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ASSESSMENT OF RADIOLOGICAL IMPACT OF THE INACTIVE 

URANIUM MILL TAILINGS PILE AT SALT LAKE CITY, UTAH 

F. F. Haywood, W .  A. Goldsmith, P. T. Perdue, 
W .  F. Fox, and W. H. Shinpaugh 

ABSTRACT 

One o f  t h e  l a r g e s t  i n a c t i v e  uranium m i l l  t a i l i n g s  p i l e s  i n  t he  
Uni ted States i s  loca ted  w i t h i n  me t ropo l i t an  S a l t  Lake City, Utah. A 
r a d i o l o g i c a l  survey was performed a t  t h i s  s i t e  du r ing  the  f a l l  o f  1975. 
A  se r ies  o f  f i e l d  and l abo ra to ry  analyses were performed t o  cha rac te r i ze  
t h e  spread o f  contaminat ion f rom the  t a i l i n g s  p i l e  t o  surrounding areas. 
These analyses prov ided a  bas is  f o r  d iscuss ion  o f  t h e  important  pathways 
f o r  t ranspor t  o f  r a d i o a c t i v i t y  t o  man. Measurements o f  rad ionuc l i de  
concentrat ions i n  s o i l  i nd i ca ted  t h a t  radium had migrated up t o  one 
meter i n t o  s o i l  beneath the  t a i l i n g s .  T a i l i n g s  ma te r ia l  was found o u t  
t o  d is tances o f  several hundred meters, most ly  i n  t he  p r e v a i l i n g  wind 
d i r e c t i o n s .  Elevated l e v e l s  o f  226Ra, 238U, 230Th, and 210Pb were found 
i n  sediments o f  streams running through the  m i l l  s i t e ;  b u t  i n  Jordan 
R ive r  samples, rad ionuc l i de  concentrat ions were o f  t he  same magnitude as 
background samples c o l l e c t e d  i n  o the r  p a r t s  o f  t he  S a l t  Lake Val l e y .  
Atmospheric d i spe rs ion  o f  radon gas, which emanates from t h e  p i l e  con- 
t i nuous l y ,  was ca l cu la ted  us ing  a  model developed by W. Cul kowski . 
The area source term f o r  t h i s  model was determined from a v a i l a b l e  data 
on radon emanation from t a i l i n g s  sands. Po ten t i a l  h e a l t h  e f f e c t s  f o r  
cont inuous exposure t o  radon progeny and ex terna l  gamma r a d i a t i o n  from 
the  p i l e  i n  i t s  c u r r e n t  s t a t e  were est imated us ing  r i s k  es t imators  pre-  
sented i n  t he  BEIR repo r t .  For t he  400,000 res iden ts  w i t h i n  11 km (7 m i )  
of  t he  p i l e ,  0.4 cases o f  l ung  cancer per  year  were est imated. For t h e  
same pop1~1at.ion exposed t o  na tu ra l  l e v e l s  o f  radon pruyeny, 7.2 cases 
per  year  were estimated. Based on t h e  assumption t h a t  cancer i n d u c t i o n  
i s  l i n e a r  w i t h  dose down t o  t h e  low dose range observed i n  t h i s  study, 
t h e  m o r t a l i t y  r a t e  a t t r i b u t a b l e  t o  a l l  cancers r e s u l t i n g  from whole 
body gamma-ray exposure of t h e  same popu la t ion  was est imated t o  be 0.04 
deaths per  year.  The comparable m o r t a l i t y  r a t e  due t o  background gamma 
r a d i a t i o n  was est imated t o  be 3.6 deaths per  year.  These p o t e n t i a l  h e a l t h  
e f f e c t s  were ex t rapo la ted  t o  medium and h igh  d e r ~ s i t y  popu la t ion  pro-  
j e c t i o n s .  For l ung  cancer, t h e  inc idence was 3 and 4  cases per  year,  
respec t i ve l y .  The major h e a l t h  r i s k  was i n h a l a t i o n  o f  t-ddur~ progeny. 
The c o n t r i b u t i o n s  of o ther  pathways t o  p o t e n t i a l  h e a l t h  ef fects were l e s s  
than the  e r r o r  associated w i t h  t h e  est imates o f  radon concentrat ion.  



1 . INTRODUCTION 

The milling of uranium ore produces a uranium-concentrated product 

called "ye1 low cake" from an ore feed containing a few tenths of a percent 

uranium by weight. The processes involved in a milling operation, dis- 

cussed in detai 1 el sewhere, are grinding and crushing, 1 eaching 

uranium from ore, and recovering the uranium from leach liquor. The 

leaching step produces a solid waste called tailings that is usually 

impounded on mi 1 1  property. M i  1 1  tai 1 ings consist of urani urn-depl ered 

ore, processing chemical s , and prucess w i ~ s l ~  water. Practical ly a1 1 

uranium daughter radionucl ides in the ore appear i n  the tailings. 

Uranium mills have been operating at various locations in the 

western United States for the past three decades. The average operating 

lifetime of a uranium mill has been about 12 to 15 years. Consequently, 

24 of the older mills have been closed down. These inactive mill sites 

contain about 20% of all tailings impounded in the United States. ( 3 )  

Frequently mill properties were vacated with little if any attention 

given to preparation of tailings for long-term storaye or disposal. 

Tailings are a source of gamma radiation, radon and other airborne 

contamination, and water contamination. Furthermore, tailings material 

has been removed by individuals for private use. An uncontrolled inactive 

tailings pile may be regarded as: 

1 .  A large, highly dispersed, uncontained source of 

radioactivity 

2. An unattended source with minimal restraints to 

pub1 ic access 



3.  A source which will yield continuous public exposure 

to radiation for several millenia 

4. A source of waste-process chemicals and toxic elements 

continued in the discarded ore matrix. 

Since tailings piles represent a public nuisance and potential radio- 

logical hazard, one of two approaches could be taken to reduce or 

minimize impacts of piles: in situ stabilization or removal to a site 

better suited for long-term management. 

The inactive uranium mill in Salt Lake City, Utah, was formerly 

operated by the Vitro Corporation. At this mill site is a tailings pile 

that contains an inventory of % 1400 Ci of 226Ra and its daughters spread 

over an area of % 5 x lo5 m2 (110 acres). The metropolitan area of Salt 

Lake City and its 400,000 inhabitants are within 1 1  km (7 mi) of the site. 

This report presents the results of field and laboratory analyses 

performed in support of a radiological assessment of this inactive mill 

site. Physical measurements included: (1 ) the depth of radionucl ide 

contamination o f  soil underlying the tail ings, (2) the concentration of 

radionuclides in groundwater, (3) the degree of spread of tailings due 

to wind and water erosion, (4) radon progeny concentrations in structures 

near the pile, and (5) external radiation levels on the pile, in structures 

near the pile, and at points of public access along the site perimeter. 

These results are interpreted to estimate present and extrapolated maximum 

pub1 i.c radiation exposures. 

It is shown in this report that the radon diffusion pathway for 

exposure to.man predominates at all points outside the perimeter of the 

mill site. If the nature of property development were to change from 



commercial to high density residential at some time in the future, 

cumulative population exposures would be dependent on the degree of 

remedial action taken. Remedial action recommendations will be based 

on the results of this work combined with an engineering study of 

inactive uranium mi 1 1  s being conducted by the firm of Ford, Bacon and 

Davis, Utah, of Salt Lake City, Utah. (4  



2. BACKGROUND AND OBJECTIVES 

The former V i  t r o  m i l l  was constructed du r ing  World War I 1  t o  produce 

alumina. Uranium m i l l i n g  operat ions began a t  t h i s  s i t e  i n  1951 and con- 

t i nued  f o r  14 years. The m i l l  was then converted t o  process ferrophos 

f o r  vanadium recovery. Uranium m i l l i n g  was c a r r i e d  o u t  i n  S a l t  Lake 

City because the  abandoned alumina m i l l  was a v a i l a b l e  and t h e  s i t e  was 

convenient t o  r a i l  t ranspor ta t ion .  

Two leaching processes were used dur ing  t h e  14 years o f  uranium 

mi l lSng,  The i n i t i a l  operat ion,  from 1951 t o  1957, inc luded an a c i d  

leach and uranous phosphate p r e c i p i t a t i o n .  I n  1957, a 20% increase i n  

product ion was obtained by a p l a n t  expansion and process m o d i f i c a t i o n  i n  

which a so lvent  e x t r a c t i o n  process was s u b s t i t u t e d  f o r  t h e  p r e c i p i t a t i o n  

step. Then, p r i o r  t o  shutdown i n  1968, the  vanadium e x t r a c t i o n  work was 

c a r r i e d  o u t  f o r  about f o u r  years. 

Wastes from these processes consisted o f  t he  remains o f  t h e  f i n e  

o r e  p a r t i c l e s  ( t a i  1 ings)  , var ious chemical compounds used du r ing  t h e  

t o t a l  separat ion process, and process water used f o r  washing and f o r  

s l u r r y  t rans fe r .  T a i l i n g s  represent  a s i g n i f i c a n t  long-term management 

problem because t h i s  mater ia l  i s  nea r l y  equal t o  t h e  feed o r e  i n  q u a n t i t y  

and conta ins most o f  t he  uranium daughters which were n o t  ex t rac ted  w i t h  

t h e  uranium. R a d j o a c t i v i t y  contained i n  the  t a i l i n g s  i s  found i n  both 

t h e  sand and s l ime f rac t ions .  The sl imes are  made up o f  p a r t i c l e s  equal 

t o  o r  l e s s  than 200 mesh and make up approximately 20% o f  t h e  t o t a l  

volume. However, these f i n e  p a r t i c l e s  conta in  80% o r  more o f  t h e  na tu ra l  



r a d i o a c t i v i t y .  The concent ra t ion  o f  2 2 6 ~ a  i n  sl imes r e s u l t i n g  from t h e  

processing o f  western ores may reach 3000 pCi/g, whereas r a d i o a c t i v i t y  

i n  t h e  sands i s  genera l l y  lower by a  fac to r  of 10. 

Vanadium t a i l i n g s  cover pa r t s  o f  t he  waste area. These vanadium . 

t a i l  ings, which a r e  low i n  radium content,  serve t o  r e t a r d  radon emanation 

f rom t h e  under ly ing  uranium t a i l i n g s .  However, t h i s  area i s  n o t  extensive 

and i f  t h e  recomnended remedial a c t i o n  f o r  t h i s  s i t e  should be t a i l i n g s  

removal, then these vanadium t a i l  lngs  would a l so  r e q u i r e  mnving. A 

d e t a i l e d  r a d i a t i o n  survey cou ld  he used t o  de f ine  t h e  s p e c i f i c  t lat l lr~  o f  

t h e  vanadium t a i l i n g s  area. 

A sewage t reatment  p l a n t  on proper ty  adjacent  t o  t h e  V i t r o  m i l l  

began opera t ion  about t h e  same t ime as the  m i l l i n g  operat ions. Since 

1967, sewage sludge from t h i s  p l a n t  has been pumped r o u t i n e l y  onto 

several  sec t ions  of t h e  t a i l  i ngs  p i l e  t o  he lp  reduce t h e  q u a n t i t y  o f  

wind blown mate r ia l  . 
F igure  1  i s  an a e r i a l  photo o f  t h e  s i t e  i n  i t s  present cond i t ion .  

The o v e r a l l  s i t e  i s  approximately square. About th ree- four ths  o f  t h e  

s i t e  area i s  covered by t a i l i n g s ;  t h e  o r i g i n a l  m i l l  and associated 

s t r u c t u r e s  were l oca ted  on t h e  remainder. The pro pert.^ i s  bounded on 

two s ides  by hsavi 1  y t r a v e l e d  streets and highways. In tac t  rerici ng 

e x i s t s  a long 33rd South S t r e e t  and a long 900 West St reet .  However, no 

f e r ~ c i n g  e x i s t s  alotrg Ltie access road t o  the  S a l t  Lake City Suburban 

Sewage Treatment Plant ,  no r  on the  n o r t h  and east  boundaries o f  t h e  

Denver and Rio Grande Western Ra i l road p r o p e r t y e e  dashed l i n e s  i n  .... . 



QRNL Photo 0238-76 

Fig. 1. Aerial view of Vitro mill site,  tailings pile, 
and surrounding area. 



Fig. 1. Therefore, no effective barrier exists to prevent access to 

the tailings. 

The impounded areas grew steadily throughout the years of operation 

until an area of 4.7 x lo5 m2 (~110 acres) was covered with tailings. 

A1 though some plant 1 ife exists along most of the tailings dikes, no 

effort toward stabilization has been attempted for the entire site. 

Therefore, erosion o f  tailings by wind and rain is not adequately 

inhibited. One area o f  about 20 acres was treated experimentally with a 

chemical stabilizer by the U .  S. Bureau of Mines. Some vegetation 

grows in that location, but this does not eliminate dust blowing during 

high winds. 

In addition to the tailings, a considerable amount of rubble from 

the dismantled plant is strewn over large areas. Much of this rubble 

appears to be contaminated with uranium bearing material. 

The significance of this abandoned operation on the local area is 

no1 1 irnited to radiological considerations. The mere presence o f  a 

restricted site within an otherwise busy commercial and industrial area 

creates an economic burden on the area. Because the tailings are radio- 

active, an indefinite ban has been created on construction within 

approximately a 0.5 mile radius of the site. Presently, thcrc i s  some 

discussion about a relaxation on this ban, but there is no clear and 

well -defined policy on this matter. At present, the trend in property 

development is commercial; however, no one can predict the situation for 

this area more than thirty years(4) in the future. Therefore, some degree 
+J: *. -'> -'c 
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of restriction must be placed on the property as long as it remains in 

its present condition. This calls for maintenance of access control 

measures for the foreseeable future. 

Scope of Work 

A detailed characterization of the radiological hazards of the 

Vitro site, as viewed from the standpoint of health effects, is the 

specific objective of this project. In order to complete such a charac- 

terization, it is necessary to do the following: 

1. Determine baseline background data on concentration of perti- 

nent radionuclides, such as 226Ra, 238U, 232Th, 230Th, and 210Pb. 

Numerous samples were co1 1 ected throughout the Sal t Lake Val 1 ey . 
2. Assess the radiological impact of the tailings pile and associ- 

ated mill area in its present condition. This entails a 

detailed study of the radiological variables pertinent to five 

major radiation dose-to-man pathways. 

Assess the radiological impact of possible remedial actions. 

Specific actions which may be taken to reduce, minimize, or 

eliminate the radiological hazard to the public have been 

presented in detail elsewhere. (4 )  These actions include, but 

are not limited to, erecting strong antipersonnel enclosures, 

stabilizing the tailings with various thicknesses of earth 

cover, or removal of tailings to a less populated area. The 

latter action would return the Vitro site to productive use 

and remove restrictions against its projected long-term use 

even for high density residential use. 



I n  support  o f  2 above, i t  was necessary t o  conduct a se r ies  o f  r a d i o l o g i c a l  

measurements. The o b j e c t i v e  o f  these measurements was t o  determine t h e  

magnitude of r a d i a t i o n  l e v e l s  both on and o f f  s i t e .  O f  p r i n c i p a l  concern 

were ground l e v e l  a i r  concent ra t ions  o f  radon and progeny i n  r e s i d e n t i a l  

and commercial areas and t h e  ex ten t  t o  which t a i l i n g s  had spread t o  areas 

surrounding the  m i l l  s i t e .  These r a d i a t i o n  l e v e l s  were evaluated by making 

measurements of t h e  r a d i o n u c l i d e  concent ra t ion  i n  samples o f  s o i l  under- 

l y i n g  t h e  t a i  1 ings, on p roper t y  ad,iacent t o  the  m i l  1 s i t e ,  and i n  samples 

of sur face stream sediments. I n  add i t ion ,  water samples were obtained 

f rom several  p r i v a t e  we l ls ,  f rom sur face streams, and from each ho le  which 

was d r i l l e d  o r  dug on t h e  s i t e .  Concentrat ions o f  radon ( p C i / l i  t e r )  were 

measured f o r  cont inuous 24-hr per iods both indoors and outdoors a t  many 

(4 )  l o c a t i o n s  throughout t h e  S a l t  Lake Va l l ey  by Ford, Bacon and Davis, Utah. 

Some corresponding measurements were made o f  t he  radon progeny concentra- 

t i o n s  ~5 t h i n  s t r u c t u r e s  and i n  outdoor areas. Also, measurements were 

made o f  ex terna l  gamma-ray exposure r a t e s  on the  p i l e  a t  l o c a t i o n s  around 

t h e  per imeter  o f  t h e  s i t e  and a t  p o i n t s  o f  i n t e r e s t  i n  t h e  immediate sur-  

rounding area. 

Rad io log ica l  measurements made i n  t h i s  study a r e  compared t o  and 

supplemented by t h e  r e s u l t s  o f  previous s tud ies  i n  t h e  v i , c i n i t y  o f  t h e  

V i t r o  m i l l .  .These previous s tud ies  have y i e l d e d  data on windblown con- 

taminat ion  as we l l  as data  on background concentrat ions o f  nuc l ides  i n  
. . 

s o i l  and a i r  throughout a l a r g e  area o f  t he  S a l t  Lake Va l ley  and o the r  

p a r t s  o f  t h e  s ta te .  



' 3. BEHAVIOR OF TAILINGS PILE RADIONUCLIDES 
... L 

M i l l i n g  processes remove about 90% o f  t he  uranium b u t  o n l y  a few 

percent  a t '  most o f o t h e r  rad ionuc l i des  i n  the  o r i g i n a l  ore. Daughters o f  

238U c o n t r i b u t e  about 95% o f  t a i l i ' n g s  a c t i v i t y ;  the  daughters o f  235U, 

about 5%. D i f fe rences i n  geochemical p rope r t i es  o f  U and Th suggest 

t h a t  232Th w i l l  n o t  be concentrated i n  postmagmatic minera ls  con ta in ing  

uranium.(6) Ores commdnly mined i n  the  Uni ted States conta in  o n l y  

thor ium isotopes a t t r i b u t a b l e  t o  uranium decay. ( 2 )  T a i l i n g s  which 

r e s u l t e d  from processing ores o l d e r  than a few hundred thousand years 

may con ta in  a c t i v i t i e s  o f  cha in  members approaching e q u i l i b r i u m  w i t h  the  

o r i g i n a l  parent  uranium a c t i v i t y .  A l i s t i n g  o f  the  major uranium and 

ac t i n ium chain members i s  shown i n  Table 1. 

A recent  s tudy by ~ e a l y ( ' )  o f  p lutonium s o i l  contaminat ion serves 

as a good out1 i n e  o f  pathways l ead ing  t o  human exposure. A m o d i f i c a t i o n  

o f  Hea ly 's  approach has been app l i ed  t o  t a i l i n g s  p i l e  rad ionuc l i des  i n  

Table 2. Each o f  t he  pathways l i s t e d  i n  Table 2 should be evaluated i n  

any assessment of the  o v e r a l l  r a d i o l o g i c a l  impact o f  each s p e c i f i c  m i l ' l  

s i t e .  The fac tors  which i n f l u e n c e  the  pathway processes shown i n  Table 2 

w i l l  be evaluated i n  t h i s  chapter.  

Radon D i f f u s i o n  Pathway 

Several gener ic  r a d i o l o g i c a l  assessments have been made f o r  i n a c t i v e  

uranium m i l l  s i t e s .  9 2 9 8 9 9 )  These gener ic  assessments have usual l y  

shown t h a t  222Rn d i f f u s i o n  c o n s t i t u t e s  the  most s i g n i f i c a n t  pathway 
2 2 2 

because o f  i n h a l a t i o n  o f  radon progeny. A wide range o f  est imated Rn 



Table 1. P r inc ipa l  t a i l i n g s  p i l e  radionucl ides 

Primary decay modes -- 
Nucl idea Hal f -1 i fe a 0 - Y  

Uranium scr ies 

Actinium ~ e r i c s  

2 3 5 u  7 X l o e  y X X 

2 3 1 ~ h '  26 h x x 

2 3 1 pa 3.3 x l o 4  y x x 

227Ac 21.6 y x 

2 2 7 ~ h  18 d x x 

223Ra 11.4 d x R 

21 9Tn 4 s X X 

2l5po 1.8 ms x 

211Pb 36 m x x 

2 1  1 ~ i  2.2 m I( x 

2 0 7 ~ 1  4.8 m x 
207Pb Stable 

"inor branches and minor decay modes are no t  1 is ted.  



Table 2.  P r i n c i p a l  rad ionuc l i des  i nvo l ved  i n  pathways 
from t a i l i n g s  p i l e s  t o  man 

Pathway Radionucl ides 
- 

Radon 222Rn 
d i f f u s i o n  

A i rbo rne  2 3 0 ~ h ,  231pa 
a c t i v i t y  

Aquat ic  

Externa l  Dau h t e r s  
gamma o f  426Ra 

Pathway processes Exposure hazard 

D i f f u s i o n  t o  p i l e  su r face  I n h a l a t i o n  o f  
Atmospheric t r a n s p o r t  2 1 8 P ~ ,  214Pb, 
I n h a l a t i o n  2 1 4 ~ j ,  2 1 4 ~ ~  

Resuspension f rom p i l e  I n h a l a t i o n  o f  a i r - .  
sur face borne a c t i v i t y  
Atmospheric t r a n s p o r t  c a r r i e d  by r e s p i r a b l e  
I n h a l a t i o n  p a r t i c l e s  
Body sur face contaminat ion 

Resuspension f rom p i l e  I n  e s t i o n  o f  226Ra, 
surface 2 1  % Pb 
Atmospheric t r a n s p o r t  
Depos i t ion  on s o i l  o r  f o l i a g e  
Uptake by p l a n t s  
I n t a k e  by animals 
Consumption o f  contaminated 
p lan ts ,  meat, and m i l k  
Consumption o f  contaminated 
s o i l  

D i s s o l u t i o n  o f  rad ionuc l  i d e  Inges t i on  o f  226Ra; 
i n  p i l e  who1 e  body gamma 
M i g r a t i o n  through s o i l  t o  i r r a d i a t i o n  
water 
M i g r a t i o n  i n  water 
a. Uptake by aqua t i c  

organisms 
b. Consumption o f  aqua t i c  

organism 
a. Use of  water f o r  

i r r i g a t i o n  
h.  Ilptaki. hy p1ant.s 
c .  Consumption o f  p l a n t s  
Consumption o f  contaminated 
d r i n k i n g  water 
Immersion i n  contaminated water 

A t tenua t ion  by p i  1  e  ma te r ia l  Ex terna l  exposure t o  
A i r - d i s t a n c e  a t t e n u a t i o n  gamma. r a d i a t i o n  pro- 
Externa l  exposure duced by t h e  decay of  

2 2 6 ~ a  and i t s  daughters 



e f f e c t s  has been reported. Klement e t  a1. (8) concluded t h a t  no s ign i f -  

i c an t  r i s k  was imposed upon t he  public by ac t ive  and inact ive  mill ing 

s i t e s .  They s t a t ed  t h a t  population doses from' these  sources cannot be 

dis t inguished from background. On the  other  extreme, there  a r e  those 

who have extrapol ated Environmental Protection Agency (EPA) assumptions ( 2  1 

and have concluded t h a t  222Rn released by uranium mil 1 t a i l  ings wil l  

represent  a f a t a l  encounter f o r  mil l ions  who will  be exposed over a 

period of 80,000 years, The analysis  offered by Sears et, a1 . (9 1 

required many assumptions and was not intended t o  be applied t o  any 

spec i f i c  s i t e ;  however, t h e i r  r e su l t s  indicate  t h a t  222Rn progeny may 

account f o r  > 90% of  t h e  dose t o  individuals residing i n  areas adjacent 

t o  a t a i l i n g s  p i l e .  

The f i r s t  s t e p  i n  t h e  radon dif fus ion pathway i s  the  migration of 

t h i s  i n e r t  gas t o  t he  surface  of the  t a i l i n g s  p i le .  Migration consis ts  

of  two s tages:  d i f fus ion  of 222Rn from i t s  point of or iginat ion in to  

t h e  intergranul a r  capil  l a r y  network, and migration through the  capi 11 a r i e s  

t o  t he  p i l e  surface.  

Only those 222Rn atoms formed by the  decay of 2 2 6 ~ a  a t  o r  very near 

t he  surface  of a p a r t i c l e  a r e  l i ke iy  t o  escape from the  pa r t i c l e .  The 

f rac t ion  of radon which escapes from a pa r t i c l e  i s  ca l led the  "emanation 

factor1 '  o r  "emanating power." Culot e t  a l .  '''I gave an average value 

f n r  . t h i s  f ac to r  of about 23% f o r  uranium mill t a i l i n g s . '  This i s  i n  good 

agreement w i t h  t h e  experimental r e su l t s  obtained f o r  various s o i l s  by 

s i s i g i n a ( l l  ) (14 t o  29%) and by Megumi and Mamuro (12) (25%). 



Radon re leased t o  the  i n t e r s t i t i a l  pores migrates toward t h e  surface 

o f  the  p i l e .  It behaves i n  t h i s  manner due t o  molecular  d i f f u s i o n  whereby 

222Rn moves from a volume of a i r  a t  a h igh  concent ra t ion  (pore a i r )  t o  a 

volume whose concent ra t ion  i s  lower (atmosphere). The movement of t he  

pore a i r  i t s e l f  may e i t h e r  enhance o r  r e t a r d  the  d i f f u s i o n  process. The 

instantaneous f l u x  o f  radon across a u n i t  area o f  t h e  p i l e  sur face may 

be i n f l uenced  .by f a c t o r s  a f f e c t i n g  the  movement o f  pore a i r ,  f o r  example, 

atmospheric pressure, ( I 3 )  temperature d i f f e r e n t i a l  between atmosphere 

and ta i l i ngs , (14 )  wind speed, ( I 5 )  atmospheric s t a b i  1 i t y ( '  6, and 

presence, o r  absence of f r e e z i n g  c o n d i t i o n s .  (15)  The movement o f  pore 

a i r  has l i t t l e  e f f e c t  on a long- term average f l u x  because o f  t h e  c y c l i c a l  

na ture  o f  t h e  short-tern1 v a r i a t i o n s .  

The a p p l i c a t i o n  o f  F i ck ian  d i f f u s i o n  equat ions t o  descr ibe  the  

m ig ra t i on  o f  222Rn through t a i  1 ings  m a t e r i a l  has been developed by 

Cul o t  e t  a1 . ( l o )  who considered a l a y e r  o f  t a i l i n g s  m a t e r i a l  sand- 

wiched between a concrete cover and an ear then base. A s i m i l a r  approach 

can be used t o  de r i ve  an equat ion desc r ib ing  the  222Rn f l u x  d i f f u s i n g  

from a 'bare t a i l i n g s  p i l e :  

K2q2cosh qlt + Klql s i n h  qlt - K2q2 I l o 4  , (1)  
Klqlcosh qlt + K2q2 s inh  qlt 

where 
1 /2 

9 i 



and J i s  t h e  2 2 2 ~ n  f l u x  f rom the  p i l e  sur face (pCi/m2-sec), 

K  i s  the  b u l k  d i f f u s i o n  c o e f f i c i e n t  (cm2/sec), 

X i s  t h e  decay constant  o f  222Rn (2.10 x 1 0 ' ~  sec'l), 

p  i s  t h e  p o r o s i t y  o f  the  medium ( f r a c t i o n ) ,  

E i s  t h e  emanation f a c t o r ,  

R i s  t h e  2 2 6 ~ a  con ten t  o f  t h e  t a i l i n g s  (pCi/g),  

p i s  t h e  bul  k  densi t.y o f  t h e  t a i  1  ings (g/crn3 1, 

t i s  t h e  depth of the  t a f  1 ings p i  l e  (cm) , 

s u b s c r i p t  1  r e f e r s  t o  t a i l i n g s ,  

s u b s c r i p t  2 r e f e r s  t o  s o i l  below t a i l i n g s .  

The inverse o f  q  i s  c a l l e d  the  " r e l a x a t i o n  lengthM-the thickness 

o f  source- f ree m a t e r i a l  requ i red  t o  reduce the  radon f l u x  t o  37% ( l / e l "  

o f  i t s  o r i g i n a l  value. The d i f f u s i o n  coe f f i c i en t ,  K, represents the  

e f f e c t  o f  the  p r o p e r t i e s  o f  t he  medium on the  d i f f u s i o n  process. 

7, presents evidence which i nd i ca tes  t h a t  t h e  d i f f u s i o n  Baver , 

c o e f f i c i e n t  o f  a  porous medium va r ies  i n v e r s e l y  w i t h  the  t o r t u o s i  t y  o f  

t h e  medium. The p o r o s i t y ,  p, which represents the  r a t i o  o f  t he  cross- 

sec t iona l  area o f  pores compared t o  the  t o t a l  cross sec t i on  o f  t he  bu lk  

medium, d i r e c t l y  a f f e c t s  t h e  value o f  t he  d i f f u s i o n  c o e f f i c i e n t .  (10,15, 

18'19) ',.he pore d i f f u s i o n  c o e f f i c i e n t ,  0, i s  r e l a t e d  t o  the  bu lk  

d i f f u s i o n  c o e f f i c i e n t  by 

D = Kp. 



(18)  The e f f e c t  o f  mo is tu re  i n  t he  medium i s  shown i n  F ig .  2 where Tanner 's .  

data i s  used t o  so lve  Eq. (1  ) . These data a r e  i n  general agreement w i  t h  
. . . . . . 

t he  t rends no t i ced  by Guedalia e t  a1 . '(1 4') 

. In  t he  a p p l i c a t i o n '  o f  Eq.  ( I ) ,  i t  i s  assumed t h a t  the  p o r o s i t y  o f  

t he  medium does n o t  vary w i t h  depth; f o r  example, t he re  i s  no compaction 

o f  the  medium a t  lower depths. Furthermore, the  p r o p e r t i e s  o f  the  
. . 

medium represented i n  Eq. (1  ) a r e  assumed t o  be i s o t r o p i c .  

The average 2 2 2 ~ n  f l u x  a t t r i b u t a b l e .  t o  d i f f u s i o n  can be est imated 

by app ly ing  Eq.  ( 1  ) t o  da ta  obta ined f rom ons i  t e  phys ica l  measurements. 

The.atmospheric d i spe rs ion  o f  t he  222Rn f rom the  t a i l i n g s  p i l e  may then 
.. . 

be used t o  est imate the annual average human exposure a t t r i b u t a b l e  t o  

t h i s  source. Atmospheric d i spe rs ion  may be ca l cu la ted  by represent ing  

the  t a i l i n g s  p i l e  as an area o r  s t r i p  source .. .  .. . . . . - . (20'21),..and us ing  l o c a l  

meteoro logical  data '  i n  a Gaussian d i f f u s i o n  model.. (22) . ..., . 

The resu l  t s  o f  shor t - term ($ 1  week) atmospheric sampl i ng ' o f  

222Rn on and near t a i l i n g s  p i l e s  have been repo r ted  by Sne1l ing (23,24) 

and Sne l l  i n g  and Shearer. (25 )  However, the  r e s u l  t s  repo r ted  by Shearer 

and S i l l  (26)  i n d i c a t e  t h a t  us ing  the r e s u l t s  o f  a  shor t - te rm sampling 

program t o  represent  the  annual average can lead t o  ser ious e r r o r s .  

The i r  (26)  57 sa.mpling s t a t i b n s  here  operated fo r ' 48 -hk  per iods  a t  three-  

week i n t e r v a l s  f o r  a one-year p e r i o d  o r  about 10% o f  the  t ime. The 

r e s u l t s  repor ted  f o r  each sampling s t a t i o n  showed ranges o f  about an 

order  o f  magnitude because the  shor t - te rm 222Rn emanation r a t e  f rom the  

p i l e  i s  a f f e c t e d  by pore a i r  movements and atmosphe.ric d i l u t i o n ,  and 

d i spe rs ion  o f  t he  emanated radon i s  a f f e c t e d  by the  meteoro log ica l  
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F i g .  2. Graphic representa t ion  o f  radon emanation from 
wet, moist ,  and d r y  t a i l i n g s  as a funct ion  o f  
226Ra concentrat ion and depth o f  t a i l  ings.  



cond i t ions  p r e v a i l  i n g  a t  t h e  t ime o f  sampl ing.  Thus, e x t r a p o l a t i o n  o f  

shor t - term measurements t o  represent  annual average human exposures can 

lead  t o  ser ious e r ro rs .  

Human exposure a t t r i b u t a b l e  t o  222Rn emit ted by t h e  t a i l i n g s  p i l e  

may be est imated conservat ive ly  by making t h e  f o l l o w i n g  assumptions: 

1. ~ u ' r i n ~  t ranspor t  from p i l e  t o  receptor ,  no 222Rn i s  l o s t  by 

decay, d r y  deposi t ion,  o r  ra inou t .  

2. The outdoor a i rbo rne  radon concentrat ion a t  a he igh t  o f  3 m i s  

t h e  same as t h e  ground l e v e l  concent ra t ion  ca l cu la ted  by t h e  

d ispers ion  model . 
3. The f r a c t i o n  ,of t h e  a i rbo rne  radon concent ra t ion  w i t h i n  a 

hab i tab le  s t r u c t u r e  due t o  t h e  t a i l i n g s  p i l e  i s  t h e  same as 

t h e  outdoor radon concent ra t ion  a t t r i b u t a b l e  t o  t h e  t a i l i n g s  

p i l e .  

4. The i n d i v i d u a l  res ides  cont inuously i n  t h e  s t ruc tu re .  

The conversion o f  an indoor 222Rn concentrat ion t o  a dose equiva- 

1 ent i s  dependent on an extensive knowledge o f  exposure environment and 

lung  dosimetry condi t ions.  Presently,  an adequate d e f i n i t i o n  o f  these 

cond i t ions  i s  n o t  a v a i l  db le  f o r  non-mining s i t u a t i o n s .  (Z7)  Epidemiological  

s tud ies  o f  l ung  cancer inc idence i n  uranium miners have used exposures 

est imated i n  terms o f  work ing- level  months* (WLM). (28y29)  The conversion 

o f  t h e  WLM u n i t  t o  rems can be done on ly  w i t h  major uncer ta in t ies . .  (30 

* 
One working l e v e l  = 1 W,L = any combination o f  s h o r t - l i v e d  radon'daughters 
i n  1 l i t e r  o f  a i r  t h a t  has a p o t e n t i a l  alpha energy o f  1.3 x l o 5  MeV; 
1 W,LM = exposure a t  a l e v e l  o f  1 'WL' f o r  a du ra t i on  o f  170 h r .  : ' 



One can, however, develop a  rough c o r r e l a t i o n  between the  two measurable 

f a c t o r s :  cumulat ive exposure i n  WLM and number o f  lung cancers. Even 

these two f a c t o r s  a re  d i f f i c u l t  t o  q u a n t i f y  i n  . rea l  l i f e  s i t u a t i o n s .  

Consequently, radon progeny exposure ca l  c u l  a t i  ons made i n  t h i  s  document 

w i l l  be expressed i n  terms of WLM, and r e s u l t s  o f  radon progeny measure- 

ments w i l l  be expressed i n  terms o f  WL. 

Ai rborne A c t i v i t y  Pathway 

The suspension o f  t a i l i n g 5  and subsequent t ranspor t  by wind creates 

another p o t e n t i  a1 pathway f o r  human exposure, Wind may cause t r anspor t  

by one o f  th ree modes: sur face creep, s a l t a t i o n ,  and suspension. 

Surface creep i s  i l l u s t r a t e d  through the  movement o f  l a rge  p a r t i c l e s  

moving a long t h e  sur face due t o  wind o r  by the  impact ion o f  o the r  p a r t i c l e s .  

In termedia te  s i zed  p a r t i c l e s  move by s a l t a t i o n ,  wherein the  p a r t i c l e s  

a r e  l i f t e d  a  few f e e t  i n  t h e  a i r  by wind and q u i c k l y  r e t u r n  t o  the  

sur face.  The smal le r  p a r t i c l e s ,  i n c l u d i n g  those i n  the  r e s p i r a b l e  

range, become suspended and remain suspended due t o  v e r t i c a l  turbulence. 

The t h e o r e t i c a l  and experimental s tud ies  o f  these mechanisms are  w e l l  

summarized by ~ e a l y " )  and Anspaugh e t  a l .  (31 

The q u a n t i t y  of r a d i o a c t i v e  ma te r ia l  suspended i s  a f f e c t e d  by 

v a r i a b l e s  such as t h e  topography and physical  p roper t i es  o f  t he  surface, 

t h e  amount and type o f  vegeta t ive  cover, t he  ex ten t  o f  sur face contami- 

na t i on ,  l o c a l  micrometeorol ogy, and t h e  t ime elapsed s ince the  sur face 

was contaminated. Previous resuspension s tud ies  have been concerned 

w i t h  a g r i c u l t u r a l  e ros ion  and resuspension o f  plutonium contamination. 

No attempts have been made t o  determine resuspension ra tes  o f  t a i l i n g s ,  



although an unver i f i ed ,  t h e o r e t i c a l  'approach has been attempted fo r  

instantaneous circumstances. (32 

Most o f  t he  previous surveys o f  a i rborne a c t i v i t y  near uranium m i l l  

t a i  1 i ngs p i  1 es have been o f  shor t - term durat ion.  (23-25y 33) The work o f  

' B r e s l i n  and Glauberman ( 3 3 y  34) compared t h e  a i rbo rne  a c t i v i t i e s  measured 

near th ree  abandoned t a i l i n g s  p i l e s .  They repor ted  t h a t  a i rbo rne  a c t i v i t y  

concentrat ions were " t r i v i a l "  near two o f  t h e  p i l e s .  The t h i r d  p i l e  was 

considerably d r i e r  than t h e  o the r  two, and "dust d e v i l s "  were preva lent  

du r ing  sampling. Consequently, t h e  a i rbo rne  concentrat ions-  exceeded 

maximum permiss ib le  concentrat ions* (MPC's) o n l y  a t  sampl i n g  s t a t i o n s  

downwind o f  and i n  c lose  p rox im i t y  t o  t h i s  p i l e .  Comparable r e s u l t s  

were obtained' i n  t h e  o the r  short - term surveys. (24-26) 

The r e s u l t s  obtained by B r e s l i n  and Glauberman (33y34)  i n d i c a t e  t h a t  

about one- th i rd  o f  t h e  t o t a l  suspended a c t i v i t y ' w a s  associated w i t h  r e s p i r a -  

b l e  p a r t i c l e s .  Furthermore, about 10% o f  t h e  t o t a l  a i rbo rne  alpha 

a c t i v i t y  was determined t o  be water soluble.  

A long-term survey was conducted from January, 1974, t h r u  December, 

1974, cons is t i ng  o f  26 separate samples o f  a i rborne a c t i v i t y  a t  a 

s t a t i o n  on t h e  S a l t  Lake C l  ty, Utah, t a i l i n g s  p i l e .  (35)  None o f  t he  

repor ted  i n d i v i d u a l  samples had a c t i v i t i e s  g rea te r  than MPCa (1 0 CFR 

2 0 ) ' ~ ~ )  f o r .  2 2 6 ~ a ,  210Pb, 210Po, 230Th, 234U, 235U, o r  238U. 

*Bresl i n  and G l  auberman (33934) compared t h e i r  measured values w i t h  those 
recommended i n  Nat ional  Bureau of Standards Handbook 69. 



I n  add i t i on  t o  i nha la t i on  o f  resp i rab le  ai rborne a c t i v i t y ,  the 

contamination o f  body surfaces and c l o th i ng  by ai rborne p a r t i c l e s  should 

be considered. This has been done by ~ e a l ~ ( ~ )  f o r  plutonium contamination. 

He concluded t h a t  i nha la t i on  o f  a i rborne mater ia l  imparts a much greater 

hazard. 

Deposit ion o f  p a r t i c l e s  between the source and the receptor w i l l  

reduce the  ai rborne a c t i v i t y  pathway hazard i n  r e l a t i o n  t o  t h a t  associated 

w i t h  the  radon d i f f u s i o n  pathway. Thus, i t  appears t h a t  the con t r ibu t ion  

of the  ai rborne a c t i v i t y  pathway t o  t o t a l  exposure i s  on ly  a small 

f r a c t i o n  o f  t h a t  a t t r i b u t a b l e  t o  radon d i f fus ion ;  hence . i t  i s  ignored 

i n  t h i s  assessment study. 

Te r res t r i a l  Pathway 

The t e r r e s t r i a l  pathway i s  a means by which the deposited ai rborne 

a c t i v i t y  may reach man. Radionuclides may be deposited on ed ib le  f o l i a r  

surfaces, migrate through the  s o i l  i n t o  ed ib le  crops, o r  be consumed by 

animals which provide meat o r  mi lk .  The radionucl ides found i n  uranium 

t a i l i n g s  have concentrat ion fac to rs  i n  crops, meat, and m i l k  which are  

genera l ly  much l e s s  than un i t y . (6 )  The worst case would l i k e l y  be the  

d i r e c t  ingest ion o f  contaminated s o i l ,  I f  i t  i s  assumed tha t  a t o t a l  o f  

1 g o f  the top 1 cm of contaminated s o i l  i s  ingested da i ly , (7)  the upper 

l i m i t  o f  2 p~ i / day (37 )  would r e s t r i c t  the s o i l  a c t i v i t y  t o  2 pCi/g o f  

226Ra. This would r e s u l t  i n  an areal a c t i v i t y  o f  3.2 x l o 4  pCi/m2 

f o r  a so i  1 dens i ty  o f  1 .6 g/cm3. The observed annual average airborne 

concentrat ion o f  226Ra measured over the Sa l t  Lake City p i l e  was 0.002 

p C i / n ~ ~ . ( ~ ~ )  According t o  data presented by ~ e a l ~ , ( ~ )  deposi t ion v e l o c i t i e s  



are on the order of 0.5 cm/sec (1 .6 x 1 d5 m/year) f o r  a semi-arid 

topography. The deposi t ion o f  contamination, assuming t h a t  a con- 

cent ra t ion o f  0.002 pCi/m3 remains und i lu ted and i s  deposited on con- 

tamination-free land, w i l l  be 2 x l o e 3  pCi/m3 x 1.6 x 105 m/year o r  3.2 

x 1 O2 pCi/m2 year. Assuming t h a t  there are no erosional losses o f  

a c t i v i t y ,  the t ime required f o r  the a c t i v i t y  o f  the top 1 cm o f  s o i l  t o  

approach 2 pCi/g i s  on the order o f  100 years. Because the radionucl ides 

are f i xed  i n  f ine-grained sands, .these values hold f o r  most o ther  

uranium chain daughters. 

A study o f  foodstu f fs  i n  the Durango and Grand Junction, Colorado, 

areas (38) concluded t h a t  d a i l y  d i e ta r y  intakes o f  226Ra i n  these arOas 

were s i m i l a r :  t o  intakes reported by other U.S. c i t i e s  which have no 

uranium t a i l i n g s  nearby. 

Thus, based on present information, the t e r r e s t r i a l  pathway appears 

t o  be inconsequential as a source o f  human exposure. 

Aquatic Pathway 

Aquatic pathways are h igh ly  s i t e  spec i f i c .  The prox imi ty  o f . t h e  

s i t e  t o  ground-or surface-water supplies, the presence o f  leaky aqui fers,  

and the values o f  l oca l  geohydrologic parameters w i l l  deterrnlne the 

magnitude o f  the hazard associated w i t h  t h i s  pathway. Surface-water 

erosion would r e s u l t  i n  runo f f  water contaminated p r ima r i l y  by p a r t i c u l a t e  

a c t i v i t y  scoured from the t a i l i n g s  p i l e  surface. 

No evidence o f  water contamination by 226Ra ex is ted i n  the surveys 

performed by ~ n e l  1 i ng(23s24) and Snel 1 i ng and Shearer. (25) However, 

concentrations o f  uranium three orders of magnitude above background 

were found i n  groundwater sources near Mexican Hat, Utah, t a i l i n g s  



p i l e .  (23)   era(^) a t t r i b u t e s  the mobi 1 i t y  o f  uranium i n  groundwater 

t o  the presence o f  ox i d i z i ng  condi t ions.  The uranyl i on  (~0~") i s  

chemical ly  stable,  h i gh l y  soluble, and r e a d i l y  forms anionic complexes. 

These proper t ies  which enhance the m o b i l i t y  o f  uranium are not  exh ib i ted 

t o  an appreciable extent  by the other nucl ides i n  t a i l i n g s .  

The l e a c h a b i l i t y  o f  226Ra from t a i l i n g s  and r i v e r  sediments was 

s tud ied by Shearer and Lee (39) who found t h a t  on ly  the l i q u i d  t o  s o l i d  

r a t i o  was o f  any importance. On the other hand, Hav l lk  e t  a l .  (40,411 

found t h a t  the chemical composition o f  the leaching so lu t ion,  p a r t i c u l a r l y  

the presence o f  the C1- ion, had the greatest  s ign i f icance.  A comparison 

o f  the resu l  t s  o f  these 1 eachabil i t y  studies ind icates t h a t  the mineralogy 

o f  the adsorbent may a1 so in f luence the so lu t ion  behavior o f  226Ra. 

 era(^) presents data which i nd i ca te  t ha t  the d i s t r i b u t i o n  coe f f i c i en t ,  

K d y  f o r  radium i n  some Russian mineral springs ranges from 87 t o  wel l  

over 106 ml/g. Measured values of Kd fo r  carbonate leached t a l l  ings 

have ranged between 1000 and 2000 ml/g f o r  2 2 6 ~ a .  (42)  Typical  values o f  

Kd fo r  Ra w i t h  a sandy s o i l  adsorbent are reported as about 100, whereas 

Kd f o r  U, Th, and Pb i s  i n  excess o f  1000. (9)  

The v e l o c i t y  f o r  a groundwater contaminant i s  given by the 

(43) expression 



where Vc i s  t h e  v e l o c i t y  o f  t h e  contaminant (mlyear), 

Vw i s  t h e  groundwater v e l o c i t y  (Myear ) ,  

K d  i s  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  (ml/g), 

p i s  t h e  bu lk  dens i t y  o f  t h e  medium (g/cc), . 

p  i s  t h e  p o r o s i t y  o f  t h e  medium. 

For a  system w i t h  a  Kd o f  100, p o f  1.6, and p  o f  0.4, t h e  contaminant 

v e l o c i t y  w i l l  be 2.5 x  x Vw. Th is  c a l c u l a t i o n  i n d i c a t e s  t h a t  t h e  

annual m ig ra t i on  o f  226Ra f o r  a  water v e l o c i t y  o f  300 m/year w i l l  be about 

0.75 m. On t h e  o the r  hand, uranium mig ra t i ng  as an ion ic  uranyl  complex 

w i l l  m igra te  n e a r l y  as f a s t  as t h e  groundwater. Thus, uranium may have 

g rea te r  m o b i l i t y  i n  t h i s  pathway than radium. 

The aquat ic  pathway may be of importance i f  a  leaky  a q u i f e r  con ta in ing  

potab le  water i s  i n  contac t  w i t h  t h e  1  eached contamination. The a d s o r p t i v e  

capac i t y  o f  t h e  subsoi l  w i l l  u s u a l l y  i n h i b i t  t h e  movement o f  a l l  t a i l i n g s  

rad ionuc l ides  except uranium mig ra t i ng  as an an ion ic  uranyl  complex. Thus, 

s i t e  spec i f i c  parameters a f f e c t  t h e  importance o f  t h i s  pathway. The c layey 

nature  o f  t h e  s o i l  under ly ing  t h e  V i t r o  t a i l i n g s  coupled w i t h  t h e  fac t  t h a t  

t h e  s i t e  r e s t s  nn an a.r tes ian groundwater system helps t o  minimize t h e  

downward movement of rad ionuc l ides  through groundwater. 

External Gamma Radiat ion 

Gamma r a d i a t i o n  coming d i r e c t l y  from t h e  t a i l i n g s  p i l e  o r  from 

windblown mate r ia l  i s  expected t o  make a  minor c o n t r i b u t i o n  t o  t h e  

o v e r a l l  exposure o f  man. However, t he re  a re  some areas where increased 

l e v e l s  o f  gamma r a d i a t i o n  have been observed. Inc luded a re  areas a long 

pub1 i c  roads near t h e  V i t r o  m i l l  property ,  i n  commercial b u i l d i n g s  b u i l t  



over t a i l i n g s ,  and i n  o r  near s t ruc tu res  where t a i l i n g s  have been removed 

f rom t h e  p i l e  i t s e l f .  It has been shown i n  repor t s  o f  i n v e s t i g a t i o n s  a t  

o t h e r  m i  11  site^('^-'^) t h a t  ex terna l  gamna r a d i a t i o n  l e v e l s  decrease 

r a p i d l y  w i t h  d is tance f rom t h e  p i l e .  Th is  observed decrease w i t h  d is tance 

does n o t  f o l l o w  t h e  t y p i c a l  inverse square r e l a t i o n s h i p  because o f  t he  

l a r g e  phys ica l  s i z e  o f  t h e  p i l e .  

Exposure o f  i n d i v i d u a l s  on o r  near t h e  p i l e  i s  due t o  both  "pr imary 

beam" o r  unscat tered photons from nearby t a i l i n g s  ma te r ia l  and gamma rays 

which o r i g i n a t e  a t  o the r  more d i s t a n t  p o i n t s  and reach the  i n d i v i d u a l  

through a i r  s c a t t e r i n g  processes. I n  cases where s t ruc tu res  a r e  b u i l t  

over  t a i  1  ings, p r a c t i c a l l y  a1 1  gamma rays a re  at tenuated t o  some degree 

by t h e  f l o o r  and o the r  b u i l d i n g  ma te r ia l  and, because o f  t he  r e l a t i v e l y  

small  t o t a l  source area, represent  a  'hazard on ly  i n  the  immediate v i c i n i t y  

(I . e . ,  i t  i s  u n l i k e l y  t h a t  t a i l i n g s  under ly ing  one b u i l d i n g  would c rea te  

an exposure hazard a t  an adjacent  s i t e ) .  



4. RADIOLOGICAL MEASUREMENTS AND TECHNIQUES 

~ a d i o n u c l i d e  Concentrat ion as a Funct ion o f  Depth i n  S o i l  

A moni tor ing and sampling procedure was es tab l ished f o r  t h i s  p r o j e c t  

i n  con junc t ion  w i t h  the  engineer ing f i r m  o f  Ford, Bacon and Davis, Utah. 

A s e t  of 6- in.  holes was d r i l l e d  through t h e  t a i l i n g s  and i n t o  the  sub- 

s o i l .  A l eng th  of PVC p ipe (3- in.  O.D.), sealed on one end, was lowered 

i n t o  t h e  ho le  and measurements were made o f  gamma-ray i n t e n s i t i e s  as a 

f u n c t i o n  o f  depth. A 6- in.- long Geiger-Mul ler tube shie lded w i t h  lead 

conta in ing  c o l l i m a t i n g  s l i t s  was pos i t ioned i n s i d e  the  PVC tube f o r  

measurements. Signals from t h i s  tube were counted using a p o r t a b l e  

sca ler .  (44) 

A f t e r  gamma r a y  vs depth p r o f i l e s  were determined, t h e  p o s i t i o n  o f  

t he  i n t e r f a c e  between t a i l i n g s  and subsoi l  was estimated. The d r i l l i n g  

r i g  was moved approximately 4 f t  and another ho le  was d r i l l e d  w i t h  an 

auger b i t  t o  the  i n t e r f a c e  l e v e l .  Samples o f  s o i l  core were then c o l -  

l e c t e d  as a f u n c t i o n  o f  depth us ing a sp l i t -spoon sampler (each core 

sec t i on  was 2 f t  long) .  Most o f  t he  holes i n  t h e  t a i l i n g s  area contained 

water due t o  the  shal low groundwater tab le .  This water made i t  d i f f i c u l t  

t o  ob ta in  uni form samples, in t roduced some uncer ta in ty  i n  t h e  l o c a t i o n  

o f  samples, and con t r i bu ted  t o  contaminat ion o f  t h e  subso i l  by washing 

f i n e  p a r t i c l e s  from the s ide  wa l l  o f  the  t a i l i n g s  ho le  i n t o  t h e  water 

and, subsequently, i n t o  the  bottom o f  the  hole. 

Most o f  t h e  penet ra t ing  gamma r a d i a t i o n  monitored i n  these holes was 

a t t r i b u t a b l e  t o  radium and i t s  daughters. Therefore, a c a l i b r a t i o n  



f a c t o r  f o r  226Ra concentrat ion was determined f o r  the co l  1 imated gamma- 

ray  probe by comparing the response o f  t h i s  u n i t  (counts per u n i t  t ime) 

w i t h  an est imate o f  the  radium concentrat ion ( p ~ i / g )  determined by 

count ing s o i l  samples using gamma spectroscopy techniques. A l e a s t  

squares f i t  o f  t he  data from t h i s  comparison y i e l d s  the equation 

For t h i s  case, R i s  the  226Ra a c t i v i t y  i n  pCi/g and C i s  the observed 

response o t  the co l  l imated gama-ray detector  i n  counts/min. The cor- 

r e l a t i o n  c o e f f i c i e n t  f o r  t h i s  equation i s  0.996. 

The above expressfon was useful i n  est imat ing the overa l l  d i s t r i -  

bu t ion  o f  r a d i o a c t i v i t y  i n  the  t a i l i n g s  as wel l  as the t o t a l  quan t i t y  of 

radium i n  the impounded t a i l i n g s  area. On the basis o f  the quan t i t y  and 

grade o f  ore  processed i n  the plant ,  the t o t a l  radium a c t i v i t y  i n  the 

t a i l i n g s  p i l e  i s  1380 cur ies .  (3 )  The t o t a l  226Ra a c t i v i l y  bdsed un the 

f i e l d  survey o f  t o t a l  t a i l i n g s  mass and overa l l  d i s t r i b u t i o n  as determined 

by the  gamma logg ing technique was 1400 cur ies,  

So i l  samples taken from the spl i t -spoon core sections were prepared 

us ing f a c i l i t i e s  a t  the U. S. Bureau o f  Mines Laboratory i n  Sa l t  Lake 

City. Each sample was d r i ed  f o r  24 h r  a t  110°C i n  order t o  remove 

a l l  moisture. The samples were then pulver ized i n  a high speed r o t a r y  

crusher and sieved fo r  a p a r t i c l e  s i ze  < - 500 pm. The s n i l  was dispensed 

i n t o  30-ml polyethylene v i a l s  normally used f o r  l i q u i d  s c i n t i l l a t i o n  

counting. 

Each v i a l  was weighed, sealed t i g h t l y  and labeled as fo l lows: 



/-Number o f  sample loca t ion  

SV-10-RS1-1 -ft deep 

\elow in te r face  (subsoil  ) 

V i t r o  s i t  ad io log ica l  sample 

DATE - September 26, 1975 

Date b o t t l e  sealed d 

33.6 g  
Net mass o f  s a m p l d  

Unfortunately, the presence o f  water i n  most o f  the core holes 

prevented the c o l l e c t i o n  o f  a  uniform sample, and a t  many spec i f i c  

points the mass o f  sample was s i g n i f i c a n t l y  less  than optimum. The 

sample v i a l s  were sealed t i g h t l y  and stored f o r  a  per iod s u f f i c i e n t  t o  

al low the equ i l i b ra t i on  o f  radon and i t s  daughters. Radon-222, which 

has a  rad ioact ive h a l f - l i f e  o f  3.8 days, w i l l  reach the same a c t i v i t y  as 

i t s  long-1 ived parent, 226Ra, i n  about 30 days. The short-1 ived progeny 

o f  222Rn w i l l  have reached equi l ib r ium w i t h i n  the same time period. 

Determination o f  the a c t i v i t y  o f  any o f  the daughters i n  the sample w i l l  

r e f l e c t  226Ra a c t i v i t y .  A f t e r  e q u i l i b r a t i o n  o f  radon daughters, up t o  

12 sample v i a l s  were inser ted i n t o  a  sznrtple carousel o r  holder (Fig. 3) 

that was placed on a Ge(Li )  detector. 

Water samples were co l lec ted  a t  several po in ts  i n  a  d i t c h  used t o  

d ra in  a u t f a l l  from the nearby sewage treatment p l  ant. Water samples 

were a lso co l lec ted  from Mi11 Creek, Jordan River, f ou r  wel ls  o f f - s i t e ,  



Fig. 3. V i e w  o.fi F M J P ~ z L F P T ~ . ~ ~  &&i) demctor and $ample 
"camu~lu  holder u s d  for gma-ray  
spectmmpy 



and each hole which had been bored through the t a i l i ngs .  These l a t t e r  

samples, taken evenly throughout the depth o f  water i n  each hole, were 

co l lec ted  by the survey crew and stored f o r  l a t e r  analysis. A1 1 water 

samples were centr i fuged and pressed through a 0.45-pm f i l t e r  t o  c lear  

suspended sol ids.  The samples were then analyzed using radiochemistry 

techniques. A p lan view o f  the major sample locat ions i s  shown i n  

Fig. 4. Water and stream sediment samples were co l lec ted a t  po in ts  

shown on Fig. 5. 

F i e l d  Laboratory F a c i l i t i e s  and Equipment 

Two f a c i l i t i e s  were establ ished i n  Sa l t  Lake City, a t  the General 

Services Administrat ion's Administrat ion Bu i ld ing  and compound i n  south- 

west Sa l t  Lake City. 

A 20- f t  mobile laboratory van was used t o  determine radon and radon 

progeny concentrations, gamma-ray in tens i t ies ,  and f o r  weighing , packagi ng , 

and s to r ing  s o i l  samples. This l ab  contained an alpha spectroscopy 

counting system f o r  a i r  samples along w i t h  a i r  sampling equipment, a 

Johnston Laboratory radon monitor complete w i t h  s i x  Lucas f lasks and 

evacuation manifold, ganma-ray detectors, miscellaneous e lec t ron ic  

t es t i ng  equipment, and standard ca l  i b r a t i  on sources. A t r a i  1 er-mounted, 

gasoline-powered 12 kW motor generator was pu l led  by the van t o  supply 

e l e c t r i c a l  power i n  remote locations. A voltage s t a b i l i z e r  was used t o  

provide regulated power f o r  instruments. 

The second f i e l d  laboratory used i n  the p ro jec t  was an 8 x 35 f t  

air-condi t ioned semi t ra i le r  w i t h  running water, tools,  miscellaneous 

supplies, two gamma counting systems, and computer. It served as a 

counting room, o f f i ce ,  and workshop. This t r a i  1 e r  requi  red  e l e c t r i c a l  



76-10669 Fig. 4. Plan view o f  the V i t ro  mill s i t e  showing core 
h01 e and o f f s i  t e  sample locations i 
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Fig. 5. Plan view of the Vitro mill site showing location 
of water samples collected in surface streams. 



power from an external source, but could generally be placed in service 

within a few hours. 

Gamna Spectroscopy Systems 

Two complete counting systems were used in the semitrailer counting 

laboratory. A Harshaw integral 3 x 3 in. NaI (TI) crystal, a high sensi- 

tivi ty detector, was used to scan a1 1 samples for a preliminary estimate 

of 226Ra activity. This detector was placed in a "plckle barrel" type 

shield lined with Cu and Cd to shield fluorescence x rays. Signals trom 

the crystal were sorted by a computer based (PDP-11) pulse height analyzer. 

The computer was programmed to control all functions of the analyzer and 

counter, to analyze the data, and to print out a statistically weighted 

average of the 226Ra activity per unit mass. One convenient feature 

of this counting arrangement was that of quick sorting; samples could be 

scanned at the rate of 4 to 5 per hour (minimum counting period was 10 

min). An energy calibration of the Nal crystal and analyzer was 

obtained by standardizing with 57C0, 1 3 7 C ~ l  and 6oCo. A daily log was 

kept of the 1 inearity of the analog-to-digital converter (ADC) and 

adjustments were made when necessary to assure that the energy scale was 

maintained at 3.8 keV per channel. An efficiency cal itsration was obtained 

through daily counting of a uranium standard* (0.05% U mixed with dunitc, 

particle size = 500 vm). Radium is in equilibrium with the uranium and 

provides a source of gamma-ray lines for calibration. 

Low energy photons are difficult to resolve accurately using a NaI 

detector due to Compton scattering of photons in the crystal. In the 

interest of time, rapid screening was undertaken and prel iminary 226Ra 

* 
Standard urani um sample obtained from the New Brunswi ck Laboratory. 



concentrations were determined by observing s ignals from three high 
214 

energy photons o f  Bi, one o f  the shor t - l ived daughters o f  radon. 

The energies o f  these photons are 609 keV, 1120 keV, and 1764 keV. The 
22 6 

samples were stored as described above t o  a l low equi l ib r ium o f  Ra 

w i t h  radon and daughters. I n  order t o  accomplish screening, a code was 

w r i t t e n  f o r  the PDP-11 computer which cont ro l  1 ed data acqui s i  t i  on f o r  

the NaI system. The reduct ion o f  data was s imp l i f i ed  by subt ract ing the 

Compton con t r ibu t ion  from a reg ion comprising the photopeaks o f  in te res t .  

The Compton con t r ibu t ion  was determined by tak ing the average counts i n  

three channels on each side o f  the photopeak region o f  in te res t ;  t h i s  

value times the t o t a l  number o f  channels comprising each photopeak region 

was subtracted from the t o t a l  number o f  counts i n  the region. The net 

value was then compared t o  the instrument's response t o  the above-mentioned 
226 

counting standard whose concentrat ion o f  Ra was known. The concentra- 
226 

t i o n  o f  Ra i n  each s o i l  sample was determined by comparing the unknown 

so i  1 concentrat ion t o  the standard. 
226 

Fina l  r esu l t s  of Ra i n  s o i l  were determined by counting a1 1 sam- 

ples w i t h  a high reso lu t ion  Ge(Li) detector. This high reso lu t ion  counting 

system consisted o f  a hor izonta l  l y  mounted 50-cm3 ~ e ( ~ i  ) c r ys ta l  posi- 

t ioned on a p la t form f o r  movement i n t o  and out  o f  a lead sh ie ld  (see 

Fig. 6). The detector was used t o  obta in  a complete photon spectrum 

o f  the s o i l  samples. Signals from the c r ys ta l  were routed t o  a 4096- 

channel pulse height  analyzer and counted f o r  a per iod long enough t o  
226 

evaluate the Ra concentrat ion t o  a s t a t i s t i c a l  accuracyo f  + 5 % o r  

bet ter .  The spectra were recorded on magnetic tape and stored f o r  



Fig. 6. Ge(Li) detector and lead shield arrangement used 
for countinc soil and sediment samples 



complete analysis by computer l a te r .  I n  addition, data f o r  each of 

several peaks corresponding t o  indiv idual photons from radon daughters 

were recorded on paper tape. From the f i e l d  laboratory i n  S a l t  Lake 

City, these paper tapes were read i n t o  the PDP-10 computer a t  ORNL on a 

time sharing basis v i a  teletype and FTS phone service a t  the end o f  each 

day. 

Energy cal  i brat ion o f  the Ge(Li ) detector was control  1 ed through 

the use o f  isotopic  sources o f  57Co, 22Na, 13'Cs, 60C0, 88Y,  and 40K. 

A ca l ib ra t ion  check was completed each day p r i o r  t o  beginning sample 

counting. In order t o  maintain l i n e a r i t y  o f  the ADC, a spectrum stabi-  

1 i z e r  was u t i l i zed .  This instrument i s  adjusted so tha t  two ind iv idual  

photon energies are detected and maintained i n  two channels a t  separate 

ends o f  the scale. These two ca l ib ra t ion  points helped maintain an 

energy span o f  1 keV per channel. Ef f ic iency ca l ib ra t ion  was obtained 

through the use o f  the uranium ore standard samples as were used f o r  

the NaI crysta l .  An analysis of the counting data i s  accomplished 

through a 1 inear leas t  squares f i t t i n g  routine. Net adjusted areas 

under photo peaks o f  in te res t  are compared w i th  an extensive radionuclide 

1 i brary. (45) Data from the computer are presented f o r  each radionuclide 

as a weighted mean w i th  standard deviation. 

External Gamna-Ray Detector 

A gamna radiat ion survey was made on and around the m i l l  s i t e  and 

t a i l i n g s  p i l e .  The instrument used f o r  these measurements was a "Phi l"  

gamna-ray dosimeter. (46) The basic u n i t  i s  a 6-in. long 30 mg/cm2 glass- 

walled organic f i l l e d  Geiger-Muller (G-M) tube wi th  an energy compen- 

sat ion sh ie ld made o f  t i n  and lead. Pulses from t h i s  u n i t  are counted 



w i t h  a battery-powered portable scaler. Typically, G-M counters are 

not  used f o r  dosimeters because o f  a peaked response a t  low photon 

energies. However, perforated layers o f  t i n  (1.0 mn), and lead (0.1 

mn), may be used as an energy compensation f i l t e r  t o  f l a t t e n  t h i s  peaked 

response a t  photon energies below about 200 keV. The energy response o f  

t h i s  counter and f i 1 t e r  arrangement has been demonstrated by Thorngate. (47) 

Sealed sources o f  137Cs and 226Ra were used for cal ibrat ion.  I t  was 

found t h a t  the response o f  t h i s  detector was: 

For each gamma-exposure ra te  reading, a minimum o f  three 1 -min 

counts were recorded. The means o f  these readings (less background) 

were used t o  determine the exposure r a t e  t o  external gamna rays, 

Radon Daughter Sampler 

Radon daughter concentratlsns were measured w i th  a saltlpl lng and 

counting instrument which has been i n  use a t  ORNL for several years (48) 

and used b r i e f l y  i n  the remedial act ion program i n  Grand Junction. (49) 

The f i l t e r  counter f o r  t h i s  sampling device, as shown i n  Fig. 7, 

u t i l i z e s  a modified gas flow alpha counter f o r  housing a 600 mm2 s i l i c o n  

diode. Normally, t h i s  type detector i s  operated i n  a vacuum chamber. 

However, i n  t h i s  case, i t  was found t h a t  by f lowing he1 ium a t  atmospheric 

pressure through the assembly, absorption o f  alpha par t i c les  was small 

r e l a t i v e  t o  absorption i n  a i r .  Furthermore, i t  was not  necessary t o  cycle 

the  bias voltage-of the diode because there were no changes i n  pressure. 



Fig. 7 .  Explodea view o f  system used t o  count radon 
daughters c o l l  ected on fil te rs ,  showing s i l  icon 
detector, housing, and sample t r a y *  



T h i s  technique has been patented. (50) Alpha particle pulses were recorded 

w i t h  a 100 channel analyzer. A small alpha source standard i s  used for  

standardizing the energy scale. Air which is monitored for  radon daughters 

is sampled a t  the ra te  of 12 to  14 1 i t e r s  per minute. An absolute cal i bra- 

tion of the airflow was provided through a comparison of the sampler's 

mass flow meter and a wet t e s t  meter. Samples were normally collected 

f o r  10 min ,  and the first count of the f i l t e r  was started a t  2 

min  a f t e r  removal of the sample and continued f ~ r  10 min. For 

this case, a determination was made of the number of counts due to the 

decay of 218Po (RaA) and 214Po ( ~ a c ' ) .  A second count was started 15 

min a f t e r  removal of the sample and continued for 15 min. In 

this case, counts are  recorded from the decay of 214Po (Rae1). Data 

from the counter are stored i n  a pulse height analyzer and reduced by 

computer. The code for  this analysis is explained i n  detail elsewhere. (51 ) 

Results of the analysis o f  data using this code are presented as concen- 

trat ions of RaA, RaB, and RaC. I n  addition, a value for  the working 

level concentration is also provided along w i t h  an estimate of the error 

associated w i t h  each reported val ue. 

Radon Mani to r  

The instrument used t o  measure radon concentrations i n  a i r  consists 

of a ser ies  of 95-1111 Lucas chambers and a readout un i t .*  Each chamber 

is evacuated t o  approximately 1-mm Hg and then opened to  atmospheric 

pressure i n  the area where a radon measurement i s  required. No f i l t r a t ion  

i s  used fo r  sampled a i r .  The short-lived daughters of radon drawn into 

the chamber are  allowed to  decay prior to  counting the flask. The 

* 
System was manufactured by Johnston Laboratories, Inc. 



r e s u l t s  from t h i s  instrument and the  radon progeny monitor provided an 

est imate o f  t h e  degree o f  e q u i l i b r i u m  between radon and i t s  daughters i n  

t h e  selected locat ions  where a i r  samples were taken. 



5. EXPERIMENTAL RESULTS 

During the course o f  t h i s  assessment program, numerous measurements 

were made t o  character ize t he  spread o f  contamination from the t a i l i n g s  

p i l e  t o  adjacent areas. When the program began, plans ca l l ed  f o r  the 

measurement o f  radium concentrat ions i n  samples of s o i l  and water and 

t he  determination o f  concentrat ions o f  radon and radon progeny i n  a i r  i n  

selected locat ions.  While f i e l d  work was i n  progress, i t  was decided t o  

extend t he  studies t o  inc lude  assays fo r  210Pb and 230Th i n  s o i l  and 

water samples co l l ec ted  i n  o r  near po in ts  o f  pub l i c  access. Most o f  

these add i t i ona l  measurements were made f o r  samples co'l I ected l n silrface 

stream beds i n  the  immediate area and i n  areas inf luenced by surface 

runo f f .  Only those r e s u l t s  which are important t o  the considerat ion o f  

hea l th  e f f e c t s  are  reported here. 

Background Radionucl i d e  Concentrations 

Remedial acti,on may be required a t  the V i t r o  m i l l  s i t e  and a t  

others i n  western states.  The extent  o f  remedial ac t ion  i s  dependent on 

the  pro jec ted hea l th  e f f e c t s  f o r  each s i t e  and on the projected cost  per 

hea l th  e f f e c t  avoided. I n  some 'cases, remedial ac t ion  may invo lve 

removal o f  the t a i l i n g s  t o  a remote s i t e  o f  low populat ion density. I n  

the  event t a i l i n g s  are  removed, an acceptable standard must be adopted. 

I n  order t o  evaluate the  p r a c t i c a b i l i t y  o f  a cleanup c r i t e r i o n  o f  

twice background f o r  the residual  r ad i  um contamination i eve1 s i n  s o i l  , 

i t  was necessary t h a t  the  average concentrat ion o f  radium i n  s o i l s  be 

determined f o r  the general area o f  the V i  t r o  s i t e .  Samples o f  s o i l  were 

co l l ec ted  throughout the  S a l t  Lake Val ley ranging from Ogden t o  Provo 



on a ,nor th- to-south l i n e  and f rom the  shore of t he  g r e a t  S a l t  Lake t o  

the  f o o t h i l l s  o f  t he  Wasatch Mountain range as shown on the  map i n  

F ig .  8. These s o i l  samples were analyzed f o r  226Ra, 232Thy  and 23eU. 

The r e s u l t s  o f  these determinat ions a r e  g iven i n  Table 3. Background 

2 2  6Ra concentrat ions a r e  d i s t r i b u t e d  1 og-normal l y  and a r e  b e s t  described 

by a geometric mean o f  1.46 pCi /g and a geometric standard d e v i a t i o n  of 

1.23. 

Anspaugh (52) r e p o r t s  t h a t  i n  approximately 100 sample l o c a t i o n s  i n  

Utah ( i n  no case was i t  1 i k e l y  t h a t  t he  V i  t r o  p i l e  was c o n t r i b u t i n g  t o  

the  measurement) determinat ions of t he  s o i  1 radium concent ra t ion  va r ied  

f rom 0.38 pCi/g t o  2.97 pCi/g. The geometric mean o f  these values was 

found t o  be 0.87 pCi/g, and the  geometric. standard d e v i a t i o n  was 1.4. 

Most o f  these measurements were made i n  s i t u  us ing  a Ge(Li )  de tec to r  and 

a computer based 'pulse. h e i g h t  ana lys i s  system. (52y53)  Resul ts  obta ined 

by t h i s  technique were w i t h i n  10% of t he  values determined by radiochemical 

and mass spectrometr ic  analyses. 

Pendl e ton  (54) repo r ted  measurements o f  r a d i  um "equ iva len ts"  i n  s o i  1 

samples which had been sealed f o r  ingrowth o f  radon daughters-* technique 

s i m i l a r  t o  ' t h a t  used i n  t h i s  i n v e s t i g a t i o n .  H is  samples were c o l l e c t e d  

over  a wide area of the  S a l t  Lake Basin and were genera l l y  rep resen ta t i ve  

o f  t he  concent ra t ion  of radium t o  a depth of 10 cm below the  sur face.  

I n d i v i d u a l  samples o f  each cent imeter  o f  s o i l  were c o l l e c t e d .  A com- 

p a r i  son was made between some of Pendl eton ' s r e s u l  t s  o f  s o i  1 a c t i v i t y  

measurements and r e s u l t s  of t h i s  study. I n  two se ts  o f  samples taken i n  

Magna, Utah, he repo r ted  an average f o r  226Ra o f  1.1 + 0.17 pCi /g  
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Table 3. Background radionucl  i de  concentrat ions i n  so i  1 samples 
i n  the S a l t  Lake Val l e y  

Nucl ide concentrat ion 

226Ra 2 3 8 ~  Sampl e 32Th 
number (pCi/g) ( p C i / g )  ( ~ c i / g )  

UT- 1 

UT-2 

UT-3 

UT-4 

UT-5 

UT-6 

UT-7 

UT-8 

UT-9 

UT-10 

.UT-11 

UT-12 

UT-13 

UT-14 

UT-15 

UT-16 

UT-17 

UT-18 



f r om 0 t o  2 cm i n  one s e t  and 1.68 + 0.122 pCi/g f rom O t o  9 cm i n  the  

o t h e r  s e t .  These values may be compared i n  a general way t o  our  back- 

ground measurements ; see, f o r  example, samples llT-2 f 1.42' t rl.02 pCi /g )  

and UT-11 (1.40 + 0.03 pCi /g )  i n  Table 3. Pendleton a l s o  presented, for 

these two sets of samples, 2Th concentrat ions of 1 .3 pCi /g  and 1 .5 

pCi /g, r e s p e c t i v e l y ;  we obta ined concentrat ions o f  1 .26 pCi/g and 1 .22 

pCi /g  i n  ou r  respec t i ve  samples. A sample c o l l e c t e d  by Pendleton i n  

A p r i l  1974 near t h e  west s i d e  o f  the  sewage t reatment  p l a n t  p rope r t y  a t  

t h e  V i t r o  s i t e  was a t  t h e  approximate p o s i t i o n  o f  sample SS-52 i n  F ig .  

4. He repo r ted  a 226Ra concent ra t ion  o f  104.8 pCi/g from 0 t o  2 cm 

whereas ou r  r e s u l t s  i n d i c a t e  108 pCi/g. I n  a second sample taken a t  the  

sewage t reatment  p l a n t  between two s e t t l i n g  tanks, he repor ted  762 pCi /s  

from 0 t o  2 cm; and f rom t h i s  study (SS-51) a concent ra t ion  o f  570 pCi/q 

was found. The v a r i a t i o n  i n  t h i s  l a t t e r  comparison i s  n o t  s u r p r i s i n q  

s i n c e  i t  i s  u n l i k e l y  t h a t  t h e  samples were c o l l e c t e d  w i t h i n  15 t o  20 m 

of  one another, and more than a year  had elapsed between t imes o f  sample 

c o l l e c t i o n .  The v a r i a b i l i t y  o f  radium a c t i v i t y  i n  s a i l  taken from areas 

l y i n g  c l o s e  t o  t h e  p i l e  i s  discussed l a t e r  i n  t h i s  chapter.  

Background water  samples were c o l l e c t e d  from f o u r  w e l l s  (see F i g .  

9 )  l o c a t e d  near t h e  V i  t r o  s i t e ,  b u t  a t  l ~ c a t i o n s  f a r  e n o ~ ~ g h  n f f  the  c i  t.e 

t o  be considered unaffected by the  p i l e .  The uranium and radium concen- 

t r a t l o n s  found i n  these samples a re  g iven i n  Table 4. Analyses were 

r e s t r i c t e d  t o  these rad ionuc l i des  because uranium migrates a t  t he  f a s t e s t  

r a t e  i n  groundwater and 226Ra has the  lowest  MPC, (37)  among the  t a i l i n g s  
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Fig.  9. Plan view o f  V i t r o  m i l l  s i t e  showing l o c a t i o n  
o f  water samples from p r i v a t e  we l l s .  



Table 4. Radionucl ide concentrat ions i n  we l l  water 
near the  V i  t r o  s i t e ,  S a l t  Lake City, Utah 

Sampl e 23811 226Ra 
number Locat ion o f  s t a t i o n  (pC i / l  i t e r )  (pC i / l  i t e r )  

SV-OW1 31 06 South 400 West 0.71 . 0.19 

SV-OW2 3200 South 1100 West 0.22 0.08 

SV-OW3 837 West 3300 South neg . 0.48 

SV-OW4 3090 South 1 1 00 West 0.06 0.15 



components. Tanner (55 )  has repor ted  radium concentrat ions i n  water from w e l l s  

i n  t he  S a l t  Lake Va l ley  a t  l o c a t i o n s  remote from the  V i t r o  s i t e .  These 

values ranged from 0.1 p C i / l  i t e r  t o  2  p C i / l  i t e r  o f  226Ra. 

R a d i o a c t i v i t y  i n  Groundwater i n .  T a i l i n g s  P i l e  
. . 

During the  d r i l l i n g  operat ions a t  t he  V i t r o  s i t e ,  i t  was observed 

t h a t  groundwater ex i s ted  3 t o  4 ft below the  sur face even i n  areas 

where t h e  t a i l i n g s  sur face was 15 o r  more f t  h igher  than 'normal grade 

e levat ion .  The overburden o f  t a i  1  ings  and the  presence o f  an unconfined 

a q u i f e r  i n  the subso i l  account f o r  t h i s  shal low groundwater tab le .  

Samples were taken from t h e  water present  i n  each o f  t he  holes d r i l l e d  

i n t o  the  t a i l i n g s  p i l e . .  Water was a l so  c o l l e c t e d  f rom a l l  surface 

streams. A f t e r  c e n t r i f u g i n g  f o r  removal o f  bu l k  so l  i ds ,  each sample was 

pressed through a  0.45-um f i l t e r .  The water was then dispensed (25 m l )  

i n t o  the  p rev ious l y  described p l a s t i c  s c i n t i l l a t i o n  count ing  v i a l s ,  

sealed, and s tored f o r  e q u i l i b r a t i o n .  The a c t i v i t y  l e v e l s  were so low 

t h a t  i t  was d i f f i c u l t  to '  o b t a i n  s t a t i s t i c a l l y  accurate est imates of the  

nuc l ides  present  by gamma-ray-spectroscopy techniques. Therefore, a  

composite sample was made up o f  one 25-ml sample o f  water f rom each hole 

i n  t he  t a i l i n g s  p i l e .  Radiochemical techniques were used t o  analyze 

t h i s  composite water sample. The r e s u l t s  a r e  g iven i n  Table 5. The 

l e v e l  o f  r a d i o a c t i v i t y  i n  f l o w i n g  streams was i n d i s t i n g u i s h a b l e  from 

background. 

A cor~ f ined,  a r t e s i a n  a q u i f e r  e x i s t s  about 5 0 . f t  below the  base o f  

t he  t a i l i n g s  p i l e .  Because t h e  p iezometr ic  sur face o f  t h i s  a q u i f e r  i s  

h igher  .than grade e levat ion ,  groundwater f l o w  i s  toward the  surface. ( 4  ) 



Table 5 .  Radionuclide concentration i n  composite 
sample from groundwater i n  the V i t r o  
t a i l i n g s  p i l e  

Radionuclide 
Concentration 

(pCi / l  i t e r )  



Hor izonta l  movement o f  t h e  sur face a q u i f e r  i s  toward the  Great S a l t  Lake 

a t  a  hyd rau l i c  g rad ient  o f  about 0.06% through a  r e l a t i v e l y  impermeable 

c lay .  (4)  Thus, minimal v e r t i c a l  and ho r i zon ta l  movement o f  t he  a c t i v i t i e s  

shown i n  Table 5 can be expected. 

Radionucl ide Concentrat ions On the  S i t e  

The V i t r o  s i t e  was d i v ided  i n t o  th ree  general areas. Sampling 

l oca t ions  i n  each area were used t o  ob ta in  a  p r o f i l e  o f  t h e  gamma-ray 

i n t e n s i t y  i n  t h e  s o i l  and, hence, a  p l o t  o f  t h e  radium concent ra t ion  

as a  func t i on  o f  depth below t h e  surface. Typical  r a d i o a c t i v i t y  pro- 

f i l e s  are  shown i n  Fig. 10 (note  the  i n t e r f a c e  between t a i l i n g s  and 

subsoi l  as i nd i ca ted  by an arrow). I n  some cases, i t  was poss ib le  t o  

p l o t  t h e  measured concent ra t ion  of uranium and radium a t  t h e  same depth. 

It was noted e a r l i e r  t h a t  an an ion ic  uranyl  complex may be expected t o  

migra te  more r a p i d l y  than radium, provided t h e  groundwater i s  moving. 

Therefore, any noted. imbalance o f  radium and uranium a c t i v i t i e s  could 

i n d i c a t e  a  p re fe ren t ia l  leach ing o f  uranium. The i n t e r f a c e  between 

t a i l i n g s  and subso i l  i s  detected eas i l y ,  and i t s  p o s i t i o n  may be e s t i -  

mated from t h e  data i n  Fig. 10. However, some d i f f i c u l t i e s  

were encountered f requen t l y  i n  t h e  i n s e r t i o n  o f  a  l e n g t h  o f  PVC tub ing  

i n t o  t h e  d r i l l e d  holes. The p o s s i b i l i t y  e x i s t s  t h a t  some h igh  s p e c i f i c  

a c t i v i t y  t a i l i n g s  were brushed i n t o  t h e  bottom o f  t h e  ho le  o r  t h a t  t h e  

ever present groundwater washed some o f  t h e  sandy tex tu red  mate r ia l  

f rom upper l e v e l s  i n t o  t h e  bottom. It should a l so  be po in ted o u t  t h a t  

t h e  sp l i t -spoon sampler used f o r  sampling s o i l  below t h e  i n t e r f a c e  may 

have caised some s ide  wa l l  contaminat ion i n t o  t h e  sampling area. There- 

fo re ,  we cannot p lace an est imate on t h e  probable e r r o r  i n  t h e  p o s i t i o n  
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DEPTH 9ELOW SURFACE (ft) 
Fig. 10. Typical profile of 226Ra concentration as a 

function of depth below the surfac'e of 
Vitra tail ir,gs.  



o f  the i n te r face  o r  i n  the depth below the  i n t e r f a c e  t o  which radium o r  

uranium has leached. However, t he  downward m i g r a t i o n  o f  rad ionuc l i des  

i s  u n l i k e l y  t o  be g rea te r  than t h a t  shown i n  F ig.  10 because t h e  

groundwater f l o w  i s  toward t h e  surface. 

Radionucl ide Concentrat ions O f f  t he  S i t e  

A se r ies  o f  s o i l  samples was c o l l e c t e d  i n  areas away from the  

t a i l i n g s  p i l e  t o  determine the  spread o f  contaminat ion due t o  wind and 

excessive r u n o f f .  Th is  se r i es  inc luded a s e t  o f  60 l o c a t i o n s  ( l abe led  

i n  F ig.  4 as SS-1 through SS-60) a t  d is tances o f  400 t o  1000 m from 

the  center  o f  t he  V i t r o  s i t e ;  s o i l  was taken from the  surfac.e and a t  . 

one f o o t  below the  surface. Also inc luded i n  t h i s  s e r i e s  was a group o f  . 

sediment samples f rom the  Jordan R iver ,  M i l l  Creek, and a drainage d i t c h  

used t o  c a r r y  e f f l u e n t  from the  sewage t reatment  p l a n t  t o  the  Jordan 

R i  ver.  

Concentrat ions o f  6Ra i n  these surrounding s i t e  f SS) . l oca t i ons  

a r e  presented i n  Table 6. Some data are  g iven f o r  uranium concentrat ions.  

I t  i s  seen t h a t  some o f  t he  samples were taken from areas around the  

sewaqe t reatment  p l a n t .  On t t ie  west s ide  o f  t h i s  s i t e ,  some t a i l i n g s  

ma te r ia l  was used i n  cons t ruc t ion .  The r a t h e r  h igh  radium concent ra t ions  

f o r  samples SS-51 and SS-52 v e r i f y  t he  presence o f  t a i l i n g s  i n  t h a t  

area. I n  a number o f  l oca t i ons ,  t he  radium concent ra t ion  i s  g rea te r  a t  

a depth o f  one f o o t  than on the  surface. Th is  i s  an i n d i c a t i o n  t h a t  t he  

ground on which t a i l i n g s  were blown was ' d i s tu rbed  a f t e r  depos i t ion ,  o r  

t h a t  t a i l i n g s  were moved t o  t h a t  l o c a t i o n  and used i n  grading o r  construc-  

t i o n .  The r e s u l t s  o f  these o f f s i t e  analyses i n d i c a t e  t h a t  minimal a c t i v -  

i t y  i s  a v a i l a b l e  f o r  producing exposure through the  t e r r e s t r i a l  pathway. 



Table 6.  226Ra concentration i n  s o i l  col lected o f f  the site 
i n  areas surrounding the V i  t r o  p i l e  

226Ra Concentration 226Ra Concentration 
Sample a Surface 12-in. deep Sampl e Surface 12-in. deep 

locat ion (pCi/g) (pCi/g) locat ion (pCi/g) (pCi/g) 

a 
No samples collected f o r  locations SS-5 and SS-32. 



Radionucl i d e  concentrat ions i n  waterway sediments are g iven i n  

Table 7. These r e s u l t s  show no i n d i c a t i o n  o f  contaminat ion i n  the  

Jordan River .  The contaminat ion present i n  the  drainage d i t c h  ( p a r t i c -  

u l a r l y  230Th) and i n  M i l l  Creek may be t h e  r e s u l t  o f  previous l i q u i d  

discharges from t h e  m i l l .  The absence o f  contaminat ion i n  t h e  surface 

water samples and i n  Jordan R ive r  sediments precludes t h e  possi b i l  i ty  of 

exposure through t h e  aquat ic  pathway. Nevertheless, dredging o f  M i l l  

Creek and t h e  drainage d i t c h  and proper disposal o f  t he  s p o i l s  may be a 

des i rab le  remedial ac t ion .  

There are  several l oca t ions  i n  S a l t  Lake City t o  which t a i l i n g s  

have been moved f o r  p r i v a t e  use. These loca t ions  are  discussed by Ford, 

Bacon and Davis, Utah, i n  t h e i r  r e p o r t  o f  t h e  V i t r o  s i t e .  (4)  NO r e s u l t s  

a re  presented here f o r  measurements made a t  these loca t ions .  However, 

several commercial s t ruc tu res  have been constructed i n  recent  years 

a long t h e  east  s ide  o f  900 West S t ree t  between 33rd South and t h e  

drainage d i t c h  f o r  t h e  sewage t reatment  p lan t .  Several holes were 

d r i l l e d  through t h e  concrete f l o o r s  i n  these b u i l d l n g s  and s o i l  was 

c o l l e c t e d  a t  several depths (see Fig.  11 ) .  It was found t h a t  two o f  

these s t r u c t u r e s  had t a i l i n g s  under t h e  f l o o r s .  I n  one o f  these bu l l d lngs ,  

t a i l i n g s  ranged t o  a t  l e a s t  5 ft deep. Results o f  measurements on 

samples c o l l e c t e d  under these b u i l d i n g s  are  given i n  Table 8. The 

r e s u l t  of t h i s  type s i t u a t i o n  i s  a cont inuously e levated concent ra t ion  

o f  radon i n s i d e  t h e  bu i l d ing .  During some per iods of t h e  day t h e  radon 

progeny concent ra t ion  may exceed 1 t o  2 working l e v e l s  (WL). For residences, 

t h e  Surgeon General o f  t h e  U. S. has r e ~ o m n e n d e d ( ~ )  t h a t  t h e  annual 

average working 1 eve1 concent ra t ion  n o t  exceed 0.01 WL. 



I 

Table 7 .  Radionuclide concentration i n  sediment samples 

Concentration - - 

Sampl e 2 2 6  Ra 2 3 0 T h  2381) 210  Pb 
number (pCi/g) (pCi/g) (pCi/g) (pci /g)  
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3300 SOUTH STREET 

I 
Fig. 11. P l o t  o f  southwest area o f  t a i l i n g s  p i l e  showing 

t h e  l o c a t i o n  o f  commercial s t ruc tu res  a long 
900 West S t r e e t  and t h e  . l oca t ion  o f  sampling 
po in ts  i n  these bu i l d ings .  



Table 8.. 226Ra concen t ra t i on  i n  s o i l  beneath t h e  f l o o r  of commercial 
s t r u c t u r e s  a long southwest edge of V i t r o  t a i l i n g s  p i l e  

Depth 
Sampl e  o f  sample 226Ra concent ra t ion  

B u i l d i n g  l o c a t i o n  ( i n . )  ( p c i / g )  



. . 

Elemental Composition o f  t ate rial from the  V i  t r o  Tai 1 ings  P i l e  

A t o t a l  o f  12 samples o f  t a i l i n g s  ma te r ia l  were gathered a t  random 

loca t i ons  on the  p i l e .  These samples were analyzed by t h e  ORNL A n a l y t i c a l  

Chemistry D i v i s i o n  u t i l i z i n g  a spark-source mass spectrometer.  A semi- 

q u a n t i t a t i v e  ana lys i s  (+  f a c t o r  o f  2 )  was requested t o  determine if poten- 

. t i a l l y  hazardous o r  t o x i c  ma te r i a l s  were present  i n  s i g n i f i c a n t  q u a n t i t i e s .  

The elemental concentrat ions i n  these samples a r e  g iven i n  Table 9 f o r  

those elements whose w t .  % exceeded 0.05. A f t e r  t h i s  ana lys i s  had been 

completed, a quest ion  was ra i sed  about t h e  concent ra t ion  o f  a rsen ic ,  

selenium, and uranium. Because o f  a n a l y t i c a l  costs,  a composite was 

formed o f  these 12 samples and one a d d i t i o n a l  ana lys i s  was made. The 

concent ra t ion  o f  a rsen ic  was 0.03%, selenium was 0.003%, and uranium 

was 0.03%. 

D i r e c t  Gamma-Ray Exposure Rates On and Near t h e  T a i l i n g s  P i l e  

The d i r e c t  gamma-ray exposure around most o f  t he  i n a c t i v e  uranium 

m i l l s  does n o t  c o n s t i t u t e  a s i g n i f i c a n t  hazard because o f  t h e  f a c t  t h a t  

most o f  these s i t e s  a re  i n  secluded areas. However, t he re  a re  some 

notab le  exceptinns, such as the  V i t r o  s i t e ,  where a l a r g e  popu la t i on  

group res ides  near t he  p i l e .  It was decided t o  c a l c u l a t e  the  p o t e n t i a l  

h e a l t h  e f f e c t s  from d i r e c t  gamma exposure; thus, a se r ies  o f  measure- 

ments were made a t  each p lace a s o i l  sample had been taken and a t  loca-  

t i o n s  near t he  p i l e  and a long p u b l i c  roads. Gamma-ray exposure as a 

f u n c t i o n  o f  d is tance from the  center  o f  t he  p i l e  (sample p o i n t  S V - 1 5 )  

i s  p l o t t e d  i n  F ig.  12. There i s  a reduc t i on  o f  exposure r a t e  w i t h  

d is tance;  however, t he  r e l a t i o n s h i p  does n o t  f o l l o w  the  i nve rse  square 

law because o f  t he  l a r g e  phys ica l  s i z e  o f  t he  pi l e .  



Table 9. Elemental composit.ion o= mater ia l  from the V i f r o  tai1dng.s p i l e  
(L is tNed values are w t . %  i f  greater  than 0.05) 

Random sample numbers 

E l  emen t 1 2 3 4 5 6 ? 8 9 10 11 12 

2. r5. >5. 

0.6, 1. 5. 
- - - 

0.9 1. 1 .. 5 

1 - 2. 0.5 

0.1 0.8 5. 
- - 0.1 
- 0.1 - 

1. 1. 2 - 
- - - 
- 0.2 - 

0.05 0.08 , - 
-+ Major Element + 

0.07 0 . 3  0.2 
- - - 



DISTANCE FROM CENTER OF PILE 

Fig. 12 .  External ganuna radiation ( p R / h r )  as a function 
of- distance from the center of the Vitro 
tai l ings pi le .  



Gamna-ray measurements were a lso made ins ide  three o f  the comnercial 

s t ruc tu res  shown i n  Fig. 11. .These l eve l s  are l i s t e d  i n  Table 10. I n  

b u i l d i n g  A, i t  i s  observed t h a t  the l eve l  i s  j u s t  over 200 pR/hr. For 

persons,working i n  t h i s  bu i l d i ng - ' f o r  a per iod o f  40 hours per week f o r  

50 weeks per year, the in tegrated exposure i s  400 mrem/year. 

Radon and Radon Daughter Concentration i n  Structures 

During the course o f  t h i s  study, a ser ies o f  radon and radon daughter 

samples were taken i n  the  sewage treatment p l an t  o f f ice  bu i ld ing,  several 

commercial bu i ld ings located near the p i l e ,  and i n  some residences. 

Measurements of radon concentrat ions were made by others and are given 

i n  reference ( 4 ) .  I n  most cases, a i r  was sampled f o r  radon w i t h  a Lucas 

chamber a t  the same t ime a i r  was sampled f o r  radon daughters. Given 

radon and radon progeny concentrations, one can determine the degree o f  

equ i l i b r i um  between radon and i t s  daughters. A r a t i o  o f  the a c t i v i t y  of 

each successive daughter i n  the chain gives some informat ion about the 

v e n t i l a t i o n  r a t e  f o r  the s t ruc tu re  and permits the ca lcu la t ion  o f  the 

working l eve l  concentrat ion i n  t h a t  area. It should be pointed out  t h a t  

i n  a shor t  per iod of t ime (such as the per iod o f  . t h i s  inves t iga t ion ) ,  

t he  on ly  ph.ys.ica1 measurements of s ign i f icance are those which are non- 

varying, Mcasurcmcnts o f  radon and/or radon progeny concentrat ions made 

cont inuously fo r  a shor t  per iod (<  - 30 days) are i n s u f f i c i e n t  f o r  use i n  

eva luat ing the radon exposure condi t ions over 'a 1 ong per iod ( i  . e. > 1 - 

year) .  Annual average concentrat ions requ i re  a knowledge o f  the seasonal 

v a r i a t i o n  i n  the d i s t r i b u t i o n  of values. The r e s u l t s  o f  spot sampling 

f o r  the  concentrat ion of radon daughters are presented i n  Table 11 f o r  



Table 10. Gamna-ray exposure ra tes  inside commercial s t ructures  
along southwest edge of Vitro t a i l ings  p i l e  

Exposure r a t e  
Building Location of measurement ( ~ R / h r )  

10 f t  from rear  door 
Near f ront  entrance 
Near center of building 

In storage room 

25 f t  from eas t  wall 
Near center of building 

Near front  of f ice  
Near eas t  wall 



Table 11. Concertrat ion of radon and radon daughters 

Concentrat ion  
Tota 1 Working 

Date ?n Ra A RsB RaC % RaA @ RaC daughters 1 ve s 
1975 Time Location ( ~ c i l l i t e r )  ! p C i / l i t e r )  ( p C i / l i t e r )  ( p i  (pci , ' ] i fer)  ?WL\ Egui l .  Rn Rn 

9-25 11:OO Outside: 1745 5. Redwood 0.43 (19) 0.23 (36) 0.17 (34) 0.83 (53) 0.0022 
9-26 10:40 0.96 (14) 0.17 (75) 0.46 (20) 1 .58 (78 )  0.004 

Sewage treatment p lan t  
Southwest room 

Bldg. C ,  Fig.14 , s tore  rm.m 

Bldg. 0, Fig. 11 , shop 

3226 W. 300 W -ns ide  
outs ide 

363 W. 33id 5. f r on t  roan 

Bldg. B,Fig.41. s to re  room 

outs ide 

Bldg. A.Fig.41 . outs ide 

'738 E 1930 5, basentent 

" o ~ t s i d e  r oo f  

C.C. warehouse 

'0oor opened approximately one hour p r i o r  t o  measurement. 

b ~ o o r s  open. 

'sample co l l ec ted  30 minutes a f t e r  shop clossd. 

d ~ e a r  open door. 



several  l oca t i ons  near t he  t a i  1  i ngs p i l e .  Only very  t e n t a t i v e  concl usions 

may be drawn from these data because o f  t he  shor t - te rm nature  o f  the  

measurements. I t  i s  poss ib le ,  however, t o  observe the  d i s e q u i l i b r i u m  

which e x i s t s  between RaA, RaB, and RaC and i n  some cases between these 

nuc l ides  and Rn. 

C a l c u l a t i o n  o f  222Rn Emanation and D ispers ion  From the  T a i l i n g s  P i l e  

Average 6 ~ a  concentrat ions i n  t a i  1  i ngs were determi  ned from aamma 

logs  and y spectroscopy f o r  each o f  t he  t e s t  holes SV-1 t h r u  SV-29. The 

rep resen ta t i ve  samples shown i n  Table 12 were then averaged t o  est imate 

the  o v e r a l l  average 226Ra content  of t he  p i l e  as 460 pCi/g. The average 

depth o f  contaminat ion was est imated t o  be 13 ft. The contaminated 

area was est imated from a l a r g e  sca le  drawing o f  F ig .  4 as approx in~ate ly  

117 acres (4.7 x l o 5  m2). Assuming t h a t  the s p e c i f i c  g r a v i t y  o f  the  

t a i l i n g s  ma te r ia l  i s  1.6 g/cm3, (10s56)  the  t o t a l  226Ra inven to ry  may be 

ca l cu la ted  as 1400 C i  which compares favorab ly  w i t h  the  es t imate  o f  1380 

C i  based on the  assays of o re  processed by the  V i t r o  m i l l .  :t3) 

The est imated mass of contaminated ma te r ia l ,  3.3 x 106 tons, i s  

almost double the  amount o f  uranium o re  processed by the  m i l l ,  1.7 x l o 6  

tons. (3)  The a d d i t i o n a l  mass inc ludes  an undetermined volume o f  low- 

a c t i v i t y  vanadium t a i l i n g s  mixed w i t h  and p i l e d  upon the  uranium t a i l i n g s ,  

t he  contaminated s o i l  beneath the  t a i l i n g s  p i l e s  and the  o re  storage 

area, and a l a r g e  quant;i t y  o f  sewage sludge. 

Emanation o f  2 2 2 ~ n  from the  surface of the  V i  t r o  p i l e  was est imated 

by use of  Eq. (1 ) i n  Chapter 3 of t h i s  . repor t .  P o r o s i t y  was assumed t o  

be 0.4, (10s55)  s p e c i f i c  g r a v i t y  1.6 g/cm3, (10356) h u l k  d i f f u s i o n  



Table 12. Determi n a t i o n  o f  average 2 2 6 ~ a  concent ra t ion  
of V i t r o  t a i l i n g s  p i l e  

Hole 
number 

Depth 
( f t )  

sv- 1 

sv- 2 

sv- 3 

sv- 4 

SV- 5 

SV- 8 
sv- 9 

sv-10 

sv-12 

sv-13 

SV-14 

SV-15 

SV-16 

sv-17 

SV-18 

sv-19 

sv-20 

sv-21 

sv-22 

SV-23 

SV-25 

SV-26 

SV-27 

SV-28 

Average 



c o e f f i c i e n t  0.028 cm2/sec (equ iva lent  t o  t h a t  observed f o r  sand @ 0% .. 

moisture (18)),  and emanation f r a c t i o n  0.2' as discussed i n  Chapter 3. 

D i f f u s i o n  p roper t i es  o f  t h e  subsoi l  were assumed t o  be s i m i l a r  t o  those 

f o r  water-saturated c lay .  ( I 8 )  These assumptions coupled w i t h  an average 

226Ra content  o f  460 pCi/g and an average depth of 13 ft.. yielded a 

222Rn emanation r a t e  o f  550 pCi/m2-sec. 

Radon emanation r a t e s  have been measured a t  var ious l o c a t i o n s  on 

t h e  V i t r o  t a i l  ings p i l e . ( 5 7 )  The average o f  these s h o r t - t e n  measure- 

ments was 320 pCi/m2-sec. This measured value i s  only abou t  60% o f  the  

ca l cu la ted  value. However, t h e  physical  desc r ip t i ons  o f  t h e  measured 

s i t e s  imply t h a t  t h e  radon emanation r a t e  from t h e  o re  storage ar,ea was 

n o t  measured. This i s  t h e  area conta in ing  t h e  highesk concent ra t ion  of 

226Ra contamination. Furthermore, a1 1  assumptions re1 a ted t o  t h e  ca l  cu- 

l a t e d  emanation r a t e  were made t o  maximize computed r e s u l t s .  Thus, t h e  

ca l cu la ted  emanation r a t e  o f  550 pCi/m2-sec should be a  conservat ive 

est imate o f  t he  annual average. 

An area source model (21) was used i n  con junc t ion  w i t h  t h e  most re -  

cent  wind p r o f i l e  and s t a b i l i t y  data f o r  S a l t  Lake t o  est imate 

t h e  outdoor 222Rn concentrat ions a t t r i b u t a b l e  t o  t h e  t a i l i n g s  p i l e .  

Results o f  d ispers ion  c a l c u l a t i o n s  f o r  an area source s t reng th  o f  2.6 x  

l o 8  pCi/sec a re  shown i n  Table 13. The ho r i zon ta l  l i n e s  on Table 13 

correspond t o  d is tances a t  which t h e  222Rn concent ra t ion  a t t r i b u t a b l e  t o  

t h e  t a i  1  ings p i l e  i s  approximately equal t o  background (0.38 pC i / l  i t e r )  (26) 

and 10% o f  background. As may be seen from Table 13, radon a t t r i b u t a b l e  

t o  the  t a i l i n g s  p i l e  i s  about 10% o f  background a t  a  d is tance o f  2  m i les  
. . 



Table 1 3 .  222Rn concentration ( p C i / l i t e r )  r e s u l t i n g  from t.?e V i t r o  t a i l i n g s  pile 

Oist .  from 
edge o f  Compass d i r e c t i o n  

p i l e  
(m i le )  N NNE' NE ,!NE E ESE SE SSE S SSW SW WSW W WNW NW NNU 

' l a  

NOTE : P i l e  contributio-u - background. 
--------- ' l a  

P i l e  corrtr ibutioa - 10% o f  background. 



from t h e  t a i l i n g s  p i l e  i n  a l l  b u t  4  sectors.  Radon concent ra t ion  decreases 

t o  10% of background i n  a l l  d i r e c t i o n s  a t  about 4  m i les  from t h e  p i l e .  

A comparison o f  ca lcu la ted and measured annual 222Rn concentrat ions 

i s  shown i n  Table 14. Good agreement was obta ined a t  a l l  p o i n t s  except 

Shearer and S i l l ' s  (26)  s t a t i o n  number 83. The sampling l o c a t i o n  map 

given by Shearer and ~ i 1 1 ( ~ ~ )  i nd i ca tes  t h a t  t h i s  s t a t i o n  was loca ted  on 

3300 South across t h e  s t r e e t  from t h e  t a i l i n g s  p i l e .  

Atmospheric d ispers ion  of 222Rn a t t r i b u t a b l e  t o  t h e  t a i l  ings p i l e  

was ca l cu la ted  f o r  a  d is tance o f  7 m i les  from t h e  center  o f  t h e  p i l e  i n  

16 compass d i r e c t i o n s .  The area inc luded i n  t h i s  7 m i l e  rad ius  i s  shown 

i n  Fig. 13. Ex t rapo la t ions  beyond t h i s  d is tance i n v o l v e  concentrat ions 

approaching 1% o f  background and would a f f e c t  a  small percentage o f  t h e  

met ropo l i tan  populat ion.  Furthermore, t h e  presence o f  mountain ranges 

a t  distances beyond 7 m i les  would i n v a l i d a t e  t h e  t u r b u l e n t  d i f f u s i o n  

model used t o  perform the  ca l cu la t i ons .  

It was assumed t h a t  no 222Rn was l o s t  between t h e  source and t h e  

receptor  by decay, ra inou t ,  o r  d r y  depos i t ion .  Thus, t h e  concentrat ions 

shown i n  Table 13 a re  conservat ive est imates o f  annual averages. 

Concentrations o f  Ai rborne Radionucl ides  

Resul ts  o f  an a i r  sampling program conducted by t h e  USEPA are  

given i n  Table 15. The average concent ra t ion  was determined from 26 

consecutive samples o f  two weeks du ra t i on  each. The a i r  sampler was 

located a t  t h e  Suburban Sewage Treatment P lant  which i s  located about 

0.1 m i l e  n o r t h  o f  t he  l a r g e s t  t a i  1  ings  area. The STAR wind p r o f i l e  

analysis.(58) i nd i ca tes  t h a t  winds w i t h  v e l o c i t y  > I 8  mph (>41 mlsec) 



Table 14. Comparison of calculated and measured 222Rn 
concentrations i n  S a l t  Lake C i t y  

Stat ion Measured a ~ a l  cul atedb 
number (pCi / l  i t e r )  ( pCi/ l  i t e r )  - 

b ~ h i s  value represents the calculated cnnccntration plus 
the back round of 0.38 p C i / l i t e r  a s  observed by S i l l  and 
Shearer .?26) 



\ ORNL DWO. 7F432S 

Fig. 13. Mag of Salt Lake Va1le.y showing area included 
in calculations of radon dispersion. 



Tab1 e 15. Average concentrat ions of a i rborne radionucl  ides 
a t  Suburban Sewage Treatment Plant, S a l t  Lake 
C i t y ,  Utah 

- - 
a C 

AV.  conc. M P C ~ ~  AV . 
Radionucl i d e  (pci/m3) (pCl/m ) conc ./MPC, 

226Ra 0.0018 + 0.0026 2. (1) 0.001 

2 3 0 ~ h  0.00088~ 0.0012 0.08 (S )  0.011 

2' Oy 0.010- 2 0.0056 - 4. (5 )  - 0.003 

21 OPO 0.061 + 0.166 7 -  (1) 0.009 

234" 0.00022+ 0.0001 2 4 .  (1) . 0.00006 

238" 0.00020+ 0.00014 3. . (S)  0.00007 

22URa 0.002 20.002 1 (1) 0.002 
E C1/MPti 0.026 

222R,(26) 4200 1400 3.000 ( s )  1.4 2 0.5 

a ~ e f .  35. 

b ~ h e  most r e s t r i c t i v e  MPC, i s  given; S = Soluble, I = Inso lub le .  

' ~ e f .  37, 



occur 1.3% o f  the  t ime. These h igher  v e l o c i t y  winds suspend p a r t i c u l a t e  

a c t i v i t y  much more e f f e c t i v e l y  than low v e l o c i t y  winds. Almost ,80% o f  

>18 mph winds blow toward N, NNW, o r  NNE d i r e c t i o n s .  Thus, samples 
. . 

c o l l  ected a t  t h i s  l o c a t i o n  should be rep resen ta t i ve  o f  a i rbo rne  a c t i v i t y  

concentrat ions a t t r i b u t a b l e  t o  the  t a i l i n g s  p i l e .  

The t o t a l  average annual a i rbo rne  a c t i v i t y  i s  l ess  than 3% o f  the 

MPCa as i s  shown i n  Table 15.   his a c t i v i t y  may be compared w i t h  the  

measured 22Rn concent ra t ion  (26)  and i t s  e r r o r  shown i n  Table 15. The 

c o n t r i b u t i o n  o f  a i rbo rne  a c t i v i t y  i s  fa r  l ess  than the  e r r o r  o f  the  

radon a c t i v i t y .  Furthermore, a p p l i c a t i o n  o f  the c r i t e r i a  conta ined i n  

t he  Note t o  Appendix B y  10 CFR 20, (36)  revea ls  t h a t  a l l  a i rbo rne  a c t i v i t y  

except 22Rn may be a d m i n i s t r a t i v e l y  considered as " n o t  present .  " A1 1  o f  

these measurements were made i n  a  non-habi t a b l e  1  ocat ion.  Atmospheric 

d ispers i 'on o f  the  a i rborne a c t i v i t y  would f u r t h e r  reduce the  concentra- 
. . 

t i o n s  o f  rad ionuc l  ides  invo lved.  
. . 



6. HEALTH EFFECTS ATTRIBUTABLE TO THE VITRO TAILINGS PILE 

The r e s u l t s  o f  t h i s  inves t iga t ion  may be used t o  estimate po ten t i a l  

hea l th  e f f ec t s  r e s u l t i n g  from the V i t r o  t a i l i n g s  p i l e .  This chapter 

presents the methods used f o r  ca lcu la t ing  hea l th  e f f ec t s  and the resu l t s  

obtained. 

Radon D i  f f u s i  on Pathway 

Maximum exposure t o  222Rn progeny w i l l  occur i n  poor ly  ven t i l a t ed  

s t ruc tures.  For purposes o f  these ca lcu la t ions,  we assume one a i r  

cxchangc per hour (59) and t ha t  the r a t e  o f  moleculai. J1TTusiui1 uP rqadun 

from outs ide a i r  i n t o  a  s t ruc tu re  i s  i n s i g n i f i c a n t  compared t o  t h a t  from 

v e n t i l a t i o n .  Radon i n  the outs ide a i r  a r i s i n g  from the t a i l i n g s  p i l e  i s  

assumed t o  enter  a  s t r uc tu re  a t  the  r a t e  o f  Cohv(pCi/l i t e r -sec ) ,  where 

CO i s  the  outs ide radon concentrat lon and h i s  the v e n t i l a t i o n  ra te .  

Radon i ns i de  the  s t r uc tu re  i s  removed by v e n t i l a t i o n  and decay; so t ha t  

the  concentrat lon i s  decreased a t  a  r a t e  o f  Ci(hv + hR) ( p ~ i / ' l i t e r - s e c ) ,  

where hR i s  the rad io l og i ca l  decay r a t e  and Ci i s  the concentrat ion o f  

radon i ns i de  the  s t ruc ture .  Over a  long per iod o f  time, equ i l i b r ium 

ui. l .1 be establ ished such t h a t  

s ince hv>>hR 

Thus the indoor concentrat ion o f  222Rn a t t r j b u t a b l e  t o  the t a i l i n g s  

p i l e  w i  11 approach the annual average outdoor 222Rn concentrat ion 

r e s u l t i n g  from atmospheric dispersion. 



Concentrations o f  a i rbo rne  222Rn progeny can be ca l cu la ted  using 

formulas r e l a t i n g  these values t o  v e n t i l a t i o n  ra te .  (60) For a v e n t i l a t i o n  

r a t e  o f  1 h r - l ,  an indoor concentrat ion o f .  1 pC i / l  i t e r  o f  222Rn w i l l  

produce 0.005 WL o f  progeny and continuous exposure w i l l  r e s u l t  i n  an 
. . 

annual exposure o f  0.25 WLM. Therefore, we w i l l  assume t h a t  an outdoor 

concent ra t ion  o f  1 p C i / l i t e r  222Rn a t t r i b u t a b l e  t o  t h e  t a i l i n g s  p i l e  

w i l l  r e s u l t  i n  an annual exposure o f  0.25 WLM i n s i d e  a s t r u c t u r e .  

Annual average 2 2 2 ~ n  progeny exposures may be ca l cu la ted  a t  each 

p o i n t  l i s t e d  i n  Table 13 by m u l t i p l y i n g  t h e  values i n  t h i s  t a b l e  by 

0.25. Thus, maximum exposure o f  1.1 WLM/year would occur i n s i d e  a s t r u c t u r e  

a t  t h e  north-northwest edge o f  t he  t a i l i n g s  p i l e .  I n  cont ras t ,  t he  

lower 1 i m i t  o f  t h e  Surgeon General 's Ac t ion  Guide, 0.01 WL, would 

r e s u l t  i n  an annual exposure o f  0.5 WLM using t h e  continuous occupancy 

assumptions. Furthermore, an annual outdoor exposure a t  t h i s  p o i n t  

would be about 0.1 WLM. This value i s  based on average wind speed i n  t h e  

NNW d i r e c t i o n ,  d is tance from t h e  center  o f  t h e  p i l e ,  t ime ' o f  t ranspor t  

from source t o  receptor ,  and r a t e  o f  growth o f  radon decay products 

dur ing  t ranspor t .  The r e s u l t i n g  value o f  0.1 WLM i s  f o r  cont inuous 

exposure a t  an outs ide  working l e v e l  csncentratlon o f  8.002 WL. 

A sumary  o f  est imated i'ndoor exposures t o  222Rn progeny a t t r i b -  

u t a b l e  t o  t h e  V i t r o  t a i l i n g s  p i l e  i s  g iven i n  Table 16, Populat ion 

exposures were ca l cu la ted  f o r  each o f  t h e  16 compass~d i rec t ions  w i t h i n  

each r a d i a l  sec tor  and summed t o  prov ide  t h e  est imate f o r  t h a t  r a d i a l  

sector .  Thus, t o t a l  popu la t ion  exposure o f  2000 p e r s o n - ~ L ~ / y e a r  rep- 
i 

resents a best  est'imate obta inable.  It i s  o n l y  i n  the  f i r s t  sec to r  (up 



Table 16. Summary o f  222Rn progeny exposures a t t r i b u t a b l e  t o  V i t r o  t a i l i n g s  p i l e  

Distance from Maximum annual a Minimum annua: Average ~ n p u a l  
center O f  average exposure ,?verage exposure exposure ~ o p u l  a t i o n  d Popul a t i o n  exposuree 

t a i l i n g s  p i l e  ( WLM/year) ( WLM/year: ( WLM/yea r ) ( person-WLMlyear) 
(mi 1 es)  

0 - 7  

Background f 

a~aximum exposures occur i n  t ~ e  n o r t h  o r  north-northwest d i r e c t i o n  from the  t a i l i n g s  p i l e .  

b ~ i n i m u m  exposures occur i n  t he  west.-sauthwest d i r e c t i o n  f rom the  t a i  1 i n g s  p i l e .  - 
L Average o f  a1 1 d i r e c t i o n s .  

d ~ e f .  61. 

e ~ b t a i n e d  f o r  each d i r e c t i o n  an6 sunned f a r  each d is tance from t a i l i n g s  p i l e .  This  may n o t  be equ iva len t  
t o  t he  product  o f  t h i r d  and 'ourth columns because o f  popu la t ion  d i s t r i b u t i o n .  

c 
I Calculated from average o f  O1.,3€! pCi / l  i tw  w i t h  standard dev ia t i on  of 0.26 pC i / l  i t e -  as repor ted i n  r e f .  26. 



t o  0.75 m i l e  from t h e  edge o f  t he  p i l e )  t h a t  annual average exposure 
222 

exceeds t h e  e r r o r  associated w i t h  exposure due t o  background Rn l e v e l s .  

Exposure summaries f o r  two sepdrate popu la t ion  p r o j e c t i o n s ( 4 )  a re  

shown i n  Tables 17 and 18. These exposures considered a  maximum, uniform 

popu la t ion  d i s t r i b u t i o n  f o r  medium (12,000 persons/sq m i l e )  and h igh  ( s  

20,000 persons/sq m i l e )  d e n s i t y  urban g.rowth.. I n  these, two exposure pro-  

j e c t i o n s ,  i t  was assumed t h a t  t he  o n l y  remedial ' a c t i o n  was p r o h i b i t i o n  of 

pub1 i c  access t o  the  t a i i i n g s  area. 
222 

Heal th e f f e c t s  a t t r i b u t a b l e  t o  ' these Rn progeny exposures were 

est imated us ing  data prov ided i n  t he  BEIR Report. (62'63) An abso lu te  r i s k  

es t imator  f o r  death due t o  l ung  cancer was de r i ved  on t h e  bas is  o f  a  l i f e -  

t ime d u r a t i o n  o f  r i s k .  The foo tno te  o f  'Table 3-2 o f  t he  BEIR Report (63) 

i n d i c a t e s  t h a t  lung cancer accounts f o r  26% o f  t he  abso lu te  r i s k  o f  "5  
6 

deaths/lO /year/remH f o r  those over age 9  i n  t he  popu la t ion .  It was as- 

sumed t h a t  t h i s  r a t i o  o f  0.26 was a l s o ' v a l i d  f o r  i n d i v i d u a l s  aged 0  t o  9 

years. Table 3-1 o f  t he  BEIR Report shows t h a t  a l l  cancers account f o r  
6 

1410 deaths among persons i n  a  popu la t i on  o f  198 x  10 exposed t o  0.1 

rem/year a t . a l l  t imes a f t e r  b i r t h .  Deaths f rom i n - u t e r o  exposure were 
222 * 

n o t  inc luded i n  our est imate because the  s h o r t  h a l f - l i v e s  o f  Rn progeny, 

t he  low pene t ra t i ng  power o f  alpha p a r t i c l e s  and the  exposure r o u t e  o f  
222 

i n h a l a t i o n  prec lude any s i g n i f i c a n t  i n - u t e r o  exposure t o  a i rbo rne  Rn 

progeny. Lung cancer death r i s k  i s  est imated as 0.26 x  1410 t 197.9 i 0.1, 
6 

o r  18 deaths/year i n  a  popu la t ion  o f  10 exposed t o  1  rem/year postpartum. 



Tab le  17.  Ext rapola ted  222Rn exposures a t t r i b u t a b l e  t o  V i  t r o  t a i l  ings 
p i l e  f o r  medium dens i ty  populat ion p r o j e c t i o n  

Populat ion cxposurc 
Sector  ~ o p u l a t i o n ~  (person -WLM/year) 

Background (26 ) 176,000 + 120,000 

a ~ e f .  4. 



Table  18.  Ext rapola ted  222Rn exposures a t t r i b u t a b l e  t o  V i t r o  
t a i l i n g s  p i l e  f o r  h igh  d e n s i t y  popula t ion  p r o j e c t i o n  

Distance 
( m i  1 es) 

Pooul a t i o n  exposures 
Popul a t i o n a  (person -WLM/year ) 

(26) Background 285,000 + 195,000 

* ~ e f .  4. 



The authors of the BEIR Report considered inherent inadequacies in 

estimating absorbed dose in rads from a given exposure in WLM and made 

the following statement (p.  148): 

"On the basis of the present evidence, 1 rad/WLM i s  
probably close t o  the upper limit f0r.a reasonably uniform 
dose t o  the basal cell layer of the epithelium of the 
larger bronchi on a probabilistic basis. I n  the presence 
of existing chronic bronchitis, the dose factor may well 
be substantially lower, owing t o  increased thickness of 
the mucous layer as well as of the epithelium, and thus 
a figure of 0.5 rad/WLM has been adopted for this report. 
I t  should be emphasized t h a t  uncertainties in this value 
are probably greater t h a n  for the working level measure- 
ments themselves in determining risks per rad for the 
mining populations. " 

On the basis of this discussion, we estimated t h a t  an exposure of 

1 WLMlyear could be considered, in a very conservative manner, t o  result 

in a l u n g  dose of 10 rems/year t o  members of the general population. 

Thus, continuous exposure t o  1 WLM/year will result in approximately 
6 

180 deaths per year per 10 persons exposed under these conditions. 

The reader should realize t h a t  the absolute risk estimator was obtained 

from epidemiological studies of uranium and other mlneral miners, many 

of whom were cigarette smokers. Thus, the risk estimator i s  not  precise 

and should not  be regarded as an absolute number. 

Health effects which we postula.t;e as attrlbutable t o  the Vitro 

tailings pile are given in Table 19. These were calculated from expo- 

sures given in Tables 16, 17,  and 18. Health effects which may be 
222 

attributable t o  background Rn progeny levels are shown in Table 19 

for comparison. I t  may be noted t h a t  in every case effects due t o  the 

tailings pile are about  10% of the standard deviation associated with 

the background estimate. 



, Table 19. A comparison o f  p o t e n t i a l  h e a l t h  e f f e c t s  a t t r i b u t a b l e  
t o  222Rn progeny exposure f rom the  V i  t r o  t a i  1  ings  p i l e  
and f rom background from the  popu la t i on  r e s i d i n g  
cont inuous ly  w i t h i n  7 m i l es  o f  the V i  t r o  t a i l i n g s  p i l e  

Popu la t ion  

Lung cancer dea ths l yea r  i n the  popul a  ti on - . . 

a t t r i b u t a b l e  to :  
V i  t r o  t a i  1  i ngs ~ a c  kgrounda 

p i l e  (0.38 + 0.26 p C i / l i t e r )  

Present (400,000) 0.4 

Extrapol  a  ted  (1,850,000) 3. 

Ex t rapo la ted  (3,000,000) 4. 

a  Ref. 26. 



Exposure t o  Gamma Radiat ion 

The p l o t  o f  gamma exposure as a  f u n c t i o n  o f  d is tance from t h e  V i t r o  

p i l e  g iven i n  F ig.  12 was used t o  est imate t h e  annual exposure shown i n  

Table 20. I n  t h e  p repara t i on  o f  t h i s  tab le ,  i t  was assumed t h a t  1R i n  

a i r  i s  equ iva len t  t o  1  rem i n  t i ssue.  An absolute r i s k  es t imator  f o r  

death f rom a l l  cancers, i n c l u d i n g  leukemia, as g iven i n  Table 3-1,' o f  t he  

BEIR Report was equated t o  101 deaths ,per  year f o r  a continuous r a d i a t i o n  
6 

dose equ iva len t  o f  1 rem/year t o  a populat+on o f  10 . 
An average background t e r r e s t r i a l  gamma exposure o f  8 2 2 .pR/hr .  

was measured a t  t h e  sampling l o c a t i o n s  shown i n  Fig. 8. Although n e t  

gamma exposures a t t r i b u t a b l e  t o  t h e  V i t r o  t a i l i n g  p i l e  could n o t  be 

measured o r  i n t e r p o l a t e d  accura te ly  beyond 2  mi les,  a  popu la t ion  exposure 

t o  7 m i l e s  was conserva t i ve l y  est imated t o  be 500 person-rem/year. 

P o t e n t i a l  h e a l t h  e f f e c t s  due t o  p i l e  gamma rays  were est imated f o r  

t h e  present  popu la t ion  d i s t r i b u t i o n .  It was assumed t h a t  i n d i v i d u a l s  i n  

t h e  popu la t ion  were sub jec t  t n  cont inuous outdoor e x p o s u ~ ~ ~ ~  L ~ J  gamma 

rays. This  r e s u l t s  I n  a conservat ive est imate bu t  represents, a t  t h e  

most, about 10% o f  t h e  p o t e n t i a l  e f f e c t s  due t o  radon d i f f u s i o n .  However, 

t h e  es t imate  o f  e f f e c t s  due t o  radon progeny assumed continuous indoor  

exposure i n  a  p o o r l y  v e n t i l a t e d  str!!cture. Becausc t h e  same popu la t ion  

cannot be outdoors. and indoors a t  t h e  same time, t h e  e f f e c t s  o f  gamma 
222 

exposure a r e  ca l cu la ted  o n l y  t o  prov ide  a  perspect ive  f o r . .  Rn exposure 

and should no t  be construed as being a d d i t i v e  t o  t h e  p o t e n t i a l  e f f e c t s  .- 
222 due t o  exposure t o  Rn daughters. 



Table 20. Potential  health e f f ec t s  a t t r i bu t ab l e  t o  external 
gamma i r rad ia t ion  resul t i  ng from the Vi t r o  t a i l  ings 
pi 1 e 

Expcasure Exposure Population exposure Effects  
Sector  ( ~ R j h r )  (mR/year ) (person-remiyear) (deaths lyear)  

Background 8 3 2 70 5 17 28,000 + 7,000 2.8 + 0.7 



H e a l t h  Effects A t t r i b u t a b l e  t o  Other Pathways 

Exposures a t t r i b u t a b l e  t o  o ther  pathways have.been considered i n  

Chapters 3 and 5. Such p o t e n t i a l  exposures o f  the populat ion a r e  

probably inconsequential  when compared t o  222Rn d i f f u s i o n .  



7 .  SUMMARY AND CONCLUSIONS 
. . 

'An assessment was made o f  ' t he  r a d i o l o g i c a l  hazards associated w i t h  

the  i n a c t i v e  uranium t a i l i n g s  p i l e  i n  S a l t  Lake Ci-ty; U t a h  An evalu-. 

a t i o n  was made o f  var ious pathways by which man i s  exposed t o  rad io-  

a c t i v i t y  from the t a i l i n g s .  Pathways considered were: 1 )  radon d i f -  

f u s i o n  from the p i l e ,  2) r a d i o a c t i v i t y  which becomes a i rborne due t o  

wind, 3) r a d i o a c t i v i t y  which i s  ingested through the  i n take  o f  food 

grown on contaminated land, 4) r a d i o a c t i v i t y  which enters  the  body 

d i r e c t l y  'o r .  i n d i r e c t ' l y  through aquat ic  'paths, and 5) exposure t o  d i r e c t  

gamma r a d i a t i o n .  

Measurements were made t o  determine the  ex ten t  t o  which r a d i o a c t i v i t y  

had spread t o  areas away from the s i t e .  and' t o  evaluate e x i s t i n g  -expo- 

sure condi. t ions. Radium c ~ n t a m i n a t i ~ n  was found'down t o  a de'pth o f  - 

three'  f ee t  below t h e t a i l i n g s ;  however, due t o  the  e r r o r  associated w i t h  

sampling techniques and the  p o s s i b i l i t y  o f  some degree o f  cross contami- 

na t i on  i n  regions where samp'les o f  s o i l  were col ' lected,  the  ac tua l  

downward m ig ra t i on  a f  rad:ium and o ther  nuc l ides  was ,probably l ess  than 

ind i ca ted  by r a d i o a c t i v i t y  p r o f i l e s .  .Soi  1 samples were taken' on 'th'e 

sur face and a t  a depth o f  one f o o t  a t  60 ' locat ions ou ts lde  o f  the  perillle- 

t e r  o f  t he  m i l l  property .  R a d i o a c t i v i t y  had been blown o r  otherwise 

moved f rom the p i l e  out t o  a d is tance of several hundred meters ( t a i l i n g s  

have been moved f o r  p r i v a t e  use t o  d is tances o f  several mi les  from the 

s i t e ) .  Surface samples c o l l e c t e d  on the  west s ide  o f  900 West S t r e e t  

tiad . a c t i v i t i e s  ranging from l e s s  than 1 ;0 P C ' ~ / ~  t o  34 pCi/g, w h i l e  samples 

a t '  a depth 'o f -  one f o o t  had a c t i v i t i e s  ranging f rom about 2 p ~ i Y g , t o  6.6 

pCi./g., Surface samples c o l l e c t e d  on the  sou.th s ide  o f  3300:South S t r e e t  



had a c t i v i t i e s  ranging f rom 1.3 pCi/g t o  51 pCi/g, w h i l e  a t  a depth o f  

one f o o t  most a c t i v i t i e s  ranged from 1 t o  8 pCi/g b u t  i n  two l o c a t i o n s  

values were h igher,  20 and 289 pCi/g, respec t i ve l y .  I n  areas where 

t a i l i n g s  had been used i n  cons t ruc t i on  a t  the sewage t reatment  p lan t ,  

values as h igh  as 570 pCi/g were found. 

Sediments c o l l e c t e d  i n  a drainage d i t c h  which runs through the  

t a i l i n g s  area were found t o  conta in  above background l e v e l s  of 226Ra, 

238U, 230Th, and 210Pb. Sediment samples taken from the  Jordan River  

bo th  upstream and downstream from the mouth o f  t h i s  drainage d i t c h  were 

found t o  con ta in  rad ionuc l i des  a t  approximately background l e v e l .  

However, ana lys i s  o f  a sample c o l l e c t e d  w i t h i n  100 m o f  the  discharge 

i n t o  the  Jordan R ive r  i n d i c a t e d  t h a t  a c t i v i t y  i n  the  sediment was 

s i g n i f i c a n t l y  l e s s  than i n  samples c lose r  t o  the  p i l e .  The a c t i v i t y  o f  

t h i s  sample was on the  o rde r  o f  th ree times background. Samples taken 

f rom M i l l  Creek, which runs a long the  nor thern  boundary o f  the  m i l l  

s i t e ,  contained low l e v e l s  o f  radionucl ides.  If a remedial a c t i o n  

program i s  conducted a t  t h i s  s i t e ,  cons idera t ion  should be g iven t o  

dredging M i  11 Creek and the  drainage d i t c h  and con ta in ing  the  s p o i l  i n  

o rder  t o  reduce the  concent ra t ion  o f  rad ionuc l ides  i n  the  sediment o f  

those streams. 

Except f o r  water which was c o l l e c t e d  i n  holes d r i l l e d  through the  

t a i l i n g s ,  the  l e v e l s  o f  r a d i o a c t i v i t y  measured were n o t  d i s t i n g u i s h a b l e  

f rom background. 

S h o r t - l i v e d  radon daughters were sampled i n  several s t ruc tu res  i n  

the  v i c i n i t y  o f  t he  p i l e .  Places were chosen on the  bas is  . o f  1) being 

c lose  t o  the  p i l e  b u t  having no t a i l i n g s  i n  i n t i m a t e  con tac t  w i t h  t h e  



s t ruc tu re ,  2) having been constructed over a l a y e r  -o f  t a i l i n g s  ,; and 3 )  

having been constructed w i t h  t a i l i n g s  c lose  t o  the  s t r u c t u r e  b u t  w i t h  no 

t a i l i n g s  under the  f l o o r .  Resul ts  f o r  these th ree  s i t u a t i o n s  a re  presented 

i n  Table 11. I t  should be po in ted  o u t  t h a t  these radon daughter concen- 

t r a t i o n s  a re  rep resen ta t i ve  o f  s h o r t  term measurements and ex t rapo la t i ons  

t o  annual averages should n o t  be attempted. One should no te  i n  Table 11 

t h a t  the concent ra t ion  o f  radon measured i n  a c losed s t o r e  room of one 

o f  the  commercial b u i l d i n g s  b u i l t  over t a i l i n g s  (Bld. C, F ig .  11) 

ranged t o  about 550 p C i / l i t e r  w i t h  daughters i n  approximately 42% 

equ i l i b r i um.  I n  most cases, the  v e n t i l a t i o n  r a t e  o f  a s t r u c t u r e  i s  such 

t h a t  the  l e v e l  o f  radon i n  the  s t r u c t u r e  w i  11 be s i g n i f i c a n t l y  reduced 

f o r  much o f  the  year  b u t  du r ing  c o l d  months when most s t r u c t u r e s  a r e  

closed, radon concentrat ions should be near maximum, and t h e  degree o f  

equi 1 i b r i  um between radon and i t s  daughters w i  11 a1 so be maximum. 

Th is  t a i l i n g s  p i l e  represents a la rge ,  s teady-state source o f  

radon. I t  was est imated t h a t  the  radon source term i s  2.6 x 108 pCi/sec. 

I n  Chapter 5, a d e s c r i p t i o n  was g iven o f  the  technique used t o  est imate 

d i spe rs ion  o f  radon through the environment. These est imates i n d i c a t e d  

t h a t  radon concentrat ions had decreased t o  < 10% o f  background in a91 

d i r e c t i o n s  a t  4 m i l e s  f rom the  p i l e .  Ca lcu la t i ons  were c a r r i e d  o u t  t o  a 

d is tance o f  7 m i l e s  from the  center  of the  p i l e .  Beyond t h i s  d is tance,  

concentrat ions o f  radon were l e s s  than 1% o f  n a t u r a l  background and the  

a d d i t i o n a l  popu la t ion  represented o n l y  a small f r a c t i o n  o f  t he  t o t a l  

w i t h i n  7 mi les .  Also the  d i f f u s i o n  model used t o  make these c a l c u l a t i o n s  

loses v a l i d i t y  when a i r  masses reach the  moljntain range t o  the' east.  



Comparisons were made o f  ca l cu la ted  values o f  radon concent ra t ion  as a  

f u n c t i o n  o f  d is tance f rom t h e  p i l e  w i t h  measurements o f  radon a t  several 

p laces i n  the  v i c i n i t y  o f  t h e  V i t r o  s i t e .  Except f o r  one s t a t i o n ,  t he  

averages o f  the ca l cu la ted  and measured values were w e l l  w i t h i n  the  

s t a t e d  l i m i t s  o f  e r r o r  f o r  bo th  sets o f  data. 

A  s e t  o f  a i rbo rne  r a d i o a c t i v i t y  measurements made over a  pe r iod  of 

one year by the EPA were examined c a r e f u l l y  i n  t h i s  study. These measure- 

ments i n d i c a t e d  t h a t  average annual a i rborne a c t i v i t i e s  were l e s s  than 

3% o f  maximum perm iss ib le  concentrat ions i n  a i r  (MPC,) and exposures due 

t o  a i rbo rne  a c t i v i t y  were l e s s  than e r r o r s  associated w i t h  radon expo- 

sure. Furthermore, the  presence o f  a l l  a i rborne rad ionuc l ides  except 

222Rn cou ld  be considered i n s i g n i f i c a n t .  

Exposure r a t e s  due t o  gamma rays from the p i l e  were measured o u t  t o  

a  d is tance o f  2 mi les .  These measurements were used t o  c a l c u l a t e  annual 

exposures i n  person-rem. 

I n  Chapter 6, i t  was est imated t h a t  t he  annual inc idence o f  lung 

cancer due t o  cont inuous exposure t o  the  p i l e  i n  i t s  cu r ren t  c o n d i t i o n  

was 0.4 cases per  year. I n  add i t i on ,  i t  was est imated t h a t  t he  m o r t a l i t y  

r a t e  due t o  a l l  cancers as a  r e s u l t  of exposure t o  gamma rays from the 

p i l e  w i l l  be 0.05 deaths per  .year. The hea l th  ef fects due tn expnslrrs 

t o  a i rbo rne  a c t i v i t y  (resuspended rad ionuc l  ides)  were n o t  est imated i n  

d e t a i l  because t h e  measured concent ra t ion  o f  these nuc l ides  was o n l y  3% 

o f  t h e  MPCa ( a t  a  l o c a t i o n  where 2 2 2 ~ n  g r e a t l y  exceeded i t s  MPC,) and 

were l e s s  than t h e  e r r o r  associated w i t h  radon a c t i v i t y  est imates. 

I n  th ree commercial s t ruc tu res  border ing the  t a i l i n g s  p i l e  on 

900 West St reet ,  s h o r t  term measurements were made o f  ex terna l  gamma ray  



exposure rates and of the concentration of airborne radon daughters. 

Based on these short  term measurements, and an average annual working time 

of 2000 hours, gamma ray exposure rates  range from 15 to 400 mrem/yr, and 

radon daughter concentrations range from 0.24 to 83 working level months 

(WLM) . According to information presented in Chapter 6 (page 80) ,  con- 

servative estimates of the potential lung dose to ' individuals  exposed 

to the above cumulative radon daughter concentrations a re  2 .4  remslyr 

and 830 remslyr respecti vely . 
I t  should be stressed that  during th i s  survey, time d i d  not permit 

. . 
the determination of average annual radon daughter concentrations i n  

accordance with guidelines recommended by the U. S. Surgeon General, 

which serve as the basis for  the Grand Junction Remedial Action Cri ter ia  

(1 0CFR712). (64) In these c r i t e r i a ,  "indoor radon daughter concentration 

level" i s  stated to mean " tha t  concentration of radon daughters determined 

by averaging the resul ts  of s ix  a i r  samples each of a t  l eas t  100 hours 

duration, and taken a t  a minimum of four week intervals  throughout the 

year i n  a habitable area of a structure".  The short  term samples 

collected d u r i n g  th i s  study should be supplemented by a ser ies  of samples 

taken in accordance w i t h  the method outlined in 10CFR712. Es tiinates of 

potential heal t h  effects  to  the working population i n these commercial 

structures should not be made until  the average annual radon daughter 

concentration has been determined. 

Estimates of the incidence of health effects  a re  for  the ta i l ings  

p i l e  in i t s  present condition. If  the p i l e  were s tabi l ized in place by 

covering i t  with earth,  airborne ac t iv i ty  and t e r r e s t r i a l  pathways m i g h t  be 

eliminated and the radon emanation pathway would be reduced in proportion 



t o  the  th ickness of e a r t h  cover. Th is  remedial a c t i o n  would n o t  permi t  

c o n s t r u c t i o n  o f  residences on the  property,  and perpetual c o n t r o l  would 

be necessary. Removal of t h e  t a i l i n g s  would accomplish several th ings :  

1 )  a  l a r g e  i n  s i t u  source o f  na tu ra l  r a d i o a c t i v i t y  would be removed from 

near the  center  o f  a  major  me t ropo l i t an  area, 2)  concentrat ions o f  radon 

i n  t h e  v i c i n i t y  o f  t h e  p i l e  would be reduced t o  background, 3) i t  would 

be poss ib le  t o  re lease  the  proper ty  f o r  p roduct ive  u t i l i z a t i o n  i n  f u t u r e  

years w i thou t  t h e  need f o r  cont inued surve i l lance,  and 4) t a i l i n g s  could 

be moved to a permanent d isposal  l o c a t i o n  where the  rad ionuc l ides  invo lved 

would be removed from b iospher ic  contac t  i n  a  p r a c t i c a l  manner. 
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