
59 
=--I 
- 6-000-106.44 - 

RADON AND RADON F'LUX MEASUREMENTS AT 
THE FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 
AUGUST 69 1985 

08/06/85 

MONSANTOIDOE 
28 
REPORT 



U I Monsanto 

7 
a 

Radon and Radon Flux 
Measurements at the Feed 
Materials Production Center, 
Fernald, Ohio 

G. Richard Hagee, Philip H. Jenkins, 
Phyllis J. Gephart, and Clifford R. Rudy 

August 6,1985 

MOUND 
Miamisburg, Ohio 45342 

operated by 

a subsidiary of Monsanto Company 
MONSANTO RESEARCH CORPORATION 

for the 

Contract No. DE-AC04-76-DP00053 
U. S. DEPARTMENT OF ENERGY 

i 
J 

\ 



44 

M LM-M U -86-68-0001 

_ _ _ _ _  - . _  - _ _  - -Ra-don- -a.n-d- R- addn - Flux - - - - - - -  _ _  

Measurements at the Feed 
Materials Production Center, 
Fernald, Ohio 

G. Richard Hagee, Philip H. Jenkins, 
Phyllis J. Gephart, and Clifford R. Rudy 

August 6,1985 

MOUND 
Miamisburg, Ohio 45342 

operated by 

a subsidiary of Monsanto Company 
MONSANTO RESEARCH CORPORATION 

for the 

U. S. DEPARTMENT OF ENERGY 
Contract No. DE-AC04-76-DP00053 

-1 - 



CONTENTS 

Page 

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . .  4 

METHODS AND INSTRUMENTATION . . . . . . . . . . . . . . . .  4 

A . Rzdon Measurement Methods . . . . . . . . . . . .  4 
B . Radon Flux Measurement Methods . . . . . . . . . .  5 

RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

A . Rador? Monitoring Network . . . . . . . . . . . . .  7 
E! . Radon Flux Monitoring . . . . . . . . . . . . . .  -8 

DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . .  11 

RECCPMENDATIONS . . . . . . . . . . . . . . . . . . . . .  i 13 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . .  14 

TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

DISTRIBUTION . . . . . . . . . . . . . .  ' . . . . . . . . .  27 

4 
-2- 



SUMMARY 

Resu l ts  o f  t ime i n t e g r a t e d  measurements o f  radcr; i n  a i r  i n  t h e  env i rons  G f  

t h e  K-65 res idue s to rage tanks and radon f l u x  f rom t h e  concre te  sur faces  o f  

ported. Radon concen t ra t i on  measurements were made ove r  t h e  p e r i o d  f rom 

September 20, 1984 t o  February 5, 1985. Radon f l u x  measurements were per -  
formed i n  October, 1984. Average radon concen t ra t i ons  a t  seventeen l o c a t i o n s  

ranged from 0.24 t o  5 .1  p C i / l i t e r .  The hiGhest radon c c n c e n t r a t i o n  vdluec 

were a t  t h e  f e n c e l i n e  immediately surrounding t h e  res idue  s to rage tank:. 

Leve ls  w i t h i n  t h e  s i t e  p roduc t i on  area ranged f rom apprcximate:y 0.5 t o  

approximately 1 p C i / l i t e r  which a r e  below t h e  DOE q i i d e l i n e  va lue  o f  3.0 

p C i / l  i t e r  above background f o r  u n c o n t r o l l e d  areas and we1 1 below t h e  100 
p C i / l i t e r  value f o r  occupat iona l  exposures. The h i g h e s t  radcn concen t ra t i on  

found a t  t h e  s i t e  boundary fence was 0.46 p C i / l i t e r  on the  western per imeter .  

Radon f l u x  measurements made u t i l i z i n g  charcoal  c a n i s t e r s  a t  24 l o c a t i o n s  cn 
which 

- - - the  --tanks- a t  t h e  -Feed -Ma te r ia l s - -P roduc t i on  Center, -Ferna-l-d;--Ohio - a r e -  re=------ - __ - . - - --_ 
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each tank  ranged from 13 pCi/m2/sec t o  3 x 10'. pCi/m2/sec on surfaces 

conta ined obvious cracks.  Recommendations a r e  presented t o  cor?tinue 
m o n i t o r i n g  and t o  app ly  a s e a l a n t  t o  t h e  surfaces o f  t h e  tanks  t o  i n h i b  

t r a n s p o r t  o f  radon. 

radon 

t the  
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INTRODUCTION 

I n  August, 1984, Oak Ridge Na t iona l  Labora tory  and Monsanto-Mound were r e -  

quested by t h e  Department o f  Energy, Oak Ridge Operat ions O f f i ce ,  t o  assess 
the  radon re lease  i n  the  env i rons o f  two K-65 res idue  s to rage tanks a t  t he  

Nat iona l  Lead o f  Ohio, Incorpora ted  s i t e ,  Fernald,  Ohio. 

A proposal  was subsequent ly prepared by Monsanto-Mound and submi t ted  t o  Oak 

Ridge Na t iona l  Laboratory .  The proposal  out1 i ned  a m o n i t o r i n g  e f f o r t  which 

would i nvo l ve :  1) the  measurement o f  t h e  concen t ra t i ons  o f  radon i n  a i r  i n  

the  env i rons  of t h e  K-65 res idue  s to rage tanks and 2 )  t h e  measurement of 
radon f l u x  f rom t h e  concrete sur faces o f  t h e  tanks. 

The r e s u l t s  o f  radon mon i to r i ng  over  t h e  p e r i o d  f rom September 20, 1984 t o  

February 5, 1985 and o f  radon f l u x  measurements performed i n  October, 1984 

a re  presented i n  t h i s  repo r t .  

METHODS AND INSTRUMENTATION 

A. Radon Measurement Methods 

T ime- in tegra ted  measurements o f  radon i n  a i r  were made u s i n g  Pass ive 

Environmental Radon Mon i to rs  (PERMS)"). These ins t ruments  w r e  r'evelopea 

a t  t he  Environmental  Measurements Labora tory  (DOE), and a r e  manufacturecj by 

EDA Inst ruments,  Incorporated,  Toronto,  Canada. 

I n  the  Passive Environmental  Radon Mon i to r ,  radon concen t ra t i on  i s  measured 

by exposure o f  a thermoluminescent dos imeter  (TLD) c h i p  o f  l i t h i u m  f l u o r i d e .  

The subsequent readout  o f  t he  c h i p  permi ts  the  c a l c u l a t i o n  o f  t h e  radon con- 

c e n t r a t i o n  s ince  t h e  response of t h e  TLD c h i p  pe r  u n i t  concen t ra t i on  and pe r  

u n i t  t ime i s  determined by p r i o r  c a l i b r a t i o n .  The mon i to rs  a r e  t y p i c a l l y  

exposed f o r  one-week t ime per iods.  A number of two-week exposures were made 

a l s o  w i t h  the  mon i to rs  d u r i n g  the  December, 1984 through February,  1985 t ime 

per iod .  

-4- 6 



The radon mon i to r i ng  network a t  t he  Feed M a t e r i a l s  PrGductiGn Center, 
~ . .  ;- Oh-ib- c-o-n-s-i-s-t-s---of -a- s-er-i es- o'f--mon i-tors---s-u-r-r-ou-"-di n-g-th-e- K--65 --resi - due 

_ -  - 

storage tanks a t  t h e  fence l i ne  immediately around t h e  tanks, and a t  

success ive ly  i nc reas ing  d i s tances  from the  tanks. The c r e a t e s t  concentra- 
t i o n  o f  moni tors  was emplaced eas t  o f  t h e  tanks s ince  t h e  f e n c e l i n e  o f  t he  

p roduc t i on  area i s  j u s t  over  1000 f e e t  from the  tanks i n  the  downwinr: 
d i  r e c t  i on .  

F igu re  1 shows t h e  l o c a t i o n s  of  moni tors  i n  the  network a t  t h e  Feed 

M a t e r i a l s  Product ion Center, Fernald,  Ohio. A l l  mon i to rs  a re  l oca ted  o n s i t e  

w i t h  mon i to rs  #15, #17, and #18 be ing  a t  s i t e  boundar ies ad jacent  t o  nearby 
roads a t  sampling s t a t i o n s  a l ready  used by Na t iona l  Lead o f  Ohio, 

Incorpora ted  f o r  o t h e r  m o n i t o r i n g  a c t i v i t i e s .  The p r e v a i l i n g  winds i n  the  

reg ion  are  genera l l y  southwest t o  ncr theas t .  

e 

- -  

Measurements o f  radon i n  a i r  i n  the  env i rons o f  t h e  K-65 residl;e s torage 
tanks were i n i t i a t e d  by Monsanto-Mound on September 20, 1984. S i x  monitcjrs 

were emplaced on t h i s  date.  Subsequently, s i x  add i t i on21  mon i to rs  were i n -  

s t a l l e d  on September 27, t h r e e  on October 18, and two on December 5, 1984. 
Since December 5, these seventeen mon i to rs  have been o p e r a t i v e  i n  the  n e t -  

work. 

B. Radon F lux  Measurements Methods 

A number o f  methods have been used t o  measure the  radon f l u x  f rom sur faces.  

Accumulator methods ( 2 ) ( 3 )  have been used ex tens i ve l y .  These methods invo lve  

t h e  c o l l e c t i o n  o f  radon i n  a c losed con ta ine r  p laced on a sur face  fo l l cwed 

by t h e  measurement o f  radon i n  a i r  taken from the  con ta ine r  by such methods 

as t h e  alpha s c i n t i l l a t i o n  f l a s k .  The charcoal  c a n i s t e r  method developed by 

Countess (4 )  i s  r e l a t i v e l y  easy t o  app ly  and g ives  e s s e n t i a l l y  a t i m e -  
i n t e g r a t e d  measurement o f  t he  radon f l u x ,  The Charcoal Can is te r  method was 
used i n  t h i s  study. 

-5- 



The Charcoal Can is te rs  used were approx imate ly  4" d iameter  by 1 1/2" h igh .  

The procedure f o r  a p p l y i n g  t h e  c a n i s t e r  method i n v o l v e d  t h e  placement o f  t h e  

c a n i s t e r  on t h e  emanating source f o r  a t ime  p e r i o d  depending upon t h e  magni- 

tude o f  t h e  source. S p e c i f i c a l l y ,  t h e  c a n i s t e r  was i n s e r t e d  i n  a PVC 
adapter r i n g  which p laced t h e  f a c e  o f  t h e  c a n i s t e r  a t  approx imate ly  i / 2 "  
f rom t h e  conc re te  surface t o  n i n i m i z e  contaminat ion  from t h i s  su r face .  Both 
t h e  i n t e r f a c e  between r i n g  and c a n i s t e r  and between r i n g  and conc re te  

surface were sealed w i t h  a p l i a b l e  c a u l k i n g  m a t e r i a l .  The c a n i s t e r  was 

sealed a t  t h e  t e r m i n a t i c n  o f  t h e  exposure w i t h  a t i g h t - f i t t i n g  meta l  l i d  

taped i n  place. The **2Rn con ten t  o f  t h e  c a n i s t e r  was then analyzed u s i n s  a 

c a l i b r a t e d  3" x 3" NaI(T1) s c i n t i l l a t i o n  spectrometer system i n  t h e  radon 
l a b o r a t o r y  a t  Monsanto-Mound. The i n t e g r a t i o n  r e g i o n  on t h e  mu l t i channe l  

ana lyzer  was s e t  t c j  encompass t h e  0.242 MeV, 0.294 MeV, and 0.352 l e \ /  

photons f rom 214Pb and t h e  0.609 MeV photon from 2 1 4 E i .  

Twenty-four l o c a t i o n s  were se lec ted  on bo th  t h e  n o r t h  and south  r e s i d u e  

s to rage tanks  f o r  radon f l u x  measurements. A l a y o u t  d rawing  o f  t h e  

l o c a t i o n s  on each tank  i s  shown i n  F i g u r e  2. On t h e  n o r t h  tank ,  t h e  

l o c a t i o n s  were designated 1 th rough 24 as shown i n  t h e  f i g u r e ,  and cfi t h e  

south tank, they  were designated 25 through 48. On t h e  n o r t h  tank ,  t h e  

l o c a t i o n s  i, 2, 3, 13. 14, and 15 were a long  t h e  no r th / sou th  l i n e ;  whereas. 

l o c a t i o n s  7, 8, 9, 19,  20, and 21  were a long  t h e  east/lhrest l i n e .  

E s s e n t i a l l y ,  a l l  o f  these c a n i s t e r s  were cn i n t a c t  conc re te  s h o w i q  no 

se r ious  c racks  o r  f i s s u r e s .  The remaining twe lve  l o c a t i o n s  were chosen i n  

areas which had obvious cracks o r  f i ssu res .  A s i m i l a r  cho ice  c f  l o c a t i o n s  

was used on t h e  south tank, namely, those c a n i s t e r s  a long t h e  no r th / sou tb  

and eas t /wes t  l i n e s  be ing  e s s e n t i a l l y  on i n t a c t  concrete,  t h e  rema iv ing  

c a n i s t e r s  b e i n g  p laced i n  l c c a t i o n s  w i t h  obvious c racks  o r  f i s s u r e s .  

On October 18 and 24, 1984 radon f l u x  f rom the  concre te  su r faces  of t h e  two 

res idue  s to rage  tanks was measured by t h e  use of charcoa l  c a n i s t e r s .  

Can is te rs  were placed a t  t h e  24 l o c a t i o n s  on each tank  and subsequent ly 0 
analyzed a t  Monsanto-Mound f o r  radon uptake. 

-6- fi 



RESULTS 

A. Radon Mon i to r i na  Network 

.- 

Table 1 i s  a sumtary of radon concent ra t ions  f o r  t he  Fernald,  Ohio radon 

mon i to r i ng  network f o r  t he  p e r i o d  from September 20, 1984 t o  February 5 ,  
1985 ranked i n  o rder  of decreas ing concent ra t ions .  A to ta :  of 215 measure- 

ments o f  radon concen t ra t i on  i n t e g r a t e d  over  one- o r  two-week per iods  was 

made. The number o f  samples a t  d i f f e r e n t  l o c a t i o n s  v a r i e d  because c.f a i f -  

ferences i n  the  dates of i n i t i a t i o n  of mon i to r ing ,  as p r e v i o u s l y  mentioned. 

I n  a d d i t i o n ,  severa l  samples were found t o  be i n v a l i d  due t o  anomalous 
readings o f  TLD chips,  and thus  those data do n o t  appear i n  Table 1. 

Average radon concent ra t ions  range f rom 5.1 p C i / l i t e r  t o  0.24 p C i / l i t e r .  

Maximum c m c e n t r a t i o n s  a re  observed a t  mon i to r i ng  l o c a t i o n s  around the  

tanks, w h i l e  minimum concent ra t ions  were found a t  t he  th ree  mon i to rs  l c c a t e d  

t h e  f a r t h e s t  downwind a long t h e  eas tern  s i t e  per imeter .  These l o c a t i o n s  
were w i t h i n  the  range of background; whereas, a l l  o the r  l o c a t i o n s  were above 

the  background range. 

F igu re  3 i s  a cumulat ive p r o b a b i l i t y  p l o t  of t he  average radon concen:ration 

values summarized i n  Table 1. The break i n  the  curve a t  approx imate ly  (2.3 
p C i / l i t e r  d i f f e r e n t i a t e s  those mon i to rs  w i t h i n  the  range o f  background f rom 

those which a re  i n f l uenced  by radon from another  source o r  sources (K-65 
res idue  s torage tanks) .  Data f rom the  th ree  moni tors  w i t h i n  t h e  rance o f  

background appear t o  f o l l o w  a l i n e a r  p l o t ,  whereas t h e  concent ra t ions  f rom 

t h e  remain ins r ron i tors ,  a l l  o f  which a re  above background, f o l l o w  a d i s t r i -  

b u t i o n  o f  two d i f f e r i n g  s lopes. Th is  may be due t o  l o c a l  versus more 

d i s t a n t  e f f e c t s  f rom an extended source. 

To i l l u s t r a t e  the  i n f l u e n c e  o f  radon from the  res idue s to rage tanks on the  

near env i rons,  t he  average radon concen t ra t i on  values f rom Table 1 a r e  shcwn 

- 7 -  
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superimposed on a map of the Fernald S i t e  i n  Figure 4.  The e f fec ts  of  
transport of radon toward the east  and north a re  seen from t h i s  f igure.  Al l  
a long  the production fence east  of the tanks, fo r  example, the radon con- 
centration ranges from s l igh t ly  below t o  s l igh t ly  above 1.0 pCi/l i%er.  The 
concentration in much of the area between the storase t anks  and  production 
fence appears t o  be above 1.0 pCi/ l i ter .  

Figure 5 shows the contours of equal radon concentraijon derived from the 
p l o t  i n  Figure 3 .  Again, the transport of radon toward the north and  eas t  
i s  evident. The 1.0 pCi/ l i ter  contour f a l l s  approximately half-way into 
the production area. Essentially the en t i r e  production area i s  w i t h i n  the 
0.5 pCi/ l i ter  contour. The 2.0 pCi/ l i ter  contour projects i n  an easter ly  
direction to  approximately half-way between the residue storage tanks and 
the production area fence. I t  appears that  toward the west the 0 .5  
pCi/ l i ter  contour projects t o  the boundary fence a t  Faddy's Run Road. 

B. Radon F l u x  Monitoring 

Several weeks prior t o  the f l u x  monitoring e f f o r t ,  personnel o f  Ciak Ridge 
National Laboratory and tvlonsanto-Mound carried out limited f l u x  measurements 
and ancil lary measurements w i t h  portable survey meters. I t  was found t h a t  
when alpha probes were held over some of the obvious cracks, the meters 
(Ludlum Model 12 )  were disabled even on the l eas t  sensi t ive scale.  Like- 
wise, substantial readings were found where metal rods and pipes protruded 
through the concrete surface. 

From these preliminary studies,  i t  was decided that  i t  would be imperative 
t o  evaluate whether the rate of release of radon from scme of the mc;re 
serious cracks was suff ic ient  t o  saturate  charcoal canis ters .  Two locaticns 
on the north t a n k  which appeared to  have the most s ignif icant  cracks, and  
the highest radon f l u x  as determined by alpha survey riieter readings, were 
thus selected for  study. Charcoal canis ters  were placed cn each location 
for  several different  periods of  time and subsequently meastired on the 
sc in t i l l a t i on  spectrometer. 

0 
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F igu re  6 shows t h e  r e s u l t s  of t h i s  study. Each c m i s t e r  was analyzed and 

c a l i b r a t i o n  o f  t h e  s c i n t i l l a t i o n  spectrometer. Th i s  c a l c u l a t e d  value, 

c o r r e c t e d  f o r  decay back t o  t h e  t ime  o f  c o l l e c t i o n ,  was then p l o t t e d  versus 

the  l e n g t h  o f  t ime  f o r  each exposure. As may be seen f rom F i g u r e  6, t h e  

uptake i s  l i n e a r  f rom zero t o  200 t o  250 m ic rocu r ies .  F u r t h e r  uptake i s  
markedly non l i nea r ,  thus i n d i c a t i n g  p a r t i a l  s a t u r a t i o n  o f  t h e  charcoal  

c a n i s t e r .  For  bo th  o f  t h e  l o c a t i o n s  i n v e s t i g a t e d  i n  t h i s  study, t h e  200 t o  
250 m i c r o c u r i e  uptake r e q u i r e d  o n l y  20 minutes of exposure, which t r a n s l a t e d  

i n t o  e leva ted  radon f l u x  values. C l e a r l y ,  t h e  exposure time f o r  these f l u x  
measurements i s  cons iderab ly  d i f f e r e n t  f rom t h e  measurements on m i l l  t a i l -  

i ngs  and s o i l s  which a r e  u s u a l l y  c a r r i e d  o u t  over a p e r i o d  o f  severa l  days. 

Exposures o f  severa l  days w i t h  t h e  h i g h  f l u x  values i n  c e r t a i n  l o c a t i o n s  on 
t h e  res idue  s to rage tanks would be meaningless i n  view c j f  t h e  sho r t - te rm 

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

. E h.e-. t.o-t.a 1. . u p t ~ a k e ~ . ~ o ~ f . ~ . r a ~ ~ o . n ~ ~  . ..,.- n---m.,.c-r.o-cur -,.. e~s- -wasal-c-ul a-.te-d-- b-a3e-Q7-~o-n. - - 

B u i l d i n g  upon t h e  f i n d i n g s  of t h i s  study, i t  was decided t o  expose c a n i s t e r s  

on areas o f  obvious cracks and f i s s u r e s  f o r  l e s s  than an hour; whereas, 

those on what appeared t o  be i n t a c t  concre te  would be exposed f o r  approx i -  

mate ly  two hours. I t  wis est imated t h a t  exposures f o r  these t i m e  i n t e r v a l s  

should produce s u f f i c i e n t  adsorbed radon a c t i v i t y  t o  be capable o f  measure- 
ment on t h e  s c i n t i l l a t i o n  spectrometer. F lux  exposures on t h e  'K-65 res idue  

s to rage tanks were thus made on October 24, 1984. Resu l ts  o f  t h e  f l u x  

measurements a r e  compiled i n  Tab le  2. 

I n  s p i t e  o f  t h e  s e l e c t i o n  o f  t h e  t imes crf exposure as descr ibed above, 

c e r t a i n  c a n i s t e r s  cou ld  n o t  be measured immediately on t h e  s c i n t i l l a t i o n  

spectrometer.  A number o f  c a n i s t e r s  ccrrrtained s u f f i c i e n t  222Rn a c t i v i t y  

t h a t  t h e  su r face  gamma-ray exposure r a t e s  were many tens of mR/hr. Th i s  

r e s u l t e d  i n  a p r o h i b i t i v e l y  h i g h  count r a t e  on t h e  spectrometer. 

-9- 
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To p e r m i t  t h e  measurement o f  c a n i s t e r s  w i t h  e leva ted  gamma-ray emission 

ra tes ,  two low-geometry coun t ing  c o n d i t i o n s  were e s t a b l i s h e d  which c o u l d  be 

r e a d i l y  r e l a t e d  t o  t h e  coun t ing  e f f i c i e n c y  on t h e  c r y s t a l  sur face .  I n  t h e  

f i r s t  c o n d i t i o n ,  t h e  c a n i s t e r  was p laced on t h e  end of a PVC tube i n  a 

r e p r o d u c i b l e  l o c a t i o n ,  about 12" f rom t h e  c r y s t a l  sur face .  I n  t h e  second 

c o n d i t i o n ,  l e a d  s h i e l d i n g  w i t h  a h o l e  o f  approx imate ly  3/4" d iameter  was 
p laced on t h e  end of t h e  PVC tube. Cond i t i on  1 r e s u l t e d  i n  an e f f i c i e n c y  

r e d u c t i o n  o f  approximately a f a c t o r  o f  20; whereas, i n  c o n d i t i o n  2 t h e  

e f f i c i e n c y  r e d u c t i o n  was approx imate ly  a f a c t o r  o f  386. A l l  measured values 

were r e l a t e d  t o  those on t h e  c r y s t a l  surface. The coun t ing  E f f i c i e n c y  on 
t h e  c r y s t a l  su r face  i n  counts p e r  minu te  pe r  p i c o c u r i e  o f  222Rn was d e t e r -  

mined by c ross  c a l i b r a t i o n  w i t h  t h e  Environmental Measurements Labora to ry  
through exposure o f  c a n i s t e r s  on a source o f  known f l u x  ( 5 )  

Even w i th  reduced coun t ing  e f f i c i e n c y ,  i t  was necessary i n  a number o f  cases 0 
t o  w a i t  as l ona  as 8 days be fo re  ana lyz ing  c e r t a i n  c a n i s t e r s  on t h e  spec t ro -  

meter. Most c a n i s t e r s  were, however, analyzed d u r i n g  t h e  f i r s t  fcur days. 

Fo l l ow ing  t h e  i n i t i a l  measurement, a l l  c a n i s t e r s  were analyzed a t  l e a s t  a 

second t ime  and i n  most cases, a t  l e a s t  seven t o  t e n  t imes ove r  h two t o  

seven week t ime  per iod .  Each a n a l y s i s  was decay, geometry, and e f f i c i e n c y  

c o r r e c t e d  t o  o b t a i n  t h e  m i c r o c u r i e  va lue  a t  t ime  o f  c o l l e c t i o n .  Any leakage 

f rom c a n i s t e r s  was determined by f o l l o w i n g  t h e  decrease i n  t h e  c o r r e c t e d  

m i c r o c u r i e  va lue  a t  t ime  o f  c o l l e c t i o n .  C o r r e c t i o n  was made f o r  feakage o f  

radon i n  severa l  cases by e x t r a p o l a t i o n  o f  these da ta  back t o  tim o f  

c o l l e c t i o n .  I n  severa l  ins tances ,  i t  was a l s o  necessary t o  c o r r e c t  f o r  

s a t u r a t i o n  e f f e c t s .  Th i s  was done by assuming t h a t  t h e  uptake o f  radon 

a c t u a l l y  fo l lowed t h e  exper imental  curve shown i n  F i g u r e  6 and a d j u s t i n g  t o  

t h e  1 i n e a r  e x t r a p o l  a t i o n  above 200 m ic rocu r ies .  

A l l  da ta  shown i n  Table 2 were c o r r e c t e d  f o r  leakage and f o r  s z t u r a t i o n  

e f f e c t s .  The f l u x  values a r e  i n  pCi/m2/sec. Th is  assumes t h a t  t h e  accumu- 

l a t e d  radon i s  coming f rom a p l a n a r  source which, i n  t h e  case o f  cracks (;r 

f i s s u r e s ,  i s  n o t  t rue ;  a l though, i t  p rov ides  a bas i s  of comparison. 

0 
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I n  another  column of Table 2 t h e  r a t e  o f  radon re lease  i s  expressed i n  

pCi/cm/sec. The assumption made i n  t h i s  case i z  t h a t  t he  r a d o n - i s  cominrj 
through a s i n g l e  crack of undefined w i d t h  whose l e n g t h  i s  equal t o  t h e  d i a -  

meter o f  t h e  c a n i s t e r .  Although t h i s  i s  n o t  always t r u e ,  i t  i s  aga in  a 
b a s i s  f o r  comparison. It might  a l s o  serve t o  appror imate t h e  magnitude o f  

t h e  source a long c e r t a i n  cracks. 

F lux  values on t h e  n o r t h  tank range f rom approximately 13 pCi/m*/sec t o  3 x 

l o7  pCi/m2/sec and on t h e  south tank from approximately 30 pCi/mZ/sec t o  

1.4 x l o7  pCi/m2/sec. I n  general ,  t h e  values found on i n t a c t  c o w r e t e  were 
lower  than values ob ta ined a t  nearby l o c a t i o n s  hav ing  obvious cracks and 
f i s s u r e s ;  a l though, t h e r e  i s  cons ide rab le  ove r lap  of t h e  data. The magni- 

tude o f  t h e  f l u x  values found on what appeared t o  be i n t z c i  concre te  suggest 

t h a t  smal l  c racks  and f i s s u r e s  n o t  apparent t o  t h e  eye may be presef i t .  

DISCUSSION 

Resu l ts  o f  t ime- in teg ra ted  radon measurements i n  t h e  env i rons  o f  t h e  K-65 
res idue  s to rage tanks show t h a t  l e v e l s  above background p reva i  1 th roushout  

most o f  t h e  Ferna ld  s i t e .  A p o r t i o n  of t h e  p roduc t i on  area f c  above 1.0 
p C i / l i t e r ,  e s s e n t i a l l y  t he  remaining p o r t i o n  be ing  i n  the  range of 0.5 t o  
1.0 p C i / l i t e r .  Leve ls  between 1.0 and 2.0 p C i / l i t e r  p r e v a i l  through nwch o f  

t h e  area between t h e  tanks and p r o d u c t i o n  area fence t o  t h e  eas t .  The 

background range f o r  t h r e e  mon i to rs  was 0.24 t o  0.29 p C i / l i t e r  which i s  i n  

keeping w i t h  background f rom o t h e r  l o c a t i o n s  i n  t h e  no r theas te rn  ( k i t e d  

Sta tes  o f  approximately 0.2 t o  0.3 p C i / l i t e r i 6 ) .  Thus, the  e f f e c t  of radcr 

re leased f rom t h e  res idue  s to rage tanks  i s  t o  cause an inc rease over  

background of rough ly  a f a c t o r  of 5 t o  8 through a p o r t i o n  o f  t h e  p roduc t i on  

area (1 t o  2 p C i / l i t e r )  and o f  approx imate ly  a f a c t o r  o f  2 t o  5 throughout 

t h e  remainder o f  t h i s  area (0.5 t o  1 p C i / l i t e r ) .  

These o n - s i t e  l e v e l s  a re  below t h e  DOE g u i d e l i n e  va lue  of 3.0 p C i / l i t e r  

above background f o r  u n c o n t r o l l e d  areas and we1 1 be l  ow the  100 p C i / l  i t e r  
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va lue  f o r  occupat iona l  exposures. They a re  thus  w e l l  w i t h i n  r e g u l a t o r y  

gu ide l i nes ,  b u t  may n o t  be as low as reasonably ach ievab le  i n  view o f  t h e  

severa l  - f o l d  inc rease ove r  background. 

The r e s u l t s  summarized i n  Table 1 and r e f e r r e d  t o  above a’re t h e  r e s u l t  o f  

t a k i n g  t h e  average radon c c n c e n t r a t i o n  a t  each l o c a t i o n  ove r  t h e  p e r i o d  from 
September 20, 1984 t o  February 5 ,  1985. 

Seasonal v a r i a t i o n s  w i l l  mod i fy  t h e  l e v e l s  somewhat and p o s s i b l y  a l s o  t h e  

d i r e c t i o n  o f  t r a n s p o r t  o f  radon i f  s j g n i f i c a n t  changes i n  d i r e c t i o n  o f  
p r e v a i l i n g  winds occur. I n  a d d i t i o n ,  i n t e g r a t e d  averaTe values o v e r  a 

c e r t a i n  few days o r  weeks c o u l d  inc rease markedly i n  summer o r  f a l l  months 

i f  i n v e r s i o n  c o n d i t i o n s  e x i s t  th rough t h e  area. 

F l u x  measurements which were made on 24 l o c a t i o n s  on each tank  r e s u l t e c  i n  

values rang ing  f rom approx imate ly  13 pCi/m2/sec t o  3 x l C 7  pCi/m2/sec. 

These values a r e  g r e a t e r  than t h e  Environmental P r o t e c t i o n  Agency s tandard  

f o r  uranium m i l l  t a i l i n g s  d i sposa l  s i t e s  o f  20 pCi/m2/sec(’). They a r e  a l s c  
g r e a t e r  than t h e  re lease  r a t e  o f  radon f rom 23 i n a c t i v e  m i l l  t a i l i n g s  s i t e s  

which range f rom approx imate ly  1 t o  3000 pCi/m2/sec(8). A l l  o f  t h e  

l o c a t i o n s  on tanks which appeared t o  be i n t a c t  conc re te  were comparable i n  

va lue  o r  somewhat h i g h e r  than t h i s  range of values f o r  m i l l  t a i l i n s s  s i t e s .  

Many o f  t h e  l o c a t i o n s  encompassing c racks  produced f l u x  va lues  much h i g h e r  

than t h i s  range as Table 2 shows. 

Al though t h e  measured f l u x  values tend  t o  be h i g h e r  than  those found on 

i n a c t i v e  m i l l  t a i l i n g s  s i t e s ,  t h e  su r face  areas o f  t h e  tanks  a r e  sub- 

s t a n t i a l l y  l e s s  than those o f  t h e  t a i l i n g s  s i t e s ,  i .e.,  severa l  thousand 

square f e e t  versus many acres. Thus, t h e  annual radon r e l e a s e  f rom t h e  

tanks i s  p robab ly  l e s s  than f rom t h e  i n a c t i v e  m i l l  t a i l i n g s  s i t e s  (200 t o  

11,500 C i / y r ) ( 8 ) .  The surfaces of t h e  s to rage tanks rep resen t  a v e r y  d i s -  
cont inuous source. It i s ,  there fore ,  v i r t u a l l y  imposs ib le  t o  employ t h e  0 
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- 
measured f l u x  values t o  i n f e r  a source term. The problem i s  compounded by 

on t o p  o f  t h e  tanks  which cou ld  n o t  be measured by charcoal  c a n i s t e r  

methods. The va lues  ob ta ined i n  t h i s  s tudy  serve t o  h i g h l i g h t  t he  o r d e r  o f  

magnitude o f  t h e  f l u x  and can be used t o  eva lua te  t h e  success o f  any f u t u r e  

remedial a c t i o n  which migh t  be undertaken. 

- - the- ex i s tence  o f  -severe- radon-re-lease -around-most -o f -  t h e  -meta-1--protrusi-ofis-- --  - -  --- 
. - - - __ - - - . . 

The measurement o f  concent ra t ions  of radon i n  z i r  throughout t h e  F e r m l d  

network p rov ides  a d d i t i o n a l  means f o r  t h e  assessment o f  any remedial a c t i o n  
which would be performed on t h e  tanks. A s u b s t a n t i a l  r e d u c t i o n  i n  t h e  

re lease  r a t e  of radon f rom t h e  tanks  should r e s u l t  i n  a change i n  t h e  radon 
concen t ra t i on  contours  shown i n  F igu re  4. The contours  shown i n  t h i s  f i g u r e  
thus serve as f i n g e r p r i n t s  f o r  f u t u r e  assessment o f  radon re lease  r a t e s .  

RECOMMENDATIONS 

Th is  p r o j e c t  was i n i t i a t e d  t o  document t h e  e x t e n t  o f  radon re iease f rom the  

K-65 res idue  s to rage tanks and i t s  impact on t h e  environs. The r e s u l t s  

summarized i n  t h e  t a b u l a r  data and discussed i n  p rev ious  sec t i ons  of t h i s  

r e p o r t  a r e  t h e  b a s i s  f o r  t h e  f o l l o w i n g  recommendations. 

1. 

2 .  

Continue t o  ma in ta in  t h e  fenced area immediately surrounding t h e  

K-65 res idue  s to rage tanks as a l i m i t e d  access area. The area 

should con t inue  t o  be posted as a h i g h  r a d i a t i o n  area. 

Seal t h e  cracks and i n t e r f a c e s  between metal p r o t r u s i o n s  and 

concre te  sur faces  w i t h  an a p p r o p r i a t e  sea lan t  t o  s i g n i f i c a n t l y  

i n h i b i t  t h e  t r a n s p o r t  o f  radon. A p l a s t i c  c o a t i n g  (such as Gow 

Corning s i 1  i cone)  which i s  adherant t o  these surfaces, w i ths tands  

extremes o f  weather c c n d i t i o n s ,  and some abuse from wa lk ing  would 

be requ i red .  Personnel f a m i l i a r  w i t h  p r o p e r t i e s  o f  such coa t ings  

-13- 



should be consu l ted  or: a s u i t a b l e  m a t e r i a l .  T h i s  a c t i o n  kiould be 
i n  keeping w i t h  t h e  ALARA ph i losophy o f  m i n i m i z i n g  exposures t o  

workers f rom a source o f  exposure f o r  which t h e r e  i s  no e v i d e n t  

b e n e f i t  f o r  t h e  r i s k  invo lved.  

3. Continue radon m o n i t o r i n g  and expand t h e  network t o  severa l  

o f f - s i t e  l o c a t i o n s .  
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Tab:e 1 

SUMMARY OF DATA FOR FERNALD RADGN MONITORING NETWORK 
FOR THE PERIOD OF SEPTEMBER 2C, 1984 TO FEBRUARY 5 ,  1985 

Locat ions Above Range of  Background 

# 3  
# 1  
x 5  
i r 4  
$ 2  
x12 
n " 6  
# 7  
$ 8  
f l l  
# 9  

- - $10 

#13 

West per imeter  K-65 fence 
East pe r ine%er  K-65 fence 
NE 30 meters 
Nor th  per imeter  K-65 fence 
South persr ie ter  K-65 fence 
Northwest 200 meters 
East 75 meters 
East p roduc t i on  fence 
Southeast p roduc t i on  fence 
Nor th  300 r e t e r s  
Nor theast  p roduc t i on  fence 
Nor th  nor theas t  p roduc t i on  

South 150 meters 
fence 

$15 West Paddy's Run Rcad 0 
Locat ions  i n  Background Range 

#14 East sewage t rea tment  p l a n t  
#18 Northeast  r o u t e  126 
ti17 Southeast W i  1 ey Road 

Number 
o f  Radon Conc. p C i / l i t e r  Date 

Samples Ave. Std. E r r o r  I n i t i a t e d  

15 
15 
15 
15 
15 
13 
15 
14 
13 
14 
14 
13 

5 .1  
3.6 
3.6 
3.0 
1.6 
1.7 
1.3 
1.2 
1.0 
0.97 
0.82 
0.71 

0.6 
0.5 
0.5 
0.4 
0.2 
0.2 
0.1 
0.1 
0 .1  
0.14 
0.11 
0.08 

09/20/84 
0 9 / 2 0 /e @- 

09/20/84 
09/2c'/84 
09/20/84 
09/27/84 
C9/20/84 
09/27/84 
09/27/84 
09/27/84 
09/ 2 7/84 
09/27/84 

11 0.60 0.09 l G /  18/84 
12 0.46 0.05 10/ 18/84 

11 0.29 0.03 l G /  18/&4 
5 0.24 0.04 12/05/84 
5 0.24 0.04 12/05/84 
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Figure 1. 
Radon Monitoring Network, Fernald, Ohio 
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Figure 2A. 
Charcoal Canister Locations - North K65 Tank 
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Figure 2B. 
Charcoal Canister Locations - South K65 Tank 
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Figure 4. 
Average Radon Concentrations in pCi/liter for Seventeen Locations in Fernald, Ohio, 

Radon Monitoring Network for the Period from September 20, 1984 to February 5, 1985 
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Figure 5. 
Contours of Equal Radon Concentration (pCi/liter) Derived From 

Radon Concentration Measurements, Fernald, Ohio for the Period From 
September 20, 1984 to February 5, 1985 
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Figure 6. 
Buildup of 222Rn Activity in Charcoal Canisters Exposed for Increasing Periods 

of Exposure at  Two Locations on K65 Residue Storage Tanks, 
Fernald, Ohio, on October 18, 1984 
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