  i n  photon f i e l d s  t o  
6  10 R/hr re ferenced t o  1  MeV energy, beta f i e l d s  p r o v i d i n g  an 

6 a i r  dose r a t e  o f  10 rad /h r  re fe renced  t o  2  MeV, e i t h e r  

s i n g l y  o r  concomi tan t l y .  

7. I f  the  ambient r a d i a t i o n  mon i t o r  i s . t o  be used i n  t he  r e a c t o r  b u i l d i n g  

o r  env i rons  t h e  f o l l o w i n g  s h a l l  app ly :  

a The ins t rument  system s h a l l  have a measurement range f o r  photons 

o f  t o  l o 4  R/hr.  I f  an i n t e g r a t i o n  mode i s  p rov ided ,  i t s  

ope ra t i on  should be simultaneous w i t h  t he  r a t e  mode and i t s  

range should be lo - '  t o  l o 4  R.  

The measurement range f o r  beta r a d i a t i o n  s h a l l  be lo- '  t o  

r ad /h r .  I f  a simultaneous i n t e g r a t i o n  mode i s  prov ided,  i t s  range 
4 should be lo- '  t o  10 rad.  



4 Extracameral  response s h a l l  be absent  i n  photon f i e l d s  t o  10 R/hr 

re fe renced  t o  1  MeV energy, and beta f i e l d s  p r o v i d i n g  an a i r  dose 
4 r a t e  o f  10 r a d / h r  re fe renced  t o  2 MeV E maximum e i t h e r  s i n g l y  

B 
o r  concu r ren t l y .  

V1.B. CRITERIA FOR METEOROLOGICAL SYSTEMS 

V I  . B. 1  . General C r i  t e r i  a  f o r  Meteor01 o g i c a l  Sys tems 

1. A  me teo ro l og i ca l  p r o f i l e  tower s h a l l  be l oca ted  near  t h e  r e a c t o r  

f a c i l i t y  f o r  de te rm in i ng  d i f f u s i o n  and t r a n s p o r t . o f  a  plume. 

2. T ranspo r t  towers i n  t h e  r e g i o n  o u t s i d e  o f  a  f a c i l i t y  boundary t o  

permi t de te rmi  n a t i o n  o f  1  onger range p l  ume t r a j e c t o r i e s  s h a l l  be 

i n s t a l  l e d  when c h a r a c t e r i s t i c s  d i c t a t e  t h e  need. 

3. Tower l o c a t i o n  s h a l l  be r e p r e s e n t a t i v e  o f  su r round ing  t e r r a i n  

and v e g e t a t i o n  cover  and s h a l l  be o u t s i d e  t h e  i n f l u e n c e  o f  

anomolous t e r r a i n  o r  b u i l d i n g  e f f e c t s .  (Sec t i on  IV.B.5 should  

be consu l t ed  f o r  more d e t a i l  on tower l o c a t i o n . )  

4. Me teo ro l og i ca l  i n s t r umen ta t i on :  

s h a l l  be l o c a t e d  a t  a  minimum o f  two tower d iameters  f rom 

o u t s i d e  o f  tower,  and 

s h a l l  be p laced  on t h e  p r e v a i l i n g  windward s i d e  o f  tower.  

5. Ins t ruments  s h a l l  be operab le  w i t h i n  t h e  measurement accuracy 

p resc r i bed  over  t he  normal range. o f  env i ronmenta l  c o n d i t i o n s  

common t o  t h e  r e g i o n  as i n d i c a t e d  by long- term c l i m a t o l o g i c a l  

records .  

6. A t  s i t e s  where i t  i s  i m p r a c t i c a l  t o  meet t h e  s p e c i f i c a t i o n s  

d u r i  ng extreme condi  ti ons , p r o v i s i o n s  s h a l l  be made t o  ensure 

measurements o f  w ind speed, d i r e c t i o n ,  and d i r e c t i o n  v a r i -  

a b i l i t y  a t  a t  l e a s t  one p o i n t  d u r i n g  these extreme c o n d i t i o n s .  

7. Data: 

a r eco rd i ng ,  p rocess ing  and d i s p l a y  equipment e r r o r s  e i t h e r  



s h a l l  be i nc l uded  i n  data accuracy l i m i t s  s p e c i f i e d  o r  s h a l l  be 

very  smal l  when compared t o  s p e c i f i e d  l i m i t s  o f  t h e  i ns t rumen ta t i on ,  . readout  c a p a b i l i t y  s h a l l  be p rov ided  i n  t he  c o n t r o l  room and a t  

l e a s t  two o the r  p h y s i c a l l y  separate l o c a t i o n s ,  one of which s h a l l  

be t he  emergency opera t ions  cen te r ,  and t h e  o the r  a t  o r  near t he  

i ns trumen t. 

The e n t i r e  meteoro log ica l  system s h a l l  be checked a t  l e a s t  q u a r t e r l y  

and c a l i b r a t e d  and mainta ined when i n d i c a t e d .  

9. The mean t ime t o  f a i l u r e  s h a l l  be two years .  

C r i t e r i a  f o r  a  Meteor01 o g i c a l  P r o f i l e  Sys tern 

The c r i t e r i a  l i s t e d  below a r e  i n  a d d i t i o n  t o  those presented i n  

V I .B . l .  

1. A t  60 meters above t h e  l o c a l  roughness elements, o r  a t  t he  maximum 

h e i g h t  o f  a  p o t e n t i a l  r e l ease  i f  g r e a t e r  than 60 meters,  measure- 

ments s h a l l  be made o f  wind speed, wind d i r e c t i o n ,  l a t e r a l  w ind 

d i r e c t i o n  v a r i a b i  1  i ty  ( a e )  , and temperature and measurements shou ld  

be made o f  v e r t i c a l  w ind d i r e c t i o n  v a r i a b i l i t y  (U o r  0,). 
4 

2. A t  9 t o  15 meters above t he  l o c a l  roughness elements, measurements 

s h a l l  be made o f  wind speed, wind d i r e c t i o n ,  l a t e r a l  wind d i r e c t i o n  

v a r i a b i l i t y  ( u e ) ,  and temperature.  A  d u p l i c a t e  s e t  o f  wind i n s t r u -  

ments should be i n s t a l l e d  a t  t h e  9 t o  15 meter l e v e l  t o  p rov ide  

une f f ec ted  da ta  when t he  main i n s t r u ~ i i e n t  s e t  i s  i n  t h e  wake o f  t h e  

tower.  

3. A t  2 meters above t h e  l o c a l  roughness elements, measurements s h a l l  

be made o f  wind speed, wind d i r e c t i o n ,  l a t e r a l  wind v a r i a b i l i t y  

( u e )  , and temperature.  

4. A  sur face  measurement of p r e c i p i t a t i o n  s u i t a b l e  f o r  de te rmin ing  

p r e c i p i t a t i o n  r a t e  d u r i n g  an acc iden t  should be made. 



5. Accuracy o f  t h e  m e t e r o l o g i c a l  measurements s h a l l  be as f o l l o w s  w i t h  

t ime  averages assumed t o  be over  pe r i ods  rang ing  f rom 15 minutes 

t o  1  hour:  

Average wind speed: '0.25 m i l e s  per  hour (mph) o r  +2% 

Average wind d i r e c t i o n :  +5 degrees 

S t a r t i n g  speed f o r  wind speed and d i r e c t i o n :  52 mph 

Mean temperature:  t l  O F  

Mean temperature d i f f e r e n c e  between h e i g h t s  : 'k0.1  O F  

L a t e r a l  wind d i r e c t i o n  v a r i a b i l i t y  ( ue ) :  '20% (e.g. ,  a  vane 

w i t h  a  n a t u r a l  wave l e n g t h  o f  ~ 1 5  meters o r  l e s s  and a  damp- 

i n g  r a t i o  o f  ~ 0 . 6 )  

V e r t i c a l  wind d i r e c t i o n  v a r i a b i l i t y  (c o r  %): ?35% (e.g., a  
9 

prope l  l o r  w i t h  a  d i s t a n c e  cons tan t  o f  ~ 1 . 5  meters o r  l e s s ) .  

6. E r r o r s  due t o  tower i n f l u e n c e s  s h a l l  be added t o  t h e  above t o  

determine t o t a l  e r r o r s .  The above accuracy l i m i t s  s h a l l  i n c l u d e  

sensor process ing,  and d i s p l a y  e r r o r s .  

VI.B.3. C r i t e r i a  f o r  a  Me teo ro l og i ca l  T ranspor t  System 

The c r i t e r i a  l i s t e d  below a r e  i n  a d d i t i o n  t o  those presented i n  

V I .B . l .  

1. Wind speed and d i r e c t i o n  da ta  s h a l l  be measured a t  a  h e i g h t  o f  

15 t o  30 meters above l o c a l  roughness elements. 

2. I n  f o r e s t e d  l o c a t i o n s ,  t h e  measurement o f  w ind speed below t h e  

vege ta t i on  canopy should  be cons idered.  

3. Accuracy o f  t h e  me teo ro l og i ca l  measurements s h a l l  be: 

Average wind speed: k0.5 mph o r  k5%. 

Average wind d i r e c t i o n :  +5 degrees 

S t a r t i n g  speed f o r  wind d i r e c t i o n  and speed: 12  mph. 



V1.C. CRITERIA FOR AMBIENT RADIATION AND CONTAMINATIOIV SURVEY INSTRUMENTS 

V I . C . l .  Dose Rate and Contaminat ion Survey Ins t ruments  

1. The system s h a l l  be capable  of d e t e c t i n g  beta and photon r a d i a t i o n ,  

and sepa ra t i ng  t h e  c o n t r i b u t i o n  f r om  each. To accompl ish t h i s ,  a  

d e t e c t o r  system which can be operated bare o r  which can be s h i e l d e d  
2 w i t h  1  gm/cm o f  po l ye thy l ene  o r  s i m i l a r  l ow Z p l a s t i c ,  should be used. 

2. The d e t e c t i o n  ranges s h a l l  be as shown: 

a. Photon Exposure Rate: 0.1 mR/hr t o  l o 4  R l h r .  

b.  Beta Dose Rate: 4  0.1 mrad/hr t o  10 r a d l h r .  

I n  r e c o g n i t i o n  o f  t h e  d i f f i c u l t i e s  i n  des ign  and c o n s t r u c t i o n  o f  a  

s i n g l e  d e t e c t o r  and/or i ns t r umen t  w i t h  such a  b read th  o r  range, two 

d e t e c t o r s  o r  ins t ruments  a r e  pe rm iss i b l e ,  assumiug t h a t  a1 1  t h e  

o t h e r  c r i t e r i a  s p e c i f i e d  i n  t h i s  s e c t i o n  a r e  met, and t h a t  a  one 

decade ove r l ap  i s  prov ided.  

3. Photon energy dependence s h a l l  be +15% over  t h e  range 30 keV t o  

3  MeV. 

4. D e t e c t i o n  c a p a b i l i t y  s h a l l  be p rov i ded  f o r  be ta  p a r t i c l e s  w i t h  

energ ies g r e a t e r  than  100 keV. The beta energy dependence s h a l l  

be +30% ove r  t h e  range 0.1 t o  3  MeV. 

5. De tec to r s  and assoc ia ted  e l e c t r o n i c  c i r c u i t r y ,  readou t  and d i s p l a y  

dev ices,  and power supp l i es  s h a l l  be w h o l l y  in te rchangeab le .  

6. O v e r a l l  system accuracy s h a l l  be +40% a t  t h e  95% con f idence  l e v e l  

f o r  any l e v e l  ove r  t h e  e n t i r e  ope ra t i ng  range, w i t h  p r e c i s i o n  o f  

+ lo% f o r  any s i n g l e  measurement l e v e l .  

7. O v e r a l l  system response ( 0  t o  90% o f  f u l l  r ead ing )  t ime  s h a l l  be 

52  seconds a f t e r  a  warm-up t ime  o f  one minute.  Th i s  does n o t  p re -  

c l u d e  t h e  i n c l u s i o n  o f  v a r i a b l e  response t ime  c a p a b i l i t y .  When 

t he  r a d i a t i o n  f i e l d  i s  removed, t h e  i ns t r umen t  s h a l l  i n d i c a t e  

w i t h i n  2 seconds n o t  more than  10% o f  t he  t o t a l  r ead ing  i n  t h e  

f i e l d .  



S t a b i l i t y  s h a l l  be evidenced by t h e  a b i l i t y  o f  t h e  ins t rument  t o  

ma in ta i n  zero ing,  accuracy, and p r e c i s i o n  f o r  a t  l e a s t  24 hours 

a f t e r  i n i t i a l  s w i t c h i n g  on. 

For t h e  opera t ing  temperature range t he  temperature c o e f f i c i e n t  

s h a l l  be 50.5% per  " C  and i t  should be +15% over t h e  e n t i r e  range. 

The ope ra t i ng  temperature range o f  t h e  system s h a l l  encompass t h e  

extremes a n t i c i p a t e d .  Where t he  i ns t rumen ta t i on  may be exposed 

d i r e c t l y  t o  ambient ou t s i de  temperatures, t h e  50 year  extreme 

s h a l l  be app l ied .  

The inst ruments s h a l l  be sp lash-proofed.  The ins t rument  sys te~ i i  

s h a l l  be una f f ec ted  by r e l a t i v e  h u m i d i t i e s  f rom 5 t o  95% over the  

des ignated temperature range. 

When responding t o  l e v e l s  i n  excess o f  t h e  maximum range, the  read-  

o u t  s h a l l  remain f u l l  upscale.  

Extracameral response should be undetec tab le  i n  photon f i e l d  t o  

10 R/hr re fe renced  t o  1  MeV energy, and t o  beta f i e l d s  p r o v i d i n g  

an a i r  dose o f  10 rad /h r  re fe renced  t o  2  MeV. 

There s h a l l  be no d e l e t e r i o u s  e f f e c t  t o  t he  ins t rument  f rom r a d i o -  

f requency and microwave exposure t o  10 m ~ / c m ~ ,  photon exposure t o  
5  

5  x  10 R, re fe renced  t o  t h e  energy range between 0.05 - 1.2 MeV, 

and f rom e l e c t r o s t a t i c  charges w i t h  p o t e n t i a l s  t o  10,000 v o l t s  . 
The system s h a l l  be una f f ec ted  by magnetic f i e l d s  w i t h  i n t e n s i t y  

t o  10 oers teds.  

With t h e  excep t ion  o f  t h e  de tec to r  and d i sp lay ,  s o l i d  s t a t e  e l ec -  

t r o n i c s  should be used throughout .  

The ins t rument  s h a l l  be designed t o  be powered by D c e l l s  o r  9  v o l t  

t r a n s i s t o r  b a t t e r i e s  meet ing t he  s p e c i f i c a t i o n s  pub1 i shed  by t he  

U. S. Na ti onal Bureau o f  Standards. (74)  Compati b i  1  i ty w i t h  a l  ka- 

l i n e ,  Ni  Cd, o r  mercury c e l l s  should be considered. P r o v i s i o n  f o r  

ope ra t i on  f rom a standard automobi le  12 v o l t  system and 117 v o l t ,  

60 Hz, a l t e r n a t i ~ g  c u r r e n t  a l s o  should be considered. 



18. Minimum b a t t e r y  l i f e t i m e  s h a l l  be 200 hours o f  cont inuous du ty  oper- 

a t i o n  a t  an exposure l e v e l  o f  10% t h e  max-inium f u l l  s c a l e  read ing ,  a t  

temperatures above 0°C. A t  temperatures below O°C, a l k a l i n e  b a t t e r i e s  

s h a l l  be used and t he  minimum b a t t e r y  l i f e t i m e  s h a l l  be 100 hours o f  

cont inuous opera t ion .  

19. Geotropism, o r  change i n  r ead ing  w i t h  s p e c i a l  o r i e n t a t i o n ,  s h a l l  be 

12% o f  f u l l  s c a l e  read ing .  

20. Response t o  no i se  a M  v i b r a t i o n  s h a l l  be unde tec tab le  a t  sound 

pressure l e v e l s  < I00  db, and v i b r a t i o n  f requenc ies  o f  10 t o  100 Hz, 

w i t h  a  t o t a l  excurs ion  o f  0.5 mm. 

21. S e n s i t i v i t y  s h a l l  be 15% o f  mid-sca le  o r  decade, where s e n s i t i v i t y  

i s  de f i ned  as t he  minimum de tec tab le  change i n  response. 

22. Angular dependence s h a l l  be 5215% i n  a  2  IT s t e r a d i a n  f r o n t a l  d i r e c -  

t i o n ,  re fe renced  t o  photons w i t h  energ ies i n  t he  r e g i o n  1  + 0.2 MeV. 

23. The i ns t rumen t  s h a l l  be equipped w i t h  a  b a t t e r y  check s w i t c h  and 

i n d i c a t o r  o f  b a t t e r y  c o n d i t i o n .  Low o r  dead b a t t e r y  i n d i c a t i o n  

s h a l l  be p o s i t i v e  - i . e . ,  t h e  ins t rument  s h a l l  read  upscale,  and 

ze ro ing  s h a l l  be rendered imposs ib le .  

24. Readout s h a l l  be d i r e c t  and i n  u n i t s  o f  dose o r  exposure pe r  hour .  

However, h i g h  range ins t ruments  in tended e x c l u s i v e l y  f o r  rescue 

work may be c a l  i b r a t e d  i n  u n i t s  o f  R / m i  n  o r  rad/mi n, and i f  so, t he  

i ns t rumen t  and readou t  should be c l e a r l y  and d i s t i n c t i v e l y  marked. 

The readout  s h a l l  be such t h a t  m h l t i p l i e r s  (e.g. ,  X10, X100) s h a l l  

be inc luded .  

25. The readout  s h a l l  be l i g h t e d  t o  p e r m i t  use i n  darkness; s e l f -  

i l l u m i n a t i o n  should be cons idered.  

26. The ins t ruments ,  whether used r o u t i n e l y  o r  no t ,  s h a l l  be checked 

f o r  o p e r a t i o n  on a  q u a r t e r l y  bas is ,  and r e c a l i b r a t e d  and r e p a i r e d  

as i n d i c a t e d .  I n  no case s h a l l  more than 18 months e lapse  between 

c a l  i bra  ti ons . 
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27. Ove ra l l  i ns t rument  response s h a l l  n o t  change by more than + l o% 
f rom t h e  p rev ious  c a l i b r a t i o n  when b a t t e r i e s  a r e  changed. 

28. A 10 mV o r  mA recorder  o u t p u t  s h a l l  be p rov ided  f o r  ins t ruments  

which a r e  t o  be used w i t h  a  recorder .  

29. The t o t a l  we igh t  of t he  f u l l y  assembled survey meter,  i n c l u d i n g  

b a t t e r i e s ,  should n o t  exceed 3 kg (6.6 I b s ) .  

30. I f  t h e  survey ins t rument  i s  t o  be operated w h i l e  c a r r i e d  ( p o r t a b l e )  

t h e  f o l l o w i n g  s h a l l  app ly :  

The i n s t r ~ ~ m e n t  i s  capable of and designed f o r ,  convenient  

t r a n s p o r t a b i l i t y  by a s i n g l e  person. Th i s  c r i t e r i o n  does 

n o t  p rec lude  t h e  use o f  back packs, neck o r  shoulder  s t r aps ,  

be1 t s ,  o r  o t h e r  means o f  at tachment t o  t h e  body 

The we igh t  o f  t h e  t o t a l  i ns t rument ,  i n c l u d i n g  power source, 

does n o t  exceed 22.5 kg (50 I bs)  . 
31. I f  t h e  survey ins t rument  i s  t o  be operated w h i l e  mounted i n  an a i r -  

plane, motor v e h i c l e  o r  boat  (mobi le)  t h e  f o l l o w i n g  s h a l l  apply :  

Any o f  t he  i ns t rumen ta t i on  t h a t  may be used i n  an a i r p l a n e  

s h a l l  be designed t o  operate p r o p e r l y  a t  an a1 ti tude o f  

5000 f e e t  over  t h e  surrounding t e r r a i n .  

Mob i le  i ns t rumen ta t i on  s h a l l  be designed t o  p rov ide  a readout  

us ing  a s t r i p  c h a r t  recorder .  

Each separate p r o t i o n  o f  the  mob i le  ins t rument  system s h a l l  

we igh t  l ess  than  50 pounds. 

32. I f  an i n t e g r a t i n g  c a p a b i l i t y  i s  p rov ided  t h e  f o l l o w i n g  s h a l l  

apply :  

Po r tab le  r a d i o l o g i c a l  ins t ruments w i t h  i n t e g r a t i n g  c a p a b i l i t y  

should have i n t e g r a t i n g  ranges as shown: 
3  a. Photon Exposure 0.1 t o  10 R 

b.  Beta Dose 0.1 t o  l o 3  r a d  



I n t e g r a t i n g  u n i t s  s h a l l  be equipped w i t h  an a u d i b l e  a la rm hav ing 

a  cont inuous o r  i n t e r m i t t e n t  wa rb l i ng  tone w i t h  a  f requency i n  

t h e  r e g i o n  2  t o  7  kHz and a  sound l e v e l  o f  85 dbA a t  a  d i s t ance  

o f  50 cm f rom the  ins t rument .  

The a la rm s h a l l  be p r e s e t t a b l e  t o  any l e v e l  by an e x t e r n a l  sw i t ch .  

Ex te rna l  r e s e t  c a p a b i l i t y  s h a l l  a l s o  be p rov ided .  

An a la rm t e s t  p o s i t i o n  o r  s w i t c h  s h a l l  be prov ided.  

V I .  C.2. Po r tab le  A i r  Samplers 

1. The sampler s h a l l  be designed f o r  use w i t h  t he  p o r t a b l e  survey meter 

descr ibed  i n  V1.C. 

2. To s i m p l i f y  c a l i b r a t i o n ,  opera t ion ,  and i n t e r p r e t a t i o n ,  a  f i x e d  

sampl i n g  r a t e  o f  10-30 1  i t e r s  pe r  minute should be used. Sampl i n g  

r a t e  s h a l l  remain cons tan t  t o  w i t h i n  t25% d u r i n g  normal ope ra t i on .  

3. The u n i t  s h a l l  be compat ib le  w i t h  s tandard g l ass  f i b e r ,  c e l l u l o s e  

f i b e r ,  and charcoal  loaded f i l t e r s  commonly used f o r  a i r  sampl ing. 

The s i z e  o f  t h e  f i l t e r  used i s  dependent upon t h e  s i z e  o f  t he  

de tec to r ,  b u t  a  47 mm diameter  should be considered. F i l t e r  d iameter  

should n o t  exceed 100 mm. 

4. The f i l t e r  m a t e r i a l  used s h a l l  have an e f f i c i e n c y  o f  99.5% f o r  

p a r t i c l e s  0.3 p~i i  -in d iameter .  

5. Power should be p rov ided  by wet  c e l l s ,  and these s h a l l  conform t o  

t he  s p e c i f i c a t i o n s  p u t  f o r t h  by t he  ' ~ a t i o n a l  Bureau o f  Standards. (74)  

6. B a t t e r y  l i f e t i m e  s h a l l  be g r e a t e r  than e i g h t  hours under load .  

7. The sampl ing u n i t  s h a l l  be p rov ided  w i t h  a  b a t t e r y  t e s t  o r  o t h e r  

i n d i c a t o r  o f  b a t t e r y  c o n d i t i o n .  

8. A i r  f l o w  s h a l l  be con t i nuous l y  i n d i c a t e d  by an a p p r o p r i a t e  c l e a r l y  

marked gage hav ing  an accuracy o f  220%. 



VI.C.3. D i r e c t  Reading Dosimeters 

1.  The pocke t  i o n  chamber s h a l l  have a  range o f  0  t o  200 R i f  i t  i s  t o  be 

used f o r  personnel  i n v o l v e d  i n  rescue work i n  which exposures t o  100 R 

may be i ncu r red .  (71) I f  used f o r  o t h e r  purposes, such as p r o t e c t i o n  

o f  p rope r t y ,  t h e  range s h a l l  be a p p r o p r i a t e  t o  the  maximum pernii t t e d  

exposure. The maximum p e r m i t t e d  exposure s h a l l  be i n  t h e  range o f  40 

t o  70% of f u l l  s c a l e  o f  t h e  pocke t  i o n i z a t i o n  chamber used. 

2. The i ns t r umen t  s h a l l  be p rov ided  w i t h  an o p t i c a l  system t o  p e r m i t  

d i r e c t  readout .  Major  s c a l e  d i v i s i o n s  s h a l l  be i n d i c a t e d  by heavy 

l i n e s  a t  0, 50, and 100% o f  sca le ;  t h e  s c a l e  shou ld  be f u r t h e r  sub- 

d i v i d e d  i n t o  t en ths  and t w e n t i e t h s  by p r o g r e s s i v e l y  s h o r t e r  and/or 

l e s s  b o l d  l i n e s .  

3. Leakage s h a l l  be 12% o f  f u l l  s c a l e  i n  a  24 hour pe r i od .  

4. Accuracy s h a l l  be +25% o f  the  t r u e  exposure a t  t h e  95% con f idence  

l e v e l ,  re fe renced  t o  20 t o  80% o f  f u l l  s c a l e  exposure. P r e c i s i o n  a t  

any l e v e l  s h a l l  be + lo%.  

5. Energy dependence s h a l l  be +20% f o r  photons i n  t h e  energy range 35 keV 

t o  2  I.leV. 

6. The i ns t r umen t  system s h a l l  be una f fec ted  by r e l a t i v e  h u m i d i t i e s  

f rom 5% t o  95%, over  t h e  des ignated temperature range. 

7. For t h e  ope ra t i ng  temperature range t h e  temperature c o e f f i c i e n t  s h a l l  

be +0.5% pe r  "C and i t  should be. t l 5 %  over  t h e  e n t i r e  range. 

6 8. The u n i t  s h a l l  be r a t e  indpendent t o  10 R/sec. 

9. There s h a l l  be no d e l e t e r i o u s  e f f e c t  t o  t he  dos imeter  f rom r a d i o -  

f requency and microwave exposure t o  10 m~/crn', photon exposure t o  
5  5  x  10 R re fe renced  t o  t he  energy range between 0.05 - 1.2 MeV, and 

f rom e l e c t r o s t a t i c  charges w i t h  p o t e n t i a l s  t o  10,000 v o l t s .  

10. The u n i t  s h a l l  be u n a f f e c t e d  by magnet ic f i e l d s  w i t h  i n t e n s i t i e s  o f  

10 oers teds.  
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11. The u n i t  s h a l l  be a b l e  t o  w i t hs tand  mechanical s t r e s s  o r  shock equiva-  

l e n t  t o  a  drop f rom a  h e i g h t  o f  t h r e e  f e e t  on to  a  hard su r f ace  and 

such a  shock o r  s t r e s s  s h a l l  n o t  change o r  a l t e r  any read ing  more 

than  + l o% o f  f u l l  s ca le .  

12. Change i n  r ead ing  w i t h  s p a t i a l  o r i e n t a t i o n  s h a l l  be 12% o f  f u l l  sca le .  

13. Angular dependence s h a l l  be 115% over  t h e  energy range 35 keV t o  2  MeV. 

14. S e n s i t i v i t y  s h a l l  be 55% of midscale.  

15. The u n i t  s h a l l  (1 )  be nonresponsive t o  beta r a d i a t i o n s  w i t h  energ ies  

52 MeV, o r  ( 2 )  s h a l l  be accura te  t o  w i t h i n  +30 f o r  be ta  r a d i a t i o n s  w i t h  

energ ies f rom 100 keV t o  2  MeV. I f  the  l a t t e r  i s  se lec ted ,  t he  sca le  

s h a l l  be c a l i b r a t e d  i n  rads, and f o r  photons 1  R can be taken t o  equal 

1  rad .  

VI.C.4. Personal Alarm Dosimeters 

1. The c r i t e r i a  e s t a b l i s h e d  f o r  t he  i n t e g r a t i n g  survey meters i n  Sec- 

t i o n  V I . C . l .  s h a l l  app ly .  

2. The personal a larm dos imeter  s h a l l  have a  range f rom 0  t o  200 R.  

3. A meter,  d i g i t a l  r e g i s t e r  o r  o t h e r  readout  s h a l l  c o n t i n u a l l y  r e g i s t e r  

t h e  accumulated dose. 

4. ' The i ns t rumen t  s h a l l  weigh no more than 425 grams (8 oz )  . 
5. The i ns t rumen t  should be powered by any s i n g l e  o r  combinat ion o f  

commerc ia l ly  a v a i l a b l e  a l k a l i n e  t ype  d r y  c e l l s .  Mercury c e l l s ,  

w h i l e  acceptable,  a r e  discouraged. 



V I I .  AREAS FOR FUTURE STUDY 

VI1.A. MEASUREMENT SYSTEM STUDY 

Th is  s tudy has attempted t o  p rov ide  a method by which a i rbo rne  

ma te r i a l  a c c i d e n t a l l y  re leased from a r e a c t o r  can be q u i c k l y  detected and 

quant i f ied ,  as w e l l  as general c r i t e r i a  f o r  requ i red  ins t rumenta t ion .  The 

method f o r  i n i t i a l  r a d i o l o g i c a l  assessment o f  the  re lease r a t e  needs 

experimental  s tud ies  be fore  Phase I 1  i s  completed. A p r e l i m i n a r y  t e s t  i s  

t o  be conducted a t  Hanford w i t h i n  t h e  nex t  few months, to  exper imenta l l y  

v e r i f y  t h e  p r a c t i c a l  i t y  o f  the  method .. F u l l  -sca le  experiments t o  de te r -  

mine t h e  i n f l u e n c e  o f  s t r u c t u r e s  upon d i f f u s i o n  and t r a n s p o r t  need t o  be 

conducted, however, be fo re  t h i s  technique can be who1 1 y  v e r i f i e d .  Very 

l i t t l e  data f rom such f u l l - s c a l e  experiments appears t o  be a v a i l a b l e  a t  

t h e  present  t ime. 

A systems ana l ys i s  study o f  acc identa l  re leases from reac to rs  should 

be i n i  t i a t e d  t o  he1 p i n v e s t i g a t o r s  p i n p o i n t  those parameJers r e q u i r i n g  

b e t t e r  d e f i n i t i o n .  A systems ana l ys i s  o f  t he  proposed emergency pre-  

paredness system would demonstrate t he  accumulat ive e f f e c t  on t h e  pre- 

d i c t e d  consequences o f  t he  u n c e r t a i n t i e s  i n  source inventory ,  re lease 

f r a c t i o n s ,  re lease ra tes ,  d i f f u s i o n  parameters and t r a j e c t o r y  p r e d i c t i o n s .  

INSTRUMENT TEST1 NG AND CERTIFICATION LABORATORY 

The performance c r i t e r i a  desc r i  bed i n  t h i s  document f o r  emergency 

ins t rumenta t ion  i nc lude  severe envirdnmental , mechanical, e l e c t r i c a l  and 

rad io1  og i ca l  requirements. Appropr ia te eva lua t i on  cou ld  be performed by 

t h e  customer o r  vendor o f  such equipment o r  by a t h i r d  pa r t y .  Since t e s t  

equipment t o  per form the  needed eva lua t i on  w i l l  be q u i t e  expensive, few i f  

any o f  t h e  customers o r  vendors w i l l  possess the  e n t i r e  c a p a b i l i t y .  Con- 

s i d e r a t i o n  should be g iven t o  t h e  establ ishment  o f  a  c e r t i f i c a t i o n - t y p e  

l abo ra to ry  t o  examine and descr ibe  bo th  favo rab le  and unfavorable p e r f o r -  

mance parameters o f  commercial ly a v a i l a b l e  emergency ins t rumenta t ion .  Th is  

l abo ra to ry  cou ld  a l s o  p rov ide  judgment on spec ia l  purpose o r  s i n g l e  i tems 

manufactured f o r  any g iven  i n s t a l l a t i o n .  
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The i n s t a l l e d  and cont inued performance o f  emergency i ns t rumen ta t i on  

i s  another impor tan t  f a c t o r  i n  meeting the  emergency i ns t rumen ta t i on  pre-  

paredness c r i t e r i a .  In-p lace t e s t i n g  o f  t h i s  ins t rumenta t ion  on an 

es tab l i shed  frequency would seem an appropr ia te  requirement t o  p rov ide  

p roo f  o f  performance. The development o f  such t e s t i n g  programs and sched- 

u l e s  cou ld  be performed by t h i s  c e r t i f i c a t i o n - t y p e  l a b o r a t o r y  f o r  adopt ion 

by a  r e g u l a t o r y  agency o r  sate1 1  i t e  t e s t i  qg l a b o r a t o r i e s .  

VI1.C. IMPROVEMENT OF METEOROLOGICAL CAPABILITIES 

Various remote sensing techniques a re  p resen t l y  under development f o r  

a p p l i c a t i o n  t o  meteoro logica l  and a i r  p o l l u t i o n  measurements. Because o f  

t h e  c o s t  o f  e s t a b l i s h i n g  and main ta in ing  instrumented tower systems, and 

t h e i r  l i m i t e d  e x t e n t  o f  v e r t i c a l  pene t ra t i on  i n t o  t he  atmosphere, i t  would 

be d e s i r a b l e  t o  conduct a  comprehensive survey o f  such devices t o  determine 

t h e i r  appl i c a b i  1  i t y  t o  t h e  emergency preparedness problem. Appl i c a b l  e  

devices should be i n v e s t i g a t e d  i n  more d e t a i l  t o  determine t h e i r  t echn i ca l  

and c o s t  benef i t s .  

A major u n s a t i s f i e d  requirement f o r  t he  i rr~plementat ion of an emergency 

preparedness ins t rumenta t ion  system i s  t he  ex is tence o f  a  d i f f u s i o n  model 

which i s  t e s t e d  f o r  a  v a r i e t y  o f  t e r r a i n  and meteoro logica l  s i t u a t i o n s  o u t  

t o  d is tances o f  30 t o  50 m i l es  and f o r  re leases a t  e leva t i ons  as g r e a t  as 

the  t a l l e r  s tacks i n  ex is tence.  No s i n g l e  e x i s t i n g  d i f f u s i o n  p r e d i c t i o n  

scheme appears t o  have been t e s t e d  aga ins t  these c r i t e r i a ,  nor  does i t  

account f o r  processes such as shear and depos i t i on  w i t h  much accuracy 

e s p e c i a l l y  a t  g rea te r  distances. Complete s a t i s f a c t i o n  o f  t h i s  r e q u i r e -  

ment would r e q u i r e  d i f f u s i o n  experiments t o  generate t h e  necessary data.  

A t  the  present  r a t e  t h i s  w i l l  l i k e l y  r e q u i r e  several  years.  Some immediate 

improvement o f  t h e  d i f f u s i o n  models, however, cou ld  be accomplished by a  

comprehensive a n a l y s i s  o f  a l l  prev ious experiments, which l e d  t o  t h e  

e x i s t i n g  models, and more recent  r e s u l t s  and techniques. D i f f u s i o n  

experiments and analyses a r e  p resen t l y  being supported by t h e  AEC. An 

accel e ra ted  e f f o r t ,  however, might  reasonably s a t i s f y  t h e  model requirement 

i n  a  minimum o f  one t o  two years. 



Another area r e q u i r i n g  i n v e s t i g a t i o n  i s  mesoscale t r a n s p o r t .  A 

b e t t e r  knowledge o f  t he  e f f e c t s  o f  t e r r a i n  f ea tu res  on mesoscale f l o w  

pa t te ' rns  would pe rm i t  t h e  fo rmu la t ion  of numerical  models t o  be used f o r  

r e a l - t i m e  t r a n s p o r t  a n a l y s i s  and as an a i d  i n  s p e c i f y i n g  t h e  s p a t i a l  

d i s t r i b u t i o n  o f  wind and rad io1  o g i c a l  s t a t i o n s  necessary a t  s p e c i f i c  s i t e s .  

The development o f  such a  c a p a b i l i t y  w i l l  r e q u i r e  models f o r  r u r a l  and 

urban areas and f a i r l y  ex tens ive  data networks t o  p rov ide  t he  da ta  f o r  

t e s t i n g  these models. Some research o f  t h i s  na tu re  i s  being conducted, how- 

ever, t h e  research may n o t  p rov ide  t h e  necessary data f o r  model v e r i f i c a t i o n .  . 

The recen t  development and successfu l  u t i l i z a t i o n  o f  s o p h i s t i c a t e d  

wind tu rbu lence  measuring dev ices,  such as t h e  sonic  anemometer, now 

prov ides  t h e  o p p o r t u n i t y  t o  f u l l y  descr ibe  and parameter ize t h e  e r r o r s  o f  

t h e  l e s s  s o p h i s t i c a t e d  wind dev ices proposed f o r  t he  emergency prepared- 

ness system. Th is  can now be done on an observa t iona l  bas is  r a t h e r  than 

a  t h e o r e t i c a l  bas i s  as has been done i n  t he  past .  By such a  comparat ive 

ana l ys i s  i t  would be poss ib l e  t o  account f o r  much o f  t h e  ins t rumenta l  

e r r o r  i nhe ren t  i n  t he  da ta  f rom which e x i s t i n g  models have been formu- 

l a t e d  and pe rm i t  a  b e t t e r  comparison o f  pas t  and recen t  d i f f u s i o n  r e s u l t s  

ob ta ined  w i t h  d i s s i m i l a r  ins t ruments.  

A  systems ana l ys i s  o f  t h e  t o t a l  p r e d i c t i o n  problem, however, may 

p o i n t  o u t  t h a t  research i n  one area i s  o f  much g rea te r  va lue  than another .  

It i s  poss ib le ,  o f  course, t h a t  t h e  u n c e r t a i n t y  i n  t h e  f i n a l  answer i s  

smal l  enough t h a t  no f u r t h e r  s tudy  i s  r e q u i r e d  i n  any o f  t h e  areas. 

VI1.D. CORRELATION OF METEOROLOGICAL AND RADIOLOGICAL ACCURACY 

REQUIREMENTS WITH EMERGENCY PLANS 

Governmental emergency p lans f o r  coping w i t h  emergencies t h a t  impact 

on personnel 1  i v i  ng i n  t he  env i rons , i n c l  u d i  ng emergency a c t i o n  1  eve1 s  , 
should be developed and c o r r e l a t e d  w i t h  e x i s t i n g  meteoro log ica l  s t ud ies  

and data and t he  accuracy c r i t e r i a  conta ined i n  t h i s  document. The 

e x t e n t  t o  which accuracy i s  sought i n  d e s c r i b i n g  t he  a i r  dose d i s t r i b u t i o n  

and r a d i o n u c l i d e  concen t ra t i on  over a  g iven area downwind o f  a  nuc lear  

f a c i  1  i ty f o l l o w i n g  an acc iden t  should be balanced w i t h  t h e  requi rement  

s t a t e d  i n  emergency p lans.  



The accuracy c r i t e r i a  f o r  me teo ro l og i ca l  i n s t r u m e n t a t i o n  and f o r  

r a d i o l o g i c a l  i n s t r u m e n t a t i o n  developed i n  t h i s  s tudy  i s  based on assump- 

t i o n s  o f  t h e  p o t e n t i a l  r e l e a s e  t o  t h e  containment vesse l .  No emergency 

p lans  t oge the r  w i t h  emergency a c t i o n  l e v e l s  were a v a i l a b l e  t o  p e r m i t  

development o f  i n s t r u m e n t a t i o n  accuracy c r i t e r i a  based on t h e  accuracy 

r e q u i r e d  i n  p r e d i c t e d  o r  measured env i ronmenta l  dose and con tamina t ion  

l e v e l s .  

E x i s t i n g  d i s p e r s i o n  da ta  w i t h  concur ren t  me teo ro l og i ca l  da ta  has been 

ob ta ined  f rom p rev i ous  exper iments performed i n  va r i ous  p a r t s  o f  t h e  

coun t r y  over  d i f f e r e n t  types o f  t e r r a i n  and c l  i m a t o l o g i c a l  regimes. I f  

a c t i o n  l e v e l s  were a v a i l a b l e ,  accuracy of r a d i o l o g i c a l  measurements, d i s -  

p e r s i o n  and t r a n s p o r t  p r e d i c t i o n ,  and t h e  assoc ia ted  me teo ro l og i ca l  

i n s t r u m e n t a t i o n  cou ld  be c o r r e l a t e d  w i t h  t h i s  data.  Th i s  c o u l d  l e a d  t o  

t h e  conc l  us i on  t h a t  t h e  i n s t r u m e n t a t i o n  requi rements  presented here  a r e  

t o o  s o p h i s t i c a t e d  o r  a1 t e r n a t i v e l y  n o t  s o p h i s t i c a t e d  enough. 

VI1.E. IMPROVEMENT OF SAMPLING TECHNOLOGY 

Power r e a c t o r s  a r e  be ing  designed w i t h  no s t a c k  as such. Gases a r e  

vented near t h e  h i g h e s t  p o i n t  i n  t h e  s t r u c t u r e s .  The a c t u a l  des ign o f  

many r e a c t o r s  should  be s t u d i e d  t o  determine t he  b e s t  sampl ing p o s i t i o n  

f o r  t h e  emergency case. We a lmost  always v i s u a l i z e  a  t a l l  s t a c k  t o  be 

sampled. The research  would rev iew i n  d e t a i l  t h e  gaseous waste m o n i t o r i n g  

systems i n c l u d i n g  those t o  safeguard t h e  p l a n t  i n  emergencies, i d e n t i f y  

common approaches, and determine what t he  optimum p o s i t i o n  and c o n f i g u r a -  

t i o n  o f  t h e  sampler should  be. 

Losses i n  sampl ing l i n e s  should  be s t u d i e d  w i t h  ae roso l s  represen ta -  

t i v e  o f  those i n  conta inment  s t r u c t u r e s  f o l l o w i n g  an acc iden t .  The impor- 

tance o f  condensing steam and t h e  development o f  means f o r  o b t a i n i n g  a  

t r u l y  r e p r e s e n t a t i v e  sample i n  a  condensing steam system should  be 

i n v e s t i g a t e d .  

C o l l  e c t o r s  f o r  i o d i n e  and nob le  gases which p rov i de  q u a n t i t a t i v e  mea- 

surements should  be i n v e s t i g a t e d .  Much i s  known about  charcoa l  f o r  i o d i n e  
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c o l  l e c t i o n ,  (96-1 15) b u t  when noble gases a r e  p resen t  i n  such l a r g e  amounts 

r e l a t i v e  t o  i od ine ,  t h e  c o l l e c t i o n  o f  t he  nob le  gases would s e r i o u s l y  

i n t e r f e r e  w i t h  i o d i n e  measurements. Stud ies on s p e c i f i c  absorbents f o r  

i o d i n e  w i t h o u t  i n t e r f e r e n c e  f rom noble gases should be undertaken. Such 

t h i n g s  as s i l v e r  t r e a t e d  z e o l i t e s ,  l i q u i d  scrubbers,  and o thers  should be 

explored.  

Optimum methods f o r  sampling l i q u i d s  i n  a  r e a c t o r  acc iden t  should 

be developed. D e t a i l s  o f  t h e  r e a c t o r  l i q u i d  systems should be f a c t o r e d  

i n t o  t h e  sampling and a n a l y t i c a l  scheme. Response o f , v a r i o u s  d e t e c t o r  

systems f o r  in situ and f o r  wi thdrawn samples should be s tud ied .  
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