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HAZARD ANALYSIS OF' MIAMISBURG PARK IMPROVEMENT PROJECT 

SUMMARY 

The Ci ty  of Miamisburg p lans  t o  modify two e x i s t i n g  s m a l l  
ponds j u s t  w e s t  of  Mound Laboratory i n  the  Community Park.  
The n o r t h  pond w i l l  b e  deepened and made i n t o  a s o l a r  
energy pond t o  h e a t  a ba th  house and swimming poo l ,  and 
t h e  south  pond w i l l  be  deepened and made i n t o  a f i s h i n g  
pond. Because t h e  sediment i n  both ponds con ta ins  s m a l l  
amounts of plutonium and w i l l  b e  moved during t h e  modifi-  
c a t i o n s ,  t h i s  work has  been reviewed f o r  p o t e n t i a l  h e a l t h  
and s a f e t y  impacts.  

This a n a l y s i s  covered t h e  h e a l t h  and s a f e t y  of t h e  publ ic  
on a long-term b a s i s  and of t he  workers involved i n  t h e  
shor t - te rm modif ica t ions .  The doses t o  man, both long and 
s h o r t  t e r m ,  w e r e  c a l c u l a t e d  f o r  a l l  rou te s  of e n t r y  i n t o  
t h e  body inc luding  i n h a l a t i o n ,  i n g e s t i o n ,  and absorp t ion  
where a p p l i c a b l e .  

In t h e  p repa ra t ion  of t h i s  a n a l y s i s ,  very conserva t ive  
assumptions w e r e  u t i l i z e d .  The conclusion i n  a l l  cases 
w a s  t h e  same: the  p o t e n t i a l  r a d i a t i o n  exposures r ep resen t  
no s i g n i f i c a n t  r i s k  t o  t h e  h e a l t h  and s a f e t y  of t h e  con- 
s t r u c t i o n  workers o r  t h e  park v i s i t o r s .  The improvements 
t o  be made i n  t h e  park involve mixing and d i l u t i o n  of the  
e x i s t i n g  sediments with o t h e r  s o i l s ,  providing f u r t h e r  
reduct ions  i n  t h e  c a l c u l a t e d  r a d i a t i o n  doses t o  man. The 
Ci ty  of  Miamisburg can proceed with t h e  improvements t o  
the  park ,  as planned, r e s u l t i n g  i n  no short- term o r  long- 
term hazard t o  t h e  c i t i z e n s  of Miamisburg. 
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HAZARD ANALYSIS OF MIAMISB 

INTRODUCTION 

JRG PARK IMPROVEMENT PROJECT 

Mound Laboratory is situated on 180 acres of land in Miamisburg, 
Ohio. This location is approximately 16 kilometers (LO miles) 
southwest of Dayton. Predominant to the geographical feature in 
the five county region surrounding the Laboratory is the Great 
Miami River which flows from the northeast to the southwest 
through Miamisburg and west of the Laboratory. This river valley 
area is generally highly industrialized. 
region is predominantly agricultural with some light industry and 
scattered residential communities. 

The remainder of the 

Weather conditions in the area are described as moderate. 
average annual precipitation is approximately 9 1  centimeters 
(36 inches) and is evenly distributed throughout the year. Winds 
are predominantly from the west or south except during the summer 
months when a higher frequency is recorded from out of the southwest. 
The wind speed averages about 16 kilometers per hour (10 miles per 
hour) annually. 

The 

Mound Laboratory began operations in 1 9 4 9 .  Its mission currently 
includes research, development, engineering and production of 
components for the ERDA Weapons Program; research, development, 
and production of explosive materials; separation, purification 
and sale of stable isotopes of the noble gases; and development, 
design and fabrication of radioisotopic heat sources for medical 
application and space exploration. The radionuclides of primary 
concern currently being handled include plutonium-238 and tritium. 

Mound Laboratory Environmental Plutonium Study 

In 1 9 7 4 ,  Mound Laboratory's Environmental Monitoring Program 
established plutonium concentrations in the sediment of certain 
waterways adjacent to Mound Laboratory (including the o l d  Miami 
Erie Canal and adjacent ponds in the Miamisburg Community Park 
shown in Figure 1) above the expected baseline levels of less than 
0.0004 nanocuries per gram (nCi/g). From the very beginning, these 
deposits did not seem to present any immediate hazard to the public 
in the area as indicated by air and water monitoring in the area. 

However, Mound Laboratory imnediately launched t he  Mound Laboratory 
Environmental Plutonium Study to fully investigate the extent of 
the contamination, the source of plutonium and what potential 
hazards these deposits might present now or in the future. This 
extensive study involved over 5,000 soil and sediment samples 
taken from the waterways and nearby land'. During the course of 
the study, interim reports were periodically submitted and reviewed 
with health, environmental and governmental agencies to keep them 
informed as the results became available. 

2. 
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Figure 1 - A e r i a l  View (from the  North) of Off -Si te  Waterways 



: 

The f ind ings  of  t he  Environmental Study were presented t o  
i n t e r e s t e d  l o c a l ,  s ta te  and f e d e r a l  government o f f i c i a l s ,  and 
h e a l t h  and environmental  agencies  p r i o r  t o  a p re s s  conference 
he ld  a t  Mound Laboratory on October 2 ,  1974. The o v e r a l l  
conclusions about t h e  h e a l t h  and s a f e t y  a spec t s  of t he  
plutonium depos i ted  i n  waterways near  Mound Laboratory w a s  
t h a t  as r e l a t e d  t o  s tandards  o r  RCG's, the  plutonium-238 
does n o t  p re sen t  a hazard t o  people l i v i n g  i n  t h i s  a r e a  o r  
t h e  pub l i c  a t  l a r g e .  

The r e s u l t s  of  these  s t u d i e s  were discussed i n  two major r e p o r t s :  
(1) The Report of the Ad Hoc Committee t o  Evaluate the  Health 
and Safe ty  Aspects of Plutonium-238 and the  Environment Adjacent 
t o  Mound Laboratory dated February 19762, and (2)  Mound Laboratory 
Environmental Plutonium Study 1974 dated September 19753. 
n e i t h e r  of  these r e p o r t s  found any h e a l t h  and s a f e t y  problems, 
although t h e  f i r s t  r e p o r t  s a i d  tha t  any f u t u r e  a c t i o n s  i n  the 
a r e a  should be reeva lua ted .  The purpose of t h i s  r e p o r t  i s  t o  
reevaluate t h a t  p o r t i o n  of  t h e  a r e a  involved i n  the  1974 study 
which i s  now being phys ica l ly  reshaped and which i s  known t o  
contairr  small q u a n t i t i e s  of plutonium-238 f i x e d  t o  sediments.  

J u s t  w e s t  of t he  Laboratory proper ty  (see Figure 1) i s  a publ ic  
park of the Ci ty  of  Miamisburg. 
M i a m i  Erie Canal running through t h i s  park i n  a north-south 
d i r e c t i o n .  Near t h e  n o r t h  end of t h i s  cana l  and i n  the  park 
a rea  are two small  ponds. 

Again, 

There i s  a s e c t i o n  of  t h e  o l d  

North Pond 

The C i ty  of  Miamisburg has  planned t o  convert  the nor thern  pond 
of t h e  two i n t o  what i s  cal led a s o l a r  pond as p a r t  of an o v e r a l l  
park improvement p r o j e c t .  The nor thern  pond w i l l  absorb heat 
from the sun and use i t  f o r  h e a t i n g  swimming f a c i l i t i e s  (see 
Figures 2 and 3 ) .  This pond w i l l  f i r s t  b e  drained and then 
recontoured i n t o  t h e  des i r ed  shape. The s o l a r  pond w i l l  measure 
180 f t  x 120 f t  a t  t he  su r face  and be 10 f t  deep. The bottom 
dimensions w i l l  be 160 f t  x 100 f t  f o r  a t o t a l  water  volume of 
1,400,000 ga l lons .  The e f f e c t i v e  working area a t  the  5 - f t  level 
i s  18,700 f t 2 ,  w i th  an equiva len t  effective s to rage  volume of 
1,118,000 g a l l o n s .  

Although no s o i l  i s  expected t o  b e  removed from t h i s  pond according 
t o  t h e  p lan ,  about 1,700 cubic  yards  w i l l  b e  s h i f t e d  and another 
1,400 yards of new s o i l  w i l l  b e  placed around the  pond t o  e f f e c t  
t h e  ten- foot  depth.  On t h e  o t h e r  hand, i f  problems are encountered 
when a t tempt ing  t o  blend t h e  soil a l ready  i n  t h e  no r th  pond with 
new s o i l ,  then some of the o l d  s o i l  may have t o  be removed and 
added t o  the  f i l l  forming t h e  berm near  t h e  r a i l r o a d  t r a c k s .  
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Figure 3 - Sola r  Pond Site Plan 



The s o l a r  pond w i l l  be l i n e d  w i t h  heavy du ty  p l a s t i c  t o  prevent  
leakage and consequent ground contaminat ion,  
of s a l t  (sodium ch lo r ide )  and water w i l l  be  placed i n  t h e  lower 
5 f t  of t h e  pond. S a l t  s o l u t i o n s  of  decreas ing  s t r e n g t h s  w i l l  
then be placed i n  6- inch l a y e r s  t o  wi th in  1 - 1 / 2  f t  of the  top .  
The top  l a y e r  w i l l  be 1-1/2 f t  o f  f r e s h  water. Roughly 812 tons  
of s a l t  w i l l  be r e q u i r e d  t o  make t h e  va r ious  s o l u t i o n s .  To 
prevent  d i s tu rbance  of  t h i s  d e n s i t y  g r a d i e n t  and o t h e r  p o t e n t i a l  
problems from v i s i t o r s  t o  the a r e a ,  t h e  s o l a r  pond w i l l  be  
surrounded by a s u i t a b l e  fence .  

An 18% s o l u t i o n  

Approximately 30% of a l l  s o l a r  r a d i a t i o n  reaching  the pond w i l l  
penetrate i n t o  t h e  bottom l a y e r  and w i l l  be  absorbed, thus  
hea t ing  t h e  water and t h e  ground below. The hea ted  water which 
would normally r i s e  t o  t h e  s u r f a c e  and be cooled w i l l  be prevented 
from doing so by the weight of t h e  d i s so lved  s a l t .  The upper 
l a y e r s  w i l l  a c t  as a t r a n s p a r e n t  i n s u l a t o r  t h a t  l e t s  t h e  r a d i a t i o n  
i n  and he lps  r e t a i n i n g  i t  i n  t h e  bottom reg ion .  

Heat c o l l e c t e d  i n  t h e  pond w i l l  b e  removed as r equ i r ed  t o  hea t  
t h e  swimming pool water and t h e  b u i l d i n g  by means of a copper tube 
hea t  exchanger loca t ed  near t h e  bottom of  the  pond, and piping t o  
and from t h e  equipment room. 

South Pond 

The southern pond w i l l  be  improved and used as a f i s h i n g  pond. 
About 1 ,500 cubic  yards  of s o i l  from t h i s  pond w i l l  b e  moved and 
placed under paved t e n n i s  c o u r t s  and p laced  along t h e  r a i l r o a d  
t r a c k s  as a small e a r t h e n  b a r r i e r  o r  berm. Other s o i l  w i l l  be  
brought i n  t o  create  the r equ i r ed  s i z e  of t h i s  b a r r i e r  and w i l l  be 
landscaped. It i s  important  t o  no te  t h a t  t h e  s o i l  t o  be removed 
from the f i s h i n g  pond w i l l  n o t  be t h e  top  l a y e r  of sediment,  b u t  
rather the s o i l  below t h i s  top  l a y e r .  This i s  t o  preserve  the  
already e c o l o g i c a l l y  balanced s o i l  w i t h  i t s  q u a n t i t y  and q u a l i t y  
of  organic  materials and organisms so v i t a l  t o  a hea l thy  f i s h  
population. 

Canal 

There i s  no major modi f ica t ion  c u r r e n t l y  planned f o r  t h e  cana l  
i t s e l f .  
t a i n i n g  an improved f i s h  pond, s o l a r  pond, new tennis and b a s k e t b a l l  
c o u r t s ,  and new b a t h  house and swimming pool .  

The park w i l l  be genera ly  upgraded and b e a u t i f i e d  con- 

The Mound Plutonium Study showed t h a t  levels i n  t h e  n o r t h  pond 
( s o l a r )  ranged from <0.0001 t o  0 . 0 0 2  nCi/g i n  t h e  s i x  I-ft  cores  
taken t o  a depth of  5 f t  ( i . e .  30 samples) .  Most of  t hese  samples 
(15) were less  than 0 .0001 nCi/g,  t h e  lower d e t e c t i o n  l i m i t .  Each 
of  t h e  s i x  cor ing  l o c a t i o n s  had t h e  f i v e  1 - f t  co res  composited and 
these  s i x  composites showed levels o f  plutonium-238 from 0 .0001 t o  
0.0006 nCi/g wi th  an average va lue  f o r  t h e  n o r t h  pond of 0.00036 
nCi/g . 



The south  pond ( f i s h i n g )  was shown t o  have plutonium-238 levels 
ranging from <0.0001 t o  0.0309 nCi/g,  a l s o  i n  30 samples. Each 
o f  t h e  s ix  co r ing  loca t ions  had the  f ive l - f t  cores  composited 
and these  s i x  composites showed l e v e l s  of plutonium-238 f rom 
0.0001 t o  0.0063 nCi/g wi th  an average va lue  of 0.0023 nCi/g.  

Since these  s o i l s  and sediments w i l l  now b e  d i s tu rbed ,  s h i f t e d ,  
r e l o c a t e d ,  and/or  otherwise modified,  t h i s  r e p o r t  w i l l  reevaluate 
t h e  concent ra t ions  of  plutonium-238 c i t e d  above i n  l i g h t  of t hese  
proposed changes and show whether any s i g n i f i c a n t  exposures are 
poss ib l e .  To do t h i s ,  models w i l l  be descr ibed and exposures w i l l  
be ca l cu la t ed  us ing  these  models f o r  both t h e  short- term exposure 
t o  workers s h i f t i n g  t h e  ma te r i a l  and long-term (70 years )  exposure 
t o  t h e  genera l  pub l i c  a f t e r  t h e  m a t e r i a l  has  been s h i f t e d  f o r  a l l  
modes of bodi ly  e n t r y ,  inc luding  i n h a l a t i o n ?  i n g e s t i o n ?  and 
absorp t ion  where app l i cab le .  

DISCUSSION 

The c a l c u l a t i o n s  f o r  the Hazard Analysis  l o g i c a l l y  n e c e s s i t a t e  
two cons ide ra t ions ;  i . e . ,  a shor t - te rm (40 day) exposure t o  t h e  
workers such as t h e  bul ldozer  d r i v e r  who would b e  involved i n  
cons t ruc t ion  and s h i f t i n g  of m a t e r i a l  i n  the bed of both the  
North ( s o l a r )  and South ( f i s h i n g )  Ponds and a long-term (70 year  
l i f e )  exposure t o  t h e  pub l i c  a f t e r  t he  pond improvements. The 
est imated maximum t i m e  t h e  workers would be exposed f o r  t he  pond 
improvement work i s  est imated t o  b e  e i g h t  5-day work weeks. During 
the  s h o r t  t e r m  these  workers could t h e o r e t i c a l l y  g e t  plutonium 
(sediments) i n t o  t h e i r  bodies by t h r e e  pathways: (1) inha l ing  
sediment which i s  resuspended i n t o  the  a i r  by mechanical d i s t rubance  
a t  t h e  s i t e ,  c a r r i e d  home and resuspended i n t o  the  a i r  o r  resuspended 
from c lo th ing ;  (2) absorp t ion  through t h e  s k i n ;  o r  ( 3 )  i nges t ion  
( ea t ing )  of  food, w a t e r ,  o r  sediment.  

Short  Term (Exposure t o  Workers) 

For t h e  s h o r t  term evalua t ion ,  only the  inges t ion  of sediment 
d i r e c t l y  w a s  considered s i n c e  t h e  ponds w i l l  be drained of water 
and t h e r e  are no food o r  vegetables t o  cons ider .  

Obviously, w h i l e  exposure t o  t h e  s m a l l  concent ra t ions  of plutonium 
i n  t h e  sediments can never b e  zero,  i t  should b e  noted t h a t  t he re  
i s  only 1/100,000 of an ounce of plutonium i n  over a mi l l i on  pounds 
of sediment i n  t h e  ponds. 

8. 

For i n h a l a t i o n ?  a l l  c a l c u l a t i o n s  were based  on 25% of  t he  dus t  
(sediment) being r e s p i r a b l e  (brea thable)  even though preliminary 
da t a  i n  r e fe rence  3 i n d i c a t e s  only 2-3% of this  sediment i n  the  
r e s p i r a b l e  range. Add i t iona l ly ,  t h e  body d iscr imina tes  aga ins t  
b rea th ing  d u s t ;  i . e . ,  of t h e  d u s t  which i s  s m a l l  enough t o  be 



inha led  about 85% i s  moved ou t  of t h e  nasa l  and lung area i n  
one day. 
i n h a l a t i o n  from resuspension of pond sediments would overestimate 
any hazard,  i t  w a s  assumed t h a t  100 t i m e s  more sediment would be 
resuspended i n t o  t h e  a i r  than  observed f o r  aged material i n  t h i s  
climate f o r  extreme mechanical d i s turbance .  For the c a l c u l a t i o n  
t h i s  amounts t o  us ing  a l a r g e r  resuspension f a c t o r  (Km-’) which 
i s  the r a t i o  of amount of resuspended material p e r  cubic  meter 
of a i r  t o  t h e  amount of m a t e r i a l  pe r  square meter on the  ground. 

The human body a l so  n a t u r a l l y  p r o t e c t s  i t s e l f  by allowing less  
than 1/100,000 of plutonium on the  s k i n  t o  b e  absorbed i n t o  the  
body p e r  yea r .  This i s  i n  a d d i t i o n  t o  the  f a c t  t h a t  t he re  are 
only very small amounts of plutonium i n  t h e  sediments i n  the  
f i r s t  p lace .  

Also, t o  assure t h a t  any eva lua t ion  of dose by 

For t h e  short- term eva lua t ion ,  t h e  h i g h e s t  concentrat ion of 
plutonium found i n  any one-foot s e c t i o n  w a s  used as i f  a l l  
the sediment had t h i s  concent ra t ion .  This va lue  was 0 .03  
nanocuriesjgram and w a s  found i n  t h e  top one-foot s e c t i o n  a t  
one l o c a t i o n  i n  t h e  South Pond. This va lue  would be about 
10 t i m e s  the  average va lue  f o r  t h e  South Pond and about 60 t i m e s  
t h e  average va lue  f o r  t he  North Pond. 
value i s  t h e  l a r g e s t  va lue  f o r  one-foot core  samples, the average 
values  f o r  t h e  top approximately 0 . 0 4  inch of  sediment averages 
less than 3 t i m e s  the 0 .03  va lue .  The very top (%0.04 inch) of 
sediment,  which i s  h ighe r  i n  concent ra t ion  than 0 . 0 3  n C i / g ,  w a s  
n o t  used because i t  would b e  only 1/1000 of  t h e  t o t a l  volume of 
material and would be impossible t o  remove i n t a c t  w i t h  equipment 
l i k e  a bul ldozer  o r  backhoe. 

While the 0 .03  nCi/g 

These levels are  then r e l a t e d  t o  the  ca l cu la t ed  exposures through 
the dose equat ions  d e t a i l e d  i n  appendices B & C .  The dose equations 
used i n  t h e  eva lua t ions  a r e  s tandard  equations and models such as 
those  recommended b t h e  I n t e r n a t i o n a l  Commission on Radiological 
P ro tec t ion  (ICRP) ”. The values used f o r  analyzing exposures t o  
var ious  organs i n  man from d i f f e r e n t  pathways involve “standard 
man” values  developed by ICRP.  Examples of  ”standard man” values 
would b e  a b rea th ing  r a t e  of ZOM3 pe r  24 hour day, l i q u i d  in t ake  
of  2 l i t e r s  p e r  day, e t c .  

The dose equiva len t  c a l c u l a t i o n s  shown i n  Table 1 f o r  a short- term 
exposure t o  the workers would be less than one m i l l i r e m  of exposure 
t o  e i t h e r  t h e  lung o r  bone f o r  t he  f i r s t  year  a f t e r  exposure. The 
f i r s t  yea r  a f t e r  exposure would g ive  t h e  h i g h e s t  dose t o  the lung 
and t h e r e a f t e r  t h e  dose would decrease by one-half  every 500 days 
as t h e  plutonium i s  t r ans loca ted  from t h e  lung.  A s  t h e  ma te r i a l  
i s  slowly t r a n s f e r r e d  from the lung t o  t h e  blood and i n t o  the bone, 
t he  dose t o  the bone slowly inc reases  each year  as material i s  

9 .  



TABLE 1 

SUMMARY OF RESULTS 

Short Term (Worker's Exposure) 

North Pond (Solar) and South Pond (Fishing) 

Mrem to Lung 
(first year)* 

1. Inhalation 

Dust Loading 
Wind Suspension 
Resuspension 
Clothing 
Home 

0.0005 
0.0017 
0.24  
0 .0024 
0.0031 

2.  Ingestion 

Sediment 
Water 
Vegetables 
Animals 
Fish  

3 .  Absorption 

Skin 
Wound 

4 .  Natural Background 100 

Mrem to Bone 
(per year) 

0.0001 
0.0005 
0.07 
0.0007 
0.0009 

0.002 ** ** ** ** 

1.9 x 10-6" 
1.9 x 10- 

60 

*The maximum dose to the lung is received the f i r s t  year 
after inhalation because the material is translocated 
out  of  the lung at the rate of 50% every 500 days. 

**Not applicable. 



accumulated. For purposes of  maximizing the dose to the bone, 
the short-term calculation for the bone assumed that the 
plutonium had already translocated to the bone. The dose to 
the bone each year thereafter will be essentially the same since 
the elimination of plutonium from the bone is so slow as to be 
essentially zero. 

The calculated dose of less than one millirem per year is 
extremely low when compared to international guides for radiation 
exposure. I C R P  guidelines are 1,500 millirem per year to the 
lung and 3,000 millirem per year to the bone for an individual 
in the general population6. The average dose equivalent rate 
from internally deposited, naturally occurring radionuclides is 
about 100 mrem per year for the lung as a whole and for the 
surface of trabecular bone (bone containing marrow cavities) is 
%60.47 mrem per year. Thus, even under the very worst conditions 
the exposure would be less than 1% of that obtained naturally. 

Figure 4 shows typical whole body equivalent doses resulting from 
nature and other normal activities. 

Long Term (Exposure t o  the Public) 

Since plutonium-238 emits very little penetrating radiation, the 
potential for external exposure from the amount of plutonium-238 
under consideration is insignificant. For example, the low 
energy X-rays emitted by a nanocurie of unshielded plutonium-238 
would give a dose equivalent at one meter of only 0.0003 rnrem 
to the whole body for continuous exposure for a period of one 
year. Natural background in this area is %lo0  mrem per year. 

After the sediment from the ponds has been shifted to effect the 
park improvement, the sediment in its new location must be con- 
sidered in terms of long-term exposure of the public. Thus, the 
long-term calculation considers that exposure occurs to the public 
by every pathway without stopping for a period of 70 years. 

Present plans would indicate that part of the sediment from the 
North (solar) pond may be removed if this soil does not mix 
well with new soil and, if it is removed, it will be placed 
under paved tennis courts or in a berm with new soil on top. 
The sediment in the South (fishing) Pond would be removed 
temporarily until the material below the sediment is removed and 
then the sediment would be put back in the South Pond as described 
in the introduction. 

However, since there is some uncertainty about where any of the 
sediment removed from the ponds may be permanently located, it 
will be assumed that the sediment will be removed, allowed to dry 
and be available to expose the public for 70 years. This would 
represent clearly "a worst case" since the city definitely plans 
to place removed sediment under the tennis courts or berm. 
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The concentration of plutonium in the sediment of the poncs 
as it now exists contain? the highest values in the top one 
foot which is likely to be taken out first and later be covered 
by material which is below this and perhaps covered with new 
soil. For long-term calculations, the highest core value 
(plutonium) found in either pond (0.03 nCi/g) was assumed for 
all of the material which again clearly overestimates the 
exposure, 

It should be noted that any sediment containing traces of 
plutonium in the North (solar) Pond which is left after 
shifting is likely to be covered with new soil, covered again 
with a plastic liner and fenced off for zero access which 
again makes the evaluation an overestimation. 

Sediment material from the South (fishing) Pond will likely 
be placed back into the pond after it is deepened, and thus, 
the most important long-term consideration would be ingestion 
of water or sediment. Again, the body rejects nearly all 
plutonium which is ingested - more specifically, only 0.003% 
of any plutonium ingested would be absorbed into the body from 
the intestine. Also, for ingestion of sediment it was assumed 
that an individual would ingest 4 grams per year for 70 years 
($ 1/2 pound of  sediment) whereas this is likely to occur for 
at the most one year of a young child's life. 

The remaining 9 9 . 9 9 7 %  is passed through the GI tract and 
eliminated. Thus, ingestion is a difficult way to get a 
significant exposure to plutonium. Additionally, for food and 
water the plutonium must be released from the sediment and 
move into the water, however, the plutonium is so tightly 
attached to the sediment that only 0.001% will be in the water 
while the remaining 9 9 . 9 9 9 %  is firmly attached to the sediment. 
Again, the three pathways are evaluated from the standpoint of 
breathing the sediment; eating sediment, fish, etc.; or absorption 
of plutonium (in sediment) through the intact skin or wounds. 
For all pathways, after the plutonium is absorbed into the blood- 
stream it is assumed that 100% collects in the bone. 

The long-term inhalation to the public is estimated using three 
models: (1) dust loading, (2) wind suspension and ( 3 )  resus- 
pension. All models indicate an insignificant hazard from 
exposure to plutonium in the sediment. The long-term ingestion 
of water, sediment directly, and fish is also evaluated. The 
fish ingested was based on the assumption that the average 
individual's total fish diet ( 9 , 0 0 0  grams/year) for 70 years 
came exclusively from fish caught in the South (fishing) Pond. 
Even with the large overestimations mentioned above, little, if 
any, hazard from exposure can be calculated. For absorption 
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through i n t a c t  s k i n ,  i t  was assumed t h a t  sediment remained 
on the s k i n  f o r  a l i fe t ime and f o r  wounds, i t  was assumed that 
1% of s k i n  area i s  cont inuously abraded f o r  a l i f e t i m e .  

The da ta  obtained i n  terms of m r e m  of exposure f o r  70 years  
under t h e  very worst  condi t ions  i s  shown i n  Tab le  2 .  The 
t a b l e  c l e a r l y  i n d i c a t e s  an inc red ib ly  low r i s k  because the  
max imum va lues  a r e  less than15mrem f o r  70 years of exposure 
would g ive  a median annual va lue  of less than 0 . 2  m r e m  per  
yea r .  This would b e  compared t o  a n a t u r a l  exposure t o  the  
lung o f  100 m r e m  p e r  yea r  and 1 ~ 6 0  m r e m 7  pe r  year  t o  the  
s u r f a c e  of  t r a b e c u l a r  bone. A l s o ,  t h e  n a t u r a l  exposure t o  
the  lung f o r  70 years  would be 7,000 m r e m  and the  n a t u r a l  
exposure t o  the bone f o r  70 yea r s  would be about 4,200 m r e m .  
While no exposure can be  zero hazard,  t h i s  one i s  c l e a r l y  
e s s e n t i a l l y  zero when compared t o  t h e  "hazard" from n a t u r a l  
background r a d i a t i o n .  

CONCLUSION 

The p lans  f o r  improvement of t h e  Miamisburg park,  including 
t h e  conversion of two e x i s t i n g  ponds i n t o  a s o l a r  pond and a 
f i s h i n g  pond, w e r e  eva lua ted  f o r  p o t e n t i a l  hazards due t o  the  
small q u a n t i t i e s  o f  plutonium-238 present  i n  the  sediments.  
Lung and bone dose models w e r e  developed f o r  s h o r t  term 
(worker) and long term (pub l i c )  exposures through a l l  modes 
of bod i ly  e n t r y  inc luding  i n h a l a t i o n ,  i nges t ion ,  and absorpt ion 
where a p p l i c a b l e .  

I n  a l l  cases, t h e  c a l c u l a t e d  r e s u l t s  i nd ica t ed  extremely l o w  
lung and bone doses both t o  t h e  workers on the  p r o j e c t  and t o  
t h e  gene ra l  pub l i c  u t i l i z i n g  t h e  modified park f o r  70 years .  
These exposures were usua l ly  f r a c t i o n s  of a m i l l i r e m  per  year o r  
t h e  m a x i m u m  being a f e w  m i l l i r e m  per  70 yea r s .  This i s  compared 
t o  gu ide l ines  of 1500 mi l l i r em/y r  t o  t h e  lung and 3000 mi l l i rem/yr  
t o  the bone f o r  an i n d i v i d u a l  i n  t h e  popula t ion .  It should a l s o  
b e  compared wi th  n a t u r a l  r a d i a t i o n  which amounts t o  100 mrem pe r  
year  t o  t h e  lung and 60 mrem/year t o  t h e  bone t o  f u r t h e r  demon- 
s t r a t e  t h e  i n s i g n i f i c a n t  hazard which can be est imated even under 
worst  cond i t ions .  

14 .  

The f i n a l  conclusion i s  t h a t  none of t h e  planned modif icat ions 
t o  t h e  Ci ty  of  Miamisburg's park ad jacent  t o  Mound Laboratory 
r e s u l t  i n  any hazard t o  t h e  worker i n  t h e  s h o r t  term o r  t o  t h e  
genera l  pub l i c  i n  t h e  long t e r m ,  and t h e  C i t y ' s  p lans  including 
the So la r  Pond should proceed a s  scheduled. 



TABLE 2 

SUMMARY OF RESULTS 

Long Term (Public Exposure) 

North Pond (Solar) 

1. Inhalation 

Dust Loading 
Wind Suspension 
Resuspension 

South Pond (Fishing) 

1. 

2 .  

3 .  

4 .  

Inhalation 

Dust Loading 
Wind Suspension 
Resuspension 
Clothing 
Home 

Ingestion 

Sediment 
Fish 
Water 
Absorption 

Skin 
Wound 

Natural Background 

Mrem to Lung 
( 7 0  years) 

0 . 2 3  
1 . 1 2  
3 . 7 2  

0 . 2 3  
1 . 1 2  
3 . 7 2  
3 . 4 7  
4.65 

* * * 

* * 
7,000 

, 

Mrem to Bone 
(70 years) 

0 . 8  
3 . 8  

1 2 . 9  

0 . 8  
3 . 8  

12.9 
12.0 
16.0 

4 . 2 1  
0 . 4 7  
3 . 8 1  

0 . 0 3  
0 . 0 3  

4 ,200  

1 5 .  

*Not applicable. 
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APPENDIX A 

Alpha Particle: 
A charged particle emitted from the nucleus of an atom having 
a mass and charge equal in magnitude to a helium nucleus; 
i.e., two protons and two neutrons. 

Curie 
The special unit of activity. 
nuclear transformations per second, (Abbr. Ci.) 
Common fractions are: 

One curie equals 3 . 7 0 0  x 10' '  

Megacurie: One million curies (abbr. MCi) 
Microcurie: One millionth of a curie ( 3 . 7  x lo4 
disintegrations per second. Abbr. YCi) 

Millicurie: One-thousandth of a curie ( 3 . 7  x l o 7  
disintegrations per second. Abbr. mCi) 

Nanocurie: One-billionth of a curie (Abbr. nCi) 
Picocurie: One-millionth of a microcurie ( 3 . 7  x l o - * )  
disintegrations per second (Abbr. pCi) 

Decay, Radioactive: 
Disintegration of the nucleus of an unstable nuclide by 
spontaneous emission of charged particles and/or photons 

Dose 
A general form denoting the quantity of radiation or energy 
absorbed. For special purposes it must be appropriately 
qualified. If unqualified, it refers to absorbed dose. 

Absorbed Dose: 
The energy imparted to matter by ionizing radiation per unit 
mass of irradiated material at the place of interest. The 
unit of absorbed dose is the rad. 

One rad = 100 ergs per gram, or 0.01 J / p g .  
Cumulative dose: Total dose resulting from repeated 
exposure to radiation. 

1 7 .  



Dose Equivalent (DE) : 
Quantity that expresses all radiations on a common scale for 
calculating the effective absorbed dose. It is defined as 
the product of the absorbed dose in rads and certain modifying 
factors. The unit of DE is the rem. 

Exposure: 
A measure of the ionization produced in air by x or gamma 
radiation. It is the sum of the electrical charges on all 
ions of one sign produced in air when all electrons liberated 
by photons in a volume element of air are completely stopped 
in air, divided by the mass of the air in the volume element. 
The special unit of exposure is the roentgen, 

Acute Exposure: Radiation exposure of short duration. 
Chronic Exposure: Radiation exposure of long duration 
by fractionation or protraction. 

ICRP : - 
International Cormnission on Radiological Protection. 

Isotopes: 
Nuclides having the same number of protons in their nuclei, 
and hence the same atomic number, but differing in the number 
of neutrons, and therefore in the mass number. Almost iden- 
tical chemical properties exist between isotopes of a particu- 
lar element. The term should not be used as a synonym for 
nuclide. 

NCRP : 
National Council on Radiation Protection and Measurements 

Plutonium-238: 
Plutonium-238 is a heavy metal which is radioactive and decays 
by emission of an alpha particle with a half life of 8 7 . 4  years. 

18. 

- Quality Factor (QF): 
The linear-energy-transfer-dependent factor by which absorbed 
doses are multiplied to obtain (for radiation protection pur- 
poses) a quantity that expresses - -  on a common scale for all 
ionizing radiations - -  the effectiveness of the absorbed dose. 



Radiation : 
1) The emission and propagation of energy through space or 
through a material medium in the form of waves; e.g., the 
emission and propagation of electromagnetic waves, or of 
sound and elastic waves. 2) The energy propagated through 
space or through a material medium as waves. The term 
radiation or radiant energy, when unqualified usually refers 
to electromagentic radiation. Such radiation is commonly 
classified by frequency: Hertzian, infrared? visible,ultra- 
violet, x-ray and gamma ray. 3 )  Corpuscular emissions, such 
as alpha and beta radiation, or rays of mixed or unknown 
type, as cosmic radiation. 

Background Radiation: Radiation arising from radioactive 
material other than the one directly under consideration. 
Background radiation due to cosmic rays and natural radio- 
activity is always present. There may also be background 
radiation due to the presence of radioactive substances in 
other parts of the building, in the building material it- 
self, etc. 

External Radiation: Radiation from a source outside the body. 

Internal Radiation: Radiation from a source within the body 
(as a result of deposition of radionuclides in body tissue). 

Ionizing Radiation: Any electromagnetic or particulate radia- 
tion capable of producing ions, directly or indirectly, in 
its passage through matter. 

Radioactivity : 
The property of certain nuclides of spontaneously emitting 
particles or gamma radiation or of emitting X radiation 
following orbital electron capture or of undergoing spon- 
taneous fission. 

Artificial Radioactivity: Man made radioactivity produced 
by particle bombardment or electromagcetic irradiation. 

19. 

Natural Radioactivity: 
exhibited by naturally occurring radionuclides. 

The property of radioactivity 



Relative Biological Effectiveness (RBE): 
The RBE is a factor used to compare the biological effective- 
ness of absorbed radiation doses (i.e., rads) due to different 
types of ionizing radiation; more specifically, it is the 
experimentally determined ratio of an absorbed dose of a 
radiation in question to the absorbed dose of a reference 
radiation required to produce an identical biological effect 
in a particular experimental organism or tissues. The RBE is 
the ratio of rem to rad. (If 1 rad of fast neutrons equalled 
in lethality 3 . 2  rads of 250 KVP x-rays, the RBE of the fast 
neutron would be 3 . 2 ) .  

Rem : - 
A special unit of doseequivalent. 
rems is numerically equal to the absorbed dose in rads multi- 
plied by the quality factor, the distribution factor, and any 
other necessary modifying factors. The rem represents that 

The dose equivalent in 

quantity of 
damage of a 

Roentgen (R) : 
The special 
coulomb per 

radiation that is equivalent -- in biological 
specified sort - -  to 1 rad of 250 KVP x-rays. 

- 4  
unit of exposure. One roentgen equals 2.58  x 10 
kilogram of air. 

Specific Acitivity: 
Total activity of a given nuclide per gram of a compound, 
element, or radioactive nuclide, 

X-Rays : 
Penetrating electromagnetic radiations whose wave lengths 
are shorter than those of visible light. They are usually 
produced by bombarding a metallic target with fast electrons 
in a high vacuum. 
refer to photons originating in the nucleus as gamma rays, 
and those originating in the extranuclear part of the atom 
as X-rays. These rays are sometimes called roentgen rays,r 
after their discoverer, W. C. Roentgen. 

In nuclear reactions, it is customary to 
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APPENDIX B 

Methodology for short-term dose evaluation of individuals 
involved in construction of the Miamisburg Park Improvement 
Project. 

The short-term effect from the construction effort on the ponds 
in the Miamisburg Park involved the establishment of several 
assumptions. 
yet effectively described the construction effort. 

The assumptions used were very conservative and 

Both the North and South Ponds were considered together with 
the contaminated soil being readily available for transport 
into the environment or readily available for human uptake. 
In most realistic situations, this is not practical, however, 
it is the purpose of this evaluation to provide conservatism 
with credibility. 

The soil concentration used for all the short-term evaluations 
was the maximum found in the first full foot of core samples 
taken in the North and South Ponds. This concentration was 
0.03 nanocuries per gram of soil (0.03 nCi/g). 
ten times higher than the average of the total 5' core samples 
taken in the South Pond and approximately 60 times higher than 
the average value for the North Pond. 

This value is 

The time used for exposure of construction workers was assumed 
to be 40 days of construction work for eight hours per day. 
During this construction, each individual involved with the 
construction is assumed to be subjected to possible (worst case) 
contamination from the soil which contains minute quantities 
of plutonium contamination. 

One other assumption which was used is the resuspension 
inhalation model. The value is a factor of 100 greater (i.e. K = 
1 x 10-7) than that used previously,3 (1 x to provide a 
conservative estimate of additional soil disturbance during the 
construction project. 
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One last consideration concerning the short term effect of 
plutonium during the construction is that final disposition of 
the plutonium inhaled. At the last part of this section, cal- 
culations are shown in which the plutonium zssumed to have been 
inhaled is deposited in the bone. 
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The general equation used for all inhalation models provides 
the dose equivalent to the lung of an individual for one year 
after the time of construction. This equation is: 

(1 -e- At) 51.1 C Ia Tfa fr cEF(RBE)n 
(1000) Am DR = 

Where : 

DR = dose equivalent delivered to the lung in 365 days 
from exposure to plutonium-238 in air, rem/year 

C = average airborne concentration, vCi/cc. 
I, = average air intake = 2 x lo7 cc/day. 
T = time exposed = 40 days. 
fa = fraction of inhaled material reaching organ of  

interest = 0.25 for pulmonary region. 
fr = fraction of pulmonary deposition undergoing long- 

term retention = 0.6 for actinide (class y) 
CEF(RBE)n = effective energy deposition for disintegration = 

x = effective removal rate = 0.0014 day-l for actinides 

m = lung mass = 1000 grams. 
(class y) from the pulmonary region. 

1000 = 1000 mrem/rem. 

57 .  

The calculated average concentrations used for the lung dose 
calculations are dependent upon several types of inhalation 
models. These are 1) dust ioading model, 2) wind suspension 
model, 3)  resuspension model, 4)  personal clothing contamina- 
tion model, and 5 )  home contamination model. Each model is 
derived in a different way and each model is used to determine 
an average concentration of plutonium in air which could be 
breathed by an individual directly involved in the construction 
project. The mathematical description of this relationship is: 

C=S,,.f.I 

where : 

C = average concentration of plutonium in air during the 
40 days of exposure. 

full foot of core samples taken in the ponds - 0 . 0 3  nCi/g. 
Smax = maximum concentration of plutonium found in the first 

f = a multiplication factor to convert other units to pCi/cc. 
I = inhalation model factor. 
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Each inhalation model provides a different inhalation model 
factor to arrive at an average concentration. Each of these 
inhalation model factors and method of calculation is shown 
in the following: 

Dust Loading Model (Id) 

Where : 

Cp = total dust loading this area = 100 x 10’’ 
A s  = area of contaminated sediment = 0.0015 mi2(ponds) 
Ap = total area supplying particulate matter to area 

(max.) 

= >1 mi2 

Wind Suspension Model (I,) 

L W = =  ’’ &L j-p (G/a)w = 5.46 xlO-’ g/m3 

Where: 

.__ ’’ = dust concentration = 3 4 . 1  (max) integral (plume parameter) 
RP Qw 

%? = wind pickup rate constant = 2 ~ 1 0 - ’ ~  sec/m2 F 2  
- 
1J. = wind velocity = 5 m/sec 

(G/a), = sediment available for suspension per unit area 
= 1600 g/m2 

Resuspension Model 

IR = K (C/a), F, = 8.0 x &/m3 

Where: 

K = resuspension factor = 10-7/m 
= resuspendabls sediment per unit area = 1600 g/m2 
= fraction of time exposed per day (8 hrs/day) = . 5 0  per day 

(G/a), 
Ft 

(breathing rate for 8 working hours = 1 x l o 7  CC.) 
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Personal Clothing: Contamination Model 

= K (G/a)c Ft = 7.5 x 10-7g/m3 IP 

Where : 

K = clothing resuspension factor = 10'6/m 
(G/a), = grams of sediment per unit area of clothing = 1 g/m2 

(breathing rate for 16 hours = 1.5 x lo7 cc) 
Ft = fraction of time exposed per day (16 hours/day) = 0.75 day 

Home Contamination Model 

IH = K (G/a)h Ft = 10 x 

Where: 

K = resuspension factor (indoors) = 10'6/m 
(G/a)h = grams of sediment per unit area of home (10% of 

total dirt) = 1 g/m2 
Ft = fraction of time exposed (24 hours/day = 1 

As mentioned earlier, each of the above inhalation model factors 
are different, and are multiplied by each respective conversion 
factor to convert each factor to pCi/cc. In each of the follow- 
ing dose calculations, the actual concentration calculated from 
the different inhalation models are shown. 

Dust Loading Hodel 

51.1(  .046 x 10" pCi/cc) ( 2  x 10') ( 4 0 d )  ( 0 . 2 5 )  ( 0 . 6 )  ( 5 7 )  
(1000) ( .  0014)  (1000) DR 

f \ 
- (. 0014)  i i  - e 

\ 
D R =  0.00046 mrem/year to lung 

Wind Suspension Model 

51.1(. 17 x l o - '  6 ,  (2  x l o 7 )  (40d)  (0.25)0.6) (57) 
(1000) ( .  0014)  (1000) 

DR = 

(1 - e - (. 0014) 
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DR = 0.0017 mrem/year 

Resumension Model 

- 51.1 (. 24 x lo-'') (2 x lo7) (40d) (0.25) (0.6) (57) 
DR - (1000) (.  0014) (1000) 

DR = 0.24 mrem/year to lung 

Personal Clothing Contamination Method 

51.1( .23 x (2 x lo7) (40d) (0.25) (0.6) (57) 
(1000) ( .0014) (1000) DR = 

(1 - e- (. 0014) (365)) 
DR = 0.0023 mrem/year to lung 

Home Contamination Model 

51.1(.309x10~16)(2x107)(40d)(0.25)(0.6)(57) 
(1000) (.  0014) (1000) DR = 
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The following calculations give the dose equivalent to the bone 
per year from plutonium that was theoretically inhaled in earlier 
calculations. The fraction to be theoretically transferred to 
the bone was assumed to be already in the bone f o r  purposes of 
calculating the dose equivalent. 

(I - ,-At) DR = 51.1(C) (I,) (TE) (fR) cEF(EU3E)n 
(1000) Am 

where: DR = dose equivalent delivered to bone in 365 days 
from 40 days of exposure to plutonium-238 
in air, rem 

C = average airborne concentration pCi/cc 
Ia = average air intake = 2 x lo7 cc/day 
TE = time exposed = 40 days 
fa = fraction of inhaled material reaching organ (bone) 

of interest = .05 
ZEF(RBE)n = effective energy deposition per 

disintegration = 284 
x = effective removal rate = 3.0 x 
m = bone mass = 7 x 10 g 
T = 365 days 

day’’ 

1000 = 1000 mrem/rem 

The following calculations show the dose equivalent values to 
the bone from the final deposition of the plutonium theoretically 
inhaled. 

Dust Loading Model 

51.1(.046 x 10-l6 UCi/cc)(Z x 1 0 7 ) ( 4 0 ) ( . 0 5 ) ( 2 8 4 )  
( i o o o ) ( 3  10-5) (7  x 103) DR = 

- 
DR = 1.4 x mrem/year 
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Wind Suspension Model 

51.1(.17 x 10-16)(2 x 1 0 7 ) ( 4 0 ) ( . 0 5 ) ( 2 8 4 )  
(io00)(3 10-5)(7 x 103) DR = 

(1 - e-(3 x 10-5)(365)j 
\ 

DR = .0005 mrem/year 

Resuspension Model 

51.1(.24 x 10'14)(Z x 107)(40)(.05)(284) 
(1000)(3 x 10-5)(7 x 103) DR = 

DR = .07 mrem/year 

Personal Clothing Contamination Method 

- 51.1(.23 x 10-l6)(2 x 107)(40d)(.05)(284) 
DR - (1000) (3 10-5) (7  x 103) 

DR = .0007 mrem/year 

Home Contamination Model 

DR = .0009 mrem/year 
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Models were also developed for ingestion of plutonium during 
the construction period. The only model considered was inges- 
tion of sediment. Ingestion of water, vegetables, and fish 
was not considered because there are no vegetables or fish in 
the ponds and the pond will be drained of water before the 
modifications. 

For calculation of the dose. equivalent from direct ingestion 
of sediment, it was assumed that a worker ingested four grams 
during 40 days. 

The general equation used for all ingestion models provides 
the dose equivalent to bone of an individual for one year 
after the time of  construction. This equation is: 

(I - e- At) 51.1 C I f w C EF (RBE) n 
(1000)Am 

DR = 

where: 

DR = dose equivalent delivered t o  bone during the first 
full year after ingestion of plutonium-238 in rem. 

C = concentration of plutonium in ingestion 
media - pCi/gram = 0.03 x pCi/g 

I = quantity of ingestion media i n  grams 

fw = fraction of ingested material reaching organ or 

CEF(RBE)n = effective energy deposition per disintegration = 284. 
A = effective removal rate = 3.10~10'~ day'' 
m = bone mass = 7 x103  g 
T = 365 days 

interest = 2 . 4  x 

1000 = 1000 mrem/rem 
The following dose calculations show the result of each 
ingestion model : 

Ingestion of Sediment 

51.1 (.03 ~lO-~pCi/g)(4 g)(2.4~10-~)(284) 
(rooo) (3 1 0 - 5 )  (7 x 103 g) DR = 

DR = 0.002 mrem/year 
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Models were also developed for absorption of plutonium during 
the construction period both through the skin and through 
wounds. 

The general equation used for both absorption models is: 

(1-e -At) - 51.1 q f2’C E F (BE) n 
DR - (1000) Am 

where : 

DR = dose equivalent delivered to bone during the first 
full year after absorption of plutonium-238 in rem. 

absorption in pCi. 
q = quantity of plutonium entering the body via 

f2l = fraction from blood to organ of reference = 0.8 
CEF(RBE)n = effective energy deposition per disintegration = 284.  

X = effective removal rate = 3 . 0 ~ 1 0 ’ ~  day 
m = bone mass = 7 x 1 O 3  grams. 
T = 365 days 

1000 = 1000 mrem/rem 
The calculated quantity of plutonium (9) entering the body 
depends upon the absorption models. In the following, the 
values for q are calculated from the mathematical equations 
below for each absorption model: 

Absorption through Skin 

q = C(G/a)w Am Rabs Sw/s d/y 

where : 

C = concentration of plutonium in sediment = . 0 3 ~ 1 0 - ~  pCi/g. 
(G/a/w) = amount of sediment deposited per unit area = 0.1 g/m2 

Rabs = absorption rate through skin = 1.4 x 10-4/day. 
Sw/s = fraction of plutonium soluble = lxlO-” 

Am = skin area, standard man = 1.85 m2 

d/y = days per year absorption = 40 days 
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C = concentration of plutonium in sediment = 0 . 0 3 ~ 1 0 ' ~  pCi/g. 
(G/a)w = amount of sediment deposited per unit area = 0.1 g/m2 
Aw = skin area continuously abraded (1% of the total skin area) 

= 1.85 x ~ O - ~  m2 
Rabs = absorption rate through wounds = 1.4 x 10-2/day 
Sw/, = fraction of plutonium soluble = l x l O - "  
d/y = days/year of absorption = 40 days 

Both absorption model doses are shown below. 

Absorotion throueh Skin 

- 51.1 ( .03 x 10' j )  (0.1 g/m2) (1.85 m2) (1.4 x /day) (1 x x 
DR - ( 4 0  day) (. 8 )  ( 2 8 4 )  

(1000) (3 10-5) (7 x 103 g) 

DR = 1 . 9 ~ 1 0 ~ ~  mrem/year 

Absorption through Wounds 

% = (1 x lo '")  ( 4 0  d )  ( .8)  ( 2 5 4 )  
51.1 (.  03 x (0.1 g/m2) (1.85 x M2) (1.4 x 10'2/day) x 
- 

(1000) (3 i o -  5) (7 x 103 g) 

x (1 - e-(3 x 10") (365)) 

DR = 1.9 x mremlyear 
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APPENDIX C 

Methodology for Long-Term Dose Evaluation -of 
Public from Miamisburg Park Improvement Project 

The North Pond was evaluated only from the inhalation pathway 
since access will be restricted to zero because of a constructed 
fence. However, if necessary to estimate other pathways for 
the North Pond, it is considerably less than the same pathways 
considered for the South Pond since the plutonium levels are 
less. The concentration of sediment used for the North Pond 
evaluation was the highest core value (0.03 nCi/g) for any core 
sample in either pond and higher than all values in the North 
(Solar) Pond. 

The South Pond was evaluated for the inhalation, ingestion, and 
absorption pathways. The concentration of sediment used for 
the South Pond evaluation was the highest (0.03 nCi/g) of the 
South Pond core sampling data. 

The time was considered for 70 years of continuous exposure and 
the dose equivalent for each pathway is that total during the 70 
years. 

The general dose equation used for continuous exposure for the 
inhalation models covering the North Pond is mathematically 
expressed by: 

-At 

At ) 
l-e 51.1 C I, Tfa fr CEF(RBE)n 

(1 - - 
DR - 1000 Am 

where: 

DR = dose equivalent delivered to the lung in 70 years 
from exposure to plutonium-238 in air. 

C = average airborne concentration, vCi/cc. 
I, = average air intake = 2x107 cc/day. 
T = time exposed =70 years = 2 . 5 5 5 ~ 1 0 ~  days. 
fa = fraction of inhaled material reaching organ of 

interest = 0.25 for pulmonary region. 
f, = fractionofpulmonary deposition undergoing long- 

term retention = 0.6 for actinide (class y) . 
CEF(RBE)n = effective removal rate, 0.0014 day-’ f o r  actinides 

(class y) from pulmonary region. 
m = lung mass, 1 O O O g .  

1000 = 1000 mrem/rem. 
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The calculated average concentrations are obtained by the same 
methodology as that used for the short-term evaluation. 

The mathematical description of this relationship is: 

C = Savg 'f * I  

where : 

C = average concentration of plutonium-238 in air during 
70 years of exposure. 

North Pond = 0.03 nCi/g. 

to pCi/cc. 

Savg = average concentration of plutonium found in the 

f = a multiplication factor to convert other units 

I = Inhalation model factor. 

Each of the inhalation models for the North Pond and the method 
of calculation is shown in the following: 

Dust Loading Model (Id) 

where : 

Cp = total dust loading this area = 100 x (max) 
As = area of contaminated sediment = 0.0005 mi2 
Ap = total area supplying particulate matter to area >1 m2 

Wind-Suspension Model (Iw) - 
I, = - '' %? 11 (G/a), = 2.4  x 

RPQW P2 

= dust concentration = 15 integral (plume param- XG Where - 
RPQW eter) for unstable conditions 

wind from east or west and 
"worst case" of 100 m (300') 
width of strip infinitely long 

= wind pickup rate constant = 2 x sec/m2 ii2 
v = wind velocity = 5 m/sec 

(G/a), = sediment available for suspension per unit area = 
1600 g/m2 (the "very surface" or top .1 centimeter) 
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Resuspension Model (IR) 

IR = K (G/a), FT = 8.0~10'~ 

where : 

K = resuspension factor = 1 x I O 9  jm 
(G/a), = resuspendable sediment per unit area = 1600 g/m2 
FT = fraction of time exposed per day (8 hours per day) 

= (.5). (Breathing rate for 8 hours = 1 x lo7 cc) 

In each of the following dose calculations, the results for each 
inhalation model considered €or the North Pond is shown. 

Dust Loading Model 

.- 51.1(1.5 x lo-'* pCi/cc)(2 x 107)(2.555 x 104d)(.25)(0.6)(57) 
(1000) (. 0014) (1000) 

DK = - 
-(.0014)(2.555 x 10") 

(. 0014) (2.555 x 10") 

DR = 0.23 mrem/70 years. 

Wind Suspension Model 

51.1(7.2 x pci/cc)(2 x 107)(2.555 x lo4 d)(.25)(0.6)(57) 

(l-l-e-(.0014)(2.555 x 10" )  
( .  0014) (2.555~10") 

(1000) ( .  0014) (1000) 
DR = 

DR = 1.12 mrem/70 years. 

ResusDension Model 
51.1(2.4 x pCi/cc) (2 x lo7) (2.555 x 10" d) (.25) (.6) (57) 

(1000) (.  0014) (1000) DR = 

(.0014)(2.555 x l o " )  1-e- 
(l - (.0014)(2.555 x 10" )  

3 3 .  
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The general dose equation use1 f o r  the 70-year continuous 
exposure for the inhalation models concerning the South Pond 
is the same as that f o r  the North Pond. In addition, the 
inhalation model factors are a lso  the same. The following 
calculations show the dose of each inhalation model: 

Dust Loading Model 

- 51.1(1.5 x lo"* pCi/cc) (2 x lo7) (2.555 x l o 4  d) (. 25) (0.6) (57) 
DR - (1000) ( .0014) (1000) 

I-e-(.0014)(2.555 ~10') 

(I- (.0014)(2.555 x 10")  

DR = 0 . 2 3  mrem/70 years. 

Wind Suspension Model 

51.U7.2 x 10-9 (2 x 10') (2.555 x 10" d) (.25( .6) (57) 
(1000) (. 0014)  (1000) DR = 

1-e-(.0014)(2.555 ~ 1 0 " )  

(I= (.  0014) (2.555 x 10") 

DR = 1.12 mreml70 years. 

Resuspension Model 

51 .l( 2 .4 x 10'") ( 2 x 10 ) ( 2.55 5 x 10 d) ( . 2 5 )  ( .6 ) ( 57 ) 
(1000) (. 0014) (1000) DR = 

1-e-( -0014) (2.555 x 10') 

(I (.O014)(2.555x1O4) 

DR = 3.72 mrem/70 years. 
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Other inhalation models were used for the South Pond evaluation 
for continuous exposure. These were inhalation from clothing 
and home contamination. These inhalation models are calculated 
by the equations shown below: 

Personal Clothine Contamination Model (1,) 

Ip = K .(G/a)c FT = 0.75 x 

where : 

K = clothing resuspension factor = 10-6/m 

(G/a), =grams of sediment per unit area of clothing = lg/m2 
FT = fraction of time exposed per day (16 hours per day)=.75 

= 1 . 5 ~ 1 0 ~  cc (breathing rate) for 16 hours. 

Home Contamination Model (IH) 

IH = K (G/a/h FT = 1 ~ 1 0 - ~ )  

where 

K = resuspension factor (in-doors) = 10'6/m 
(G/a/h)= grams of sediment per unit area of house 

(10% of total dirt) = 1 g/m2 
FT = fraction of time exposed (24 hours/day) = 1 \ 

These inhalation model dose results are shown below: 

Personal Clothing Contamination Model 

- - 51.1(2,24Y;10-17)(2 x 107)(2.555 x lo4 d)(.25)(0.6)(57) 
DR (1000) (.  0014) (1000) 

-(.0014)(2.555 x l o " )  
( ,0014) (2 .535 x 104) 
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Home Contamination Model 

- 
DR - 

51.1(3 x 10-17)(2 x 107)(2.555 x lo4 d)(.25)(0.6)(57) 
(1000)( .0014) ( 1 0 0 0 )  

-(.0014)(2.555 x lo4) \ 1-e 
1 1 -  ( (.0014)(2.555 x lo4) 

DR = 4 . 6 5  mrem/70 years. 

Models were developed for ingestion of plutonium-238 continuously 
for 70 years in the south pond. These mcdels included ingestion 
of sediment, f i s h ,  and water. 

The general equation used for ingestion is: 

-AT 
1 - 51.1 C I T fw CEF(RBE)n 1-e 

DR - 1000 Xm AT - 

where : 

DR = dose equivalent delivered to bone during the 
70 years of exposure in rem. 

C = concentration of plutonium in ingestion media. 
I = quantity of ingestion media in grams. 

Tv = time = (70 years). 
f’ = fraction of ingested material reaching organ on 

interest = 2 . 4  x W 

CEF(RBE)n = effective energy deposition per disintegration = 284 
X = effective removal rate = 3.0 x l o - ’  day-’ 
m = bone mass = 7 x lo3 grams 
T = time = 70 years x 365 d/yr = 2.5-5 x lo4 days 

In the calculation of the sediment ingestion model, a value of 
4 grams of sediment per year was assumed to have been ingested. 
Also, 9000 grams of fish per year was assumed to have been ingested 
with a ratio of fish to water concentration of 5 and of water to 
sediment concentration of 1 x lo’’. 

1000 = 1000 mrem/rem 
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The following calculations show the results of the ingestion 
models. 

Ingestion of Sediment 

- 51.1(0.03 x p C i ) ( 4  g)(70 y ) ( 2 . 4  x 10’5)(284) 
(iooo)(3 x 10-5)(7 103) DR - 

\ - ( 3  x 10-’)(2.555 x lo4 d) 
( 1  - 1-e 
\\ ( 3  x 10-’)(2.555 x lo4 d) / 

DR = 4.21 mrem/70 yr 

Ingestion of Fish 

- 51.1(0.03 x l o - ’  pCi)(.45 g)(70 y)(2.4 x lOW5)(284) 
(1000)(3 x 1 0 - 5 ) ( 7  x IO3 g) 

DR - 

- ( 3  x 10-’)(2.555 x lo4 d) 1-e 
( I -  ( 3  x lO-’)(2.555 x lo4 d) 

DR = 0.47 mrem/70 yr 

Ineestion of Water 

The 70-year dose equivalent from ingestion of water at the rate 
of  one liter (1,000 grams) per day for 365 days would be 8 times 
the dose equivalent from fish. The water concentration is assumed 
to be 5 times less than fish, but the grams ingested for water 
would be e40 times greater; thus, the overall 70-year dose would 
= 3.81 mrem/70 yrs. 

Models were developed f o r  absorption of plutonium from the south 
pond continuously for 70 years. Two absorption models were 
developed, one through the skin and one through wounds. 
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The general equation used for both absorption models is: 



-AT 
1 - 51.1 q T f2' CEF(RBE)n l-e 'R - (1 - 

1000 Am AT 

where : 

DR = dose equivalent delivered to bone during 70 years 
of continuous absorption of plutonium in rem. 

q = quantity of plutonium entering the body via 

T = time (70 years) 
absorption in pCi. 

fi = fraction from blood to organ of reference = .8 
CEF(RBE)n = effective energy deposition per disintegration = 284 

A = effective removal rate = 3.0 x lO-'/day. 
m = bone mass = 7 x IO3 grams 

1000 = 1000 mrem/rem 

The calculated quantity of plutonium (4) entering the body depends 
upon the absorption models. In the following the values for q are 
calculated from the mathematical equations below for each absorption 
model. 

Absorption Through Skin 

where: 

C = concentration of plutonium in sediment = 0.03 nCi/g 
(G/a)w = amount of sediment deposited per unit area = 0.1 g/m2 

Am = skin area standard man = 1.85 m2 
Rabs = absorption rate through skin = 1.4 x lo-" day 

= fraction of plutonium soluble = 1 x 
d/y = days per year absorption = 365 days 

%/ s 

Absorption Through Wounds 

q = C (G/a), Am Rabs SwIs d/Y 



c -  

i E 

. 

where : 

C = concentration of plutonium in sediment = 0.03 nCi/g 
(G/a)w = amount of sediment deposited per unit area = 0.1 g/m2 

Am = skin area continuously abraded (1% of total skin area) = 
1.85 x m2 

Rabs = absorption rate through wounds = 1.4 x 10-2/day 
= fraction of plutonium soluble = 1 x %/ S 

d/y = days/year of absorption = 365 days 

The calculations of the absorption model dose are shown below: 

Absorption - Through Skin 

(2.555 x 10")(0.8)(284) (l-l-e - ( 3  x 10-5)(2.555 x l o 4 ) )  
X 

(3  10-5) (2.555 x 1 0 9  

DR = 0.033 mreml70 yr 

Absorption Through Wounds 

- 51.1(0 .03  x 10'3)(0.1)(l.85 x 1 0 - 2 ) ( 1 . 4  x 
(1000) (3  1 0 - ~ ) ( 7  x i o 3  g) DR - 

(1 x 10-4)(2.555 x lo4 d)(0.8)(284) X 

- ( 3  x 10-')(2.555 x l o 4 ) )  
(3~10'~)(2.555~10~) 

x (1--1-e 

iQ = 0.033 mrem/7O yr 

3 9 .  



One last consideration concerning the long term effect of 
plutonium is that final disposition of the theoretical 
plutonium inhaled. At the last part of this section, 
calculations are shown in which the plutonium assumed to have 
been inhaled is deposited in the bone. 

The following calculations describe the final desposition of 
plutonium that was theoretically inhaled in earlier calculations. 
The average concentration of plutonium from each inhalation model 
is used in a general dose calculation which is mathematically 
described by : 

1000 Am 

where : 

DR = dose equivalent delivered to bone in 70 years 
from continuous exposure to plutonium-238 in air, rem. 

C = average airborne concentration, vCi/cc 

T = time exposed = 2.555 x l o 4  days 

a interest = .05 

= average air intake = 2 x lo7 cc/day 

= fraction of inhaled material reaching organ of 

'a 

f 

CEF(EU3E)n = effective energy deposition per disintegration = 284 
= effective removal rate = 3.0 x 10-5day-' 

m = bone mass = 7 x l o 3  g 
1000 1000 mrem/rem 

The following calculations show the dose equivalent values to the 
bone from the final deposition of the plutonium theoretically inhaled 

Dust Loading Model 

- 51.1(1.5 x 10- ') (2  x 10 7, (2.555 x 104d) (.05) (284) 
DR (1000) ( 3  x 10-5) (7  x 103 g) 
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Wind Suspension Model 

c c 

51.1(7.2 x 10-le) (2 x 107) (2-.555 x 104 d) (.OS) (284) 
(1000) ( 3  x (7 x IO3 8) DR = 

+ = 3.84mrem/70 yr 

Resuspension Model 

51.1 ( 2.43 x 10’ 7, ( 2 x 10 ) ( 2.55 5 x 10 d) (05) (284) 
(iooo)(3 x 10-5) (7 x 103) DR = 

1 1 e-(3x10-5)(2.s55x104) 
(3  x 10-5) (7 x 104) 

DR = 12. 9 mrem/70 yr 

Personal Clothing Contamination Model 

51.1(.2.24~10-’)(2 x107)(2.555 x104 d) (Q5)(284) 
(io00)(3 x 10-5) (7 1x103) DR = 

= 11.96 mrem/70 yr DR 

Home Contamination Model 

- 51.1(3 x 10”’) (2 x lo7) (2.555 x lo4 d) (.05) (284) 
DR - (1000) (3 x (7 x lo3) 

1 -e-(3~10-~)(2.555~10“) 
(3  x 10-5) (2.555 x 104) (1- 

DR = 16.0 mrem/70 yr 
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