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1.0 INTRODUCTION AND GENER4.L DESCRIPTION OF THE PZOJECT 

The safety analysis report for the Feed Materials Production 

Center (FMPC) waste storage area was prepared i n  compliance with 

United States Department of Energy (USDOE) Order 5481.1A. As stated 

i n  USDOE Order 5481.1A,  i t  is the policy of the United States DOE to  

assure that their operations are conducted i n  a manner that w i l l :  

o Limit  r i s k s  t o  the health a n d  s a f e t y  of the p u b l i c  a n d  

employees a n d ,  

o Adequately protect property and the environment. 

This assurance is provided I n  part by the preparation and review 

of safety analyses for -DOE operations. The basic responsibility  for 

assuring implementation of t h i s  policy l i e s  with the l i n e  organization 

responsible f o r  the operation. The assignment of responsibi l i t ies  f o r  

safety analysis and review tasks delegated t o  the Oak Ridge Operations 

O f f i c e  is s e t  f o r t h  i n  USDOE Order O R  5 4 8 1 . 1 8 .  That order a l s o  

provides guidance on the content and format of safety analysis  re- 

ports. 

The purpose of a safety  analysis process i s  to define and eval- 

uate the parameters of the system and i t s  performance in relation to  

hazard containment/confinement and risk implications. Part of the 

process, as outlined i n  DOE order 5481.1A, requires: (1) systematic 

1 dentication of a l l  potential  hazards under a l l  conceivable scen- 

arios,  (2) accurate analysis  of potential impacts, (3) discussion of 

measures taken t o  eliminate, control or mitigate the hazards. This 

analysis  complies w i t h  these requirements. 

The system of concern i n  this  report i s  the waste storage f a c i -  

l i t y  area of the Feed Materials Production Center (FMPC) located i n  

southwestern Ohio. The FFPC is operated by NLO, Inc. under contract 

to the USDOE, Oak Ridge Operations O f f i c e .  The FMPC has been storing 

i t s  wastes i n  t h i s  area since 1952.  



The p r i m a r y  work a t  t h e  FEIPC i s  t h e  p r o d u c t i o n  of p u r i f i e d  

uranium n e t a l  and compounds for ilse a t  o t h e r  DOE sites. The uranium , 

may be dep le t ed ,  normal or s l i g h t l y  enr iched,  however, t h e  ave rage  is 

c l o s e  t o  n o r m l .  Through 1976,  t h e  p l a n t ' s  major s t a r t i n g  material 

was semi-pure uranium c o n c e n t r a t e  and most of t he  

d isposed  of a t  t h e  s i t e  r e s u l t e d  from conversion of 

UO o r  reactcjr grade uranium metal. 3 

waste s t o r e d  o r  

t h i s  material t o  

The c h a r a c t e r i s t i c s  of t h e  s i t e  are d i scussed  

t h i s  document, and t h e  waste s t o r a g e  f a c i l i t i e s  are d e s c r i b e d  i n  

i n  Chapter  3 of  

d e t a i l  i n  Chapter  4. The r e s u l t s  of t h e  a n a l y s i s  of p r o b a b i l i t i e s  and 

impacts  of pos tu l a t ed  a c c i d e n t s  are presented  in Chapter  5 .  Q u a l i t y  

assurance  is discussed  i n  Chapter  6. An overview of how management 

conducts  ope ra t ions  to  i n s u r e  s a f e t y  and a s s u r e  t h a t  t h e  s t a f f  is 

t e c h n i c a l l y  competent and s a f e t y  o r i e n t e d  is presen ted  i n  Chapter  7. 

The r e s u l t s  of t h e  s a f e t y  a n a l y s i s  are  summar ized  i n  C h a p t e r  2 .  

0936798 
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2.0 SUMMARY OF THE SAFETY A\ALYSLS 

2.1 Radiation Sa fe ty  . .  

The f e a s i b i l i t y  and e v a l u a t i o n  of a number of n a t u r a l  and manmade 

e v e n t s  were i n v e s t i g a t e d  t o  d e t e r m i n e  t h e i r  e f f e c t  on t h e  FMPC 

waste s t o r a g e  area and t h e  p o t e n t i a l  r a d i o l o g i c a l  consequences r e s u l -  

t i n g  therefrom. These included:  

o Earthquakes 

o Tornadoes 

o Extreme Winds 

o Floods 

o P r e c i p i t a t i o n  (heavy and normal) 

o Systems F a i l u r e s  

o Procedure F a i l u r e s  

o T r a i n  Derai lments  

o A i r c r a f t  Crashes 

R e s u l t s  of t h e  a n a l y s i s  negated t h e  p o s s i b i l i t y  f o r  any major 

consequence t o  occur  due t o  the m a j o r i t y  of t h e s e  even t s .  Where 

consequences were p o t e n t i a l l y  s i g n i f i c a n t  due t o  d i s p e r s i o n  of radio-  

l o g i c a l  ma te r i a l ,  t h e  p r o b a b i l i t y  of o c c u r r e n c e  was s m a l l .  T h e  

fo l lowing  b r i e f l y  reviews and summarizes t h e s e  i n c i d e n t s .  The dose t o  

t h e  n e a r e s t  i n d i v i d u a l  is summarized i n  Tab le  2-1. 
., 

The r a d i o n u c l i d e s  encountered i n  t h e  w a s t e  s t o r e d  a t  t h e  si te 

and t h e r e f o r e  inc luded  i n  t h e  s o u r c e  t e r m  c a l c u l a t i o n s  are uranium, 

thorium, radium, and daugh te r s .  The e s t i m a t e d  t o t a l  c u r i e s  i n  each of 

t h e  s i te  f a c i l i t i e s  are as fo l lows :  

F a c i l i t y  Cur i e s  

P i t  1 
P i t  2 
P i t  3 
P i t  4 
P i t  5 
P i t  6 
Metal Oxide Tank 
K-65 Tanks 

108 
35 

553 
233 
327 
178 
23 

17,600 

0036799  2- 1 
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P i t s  1 ,  2 ,  4 and 6 are considered dry  waste p i t s .  They c o n t a i n  

waste such as f i l t e r  cakes,  g r a p h i t e ,  b r i c k ,  r a f f i n a t e ,  non-burnable 

t r a s h  and some s l u r r i e s .  P i t s  4 and 6 are  open whi le  1 and 2 a r e  

c losed .  P i t s  3 and 5 are w e t  waste p i t s .  These p i t s  have func t ioned  

as se t t l i ng  bas ins  f o r  l i q u i d  process  waste s t reams and t h e r e f o r e  

c o n t a i n  l i q u i d  and p r e c i p i t a t e d  material. P i t  5 i s  open whereas P i t  3 

is closed.  The metal oxide  tank  con ta ins  r e s idues  bea r ing  a trace of 

radium f rom process ing  of non-pitchblende o r e  concent ra tes .  The K-65 

t a n k s  con ta in  radium bear ing  r e s idues  from pi tchblende  o r e  process ing .  

Most of t h e  waste i n  t h e  t anks  is a w e t  c l a y l i k e  material, however, a 

l a y e r  approximately one f o o t  deep a t  t h e  top  is dry. A l l  t h e  wastes 

are n e u t r a l i z e d  before  d i s p o s a l  r ende r ing  them chemical ly  I n e r t  and 

v i r t u a l l y  in so lub le .  

4. 

2 . 1  . 1 Earthauakes 

The p r o b a b i l i t y  of a major ea r thquake  (modified Mercalli VI11 or  
IV) d u r i n g  t h e  assumed p l a n t  l i f e  time of 40 years  is of t h e  o r d e r  .of 

10 . The major r a d i o l o g i c a l  impact of such a seismic even t  would 

be a r u p t u r e  of t h e  K-65 tank  and subsequent  release of t h e  s t o r e d  

waste. The r e l e a s e d  material is assumed t o  sp read  o u t  over  a n  area of 

t h e  embankment and f o r  t h e  pe r iod  b e f o r e  c leanup (1  month) acts as a 

source  of a i r b o r n e  p a r t i c l e s  and radon gas. This  g ives  rise t o  sou rce  

terms o f  142  p C i / s e c  f o r  r a d i u m  c o n t a m i n a t e d  p a r t i c u l a t e s  a n d  

7.3~10 pCi /sec  f o r  radon gas. 

-4 

. P  
2 

The r e s u l t i n g  maxinun r a d i o l o g i c a l  impact t o  n e a r e s t  r e s i d e n t  i s  

0.15 m r e m  t o  t h e  bone due t o  Ra-226. Other  doses  are e q u a l l y  neg l i -  

g i b l e  and are presented  in Table  2-1. 

2 .1 .2  ' Tornadoes 

The p r o b a b i l i t y  of a tornado impinging on t h e  waste s t o r a g e  area 

has  been c a l c u l a t e d  as  2 . 5 ~ 1 0  The major r a d i o l o g i c a l  con- 

sequence of t h i s  event  i s  t h e  p o t e n t i a l  f o r  a i r b o r n e  d i s p e r s i o n  of 

-5 p e r  year .  

2-3 
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a p o r t i o n  of t h e  p i t  wastes. An a n a l y s i s  of t h i s  d i s p e r s i o n  leads t o  

t h e  conc lus ioa  t h a t  t h e  amount and area over which t h i s  d i s p e r s i o n  nay 

occur  w i l l  have a n e g l i g a b l e  impact on t h e  a r e a  i n  q u e s t i o n  and r e s u l t  

i n  n e g l i g i b l e  doses. 

2.1.3 A i r c r a f t  Crash 

While t h e  p r o b a b i l i t y  of t h i s  event  occur ing  i s  extremely low 

(of the o r d e r  of 10 ) ,  t he  r a d i o l o g i c a l  impact is t h e  n o s t  signi- 

f i c a n t  of t h o s e  discussed.  The release of p a r t i c u l a t e  matter and t h e  

radon Iph f f "  from t h e  assumed 30 minute even t  r e s u l t s  i n  sou rce  terms 

of 1.1~10 pCi/sec f o r  radium contaminated waste and 1 . 7 ~ 1 0 ~ '  pCi / sec  

for radon. T h i s  l e a d s  t o  a  maxi^^^ n e a r e s t  r e s i d e n t  d o s e  of 29 m r e m  

t o  t h e  whole body, 41 m r e m  t o  t h e  bone and a l u n g  dose  of 820 mrem,  

-9 

--. 

6 

As expected,  t h e  lung dose is t h e  only s i g n i f i c a n t  impact. This 

is  p r i m a r i l y  due t o  t h e  extremely h igh  c o n c e n t r a t i o n  of radium-226 and  

radon-222 i n  t h e  material, t h e  radon eaianation coef f i d e n t  chosen f o r  

this a n a l y s i s ,  and t h e  conse rva t ive  approach u s e d  i n  t h e  s c e n a r i o ,  

2.1.4 Other Phemonena 

The  t o p o g r a p h y  of t h e  waste s t o r a g e  area,  t h e  i n a b i l i t y  of 

t h e  Paddy's Run and t h e  M i a m i  R i v e r  t o  f l o o d  t h e  s i te ,  t h e  d e s i g n  of 

t h e  p i t s  and d i k e  system, and t h e  o p e r a t i o n  of t h e  s i te n e g a t e  any 

r a d i o l o g i c a l  consequences due t o  extreme winds, p r e c i p i t a t i o n  (heavy 
o r  normal), system or procedure f a i l u r e s  and t r a i n  de ra i lmen t s .  These 

are d i s c u s s e d  in d e t a i l  in S e c t i o n  5.0. 

2.2 Toxic Materials S a f e t y  

T o x i c  c h e m i c a l s  u s e d  in p r o c e s s e s  c a r r i e d  o u t  a t  t h e  FWC 

i n c l u d e  anhydrous anumnia, hydrof louric a c i d ,  h y d r o c h l o r i c  a d d ,  and 

n i t r i c  a c i d .  As a c i d s ,  t h e s e  chemicals  are i r r i t a n t s  t o  t h e  eyes ,  

5 1  

2-4 
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mucous membranes 

pH of 9.0 prior 

safety  hazard i n  

and skin, however, since they are neutralized to  a 

to discharge from the General Sump,  they present no 

the waste storage area. 

2 . 3  C r i t i c a l i t y  Safety 

The materials discarded 

f a r  below normal enrichment 

occur. 

2 .4  Fire Safety 

to the waste storage area are depleted so 

levels  (<0.43, that c r i t i c a l i t y  can not 

Only minimal amounts of pyrophoric materials are transferred t o  

the waste storage area. These materials are primarily magnesium and 

uranium particles.  The quantities are very small and therefore not 

considered a f i r e  hazard. Fire prevention inspections of the s i t e  are 

made on a monthly basis. I n  the event that a f i r e  should occur, the 

waste storage area is equipped with two dry chemical f i r e  extin- 

guishers, a hose, and a manual f i r e  alarm box. I n  addition, a well- 

equipped f i r e  brigade i s  available with response c a p a b i l i t i e s  24  hours 

a day. 

2 . 5  Explosion and High Pressure Safety 

. ,. 

The lack of a f i r e  hazard and the absence of pressurized vessels  

or conduits in the waste storage area preclude explosion or high 

pressure hazards a t  the s i t e .  

2 . 6  Natural Phenomena 

Review of seismological, meteorological, and hydrological data 

for the region surrounding the s i t e  show that natural phenomena are 

not a source of s ignif icant  ,risk. Past earthquakes whi’ch have occur- 

red i n  the region have been of low intensity.  kieteorological pheno- 

mena have a l s o  been shown not to be of a signif icant  risk.  

0036803 2-5 013 
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2.7  Operational Accidents 

A s  d i s c u s s e d  i n  S e c t i o n  5 ,  a number of s y s t e m  and procedure  

f a i l u r e s  would have t o  occur sirmltaneously i n  order f o r  any acc ident  

consequence t o  occur. In any event ,  the r e s u l t s  are  shown to be 

n e g l i  b l e  

2 . 8  Man-Made Disasters 

The- only manlnade d i s a s t e r  of consequence is  the a i r c r a f t  acc i -  

dent scenar io  the  impact of which is presented i n  Sect ion  2 . 1 .  
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3 .O SITE DESCRIPTION 

The Feed Mater ia l s  Production Center  (FME'C) is l oca t ed  i n  a n i r a l  .. 

area of sckthwestern Ohio approximately 10 miles northwest of Cincin-  

n a t i  and 8 miles southwest of Hamilton (F igu re  3-1). The f a c i l i t y  

o c c u p i e s  136 acres  i n  t h e  c e n t e r  of a 1,050 a c r e  s i t e .  Most of 

t h e  s i t e ,  Inc luding  a l l  of t h e  product ion  and waste s t o r a g e  area,  i s  

i n  i l an i l ton  County. Aijproximately 200 acres a r e  i n  B u t l e r  County. 

The s i t e  is bounded on t h e  west by Paddy's Run Road, on t h e  s o u t h  

by Willey Road, on t h e  n o r t h  by farm l a n d  and S t a t e  Route 126 and on 

t h e  e a s t  by a d a i r y  farm. The v i l l a g e s  of Ferna ld ,  New Baltimore, 

Ross and Shandon a r e  a l l  l o c a t e d  w i t h i n  f i v e  mi les  of t h e  p l a n t .  

Fanning i s  t h e  major i n d u s t r y  sur rounding  t h e  FFPC p l a n t  whi le  manu- 

f a c t u r i n g  i s  t h e  wjor i n d u s t r y  i n  t h e  su r round ing  region.  

- 
The w a s t e  s t o r a g e  f a c i l i t i e s  which c o n s i s t  of s i x  waste s t o r a g e  

p i t s ,  two c o n c r e t e  s i l o s  ( t h e  "K-65 t a n k s " )  a n d  two meta l  o x i d e  

t anks  are l o c a t e d  i n  an  area on t h e  w e s t  s i d e  of t h e  p l a n t  about  900 

f e e t  from t h e  s i t e  boundary. The waste s t o r a g e  area occupies  approxi- 

mately 37.7 acres. The a r e a  i s  r e l a t i v e l y  f l a t  w i th  some s l o p i n g  due  

t o  t h e  f i n a l  s o i l  c o v e r i n g  o v e r  b u r i e d  wastes.  P a d d y ' s  Run, a n  

i n t e r m i t t e n t  t r i b u t a r y  of t h e  Great Miami R ive r ,  runs a l o n g  t h e  west 

s i d e  of t h e  p r o j e c t  between t h e  waste area and t h e  s i t e  boundary. 

3.1 Phys ica l  C h a r a c t e r i s t i c s  

3.1 .1 Meteorolonv 

Meteo ro log ica l  d a t a  such as p r e c i p i t a t i o n ,  wind speed  and d i r e c -  

t i o n  was r o u t i n e l y  c o l l e c t e d  a t  t h e  s i t e  d u r i n g  t h e  p e r i o d  1960 

through 1979. This d a t a  has  been augmented w i t h  d a t a  from Greater 

C i n c i n n a t i  A i r p o r t  17 miles t o  t h e  s o u t h  and weather  obse rva t ion  

s t a t i o n s  i n  Hamilton 8 miles t o  t h e  n o r t h e a s t .  

0 0 3 6 8 0 5  
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FIGURE 3-1 
AREA MAP SHOWING RELATIVE LOCATIONS 

OF FMPC AND POPULATION CENTERS 
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Winds 

_ *  . -- 4231 

The measured average annua l  p r e c i p i t a t i o n  f o r  t h e  p e r i o d  1960 t o  

1979 w a s  37.75 i n c h e s ,  ranging f rom 29.22 t o  47.72 i nches .  Monthly 

extremes ranged from 0.04 i n c h e s  t o  a maxirmirn of 11.15 i n c h e s .  I n  

March of 1964, an extreme maximum 24 hour r a i n f a l l  of 5.21 i n c h e s  was 

measured a t  t h e  Greater C i n c i n n a t i  A i r p o r t .  

The p r e v a i l i n g  wind d i r e c t i o n  i s  from t h e  south-southwest a t  a 

mean speed of 9.1 mph. F igu re  3-2 p r e s e n t s  a wind r o s e  showing t h e  

wind d i r e c t i o n  f r equenc ie s  over t h e  pe r iod  1970-1974 a t  t h e  Greater 

C i n c i n n a t i  A i r p o r t  (Ref. 1).  D e t a i l e d  r ecen t  i n fo rma t ion  on wind 

speeds ,  d i r e c t i o n s  and s t a b i l i t y  c l a s s e s  are p resen ted  i n  Appendix 

A. 

The.maximum wind v e l o c i t y  recorded a t  t h e  a i r p o r t  was 40  mph from 

t h e  SSW and was observed 5 times i n  a 12 year  p e r i o d  end ing  in 1973 

(Ref. 2). Wind reco rds  from t h e  s i t e  l is t  g u s t s  i n  excess  of 50 mph 

on 11 occasions d u r i n g  t h e  p e r i o d  1960-1976 while  on two occas ions  t h e  

wind speed exceeded 60 mph (Ref. 2). 

Tornado e s 

Ohio  l i e s  on t h e  e a s t e r n  e d g e  of a n  area of maximum t o r n a d o  

frequency,  t h e  c e n t e r l i n e  of which extends from n o r t h e r n  Texas t o  

southwestern Ohio. During t h e  p e r i o d  from 1953 t o  1972, 235 tornadoes 

s t r u c k  Ohio. Over t h e  pe r iod  1900-1978, 15 t o rnadoes  were observed in 

Hamilton County. Only one to rnado ,  causing no damage, i s  known t o  

have reached t h e  s i t e ;  t h i s  occu r red  May 10, 1969. Another t o rnado  

passed n e a r  t h e  n o r t h e a s t  boundary on May 13, 1973 b u t  a l s o  caused n o  

damage t o  t h e  si te (Ref. 2). 

P r e c i n i t a t i o n  

0036807 3-3 
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Annual snowfa l l  a t  Barnilton averaged 15.3 i nches  over a 29 pea r  

per iod.  T h e  maximum i n  a 24 hour per iod  was 9.8 inches ( R e f .  2 ) .  

3.1.2 Geology and Se i smic i ty  

The  s i t e  i s  l o c a t e d  in a 3 m i l e  wide g l a c i a l  v a l l e y  branching 

westward from t h e  Great Miami Rive r  v a l l e y  between Ross and Hooven, 

Ohio. T h e  v a l l e y  is a n  abandoned course of t h e  Oh io  R i v e r  which 

c a r v e d  a d e e p  bedrock  t r o u g h  d u r i n g  t h e  Deep S t a g e  I n t e r g l a c i a l  

Per iod.  - The New Haven Trough, as i t  i s  c a l l e d ,  was subsequen t ly  

f i l l e d  t o  a depth of about  200 f e e t  v i t h  g l a c i a l  outwash and d r i f t  

d e p o s i t s  from r e c e s s i o n  of t h e  I l l i n o i a n  and Wisconsin ice s h e e t s .  

The f l o o r  of t h e  bedrock t rough,  which l i e s  a t  a n  e l e v a t i o n  of abou t  

350 f e e t  above mean s e a  l e v e l  ( m s l ) ,  c o n s i s t s  of l imes tone  and shale 

s t r a t a  of Upper Ordovician age. Beyond t h e  boundaries of the g l a c i a l  

v a l l e y ,  t h e s e '  i ndura t ed  sedimentary rocks form r o l l i n g  h i l l s  having a 

maximum e l e v a t i o n  of 875 f e e t  m s l .  The s i t e  i tself  l i e s  on t o p  of t h e  

New Haven Trough, a t  an e l e v a t i o n  of about  580 f e e t  m s l .  

The P l e i s t o c e n e  g l a c i a l  d e p o s i t s  beneath t h e  s i t e  c o n s i s t  of clap 

t i l l  o v e r l y i n g  a h i g h l y  p e r m e a b l e  s a n d  a n d  g r a v e l  a q u i f e r  t h a t  

ex tends  t o  bedrock. The d r i l l i n g  r e c o r d s  of test w e l l s  i n s t a l l e d  

i n  t h e  w a s t e  s t o r a g e  area show t h a t  t h e  g l a c i a l  t i l l  c o n s i s t s  of 

b l u e  o r  ye l low c l a y  40 t o  50 fee t  t h i c k ;  below t h e  upper  10 f e e t  it 

o f t e n  c o n t a i n s  l e n s e s  and pockets  of sand o r  g r a v e l  ( R e f .  3 ) .  A t  t h e  

base  of t h e  till, a t  an e l e v a t i o n  of about  540 f e e t ,  t h e r e  i s  a sha rp  

t r a n s i t i o n  t o  s a n d  a n d  g r a v e l  o u t w a s h  d e p o s i t s .  T h e s e  v a r y  i n  

t e x t u r e  l a t e r a l l y  and v e r t i c a l l y ,  c o n t a i n i n g  mre or less g r a v e l  

and l e n s e s  of poor ly  graded f i n e  t o  medium sand. A t  an  e l e v a t i o n  

of a b o u t  4 5 0  f e e t  m s l ,  t h e r e  i s  a l a t e r a l l y  c o n t i n u o u s  l e n s  of 

b l u e  c l ay .  T h i s  c l a y  s t r a t u m  i s  10 t o  15 feet  t h i c k  and s e p a r a t e s  t h e  

a q u i f e r  i n t o  upper and lower segments.  

., 
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47 5 11 The s i t e  and surrounding area (southwest Ohio) i s  included i n  a 

seismic category 2 on the U.S. Geological Survey's Seismic Risk Map. 

This category defines an area where "moderate" earthquake damage is 

expected to occur. During the period 1976-1980, approximately 80 

earthquakes were recorded i n  Ohio. Of these, s i x  seismic events of 

l o w  intensity ( 1 1 1  on the Modified Mercalli Intensity (MNI) Scale, 

1956 revision) occurred i n  the Cincinnati area. A significant seismic 

event occurred a t  Sharpsbury, Kentucky (on July 2 7 ,  1980 - resulting 

i n  a I'IMI of V I 1  at the epicenter and IV at the s i t e .  Seismic events 

'frequently occur a t  Anna, Ohio (Modified Mercalli - VI1 and VIII)  more 

than 6 0 - , n i l e s  northeast  o f  the s i t e .  These shocks have caused 

toppled chimneys and cracked walls.  The Sharpsbury, Kentucky event 

toppled chimneys i n  the Cincinnati area. I n  both cases no damage 

occurred a t  the s i t e  (Ref. 2 ) .  

3 . 1 . 3  Ground Water Hydrology 

The thick sand and gravel g l a c i a l  outwash deposits f i l l i n g  the 

Great Miami Valley g l a c i a l  trough form a valuable ground water re- 

source i n  southwestern Ohio (Ref. 4 ) .  I n  many places the aquifer 

i s  150 to  200 feet  thick and yields  more than 1,000 gallons per minute 

(gpm) t o  individual wells.  The regional y i e l d  is limited mainly by 

the a v a i l a b i l i t y  of recharge from precipitation or  surf ace water 

sources, i n  particular the Great Miami River. The aquifer y i e l d s  are 

highest -and most r e l i a b l e  i n  areas where a high saturated thickness of 

sand and gravel i s  accompanied by recharge from the river,  unimpeded 

by overlying g l a c i a l  t i l l  layers such as those that occur a t  the waste 

storage s i t e .  Extremely high aquifer yields  occur to the south and 

east  of the s i t e  where the Great Miami River has eroded the s u r f i c i a l  

c lay  deposits allowing free recharge to  the aquifer. 

The overlying c l a y  t i l l  layer i s  expected t o  have a r e l a t i v e l y  

low permeability, r e s t r i c t i n g  transport of contaminants from the 

ground surface to the aquifer.  I n  contrast, the permeability of the 

sand and gravel is extremely high; an aquifer pumping t e s t  conducted 
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i n  1962 a t  t h e  s i t e  i n d i c a t e d  t h a t  t h e  t r a n s m i s s i v i t y  of t h e  lower 

a q u i f e r  i s  approx ioa te ly  150,000 g a l l o n s  pe r  day per f o o t  ( g p d / f t )  

(Ref. 4). Assuming t h e  permeabi l i ty  of t h e  upper a q u i f e r  , i s  similar, 

t h e  t r a n s m i s s i v i t y  of t h e  two segments combined i s  es t imated  t o  be on 

t h e  o rde r  of 300,000 gpd / f t .  

The  a l l u v i a l  a q u i f e r  i s  used f o r  both domestic and i n d u s t r i a l  

water s u p p l y  i n  t h i s  a r ea .  Keview of water  w e l l  l ogs  on f i l e  wi th  t h e  

Ohio Department of Na tu ra l  Resources,  D iv i s ion  of Water r evea led  t h a t  

h igh  y i e l d  product ion  wells have been i n s t a l l e d  by a number of indus- 

t r i a l  c o n c e r n s  i n  t h e  v i l l a g e  of F e r n a l d  1.5 mi les  s o u t h  of t h e  

p l a n t  a s  shown on Table 3-1. I n  a d d i t i o n  t h e  Southwestern Ohio Water 

Company o p e r a t e s  two Ranney C o l l e c t o r  Wells 1.5 m i l e s  east of t h e  

s i t e  ad jacen t  t o  t h e  Great Miami River.  A pumping ra te  of 13-15 

m i l l i o n  g a l l o n s  p e r  day (mgd) was r epor t ed  i n  1964 and i s  expec ted  t o  

have inc reased  s i n c e  (Ref. 4). This  l e v e l  of pumping induces  exten- 

s ive  i n f i l t r a t i o n  of water from t h e  Great Miami River  i n t o  t h e  aqui -  

f e r .  Farms and r e s idences  i n  t h e  area ( t h e r e  are 25 w i t h i n  one mile 

of t h e  p l a n t )  a l s o  draw upon t h i s  a q u i f e r  w i th  small d iameter  p r i v a t e  

wells. 

A t  t h e  s i t e ,  t h e  a q u i f e r  is  d iv ided  i n t o  upper  and lower segments 

by a cont inuous l a y e r  of b lue  c lay .  The e f f e c t  of t h i s  a q u i t a r d  l a y e r  

i s  apparent  i n  two p a i r s  of test wells i n s t a l l e d  in t h e  waste s t o r a g e  

area. One of each p a i r  of wells i s  completed i n  t h e  upper  a q u i f e r  and 

t h e  o t h e r  i s  completed i n  t h e  lower. Water l e v e l  wasuremeEts  i n  

t h e s e  w e l l s  show t h a t  t h e r e  is o f t e n  a d i f f e r e n c e  i n  h y d r o s t a t i c  head 

of 1 t o  2 f e e t  be tween  t h e  two a q u i f e r s  u s u a l l y  w i t h  a downward 

h y d r a u l i c  g r a d i e n t  a c r o s s  t h e  a q u i t a r d  l a y e r .  

The lower segment of t h e  a q u i f e r  I s  used as a water supply by 

FMPC. About 2000 f e e t  s o u t h e a s t  of t h e  waste s t o r a g e  area, three 

product ion  water wells were d r i l l e d  i n  1951 t o  a depth  of 210 f e e t .  

These w e l l s  are  sc reened  i n  t h e  lower 20 f e e t  of t h e  a q u i f e r  between 

approximately 370 and 390 f e e t  m s l ;  t h i s  i s  about  50 f e e t  below t h e  

b l u e  c l a y  a q u i t a r d ,  azd 20 f e e t  above t h e  e l e v a t i o n  a t  which gray  

5;7368111 *, 
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TABLE 3-1 

Name and 
Mai l ing  Address 

of We11 Owner 

-Knowna Ground Xater  Use Within 2 Hilss 
of t h e  Feed M a t e r i a l s  Production Center  

S t r i c k e r s  Grove 
1354 Compton Road 
C i n c i n n a t i  , OH.' 

Virginia-Carol ina 
Chemical Co. 
P.O. Box 11065 
Fe rna ld ,  OH 

Web P a l l e t  and 
Box Co. 
Fe rna ld ,  OH 

Mobil Chemical Corp. 
Paddy's Run Road 
Fe rna ld ,  OH 

Harry Klekamp 
8001 Hamilton Ave. 
C i n c i n n a t i  , OH 

Southwest rn  Ohio 
Water Co. 
11599 E. Miami 
R ive r  Road 
ROSS, OH 

% 

Well Type 

6-inch 
(2  wel ls)  

12-1 nch 

8-1 nch 
( 2  wel ls)  

12-inch 
(2  wells ) 

8-inch 
(2-wells ) 

Ranney 
C o l l e c t  or 
( 2  w e l l s )  

Pump 
Capacity 
or Test 

Rate (gpm) 

100 
each w e l l  

225 

800 
600 

225 
each w e l l  

300 
25 0 

10 ,oooc 
co mbi ned 

Probable 
Water Use 

Domes t IC 

I n d u s t r i a l  

I n d u s t r i a l  

I n d u s t r i a l  

Domestic 

Domestic & 
Indus t  r i a l  

Distance and 
D i  recti on 
from s i t e  

1.4 m i l e s  east- 
s o u t h e a s t  

1.8 m i l e s  s o u t h  

1.8 m i l e s  s o u t h  

1.7 m i l e s  s o u t h  

1.4 miles sou t h e a s  t 

1.5 m i l e s  east 

a 

bNo w e l l  l o g s  on f i l e .  
Well l o g s  on file w i t h  Ohio Department of N a t u r a l  Resources,  Division of Water. 

Estimate based on 13-15 mgd pumpage r e p o r t e d  i n  Reference 4. 
Wells r e p o r t e d  i n  Reference 4. 

C 
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shale bedrock was reported i n  a s o i l  test  boring 1600 feet  to the 

east.  Approximately 320,000 gallons per day i s  pumped f rom Production 

Water Well No. 3 with Well Nos. 1 and 2 being used o n l y  i n  the case of 

breakdown.- 

The depth to ground water beneath the waste storage area varies 

from 30 to 60 feet  depending on the surface elevation. The elevation 

of the piezometric surfaces for both the upper and lower aquifers 

fluctuates seasonally from 520 to 525 nsl according t o  measurements 

made by NLO i n  eight test  wells; however, precision of the ground 

water l e v e l  elevation data was not adequate to reliably p l o t  the 

piezometric surface of either aquifer (Ref. 4 ) .  The piezometric 

elevation measurements i n  the production water wells  vary from 515 t o  

527 feet  msl. These piezometric elevation data indicate that the 

ground water table l i e s  about 20 to 25 feet  below the base of the 

lowest waste storage p i t .  

I n  the absence of accurate ground water elevation data, i t - i s  

not p o s s i b l e  t o  p r e d i c t  the h y d r a u l i c  gradient  or the d i r e c t i o n  

of ground water flow i n  the upper and lower segments of the glacio- 

f l u v i a l  aquifer. Pumping from FMPC Production Water Wells is expected 

to  induce an easterly hydraulic gradient, a f f e c t i n g  flow of ground 

water i n  the lower a q u i f e r  i n  the v i c i n i t y  of the Waste Storage 

Area. Pumping from the Southwestern Ohio Water Company wells  may also 

cause an easterly flow i n  the aquifer a t  the s i t e .  The l o c a l  hy- 

draulic gradient or direction of  flow i n  the upper aquifer cannot be 

predicted from the data currently available.  

3.1.4 Surface Water Hydrology 

The s i t e  i s  l o c a t e d  w i t h i n  the Great M i a m i  River  Watetshed- 

Natural drainage of the s i t e  i s  t o  Paddy's Run, a tributary of the 

Great Miami River, located j u s t  west of the waste storage area. The 

storage area i s  s l i g h t l y  higher than the l a n d  to  the e a s t ,  south, or 

3-9 

0 0 3 6 8 1 3  
023 



--- 475 1 
west. Drainage from t h e  no r th  is i n t e r c e p t e d  by a d i t c h  which d i s -  

charges  i n t o  Paddy's Run. Surface d ra inage ,  t h e r e f o r e ,  i s  away from 

t h e  s t o r e d  wastes, thus  reducing t h e  amount of s u r f a c e  water a v a i l a b l e  

f o r  i n f i l t r a t i o n  i n t o  t h e  waste. I n  a d d i t i o n ,  r e t i r e d  p i t s  are graded 

i n  a manner t o  enhance drainage of p r e c i p i t a t i o n  and a v o i d  ponding. 

Paddy's Run o r i g i n a t e s  near  t h e  p l a n t  and f lows  s o u t h  on t h e  west 

s i d e  of t h e  waste s t o r a g e  area. Flow i n  t h i s  stream i s  g e n e r a l l y  

i n t e r m i t t e n t  and i s  s u s t a i n e d  only during t h e  p e r i o d  f r o m  January t o  

May, ranging from 0.2 t o  4.0 c u b i c  f e e t  p e r  second (cfs) (Ref . 5 ) .  

The balance of t h e  y e a r  i t  may be considered a d r y  bed stream w i t h  

o c c a s i o n a l  f l a s h  f lows  of a few hours d u r a t i o n  f o l l o w i n g  heavy rains. 

The Great Miami R ive r  has a d ra inage  a r e a  of 3630 squa re  mi l e s .  I n  

1980, t h e  average f low of t h e  M i a m i  R ive r  was 2676 m i l l i o n  g a l l o n s  p e r  

day. 

Although' Paddy's Run has overflown i t s  banks on numerous oc- 

c a s i o n s ,  i t  i s  f a r  enough below t h e  g e n e r a l  s i t e  l e v e l  t h a t  f l o o d i n g  

w a s  i n c o n s e q u e n t i a l  . I n  a d d i t i o n ,  a d i k e  abou t  10 f e e t  h igh  has  been 

c o n s t r u c t e d  j u s t  east of Paddy's Run a long  i t s  cour se  t o  f u r t h e r  

reduce t h e  p r o b a b i l i t y  of f l o o d  water r e a c h i n g  t h e  waste s t o r a g e  area. 

S i m i l i a r l y ,  f l o o d i n g  of t h e  M i a m i  R ive r  does not  r each  t h e  waste 

s t o r a g e  si te.  The approximate e l e v a t i o n  of t h e  s i t e  i s  580 f e e t  (ms l )  

and t h e  M i a m i  R i v e r  h a s  never  been r e p o r t e d  o v e r  555 f e e t  a t  m a x i m u m  

f l o o d  s t a g e  i n  t h i s  area. 

3.1 .S Off-Si te  PoDulation D i s t r i b u t i o n  

The  s i t e  i s  l o c a t e d  i n  a r u r a l  a r e a  a p p r o x i m a t e l y  20 m i l e s  

nor thwest  of downtown C i n c i n n a t i .  It  is  surrounded by l a n d  which i s  

p r i m a r i l y  used f o r  a g r i c u l t u r e .  There are approximately 35 r e s i d e n c e s  

n e a r  t h e  n o r t h  s i d e ;  t h e  m a j o r i t y  of t h e s e  i n  a s u b d i v i s i o n  t o  tne 

n o r t h e a s t .  There a re  t e n  r e s i d e n c e s  and one small b u s i n e s s  s c a t t e r e d  

i n  t h e  r e m i n i n g  a d j a c e n t  areas. A t r a i l e r  pa rk  is  l o c a t e d  about  1 

1/2  m i l e s  s o u t h e a s t  of t h e  waste s t o r a g e  area. F e r n a l d  and New B a l t i -  

more i n  Hamilton County and Shandon and Ross i n  B u t l e r  County are t h e  

c o m m u n i t i e s  c l o s e s t  t o  t h e  p l a n t  s i t e  ( F i g u r e  3 - 1 ) .  A t o t a l  of  

3-10 0 0 3 6 8 1 4  
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11,350 persons a r e  es t imated  t o  l i v e  wi th in  5 miles of the  p l a n t  a n d 4 7  5 
2,577,488 persons a r e  e s t ima ted  t o  l i v e  wi th in  50 miles of t h e  p l a n t .  

Table  3-2 shows the  popu la t ion  es t  inates for t h e  sur rounding  50 m i l e  

a r e a  (Ref. 6 ) .  

3.1.6 &-Site PoDulation D i s t r i b u t i o n  

The number of people  on - s i t e  ranges from a minimum of approxi-  

a a t e l y  10 on t h e  t h i r d  s h i f t  on weekends t o  about  550 on t h e  f i r s t  

s h i f t  on weekdays. Table  3-3 g i v e s  the  number of people  working i n  

each area of t h e  f a c i l i t y  on each s h i f t .  The unassigned f i r s t  s h i f t  

ca t egory  inc ludes  7 1 mechanical  shop employees, 13 t r a n s p o r t a t i o n  

department employees, and 1 p o r t e r  who could be anywhere on t h e  s i te ,  ' 
as w e l l  as roughly 3 guards  on p a t r o l .  On t h e  second and t h i r d  s h i f t s  

t h e r e  are  a similar number of guards.  The product ion  p l a n t s  o p e r a t e  

10 days  on and 4 days o f f ,  t h e r e f o r e ,  on ha l f  t h e  weekends P l a n t s  1-9 

and t h e  P i l o t  P l a n t  are empty wh i l e  t h e  o t h e r  ha l f  t hey  are s t a f f e d  

t h e  same as weekdays. 

3.2 Environmental  Qua l i ty  

Th i s  s e c t i o n  p r e s e n t s  d a t a  f rom t h e  FMPC envi ronmenta l  moni tor ing  

p r o g r a m  and  s e r v e s  a d u a l  p u r p o s e .  I n  g e n e r a l ,  t h e  d a t a  a l l o w s  

b a s e l i n e  c o n c e n t r a t i o n s  of c h e m i c a l  and  r a d i o a c t i v e  s p e c i e s  t o  

be determined so t h a t  t h e  impact of a c c i d e n t a l  releases can be more 

a c c u r a t e l y  assessed .  I n  a f e w  cases t h e  d a t a  s u g g e s t s  t h a t  releases 

may have occurred  as t h e  r e s u l t  of t h e  f a i l u r e  of containment  systems 

w i t h i n  t h e  Waste S to rage  Areas. Within t h e  con tex t  of t h i s  r e p o r t ,  

any such f a i l u r e s  are cons ide red  t o  be s a f e t y - r e l a t e d .  

3.2.1 Air - 

The o p e r a t i o n s  a t  t h e  FMPC which  c o n v e r t  i m p u r e  u r a n i u m  a n d  

thorium compounds t o  r eac to r -g rade  f e e d  materials g e n e r a t e  r a d i o a c t i v e  

d u s t .  Weekly p a r t i c u l a t e  samples  c o l l e c t e d  con t inuous ly  by seven 

3-1 1 

0036815 
025  



0 
5 

?! - 
Y 

c 
0 
Y 

m 
Y) 

9 
m 
Q N 

U 
.o 

0 
0- 

2 

- j  0 
W 

0 
U 

, 

0 0 3 6 8 t 6  3-12 



TABLE 3-3 

Approximate FXPC On-Site Popu la t ion  

Weekdays 
Admin i s t r a t ion  
Heal th  and Sa fe ty  
Guardhouse ( s e c u r i t y )  
S e r v i c e  Building 
Laboratory 
Engine House and Garage 
Mechanical Shops 
Storeroom 
B o i l e r  P l a n t  
Water Treatment 
Heavy Equipment Garage 

P i l o t  P l a n t  
P l a n t  1 
P l a n t  2 and 3 
P l a n t  4 
P l a n t  5 
P l a n t  6 
P l a n t  8 
P l a n t  9 

Unassigned 
T o t a l  

Weekends 
H e a l t h  and S a f e t y  
Secu ri t y 
Power P l a n t  
Water Treatment 

T o t a l  

a I n c l u d e s  1 p o r t e r  b -Could be anywhere 
who could 

1st S h i f t  

93 
48 
11  
9 

67 
10 
25 
15 
10 

7 
6 
1 

17 
7 

36 
28 

4 
12 
88 

513 

19; 

- 

1 
5e 
3 
4 

13 
L 

2nd S h i f t  3rd S h i f t  

1 
1 
4 

1 
za 

3 
0 
4 
3 
0 
0 
0 
4 

10 
14 

2 
2 
5 
3 

63 
- 

1 
5e 
3 
0 
9 
- 

be anywhere on t h e  si te.  

1 
4 
1 
1 
2 
0 
0 
2 
2 
0 
0 
0 
4 
6 
8 .  
0 
2 
3 
3 

39 
- 

1 
5e 
2 

' 0  
8 
- 

on t h e  si te.  
C 

I n c l u d e s  2 employees a s s igned  t o  P l a n t  4 Mechanical shop who could 
be anywhere on t h e  si te.  
I n c l u d e s  8 employees a s s igned  t o  P l a n t  5 Mechanical shop would be 
anywhere on t h e  s i te .  
I n c l u d e s  employees a t  t h e  guardhouse and on p a t r o l .  

d 

e 

Source: Reference 3. 
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samplers  a t  t h e  FMPC boundaries (Table 4-3) a r e  analyzed f o r  gross 

a l p h a  and g r o s s  be t a  and f o r  uranium. Annual composites from each are 

analyzed f o r  thorium. The average a i r b o r n e  c o n c e n t r a t i o n s  f o r  t h e  

pe r iod  1974-1980 are summarized i n  Table  3-4. Average c o n c e n t r a t i o n s  

a t  t h e  boundary sampling s t a t i o n s  were no g r e a t e r  than 0.1 pe rcen t  of 

t h e  DOE l i m i t  for e f f l u e n t  t o  o f f s i t e  areas. Maximum c o n c e n t r a t i o n s  

were on t h e  o r d e r  of 10 percent  o r  less of t h e  a p p l i c a b l e  DOE l i m i t s .  

S ince  t h e  IC-65 t a n k s  c o n t a i n  la,rge q u a n t i t i e s  of radium-226 and 

are cracked,  measurement of ambient a i r  radon-222 c o n c e n t r a t i o n  was 

added t o  t h e  a i r  monitor ing program i n  1980. R e s u l t s  of t h e  t t ack -  

e t c h  measurement  t e c h n i q u e  s a m p l i n g  made a t  t h e  a i r  p a r t i c u l a t e  

m o n i t o r i n g  s t a t i o n s ,  t h e  K-65 t a n k s ,  and  o f f - s i t e  l o c a t i o n s  are  

p resen ted  i n  Table 3-5. Although i t  is  known t h a t  radon i s  emanating 

from t h e  K-65 t anks ,  c o n c e n t r a t i o n s  a t  t h e  a i r  p a r t i c u l a t e s  monitor ing 

s t a t i o n s  are no t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  o f f - s i t e  monitor ing 

l o c a t i o n s  and none exceed t h e  DOE l i m i t  of 3 p C i / l  f o r  u n c o n t r o l l e d  

areas. 

I n  J u l y  1980, g r a b  samples of b r e a t h i n g  zone a i r  (4-5 f e e t  above 

surf ace) were c o l l e c t e d  i n  s c i n t i l l a t i o n  f l a s k s  a t  v a r i o u s  p o i n t s  

w i t h i n  t h e  f e n c e  s u r r o u n d i n g  t h e  K-65 t a n k s .  T h e s e  r e s u l t s  are 

p resen ted  i n  Table 3-6 and i n d i c a t e  t h a t  t h e  DOE l i m i t  of 100 p C i / l  

f o r  a i r b o r n e  radon-222 i n  c o n t r o l l e d  areas is exceeded on occasion 

very nea r  t h e  tanks.  Access of pe r sonne l  t o  t h e  area is l i m i t e d  and 

c o n t r o l l e d  by a s e c u r i t y  fence.  

It is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  h i g h e s t  c o n c e n t r a t i o n s  of 

a i r b o r n e  r a d i o a c t i v i t y  occur  a t  monitor ing s t a t i o n s  o t h e r  t h a n  t h o s e  

i n  t h e  most probable  wind d i r e c t i o n .  The s o u r c e  of mos t  of t h e s e  

p a r t i c u l a t e s  is probably t h e  p roduc t ion  area r a t h e r  t h a n  t h e  Waste 

S t o r a g e  Area. Although t h e  radon data shows no clear t r e n d ,  t h e  

r e s u l t s  are more c o n s i s t e n t  w i t h  t h e  wind frequency d i s t r i b J t f o n .  

0 0 3 6 8 1 8  3-14 
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TABLE 3-4 

Contaminant 

d Uranium 

Thoriume- 

Gross Alpha 

Concentrations of Radioact ive 

(uci /ml)  
Contaminants in Air During 1974-1980a 

DOE 

BS 1 
BS 2 
BS 3 
BS 4 
BS 5 
BS 6 

BS 1 
BS 2 
BS 3 
BS 4 
BS 5 
BS 6 

Number of 
Samples 

305 
308 
309 
307 
306 
304 

305 
308 
309 
307 
306 
304 

Maximum 
Concent r a t i o n  

-14 8.2 x 
4.2 x lo-,, 

A J  2.3 x 

1.2 x 
8.1 x 10 

7.5 x loml3 

-17 2.9 x 
3.7 x 
4.4 x 
3.3 x 
3.3 x 
3.6 x 10 

-14 7.6 x 
5.5 x lowl3 
2.2 x 
6.6 x 
1.8 x 
7.8 x 10 

Average 
Concentrat ion 

-15 7.5 x 
6.2 x 
9.6 x 
2.1 x 
3 . 8  x 
4.9 x 10 

-17 3.5 x 
3.4 x 
2.3 x 
1.8 x 
2.1 x 
2.1 x 10 

-15 7.8 x 
6 .3  x 
7.2 x 
3.2 x 
4 .6  x 
5 . 3  x 10 

Ef f l u e g t  
L i m i t  - 

- 1 2  
5 x 10-10 

(1 x 10 1 

-14 
2 x 10-13 

(6  x 10 

-14 3.3 x -13 
BS 1 305 5.7 x 
BS 2 308 4.3 x 3.5  x -14 

BS 4 30 7 4.8 x 3 .6  x 
306 4.0 x 4.0 x BS 5 

BS 6 304 3.7 x 10 4.2 x 10 

Gross Beta BS 3 309 6.0 x 4.2 x 2 x 10-13, 
(6 x 10 J 

a 

bSee sampling l o c a t i o n s  in F i g u r e  4-3. 
Except 1977. 

For i n s o l u b l e  i s o t o p e  i n  u n c o n t r o l l e d  areas, l i m i t  f o r  c o n t r o l l e d  areas enclosed 
C 

In  p a r e n t h e s e s  . 
DOE limit g i v e n  f o r  Th-232. 
%0E l i m i t  g i v e n  for U-238. e 

1 Source: References 3 ,  7 ,  8 ,  and 9. 
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TABLE 3-5 

Samp lAng 
Point 

BS 1 
BS 2 
BS 3 
BS 4 
BS 5 
BS 6 
BS 7 

IC-65 t ank  h 

Bkg RCHF 
Bkg MLC 

Concentrat ions of Radon I n  Air 
1980-198 1 

( p C i / l )  

Sampling Period 
7/3/80- 10/3/80- 3/13/81- 5/26/81- 9/28/81- 
1 O/ 3/80 3/13/81 5/26/82 9/28/81 2 / 2 / 8 2  Aver age 

0.44 0.11 0 -40 0.94 0.85 0.55 
. 0.54 0.17,, 0.44 1.35 0.48 0.60 
' 0.49 0.22 0.13 0.53 0.60 0.39 

0.19 0 .os 0.40 0.66 0.48 0.3 1 
0.65' 0.08 0.59 1.48' 0 -36 0.59 - 0.34 0.30 0 -80 0.55 0.57 - - 0.30 1.07 0.73 0.70 

- 120.73 129.20 

- 0.60 0.80 0.60 0.67 
- - - 0.94 0.36 0.65 

-* 

' 180.22' 80.08 135 .7SC 

d - 

a 
See F i g u r e  4-3 for sampling l o c a t i o n s  
Lower p a r t  of cup cracked 
b 

S p l i t  in f i l t e r  r e p o r t e d  
Sampling began 4/7/81 d 

e 
fBackground sampling l o c a t i o n  approximately 10 miles east of t h e  FMPC si te.  

Background sampling l o c a t i o n  approximately 6.7 m i l e s  southwest  of t h e  FMPC 
site.  

%ampling began 6/ 13/80 
hSample t aken  on t h e  s o u t h  rail of t h e  n o r t h  IC-65 t ank  ( s i n c e  not all K-65 

C 

d a t a  was l a b e l e d  w i t h  sampling l o c a t i o n ,  i t  was assumed t h a t  t h e  same 
sampl ing  l o c a t i o n  was used for each sampling p e r i o d ) .  

Source: Reference 3 . 
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Date 

7 / 1 5 / 8 0 .  

- 

71 16/80 

7/17/80 

7/24/80 

7/24/80 

7/ 22/80 

TABLE 3-6 

Ambient A i r  Radon Concen t ra t ions  Within 
t h e  K-65 Tank Area S e c u r i t y  Fence 

Loca t i o n  Concentrat ion 

Atop n o r t h  tank 2590 .O 
we6 t edge 

Just east  of n o r t h  
tank embankment 

J u s t  east  of o v e r p i l e ,  
between t a n k s  

NE of n o r t h  t ank ,  nea r  
nea r  g a t e  (upwind) 

W of n o r t h  tank, nea r  
f e n c e  (downwind) 

Counting room a i r  
Counting room a i r  
employee ' s b r e a t h  

Source: Reference 10 . 

17 .7 

101.6 

0.6 

38 .O 

0.4  
0.1 
0.3 

Comen t s 

No a i r  movement 

Very s l i g h t  w e s t e r l y  
b reeze  

Approximately 8 S o P ,  
W wind a t  approximately 
2 rnph 

Very l i g h t  e a s t e r l y  
wind, ho t  

These were t aken  as a 
system check 
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3.2.2 Soils and Sediments 

S o i l  samples are collected annually near the s i x  boundary a i r  

sampling s t a t i o n s  t o  check f o r  d e p o s i t i o n  of uranium from s t a c k  

effluents.  The concentrations i n  the s o i l  samples at  most locations 

are s l i g h t l y  above the normal concentrations of uranium i n  the l o c a l  

a r e a ,  ( 1 - 4  ug/g) ( R e f .  2 ) .  Table 3-7 presents a summary of the 

results  of the s o i l  sample analyses f o r  t h e  years 1978-1980. i n  

these years, sample results  ranged from a low of 9 ug uranium per 

gram of -6011  at  location BS-4 to a high of 110 ug uranium per gram of 

s o i l  a t  location BS-3, Location BS-3 also has the highest reported 

airborne uranium concentrations. 

Sediment samples were c o l l e c t e d  from the banks of the Miami 

River and analyzed for uranium t o  determine i f  material was accumu- 

l a t i n g  below the s i t e  o u t f a l l .  The results  of sediment sampling do 

not i n d i c a t e  any b u i l d u p  of uranium a l o n g  t h e  edge of  the water 

where s e t t l i n g  might be expected t o  occur.  Most of t h e  uranium 

present  in the s i t e  e f f l u e n t  is s o l u b l e ,  probably e x i s t i n g  a s  a 

carbonate complex (Ref. 2 ) .  Periodic flooding, which i s  severe enough 

to cause channel alteration and bank erosion, scours the river  bed and 

banks and prevents any long-term sediment accumulation. 

3.2.3 Ground Water 

The chemical quality  of natural ground water i n  the Great Miami 

River v a l l e y  aquifer i s  dominated by calcium bicarbonate w i t h  t o t a l  

dissolved s o l i d s  in the range of 300 to 600 milligrams per l i t e r  

(mg/L) (Ref. 4). In some areas natural concentrations of iron and 

manganese exceed the USEPA Secondary Drinking Water Standards. The 

range and average concentrations of various constituents found i n  

samples from the regional aquifer are shown i n  Table 3-8. 

3-18 
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Sampling 

Po inta  

TABLE 3-7 

Uranium i n  S o i l ,  1978 - 1980 

Averane 

-6 -6 12-23 4 .0  x - 7 . 8  x 
BS 2 ' 19.7 6.6 x 17-21 5 .7  x - 7.1 x 
BS 3 91 0 3  3.1 x 62-110 2.1 X - 3.7 x 
BS 4 10 .3 3 .5  x 9-11 3 .0  x - 3.7 x 
BS 5 14 .O 4 .7  x 11-16 3.7 x - 5.4  x 
BS 6 14 .7 4 . 9  x 10 11-19 3.7 x 10 - 6.4  x 10 

-6 BS 1 I._ 16 .3 5 .5  x 

a 

%,,or est imates  not a v a i l a b l e .  
See Figure 4-3 for sampling l o c a t i o n s .  

Based on the assumption that  a l l  the  uranium is U-238. C 

Source: References  2 # 7 ,  8 and 9 .  
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T U L E  3-8 

Typical  Ground Water Qua l i ty  i n  t h e  
Great M i a m i  R ive r  Valley Aquifer 

(mg/L) 

Range of 
C o n s t i t u e n t  _' Concentrat ions 

Calcium 
Magnesium 
Sodium 
Pot as sium 
I ron  
Manganese 
Bi ca rbona t  e 
S u l f a t e  
Ch lo r ide  
F l u o r i d e  
Nitrate (as NO ) 
Phosphate  
Phenols  (as C H OH) 
S p e c i f i c  condtczance 
(micromhos) 
pH ( s t a n d a r d  u n i t s )  

3 

73-210 
20-82 
2.5-31 
0.9-3.6 
0 .OO-8.2 
0.01-0 -45 
268-500 
24-424 
5.5-48 
0.0-0.5 
0-18 
0.11-7.5 
0.001-0.0 11 
550-1,510 

7 .O-7 .7 

Average 
Concentrat ions 

97 .O 
31 .O 
12.3 
1.9 
0.097 
0.17a 

344 .o 
80 .O 
19 00 
0.013 
3 .O -- - 

708-.O 

I n t e r i m  
Primary 
Drinking 
Water 

Standards 

- 
44.3 -- 
-- 

Secondary 
Drinking 

Water 
Standards 

(Recommended) 

a Average c a l c u l a t e d  on r e s u l t s  from 23 samples; 7 o t h e r  samples con ta ined  
c o n c e n t r a t i o n s  of manganese below d e t e c t i o n  l i m i t  of . a n a l y t i c a l  method. 

bRange c a l c u l a t e d  on r e s u l t s  from 8 samples;  5 o t h e r  samples con ta ined  
c o n c e n t r a t i o n s  of phenols below d e t e c t i o n  limit of a n a l y t i c a l  method. 

- - 
0 .3 
0 -05 -- 

250.0 
.250.0 

1.4-2.4 

6.5-8.5 

Source: Reference 4. 
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. .  
I -- 4 7 5 u  

A t  t h e  Feeds M a t e r i a l s  Product ion Center ,  t h e  t h r e e  product ion '  

water wells and ntae test wells a r e  sampled r e g u l a r l y  and t h e  water 

analyzed f o r  s e l e c t e d  chemical s p e c i e s  and r a d i o l o g i c a l  c o n s t i t u e n t s .  

R e s u l t s  of q u a r t e r l y  s a m p l i n g  of t h e  t e s t  wells d u r i n g  1981 a r e  

summarized i n  Tables  3-9 and 3-10. These r e s u l t s  and o t h e r s  f o r  

p e r i o d  1976-80 show c o n s i d e r a b l e  v a r i a t i o n  of some c o n s t i t u e n t s  

between d i f f e r e n t  w e l l s  and wi th  t i m e .  

As i n d i c a t e d  by Table 3-9, r ecen t  Concentracions of n i t r a t e  i n  

Test Well 1 ( sha l low)  a re  s i g n i f i c a n t l y  higher  t han  i n  o t h e r  w e l l s .  

Nitrate Is t h e  s t a b l e  form of n i t r o g e n  i n  shal low ground water, which 

u s u a l l y  c o n t a i n s  d i s so lved  oxygen. Under t h e s e  c o n d i t i o n s  i t  is 

c h a r a c t e r i s t i c a l l y  very mobile, undergoing l i t t l e  t r a n s f o r m a t i o n  or 

a b s o r p t i o n  o n t o  sediments.  The c o n c e n t r a t i o n s  of n i t r a t e  in t h i s  area 

of t h e  upper  a q u i f e r  have been d e c l i n i n g  s t e a d i l y  s i n c e  1977 w i t h  

annual  mean va lues  of 301 mg/L (as  n i t r a t e )  i n  1977, 188.5 mg/L i n  

1978, 155 mg/L in 1979, and 90.8 mg/L i n  1980 b e f o r e  r e a c h i n g  63 mg/L 

i n  1981. As shown i n  F igu res  3-3 and 3 - 4 ,  t h i s  d e c l i n e  I n  levels  of 

ground water contarnination c l o s e l y  f o l l o w s  dec reases  i n  t h e  concen- 

t r a t i o n s  of n i t ra te  a t  Manhole 175. During 1976 t h e  c o n c e n t r a t i o n s  of 

n i t r a t e  i n  t h e  p i t s  exceeded 5,500 mg/L as nitrate;  however, t h i s  

f e l l  a b r u p t l y  du r ing  1976 and 1977 and a t  p r e s e n t  is approximately 4 0 0  

mg/L. 

Th i s  apparent  c o r r e l a t i o n  between c o n c e n t r a t i o n s  of n i t r a t e  i n  

t h e  p i t s  and tne nearby upper a q u i f e r  zone s u g g e s t s  t h a t  some seepage 

of wastewater f r o =  t h e  p i t s  i n t o  t h e  sha l low ground water h a s  occur- 

red.  Opera t ing  procedures  changed in 1970 and wastewater now f lows  

i n t o  P i t  5 which has a p l a s t i c  membrane l i n e r .  Between 1970 and 

1981, P i t  3 ,  which had p r e v i o u s l y  r ece ived  t h e  waste, w a s  progres-  

s i v e l y  covered ove r  w i t h  f i l l .  I t  i s  u n c l e a r  whether t h e s e  a c t i v i t i e s  

have reduced seepage from t h e  waste s t o r a g e  area. 
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TABLE 3-9 - 475191 
Concentrat ions of Non-Radioactive Contaminants in Ground Water, 1981 

( m g / L )  

Test Well 1 
.Shallow 

T e s t  Well 1 
Deep 

I ,  

T e s t  Well 3 
Shallow 

Test Well 4 
Deep 

T e s t  Well 5 
Shallow 

Test Well 8 
Shallow 

Test Well 8 
Deep 

Test Well 9 
Shallow 

Date of 
Sarnpllng 

01/09/81 
04/24/ 8 lb 
08/ 07/8 1 
11/20/8 1 

01/09/81 
0 4 / 2 4 / 8  1 
08/07/8 1 
11/20/81 

01/09/81 
04/24/13 1 
08/ 07/ 8 1 
11/ 20/ 8 1 

01/09/81 
04/24/8 1 

. 08/07/81 
11/20/81 

01 /09/ 8 1 
04/ 24/8 1 
08/07/81 
11/20/81 

01/09/8 1 
04/ 24/ 8 1 
08/07/ 8 1 
11/20/8 1 

01/09/8 1 
04/24/81 
08/07/8 1 
11/20/8 1 

01/09/81b 
04/24/ 81 
08/07/81 
11/20/81 

Old Administr-  01/09/81 
a t i o n  Bu i ld ing  04/24/81 

08/07/81 
11/20/8 1 

pH 
7.5 
7.6 

7.5 

7.4 
7.6 
7.5 
7 .5 
7.6 
7.5 
7 04 
7.5 

7.5 
7.5 
7.5 
7 05 

7.5 
7 .s 
7 05 
7 04 

7.8 
7.6 
7 05 
7 07 

7 05 
7 05 
7 04 

- 

- 
- 

7.8 
7.6 
8.8 

6 .5 
6 .8 
6.5 
7.2 

I n t e r i m  Primary Drink ing  Standard 

Secondary Drinking Water S tanda rd  
(Recornme nded) 

Chloride 

34 
33 

24 

22 
31 
26 
25 

20 
19 
20 
21 

25 
22 
19 
23 

18 
21 
21 
16 

18 
23 
24 
23 

12 
12 
13 

- 

- 
- 

19 
20 
20 

57 6 
593 
687 
687 

250 

Nitrate 

100 
80 
- - - 

9.2 

3.4 
2 .o 
2.1 
1.6 

2.5 
1.4 
1.3 
1.8 

2.6 
12 
11 
3.7 

2.2 
1.4 
5 04 

35.1 

1.9 
1.5 
2.1 
1.4 

1.4 
1.3 
1.3 - 
- 

8 .O 
2.2 
1.5 

9.8 
7.3 
9.6 
6.1 

44.3 

a See F i g u r e  4-4 f o r  sampling l o c a t i o n s .  
NO sample ' - Exceeds d r i n k i n g  water s t a n d a r d s  . 

Source: Reference 3. 

S u l f a t e  

90 
85  

79 

37 
80 
54 
52 

70 
74 
94 
88 

54 
76 
75 
69 

98  
82 
77 
81 

38 
49 
76 
53 

7 
7 
8 

- 

- 
- 

63 
75 
67 

795 
793 
808 
673 

250 
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TABLE 3-10 

Concentrations of Radioactive Co~.czminants 

(pci /all 
in Ground Water, 1981 

Interim Primary 
Drinking Water Sampling Number Maximm Ave r a g e 

of Samples Concentration Concentration Standard Conraminan t Point a 

Uranium‘ 

Gross 
Alp ha 

Gross 
Beta 

b T-IS 
T-19 
T- 3 
T- 4 
T- 5 
T i 8 S  
T- 8D 
T- 9 

T- 1s 
T-1D 
T- 3 
T-4 
T-5. 
T-8s 
T- 8D 
T-gd 
OAB 

T-18 
T-1D 
T-3 
T- 4 
T- 5 
T-8s 
T- 8D 
T- 9 
OAB 

3 
4 
4 
4 
4 
4 
3 
3 

3 
4 
4 .  
4 
4 
4 
3 
3 
4 

-6 3.7  x 
1.0 x 
1.7 x 
3.0 x 
2.7 x 
4.7 x 
1.3 x lom6 
2.0 x 10 

-6 5.4 x 
4.1 x 
7.2 x 
6.7 x 
8.1 x 
8.1 x 
4.1 x 
7.2 x 
3.8 x 10 

-6 5.4 x 
2.7 x 
5.4 x 
5.4  x 
5.4 x 
4.1 x 
3.2 x 
5.9 x 
1.6 x 10 

1.5 x 

-5 2.6 x -5 3 3.4 x 

4 2.5 x loe5 1.7 x 5.0 x 
4 4.1 x 1.8 x 
4 1.8  x 1.4 x 
4 2.3 x 1.1 x 

1.8 x 1.5 x 3 
4 6.4 x 10 4.4 x 10 

4 1.6 x 1.2 x lo-5 

3 2.2 x 1.2 x lo-5 

a See Figure 4-4 for sampling locations. 
bT = test well, S - shallow, I) * deep. 
Assumed that all uranium was U238 .  
dOAB = Old Administration Building. 

Source: Reference 3. 

C 
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NITRATE CONCENTRATION AS NO3 1N H G / L  

FIGURE. 3-3 
CONCENTRATlON OF NITRATE 

1976-1 98 I 
IN TEST WELL # I  - SHALLOW 
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N I T R A T E  CONCENTRATION AS N O j  :N H G / L  

FIGURE 3-4 
CONCENTRATION OF NITRATE 

1 976-1 98 1 
IN OUTFALL 
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Nitrate concentrations I n  t h e  other wells are i n  genzral 'close to 

background levels,  and ' i t  i s  not possible t o  determine the areal 

extent or direction of movement of any plume of contaainated water 

which may be present. The levels o f  nitrate in Test Yell No. 1 (deep) 

have historical ly  been low w h i c h  suggests that t h e  clay lens has 

e f f e c t i v e l y  prevented flow of the contaminated water into the lower 

a q u i f e r  i n  the immediate area o f  the waste s t o r a g e  p i t s .  It  i s  

p o s s i b l e ,  however, t h a t  there i s  a flow d i r e c t i o n  and h y d r a u l i c  

g r a d i e n t  i n  the upper aqu'ifer q u i t e  d i f f e r e n t  f r o m  the p r o b a b l e  

easterly  flow direction i n  the lower aquifer which i s  pumped for water 

supply. * 'The direction of movement and present location of the con- 

tamination plume therefore cannot be predicted. 

The concentration of uranium i n  quarterly samples from a l l  wells  

were reported for 1980 and 1981; additional results  were reported for 

Test  Well No. 1 (shallow) from 1976 to  1979. The concentration of 

uranium i n  natural ground water is reported t o  range from 0.001 mg/l 

t o  0.010 mg/L (Ref. 1 1 ) .  The concentrations of  uranium i n  samples'of 

water from both the upper and lower a l l u v i a l  aquifers a t  the s i t e  are 

usually below 0.005 mg/L. I n  Test Wells No. 1 (shallow), No. 4, NO. 

5 ,  and No.9, several samples exceeded 0.005 mg/L of uranium although 

there was considerable variation i n  concentration. The concentrations 

found do not exceed 0.020 mg/L. 

The ground water concentrations o f  other  reported chemical 

and radiological  species i n  the waste storage area, in general, do not 

exceed recommended and mandatory drinking water standards. There are 

however elevated l e v e l s  of chloride and s u l f a t e  and occasional exces- 

s i v e  l e v e l s  of gross alpha and gross beta i n  the O l d  Administration 

Building Well. The source of these excursions i s  unknown. 

3 .2 .4  Surface Water 

Analyses of samples col lected from the Great Miami River showed 

that radium was present a t  the greatest percentage of the specified 

0 0 3 6 8 3 0  3-26 
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TABLE 3-11 

Contaminant 

Uranium 

Thorium 

Radium-226 

Ra di um- 2 2 8 

Gross Alpha 

Gross Beta 

Concentrations of Radioactive a 
Contaminants I n  Surface Water 1971-1980 

(UCi/ml) 

Sampligg Number ?ladmum Average 
Point of Samples Concentration Concentration 

w1 522 6.7 x 2.2 x 
w2 1826 1.8 x 4.8 x 
w3 526 6.0 x 1.6 x 
w4 26 5 8.0 x 1.9 x 
w5 104 7.8 x 1.4 x 
w7 61 6.4 x 7.5 x 
W8 45 2.4 x 10 4.8 x 10 

w2 54 9.0 x 10-l2 5.6 x 10 

-8 -9 

-13 

-10 6.3 x w1 155 2.0 x 
w2 138. 7.4 x 1.3 x 
w3 155 3.6 x 4.9 x 
w4 102 9.0 x 4.5 x 

w7 11 4.5 x 10 4.5 x 10 

5.1 x w1 148 2.2 x 
w2 147 5.8 x 3.2 x 
w3 148 1.8 x 5.8 x 

8 4.5 x 4.5 x 

-9 

w5: 8 4.5 x 4.5 x 

-10 -9 

10 2 9.0 x 5.1 X 

11 4.5 X 10 4.5 x 10 

-9 6.4 x 
5.8 x 7.2 x w2 1095 

w4 26 5 1.3 x 1.2 x 
w5 10 4 5.6 x 5.4 x 

W8 45 4.5 x 10 5.3 x 10 

-7 w1 36 3 1.4 X 

w3 36 5 1.4 X 7.9 x los6 

w7 61 7.2 x low8 7.3 x 

-8 1.9 x lo-g -7 w1 523 4.5 x 
w2 1826 9.2 x 8.1 x 
w3 525 9.1 x 1.6 x 
w4 26 5 3.9 x 1.7 x 
w5 104 9.0 x 1.6 x 
w7 61 4.5 x 1.4 x 
W8 45 7.7 x 10 2.3 x 10 

47 51 

DOE 
Standard 

-7 6 x 
(2 x 10 ) 

-6 2 x 
(5 x 10 ) 

-8 3 x 
(4 x 10 ) 

-8 3 x 
(8 x 10 ) 

-8 3 x 
(4 x 10 ) ' 

-8 3 x 
(4 x 10 ) 

a 

bSee Figure 4-3 f o r  sampling locations. 

d 

Not. a l l  parameters were reported each year. 

1980 data only. 
Designates standards for soluble isotopes in uncontrolled areas. 
limits are enclosed in parenthesi.s. 

C 

Controlled area 

Source: References 7, 8, and 9. 
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47 591 
l i m i t s .  Table 3-11 shows r a d i o a c t i v e  contaninant c o n c e n t r a t i o n s  fou;?d 

i n  t h e  Great Miami River (sampling p o i n t s  I41 and W3) i n  1980. No 

s i g n i f i c a n t  d i f f e r e n c e  was observed betweeii u p  tream and downs t r e a a  

concen t r a t sons  of radium and uranium. 

Uranium, g ross  a lpha  and gross b e t a  d a t a  for Paddy.'s Run are a l s o  

p r e s e n t e d  i n  T a b l e  3-11 ( s a m p l i n g  p o i n t  W8). A t  t h e  d o w n s t r e a m  

sampling p o i n t ,  the  average uranium c o n c e n t r a t i o n  was l e s s  t h a n  0.05% 

of the DOE guide f o r  uncon t ro l l ed  areas. Average c o n c e n t r a t i o n s  of 

gross a lpha  and be ta  r a d i o a c t i v i t y  were w i t h i n  t h e  DOE l i m i t s  f o r  

u n i d e n t i f i e d  emitters. 

The major non-radioactive water q u a l i t y  problem stems from low 
d i s s o l v e d  oxygen and ammonia t o x i c i t y  a s  a r e s u l t  of mun ic ipa l  and 

i n d u s t r i a l  d i scha rges  (Ref. 2 )  Data, on non-radioact ive contaminants  

o b t a i n e d  by t h e  U.S. G e o l o g i c a l  S u r v e y ,  a t  t h e i r  wa te r  q u a l i t y  

monitor ing s t a t i o n  on t h e  Great M i a m i  R ive r  a t  New Baltimore ( a p p r o d -  

m a t e l y  3.5 r i v e r  miles downstream from FMPC), i s  p r e s e n t e d  i n  Tab ie  

3-12. 
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47 51i TABLE 3-12 

Concentrations of Non-Radioactive 
Contaminants in Surface Water 1980 

(ng/L) 

Sampling Number Maximum 
Contaminant Pointa of Samples Concentration 

w1 
1;3 

Fluoride w4 
w5 

- w 7  
W 8  

w1 
w3 

Nitrate Nitrogen W4 
w5 
w7 
W8 

Chloride 

PHb 

w1 
w3 
w4 
w5 
w7 
W8 

w1 
w3 
w4 
w5 
w7 
W 8  

53 
53 
53 
14 
12 
16 

1.2 
1.2 
1.5 
0.7 
0.7 
0.4 

53 11 00 
53 11.0 
53 11 00 
14 3.5 
12 3 04 
14 3.4 

53 
53 
53 . 

14 
12 
16 

53 
53 
53 
51 
32 
20 

a 

bpH is reported in standard units. 
% i d m u m  (average not applicable) . 
Source: Reference 9. 

See Figure 4-3 for sampling locations. 

95 .O 
94 00 
96 .O 
34 .o 
34 00 

165 .O 

8.7 
8.8 
8.9 
8.6 
8.4 
7 .9 

Average DOE 
Concentration Standard 

0.6 
0 .5 
0.6 
0.3 
0.3 
0.2 

5.2 
5.1 
5 .O 
2.3 
2.3 
2.3 

47 00 
47 .O 
47 .o 
22 :o 
18 .O 
40 .O 

2 

22 

250 

7.7= 
7.6 
7.7 
7.1 6.5-9 -0 
7.6 
7.2 

0 0 3 0 8 3 3  
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4.0 FACILITY AND PROCESS DESCRIPTION 
I 

4.1 F a c i l i t i e s  

The FMPC uses three types of f a c i l i t i e s  for the long term storage 

of  wastes: K-65 tanks; metal oxide tanks; waste storages p i t s .  There 

are two K-65 tanks, two metal oxide tanks and s i x  waste storage p i t s .  

The locations of these f a c i l i t i e s  i n  relation to  the plant are shown 

In Figure 4-1. A summary o f  relevant characteristics of each f a c i l i t y  

( l e e . ,  waste content, lining or walls,  status) is given in Table 

4-1 . 
The SIX waste p i t s  are identif ied by number based on the chrono- 

l o g i c a l  sequence of their construction. They are further identif ied 

a8 "dry" or "wet" p i t s .  T h i s  dist inction is made on the basis of the 

physical s t a t e  of the material as i t  is placed in the p i t .  I f  the 

material i s  placed as a slurry,  the p i t  is known as a wet p i t .  -If 
the material i s  placed as a dry s o l i d ,  the p i t  is known as a dry p i t  

(Ref. 1 2 ) .  

4.1.1 Dry Waste P i t s  

Pits  1 ,  2 ,  4, and 6 are dry waste p i t s .  Pits  1 and 2 are essen- 

t i a l l y  "inground" f a c i l i t i e s  which are used for storage of wastes such 

a8 f i l t e r  cakes, graphite, brick, scrap and sump l iquor.  Maximum 

depths of P i t s  1 and 2 were 1 7  and 1 3  f e e t ,  respectively.  P i t  1 has a 

t o t a l  capacity of 1,080,000 cubic f e e t  and P i t  2 has a capacity of 

351,000 cubic f e e t .  The walls  of both pits  were lined w i t h  1 . 5  t o  2.0 

f e e t  of compacted clay.  Both pits have been f i l l e d ,  covered with 

d e a n ,  uncontaminated f i l l  and graded t o  provide surface drainage away 

from the p i t s .  (Ref. 2 ) .  

, 
P i t  4 i s  a p a r t i a l l y  f i l l e d  p i t  used Frincipally for the storage 

Of large dry waste s o l i d s  such as depleted graphite and non-burnable 

4- 1 
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TABLE 4-1 

Waste Storage F a c i l i t y  C h a r a c t e r i s t i c s  

Bot tom 
E 1 e va ti  on 

F a c i l i t y  Feet (-1) Contents Lining/Walls 

P i t  1 

P i t  2 

Pit 3 

P i t  4 

P i t  5 

560a f i l t e r  cakes,  1.5-2.0 f t  
g r a p h i t e ,  b r i c k  compacted clay 
s c r a p  and sump 
l i q u o r  

570a f i l t e r  cakes,  1.5-2.0 f t  
g r a p h i t e ,  b r i c k  compacted c l a y  
s c r a p  and 
sump l i q u o r  

I 

548 waste s l u r r i e s  1.0 f t  
from p rocess  compacted c l a y  
p l a n t s  

560 

558 

P i t  6 560 

p rocess  r e s i d u e s ,  1.0 f t  
t r a i l o r  cakes ,  c l a y  
s l u r r i e s ,  
r a f f i n a t e s ,  
d e p l e t e d  g r a p h i t e ,  
non-burna b l e  t r a s h  

waste s l u r r i e s  1/16 i n c h  
from p r o c e s s  rubberized 
p l a n t s  elas t romerlc  

membrane 

f i n e  dry waste elas t r o m e r i c  
m a t e r i a l s  membrane 

Clear Wella ? e f f l u e n t  c l a y  

K-65 t ank  

Metal o x i d e  
t ank  

I 

radium c o n t a i n i n g  8 i n c h  con- 
r e s idues .  from crete p o s t  
p i t c h b l e n d e  o r e  s t r e s s e d  w i t h  
p rocess ing  high t e n s i l e  

steel w i r e ,  
e a r t h  embank- 
ment 

residues from pro- 
c e s s i n g  of non- crete p o s t  
p i t  &blende ore s t r e s s e d  w i t h  
c o n c e n t r a t e s  high t e n s  i l e  

8 i n c h  con- 

steel wire 

S t a t u s  

Closed and 
covered 

Closed and 
covered 

Closed and 
covered 

Act ive 

Active 

Ac t ive  

Ac t ive  

I n a c t i v e  

Act ive 

a Est imated.  

0036836 
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trash. It also receives process residues, t r a i l e r  cakes, s lurrie  4r , 511 
raffinatee,  chloride contaminated water, etc.  Lime slurry from the 

general Sump is pumped to P i t  4, by way of  a f i r e  hose approximately 

250 feet  i n  length, in order to  precipitate any uranium i n  solution 

(Ref. 1 3 ) .  

T h i s  p i t  is a l s o  lined with 2.0 feet  of clay.  I t  has a maximum 

depth o f  2 4  feet  and a t o t a l  capacity of 1,431,000 cubic f e e t .  As of 

August 1 9 7 9 ,  the p i t  had been f i l l e d  with 1,402,380 cubic f e e t  of 

waste (Ref. 3 ) .  

P i t  6 is the most recently b u i l t  p i t .  It  is approximately 25 

f e e t  deep w i t h  dimensions of 180 by 180 feet  a t  the top and 60 by 60 

f e e t  a t  the bottom. The t o t a l  capacity of this  p i t  is 390,000 cubic 

f e e t .  The dike of the p i t  is  6 feet  actass the top and has an inter- 

nal  slope of 0.40, and an external slope of 0.33.  The p i t  is l ined 

w i t h  an impermeable elastomeric membrane and is used €or the storage 

of f ine dry waste materials. 

4 .1 .2  Wet Waste Pits 

P i t s  3 and 5 are wet waste storage p i t s .  These p i t s  have func- 

tioned as s e t t l i n g  basins for the l iquid process waste streams which 

are generally routed from the process plants through the General Sump 

to the open p i t .  Three process waste streams are routed d i r e c t l y  to 

P i t  5 .  

P i t  3 was constructed a t  the west end of the storage area pla- 

teau. S o i l  removed during the excavation was used t o  form the p i t  

west wall.  The s o i l  was placed i n  6 t o  8 inch layers and compacted 

with sheepsfoot r o l l e r s .  A natural layer of clay formed the p i t  

bottom. A f t e r  the e x c a v a t i o n ,  the p i t  w a l l s  were-covered w i t h  

a thick c l a y  layer. M a l d m m  depth of this p i t  was 24 f e e t  from the 

p i t  bottom to the top of the embankment. The reported elevations O f  
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t h e  bottom of t h e  p i t s  suggest  t h a t  5-10 f e e t  of r e l a t i v e l y  imper- 

meable c l a y  t i l l  s e p a r a t e  t h e  bottom of P i t  3 and t h e  permeable sand 

and g r a v e l  of t h e  a q u i f e r .  The t o t a l  c a p a c i t y  of P i t  3 is 6,115,500 

c u b i c  f e e t  and t h e  s u r f a c e  area i s  6.80 acres. A t y p i c a l  s e c t i o n  of 

t h e  d i k e  around P i t  3 i s  10 f e e t  a c r o s s  t h e  t o p  w i t h  an i n t e r n a l  s l o p e  

of 0.66 and a n  e x t e r n a l  s l o p e  of 0.7. 

I n  1976 ,  P i t  3 was c l o s e d  w i t h  r e s p e c t  t o  i t s  f u n c t i o n  as 

a s e t t l i n g  basin.  The remaining c a p a c i t y  was f i l l e d  w i t h  magnesium 

f l u o r i d e . s l a g  from P l a n t  5 ,  d i r t  and c inde r s .  The p i t  i s  now covered 

w i t h  a l a y e r  of c l e a n  f i l l  of unknown t h i c k n e s s  (Ref. 2). 

P i t  5 i s  a s e t t l i n g  b a s i n  w i t h  a rubbe r i zed  e l a s t o m e r i c  membrane 

l i n i n g .  The l i n i n g  i s  h igh ly  r e s i s t a n t  to a c i d s ,  a l k a l i s  and oxy- 

g e n a t e d  s o l v e n t s ;  however ,  i t  h a s  been  o b s e r v e d  t o  h a v e  s e v e r a l  

s i g n i f i c a n t l y  l a r g e  tears below t h e  water l e v e l .  These tears are 

scheduled t o  be r e p a i r e d  in t h e  summer of 1982 .  The c o n d i t i o n  and 

e f f i c i e n c y  of t h e  rest of t h e  P i t  5 l i n e r  i s  unknown. It is b e l i e v e d  

t h a t  T e s t  Well No. 7 i s  l o c a t e d  beneath t h i s  l i n e r ,  hav ing  been c u t  

o f f  and plugged w i t h  c o n c r e t e  du r ing  p i t  c o n s t r u c t i o n .  

P i t  5 has a c a p a c i t y  of 3,105,000 c u b i c  f e e t  and a s u r f a c e  area 

of about  3.6 acres. It is 25 f e e t  deep and t h e  t o p  of t h e  p i t  embank- 

ment i s  about  10 f e e t  above t h e  su r round ing  ground s u r f a c e .  The P i t  5 

d i k e  on t h e  s i d e  c l o s e s t  t o  P i t  3 is d e s c r i b e d  t o  be 6.5 f e e t  across 

t h e  t o p  w i t h  an external s l o p e  of 1.21 and a n  i n t e r n a l  s l o p e  of 0.64. 

N e u t r a l i z e d  waste slurry e n t e r s  t h e  east end of P i t  5 and t h e  

clear s u p e r n a t e  i s  d i s c h a r g e d  through a n  overf low tower a t  t h e  west 

end. From t h e  tower,  t h e  l i q u i d  f l o w s  by g r a v i t y  t o  t h e  C l e a r w e l l  

where i t  i s  sampled and pumped f o r  o f f s i t e  d i scha rge .  The Cleawell 

i s  a c l a y  l i n e d  p i t  27 f e e t  deep w i t h  a f r e e b o a r d  of a t  least 3 feet 

(Ref. 3). 
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C Y  4751 

There are two K-65 tanks and tvo netal oxide tanks :sed f o r  long 

term s t o r a g ~  o f  waste a t  the F W C .  These tanks are c y i i n d r i c a l  

concrete structures, 80 feet  i n  diarneter and approximLely 27 feet  

high. Each tank has a capacity of 125,000 cubic f e e t .  The f loor  of 

the tanks are concrete approximately 3 inches thick. The walls  of  the 

tanks are concrete, 8 inches thick. The walls  are poststressed with 

high tensile s t e e l  wire and the wires are protected by a 0 . 7 5  inch 

grout coating. Access to the K-65 tanks i s  restricted by a fence 

which surrounds both tanks. 

The two K-65 tanks store radium bearing residues from pitch- 

blende ore processing. The estimated volume of material stored i n  

these tanks is 195,000 cubic f e e t .  Assuming that t h i s  volume i s  

distributed evenly between the two tanks, each tad. I s  approximately 

three quarters f u l l .  Only the south metal oxide tank contains waste 

materials. This tank stores residues from processing of non-pitch- 

blende ore concentrates which contain residual radium. The north tank 

1 8  empty. 

In 1964, the two K-65 tanks were enclosed with an earth embank- 

ment t o  protect them from veathering. Some damage had occurred t o  the 

gunite coating of the tanks, but this  was repaired before the embank- 

ment was constructed.  H a i r l i n e  s u r f i c i a l  c r a c k s  have a l s o  been 

observed i n  the domes of the K-65 tanks which remain uncovered 

and i n  the metal oxide tanks. As mentioned i n  Seccion 3 . 2 . 1 ,  radon 

measurements taken above t l v  K-65 tanks have revealed leakage of 

radon. 

4.1.4 Piping and Valves 

Liquid wastes are transported betweec the General Sump ana the 

waste storage area v i a  two 6 inch diameter pipes. These pipes e x i t  

the plant on the west side where they become enclosed in a concrete 

trench that i s  covered with slabs of concrete. The trench extends to  
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the fence of the K-65 tanks at  which point the pipes bend north and 

become buried underground. The two pipes then branch and one winds 

north between Pits  2 ,  3 and 4 to P i t  5 while the other turns west to 

the Clearwell. A t  one point near the gravel road between the metal 

oldde tank area and P i t  2 ,  the ground dips and a short section of the 

pipe going t o  P i t  5 i s  exposed. 

On the southern dike of P i t  5 the pipe from the General Sump 

connects.to a T of three berm valves.  The pipe attaches a t  the valve 

on the west side of the T, a f i r e  hose leading to  P i t  4 i s  connected 

a t  the middle valve which l i e s  i n  an extension above the plane of the 

other two valves and the eastern valve i s  connected t o  a pipe leading 

t o  the eastern end of P i t  5 .  With these valves, the wastes can be 

directed from the General Sump to  P i t  4 o r  5 ,  from either of the two 

p i t s  t o  the other and from e i t h e r  p i t  back t o  the General  Sump, 

although normally wastes are only pumped from the General Sump to P i t  

5. 

An additional pipe originates i n  the tower a t  the west end of  P i t  

5 and extends, buried i n  the dike of P i t  3 ,  t o  the Clearwell. This 

pipe transports P i t  5 supernate t o  the Clearwell. The transfer i s  

controlled by a scissors valve i n  the tower. During, and bmediately 

following periods of heavy r a i n f a l l ,  this valve i s  closed t o  retain 

s o l i d s  which become suspended due t o  agitation.  The other 6 inch 

pipe, w h i c h  connects the Clearwell  and the General Sump, is used t o  

transport Clearwell supernate back to  the General Sump. 

4.1 .5  Waste Inventory 

Wastes stored i n  the FMPC waste storage area c o n t d n  radioactive 

wastes, small quantities of pyrophoric wastes and neutralized toxic 

chemicals. The radionuclides encountered i n  the wastes are basically  

uranium, thorium and the radioactive daughters of each. No high l e v e l  

radioactive wastes are stored in t h i s  area. The pyrophoric vaste  

materials encountered include magnesium fluoride w i t h  f r e e  magnesium 

p a r t i c l e s ,  uranium t u r n i n g s ,  uranium b r i q u e t t e s ,  and depleted 
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graph i t e .  Toxic chemicals used i n  the  p l a n t  processes  and subse-  

quen t ly  s e n t  to  t h e  s t o r a g e  p i t s  Include: anhydrous ammonia, hydro- 

f l o u r i c  a c i d s ,  hydrochlor ic  a c i d  and va r ious  n i t r a t e s ,  e.g., aluminum 

n i t r a t e ,  These chemicals a r e  n e u t r a l i z e d  t o  a pH of 9.0, before  they 

are s e n t  t o  t h e  s t o r a g e  p i t s .  

S o l i d  Wastes 

There are f o u r  p r i n c i p a l  t y p e s  of s o l i d  wastes genera ted  a t  t h e  

p r e s e n t  t i m e  a t  FMPC. These are discharged wi thout  t rea tment  t o  

cheml-1 s t o r a g e  P i t s  4 and 6. They are:  

a )  Depleted Uranium Residues - Process  r e s i d u e s  of dep le t ed  

u r a n i  un (0.14 2-0.40% 2 3 5 U )  t h a t  are not  s u i t a b l e  for remelt 

or con ta in ing  uranium va lues  i n  low amounts n o t  economical 

f o r  recovery.  

b) Low Grade Thorium Residues - Process  r e s i d u e s  t h a t  s i m i l a r l y  

cannot be economical ly  processed f o r  recovery of thorium 

va lues  . 
C) Contaminated Ceramics - S l i g h t l y  contaminated r e f  r a c t o r i e s  

from p roduc t ion  e lectr ic  fu rnaces  d i s c a r d e d  d u r i n g  r e p a i r s .  

d )  General  Refuse - Various types  of t r a s h ,  g e n e r a l l y  noncombus- 

t i b l e ,  wh ich  have  become s l i g h t l y  c o n t a m i n a t e d  t h r o u g h  

i n c i d e n t a l  c o n t a c t  w i t h  r a d i o a c t i v e  subs tances .  

Before s t o r a g e  t h e s e  wastes are reviewed t o  de termine  t h a t  t hey  

(1) are i n s o l u b l e ,  (2)  do n o t  p r e s e n t  a f i r e  hazard ,  and (3)  d o  not 

i n c l u d e  o r g a n i c  l i q u i d s  which could  p o s s i b l y  p r e s e n t  a water p o l l u t i o n  

problem. 
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Liquid Wastes 
- 4151 

Liquid wastes a r e  genera ted  t o  some degree i n  every  o p e r a t i o n  a t  

FMPC. A l l  of t h e  ma jo r  p r o c e s s  a r e a s  have  i n d i v i d u a l  t r e a t m e n t  

f a c i l i t i e s -  where v i r t u a l l y  a l l  of t h e  r a d i o a c t i v e  materials i n  t h e  

wastes are removed by p r e c i p i t a t i o n  and f i l t r a t i o n .  The f i l t r a t e  

c o n t a i n s  c h e m i c a l s  u s e d  i n  t h e  p l a n t  p r o c e s s e s  s u c h  a s  ammonia, 

h y d r o f l u o r i c  a c i d s ,  s u l f u r i c  a c i d s ,  hydrochlor ic  a c i d s ,  and v a r i o u s  

n i t r a t e s  (e.g., aluminum n i t r a t e )  which have been n e u t r a l i z e d  t o  a pH 

of 9.0. Three process  waste streams are routed  d i r e c t l y  t o  P i t  5 

without  .undergoing a p re t r ea tmen t  s t e p  t o  p r e c i p i t a t e  o u t  t h e  rad io-  

a c t i v e  materials. They are: Z i r n l o  s l u r r y  from Plant 9 which a l s o  

con ta ins  h igh  levels of copper ,  Heat T r e a t  Quench Water from P lan t  6 

and S lag  Leach S l u r r y  from P l a n t s  2 and 3. -. 

F a c i l i t y  Contents  

S i n c e  d e t a i l e d  r e c o r d 8  o f  t h e  c o n t e n t s  of each p i t  are qot 

a v a i l a b l e ,  es t imates  were made u s i n g  t h e  a v a i l a b l e  i n f o r m a t i o n .  

(Es t imat ion  methods are d e s c r i b e d  i n  Appendix B). The e s t i m a t e d  

t o t a l  number of c u r i e s  i n  each p i t  are as fo l lows:  P i t  1 has  108, 

P i t  2 has 3 5 ,  P i t  3 has 553 ,  P i t  4 has 233,  P i t  5 has  327 and P i t  6 

has 178. Table 4-2 p r e s e n t s  t h e  e s t ima ted  volumes, we igh t s  and c u r i e s  

of t h e  waste conta ined  i n  each p i t .  

The K-65 t a n k s  are used f o r  t h e  s t o r a g e  of r e f i n e r y  r e s i d u e s  t h a t  

r e s u l t e d  from the p r o c e s s i n g  of p i t chb lende  o res .  The r e s i d u e s  or 

t a i l i n g s  c o n t a i n  radium-226. The inven to ry  of material s t o r e d  i n  the 

K-65 t a n k s  is as  fo l lows:  

Source and 
S p e c i a l  Material 

Tot a1 Waste Content 

D e s c r i p t i o n  (Lbs 1 ( Lbs 1 

A u s t r a l i a n  R a  Cake 380,451 6 06 
K-65 (Radium bea r ing  waste 19,004,675 24,121 
from p i t chb lende  o r e s )  
Tot al 19,385,126 24,724 
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Estimated volume of m a t e r i a l  s t o r e d  i n  t h e  K-65 t anks  is 195,000 

c u b i c  f e e t .  The t o t a l  r a d i o a c t i v i t y  is es t imated  t o  be 2 x 10 pCi/g 

(Ref. 12) .  

6- 4'3 511 

Mate r i a l s  s t o r e d  i n  one of t h e  metal oxide tanks  a r e  t h e  r e s u l t  

of process ing  of non-pitchblende o r e  concen t r a t e s  and c o n t a i n  on ly  t h e  

trace of radium not  removed in t h e  concen t r a t ion  process.  The inven- 

t o r y  of m a t e r i a l s  s t o r e d  i n  t h e  metal o x i d e  t a n k  i s  as  follows: 

Source and 
S p e c i a l  M a t e r i a l  

T o t a l  Waste Content 
Desc r ip t ion  ( Lbs 1 ( Lbs 1 

Metallic Oxides 3,989,288 39,627 

(Residues from o r e  

c o n c e n t r a t e s )  

E s t i m a t e d  volume o f  ma te r i a l  s t o r e d  i n  metal  o x i d e  t a n k  i s  

1 2 5 , 0 0 0  cubic f e e t .  The t o t a l  r a d i o a c t i v i t y  is e s t i m a t e d  t o  b e  

1.3 x 10 pCi/g (Ref. 1 2 ) .  4 

4.2 Processes  

4 . 2  .I Waste Handlinn 

So l id  Wastes 

Residues are t r a n s p o r t e d  from v a r i o u s  producing p l a n t s  on s i t e  t o  

t h e  c h e m i c a l  waste  s t o r a g e  p i t s .  The  p r o c e s s  p l a n t  a n d  t y p e  of  

r e s i d u e s  gene ra t ed  govern t h e  type  of c o n t a i n e r  and mode of t ranspor-  

t a t i o n  u t i l i z e d .  The fo l lowing  are p r e s e n t l y  used: (a) drummed 

materials a r e  t r a n s p o r t e d  on semi-f l a t b e d  trailers; ( b )  metal dump- 

sters v i a  a dumpster v e h i c l e ;  ( c )  b u l k  r e s i d u e s  by dump t r u c k s  and 

dump t ra i lers ;  and (d)  pyrophor ic  metal i n  drums conveyed on f o u r  

wheeled f l a t b e d  t ra i lers  p u l l e d  by a t o 3  t r a c t o r  or p l aced  on s k i d s  

and t r a n s p o r t e d  by pickup t rucks .  

9 0 3 6 8 4 4  
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The manner i n  which r e s idues  a r e  p laced  i n  t h e  p i t s  depends upon 

t h e  type of con ta ine r s  and t h e  mode of t r a n s p o r t a t i o n  u t i l i z e d .  Dump 

t rucks ,  dump t r a i l e r s ,  and dumpster u n i t s  a r e  emptied d i r e c t l y  on to  

t h e  p i t ' s  edge. Drummed re s idues  are emptied o n t o  t h e  p i t ' s  edge wi th  

an i n d i v i d u a l  f o r k  t r u c k  equipped w i t h  a drum r o t a t o r .  The materials 

are then pushed i n t o  t h e  p i t s  by e i t h e r  a bu l ldoze r  or a d rag  l i n e  

sc rape r .  

Liauid Wastes 

A l l  of t h e  major process  areas g e n e r a t e  l i q u i d  wastes and have 

i n d i v i d u a l  f a c i l i t i e s  where t h e  waste  is p r e t r e a t e d  t o  p r e c i p i t a t e  o u t  

t h e  uranium. A l l  but  t h r e e  of t h e  waste streams are t h e n  pumped t o  

t h e  General  Sump. Table  4-3 p re sen t s  t h e  maximm l e v e l  of uranium 

a l lowable  in t h e  v a r i o u s  process  wastes i n  o r d e r  for the  waste t o  be 

rece ived  a t  t h e  General  Sump and t h e  pH and uranium con ten t  a l lowed in 

t h e  waste d ischarged  t o  t h e  chemical p i t .  The General  Sump 1s a 

c o l l e c t i o n  of twelve ver t ical  t anks  of v a r i o u s  s i z e s ,  a c o a g u l a t i o n  

supply tank ,  a l i m e  s l a k e r ,  a n e u t r a l i z e r  and a s s o c i a t e d  pumps, p i p i n g  

and va lves  e s t a b l i s h e d  on a c o n t r o l l e d  pad. It i s  des igned  t o  f a c i l i -  

ta te  t h e  s t o r a g e  and t r a n s f e r  of liquid wastes w i t h i n  t h e  tankage 

complex and t h e  d i scha rge  therefrom, and t h e  a d d i t i o n  of v a r i o u s  

reagents  and c o a g u l a t i o n  a i d s .  The sump i s  equipped such  that wastes 

can be t r a n s f e r r e d  in a l l  d i r e c t i o n s  between t h e  tanks w i t h i n  t h e  

sump. The pad i s  equipped w i t h  i t s  own sump and d ra inage  t r enches  t o  

handle  any l e a k s  or a c c i d e n t a l  s p i l l s .  

Eleven of t h e  twelve t a n k s  a r e  carbon s teel .  Tank 12  (15,000 

g a l l o n )  i s  t h e  only s t a i n l e s s  steel  tank  in t h e  sump. Th i s  tank 

r ece ives  a c i d  r a f f i n a t e  and f u n c t i o n s  as a pre l imina ry  n e u t r a l i z i n g  

tank. Discharge from Tank 12 i s  pumped through a n e u t r a l i z e r  cons is -  

t i n g  of  t h r e e  compartments in series, each w i t h  a g i t a t o r  and sensing 

probe and r e l a t e d  r eco rd ing -con t ro l l i ng  i n s  t rumeats  . Air opera t ed  

va lves  supply  l ime s l u r r y  as r equ i r ed  from t h e  lime s l u r r y  loop. 

4 - 1 2  
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TABLE 4-3 

a General Sump S p e c i f i c a t i o n s  

Re c e i v i n g 

P l a n t  or Area 

P l a n t  1 
P l a n t  2 R a f f i n a t e  
P l a n t  2 F i l t r a t e  
.P lan t  2 Condensate 
P l a n t  4 
P l a n t  5 
P l a n t  6 
P l a n t  8 
P l a n t  9 

P i l o t  P l a n t  Sump F i l t r a t e  
Tech. Lab 
Decontamination 
P i l o t  P l a n t  Thorium 

*- P i l o t  P l a n t  R a f f i n a t e  

Discharge t o  Chemical P i t  

PH 
Uranium 

Haximum Level 
( l b  U/gal)  

0.00008 
0.004 
0.0004 
0.0004 
0.0004 
0.0004 
0.00016 
0.0004 
0.00008 
0.002 
0.0004 
0.0004 
0.0004 
0.0004 l b  Th/ga l  

8.5-10.5 b 
35 l b  U/day 

Source: Reference 15 

a P l a n t s  may o b t a i n  approva l  of t h e  Genera l  
Super in tendent  t o  pump streams w i t h  h ighe r  
uranium l e v e l s .  I n  emergencies ,  p l a n t s  may 
o b t a i n  approval  of Water Treatment Superv isor  
t o  pump such streams. 
Genera l  Sump w i l l  no t  d i s c a r d  streams >0.00167 
l b s  U/gal  w i thou t  r e c e i v i n g  approva l  of General 
Super in tendent .  

b 
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Neut ra l i zed  r a f f i n a t e  Is routed t o  Tank 5 (50,000 g a l l o n s )  where 

i t  is held  u n t i l  i t  i s  t r a n s f e r r e d  e i t h e r  t o  t h e  Recovery P l a n t  (18) 

; o r  t h e  Chemica l  Waste P i t .  Tank 1 (20,000 g a l l o n s )  r e c e i v e s  h igh  

a c t i v i t y  ( P i l o t  P l a n t )  streams . Tank 2 (20,000 g a l l o n s )  r e c e i v e s  

clear streams and a l s o  serves a s  a n  uranium t r a p .  Tank 3 (20,000 

g a l l o n s )  r e c e i v e s  r e f i n e r y  (P lan t  2 )  f i l t r a t e .  Tank 4 (5,000 g a l l o n s )  

r e c e i v e s  water  w i t h  heavy m e t a l s ,  and f l o u r i d e  i n c l u d i n g  c o p p e r  

con ta in ing  " b l u e  water". Tanks 6 and 7 (50,000 g a l l o n s )  c o l l e c t  

streams wi th  low uranium va lue  as w e l l  as water t r ea tmen t  r e a c t i v a t o r  

blowdown con ta in ing  calcium and magnesium ca rbona te s  and hydroxides . 
Tanks 8 and 9 (50,000 g a l l o n s )  r e c e i v e  waters d e s t i n e d  f o r  r i v e r  

d i sposa l .  Tanks 10 and 11 (15,000 g a l l o n s )  are used  as s e t t l i n g  t a n k s  

f o r  s l u r r i e d  h e e l s  pumped from o t h e r  General Sump Tanks. These t a n k s  

a l s o  r e c e i v e  n e u t r a l i z e d  r a f f i n a t e  when Tank 5 is  f u l l ;  Tank Farm 

water con ta in ing  f l o u r i d e  o r  n i t r a t e  concen t r a t ions  t o o  h i g h  f o r  r i v e r  

d i s p o s a l  and e f f l u e n t  from t h e  ammonia s t r i p p e r .  (Ref. 15) .  

The process  wastes from t h e  v a r i o u s  product ion  p l a n t s  and service 

f a c i l i t i e s  are rece ived  a t  t h e  General Sump, checked f o r  uranium 

con ten t  and seg rega ted  or s e l e c t i v e l y  combined as requ i r ed .  I f  a 

waste exceeds d i s c a r d  s p e c i f i c a t i o n s  i t  i s  s e n t  t o  t h e  Recovery P l a n t  

o r  t h e  Ref inery  f o r  recovery  of uranium va lues .  I f  i t  i s  w i t h i n  t h e  

limits i t  is pumped through an  underground p i p e  t o  P i t  5 .  

Three waste streams bypass t h e  g e n e r a l  sump and go d i r e c t l y  t o  

P i t  5 where t h e  r a d i o a c t i v e  materials are allowed t o  se t t le  out.  The 

s u p e r n a t e n t  l i q u o r  i n  P i t  5 overf lows  through a n  e f f l u e n t  c o n t r o l  

tower n e a r  t h e  western end of t h e  p i t  i n t o  t h e  Clearwell from which 

i t  i s  pumped t o  t h e  M i a m i  River. F igu re  4-2 shows a dlagram of l i q u i d  

was te  from o r i g i n  t o  f i n a l  d i s p o s a l .  

0036847 

4-14 



I 
I 

W 
t 
C 
.1 

REFINERY 
(PLANTS 2-31 - -H 

GREEN SALT 
(PLANT 4) 

8 CASTING 

RECOVERY 
(PLANT 8) 

SPECIAL PRODUCTS 
(PLANT 9 )  

BOILER PLANT 

I 
e- .) 

1 SUMP 
GENERAL 

I 

WATERTREATMENT I 

LEGEND: 
1 -SLAG LEACH SLURRY 
2-HEAT-TREAT QUENCH WATER 
3- ZIRNLO SLURRY 
4-GENERAL PROCESS WASTES 

TREATMEYT SUMP 
COLLECTION SUMP 

a=--- 

1 

SAMPLER- 

SANITARY SEWAGE 
FROM PLANTS 

1 
t 
1 TREATMENT 

PLANT 

TREATED 

DISCHARGES 

1 W H O L E  175 

GREAT 
MIAMI 
RIVER STORM WATER FLOW 

TO RIVER 

1 
- OVERFLOW 

- SAMPLER 

TO r 
PADDY'S RUN 

CREEK 

FlGURE 4-2 
LlQUID WASTE FLOW DIAGR.AM 

n5ss*. -m-* -. 
4-15 

0036848 



4.2.2 Waste Treatment 

So l id  Wastes 

No f a c i l i t i e s  e x i s t  a t  t h e  FMPC f o r  t rea tment  of s o l i d  rad io-  

a c t i v e  wastes. S o l i d  wastes genera ted  are  d i sca rded  wi thout  t rea tment  

t o  P i t s  4 and 6. 

Liquid Wastes 

A l l  of t h e  major process  a r e a s  have i n d i v i d u a l  t r ea tmen t  f a c i l i -  

t i e s  c a p a b l e  of p r e t r e a t i n g  t h e  l i q u i d  w a s t e s  t h a t  a re  p e c u l i a r  

t o  t h a t  p a r t i c u l a r  process  s t e p .  V i r t u a l l y  a l l  of t h e  r a d i o a c t i v e  

materials i n  t h e  wastes are removed i n  t h e s e  f a c i l i t i e s .  

G e n e r a l l y ,  t h e s e  p l a n t  t r e a t m e n t  f a c i l i t i e s  c o l l e c t  w a s t e  

l i q u o r s ,  a d j u s t  t h e  pH f o r  p r e c i p i t a t i o n  'of uranium, and f i l t e r  the 

r e s u l t a n t  s l u r r y .  Where o i l s  are p r e s e n t ,  p re l imina ry  s t e p s  are t aken  

t o  remove t h e  o i l s  by a c i d i f i c a t i o n  and d e c a n t a t i o n  be fo re  neut ra -  

l i z a t i o n  and p r e c i p i t a t i o n .  Af t e r  sampling and a n a l y s i s  is performed 

t o  a s c e r t a i n  t h a t  u ran ium con ten t  is  w i t h i n  pre-se t  a l lowab le  d i s c a r d  

l i m i t s ,  t h e  f i l t r a t e  i s  pumped t o  t h e  Genera l  Sump and t h e  f i l t e r  

c a k e  i s  s e n t  t o  t h e  R e f i n e r y  or t h e  Recove ry  P l a n t  as a p r o c e s s  

r e s i d u e  (Ref. 2 ) .  I n  a d d i t i o n ,  barium ca rbona te  and aluminum s u l f a t e  

a re  u s e d  t o  remove Ra-226 f rom wastes g e n e r a t e d  a t  t h e  R e f i n e r y  

r e g a r d l e s s  of t h e  t y p e  of feed .  

When thorium is processed  i n  t h e  P i l o t  P l a n t ,  a f t e r  n e u t r a l l -  

z a t i o n ,  t h e  waste l i q u o r s  a re  t r e a t e d  with b a r i u m  c a r b o n a t e  and  

aluminum s u l f a t e  be fo re  f i l t r a t i o n  i n  o r d e r  t o  reduce 228R= a c t i v i t y  

Ra c o n t e n t ,  r a f f f n a t e  i n  t h e  f i l t r a t e .  Because of i t s  h igher  

from t h e  thorium e x t r a c t i o n  p rocess  is  seg rega ted  from o t h e r  thorium 

l i q u i d  wastes and s u b j e c t e d  t o  a double barium carbonate-aluminum 

s u l f a t e  t rea tment  and f i l t r a t i o n  be fo re  ' t h e  r e s u l t a n t  f i l t r e t e  is 

pumped t o  t h e  Gene'ral Sump (Kef. 2 ) .  

228 
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The p rocess  wastes from t h e  va r ious  product ion p l a n t s  and service 

f a c i l i t i e s  a r e  r ece ived  a t  t he  General  Sump, checked for uranium or 

thorium con ten t ,  and segregated o r  s e l e c t i v e l y  combined as require'd. 

I f  ce r t a in -  waste exceeds d i s c a r d  s p e c i f i c a t i o n s  , i t  is n e u t r a l i z e d ,  

p r e c i p i t a t e d ,  and f i l t e r e d ,  and t h e  t h e  f i l t e r  c a k e  is h e l d  f o r  

recovery of uranium o r  thorium. Thorium wastes, if p r e s e n t ,  are 

seg rega ted ,  a g a i n  co -p rec ip i t a t ed  w i t h  barium ca rbona te  and aluminum 

s u l f a t e  t o  f u r t h e r  reduce Ra-228 a c t i v i t y  and t h e n  pumped t o  t h e  Wet 

C h e n i c a l  Storage P i t  ( P i t  4). All a c i d i c  wastes are  a d j u s t e d  for pH 

t o  o b t a i n  a maximum p r e c i p i t a t i o n  of r a d i o a c t i v e  material. There- 

a f t e r ,  t h e s e  wastes are pumped t o  P i t  5 .  Other was te s  are s e t t l e d  and 

decanted i n  success ive  s t e p s  p r i o r  t o  d i s c h a r g e  of t h e  s u p e r n a t a n t  

l i q u o r  t o  t h e  r i v e r .  The s e t t l e d  s ludges  are a l s o  t r a n s f e r r e d  t o  P i t  

5 (Ref. 2 )  

A l l  l i q u i d  wastes discharged t o  P i t  5 e n t e r  a t  t h e  eastern o r  

smaller end of t h e  basin.  The l a r g e  volume of t h e  p i t ,  i n  a d d i t i o n  t o  

providing s e t t l i n g  time f o r  s o l i d s  i n  t h e  e f f l u e n t  as r e c e i v e d ,  also 

a l lows  t i m e  f o r  slow i n t e r a c t i o n  of e f f l u e n t s  and a d d f t l o n a l  p rec fp l -  

t a t i o n  and s e t t l i n g .  The s o l i d s ,  which c o n t a i n  almost a l l  of t h e  

uranium, thorium, and r a d i o a c t i v i t y  remaining i n  t h e  waste, se t t le  o u t  

and remain i n  t h e  p i t  f o r  long-term s t o r a g e .  The s u p e r n a t a n t  l i q u o r ,  

p r a c t i c a l l y  s o l i d s  f r e e ,  overflows through an e f f l u e n t  c o n t r o l  towet  

nea r  t h e  wes te rn  end o f  t h e  p i t  i n t o  a clearwell from which it  1s 

sampled Ezid t hen  pumped t o  t h e  Miami River .  

4.3 P r o r e c t i o n  and Control  Systems 

4.3 -1 F i r e  P r o t e c t i o n  

No permanent f i r e  suppres s ion  f a c i l i t i e s  are provided a t  t h e  

b u r i a l  s i t e  o t h e r  t han  two 30 l b  Dry Chemical f i r e  ex t ingu i she r s :  A 

1.5 i n c h  hose l i n e  is a v a i l a b l e  on t h e  P i t  4 pad f o r  wasning t h e  pad 

and t h e  v e h i c l e s  used in t r a n s p o r t i n g  b u r i a l  materials to  t h e  p i t s .  
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Another source of water, a well  approximately 1000 feet  southeast of 

the p i t s ,  provides water at the rate of 150 gpm (Ref. 1 2 ) .  

Fire prevention inspections of this s i t e  are made by the Fire 

Safety Inspectors on a monthly basis.  The nearest manual f i r e  alarm 

box i s  located approximately 1500 feet  from the pits.  The normal 

f i r s t  alarm response to this location i s  one 1000 gpm pumper, one 3500 

gallon tenker, one rescue vehicle,  and a m i n i m u m  of f i v e  f i r e  brigade 

members. Turnout gear, respirators, and other protective equipment i s  

available for f i r e  brigade personnel (Ref. 1 2 ) .  

4 . 3  .2 C r i t i c a l i t v  Control 

The discarded materials are depleted so f a r  below normal enrich- 

ment levels  ( < 0 . 4 % ) ,  that c r i t i c a l i t y  can not occur (Ref. 1 3 ) .  

4.3.3 Monitoring Systems 

Water 

Repeated sampling and sample analysis i s  employed a t  each treat- 

ment step or junction of l i q u i d  waste streams. Samples are taken and 

analyzed before discharge of the treated eff luent  from the generating 

plant to the General Sump, on receipt at  the General Sump, before 

discharge of the eff luent  from the General Sump and upon discharge 

from the Clearwell. Samples of other waste streams are similarly 

taken and analyzed before the wastes are sent d i r e c t l y  to the chemical 

waste p i t  and before discharge to  the Pliami River. Operating proce- 

dures a t  each treatment step specify  that no waste material i s  t o  be 

released before analysis  i s  received showing the waste t o  be below 

pre-set discard l imits  . 

0 9 3 6 8 5 1  
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Monitoring of overflows due t o  s to rm r u n  o f f  i s  done a t  t h e  s torm 

sewer l i f t  s t a t i o n .  The l i f t  s t a t i o n  is equipped w i t h  r eco rd ing  

f l o m e t e r s  and a u t o m t i c  p r o p o r t i o n a l  s a n p l e r s  t o  p rov ide  da ta '  on 

s to rm sewer system flow. One u n i t  measures and samples t h e  f low being 

pumped to t h e  Miami R i v e r  through Manhole 175. The second u n i t  is 

au tomat i ca l ly  a c t i v a t e d  whenever t h e r e  i s  an overflow t o  Paddy 's Run 

Creek and provides samples and measurements of t h e s e  f lows.  From t h e  

sample ana lyses  and flow data ,  any d i scha rge  of r a d i o a c t i v e  m a t e r i a l s  

through the  storm sewer system can be measured. 

An ' o f f - s i t e  monitor ing program i s  conducted t o  determine t h e  

e f f e c t  of FMPC r e l e a s e s  on t h e  q u a l i t y  of t h e  M i a m i  R i v e r  water. 

Sampling l o c a t i o n s  used i n  implementing t h i s  program a r e  shown i n  

F igu re  4-3. Po in t  1 is l o c a t e d  upstream from t h e  point of t h e  FMPC 

d i s c h a r g e  i n t o  t h e  M i a m i  River .  Dai ly  samples are t a k e n  a t  t h i s  

p o i n t  t o  g ive  a n  i n d i c a t i o n  of t h e  q u a l i t y  of t h e  water approaching 

t h e  FMPC discharge.  P o i n t  2 is t h e  cont inuous sampler a t  Manhole 

175. P o i n t s  3 and 4 are l o c a t e d  downstream from t h e  FMPC d i s c h a r g e  

p o i n t ,  Grab samples a r e  c o l l e c t e d  a t  P o i n t  3 and weekly composites 

are analyzed;  a weekly g r a b  sample is c o l l e c t e d  a t  P o i n t  4. Sample 

comparisons from upstream and downstream p rov ide  a means of d e t e r -  

mining t h e  e f f e c t  of t h e  FMPC d i s c h a r g e  on t h e  r i v e r .  

Su r face  water in Paddy's Run is sampled and a n a l y z e d  weekly. I n  

a d d i t i o n ,  g r a b  samples of s u r f a c e  water in t h e  waste s t o r a g e  p i t  area 

are ob ta ined  on a random b a s i s  and analyzed f o r  r a d i o a c t i v i t y ,  NOj 
and c h l o r i d e .  

Test w e l l s  have been d r i l l e d  around t h e  waste p i t s  t o  p e d t  

mon i to r ing  of ground water I n  t h e  area. The l o c a t i o n s  of t h e s e  w e l l s  

are shown i n  F igu re  4-4. The w e l l s  a r e  sampled on a monthly basis 

to  monitor f o r  ground water contaminat ion and f u r n i s h  a n  i n d i c a t i o n  Of 

t h e  c o n d i t i o n  of p i t  l i n e r s .  
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Conversion of impure uranium and t horium compounds t o  r eac to r -  

grade  feed  materials involves  ope ra t ions  which g e n e r a t e  r a d i o a c t i v e  

d u s t ,  n u i s a n c e  d u s t s  and c o r r o s i v e  mists o r  r e a c t i o n  p r o d u c t s .  

V e n t i l a t i o n  and a i r  c l ean ing  systems such as bag c o l l e c t o r s ,  e l e c t r o -  

s t a t i c  p r e c i p i t a t o r s ,  and scrubbing  towers are used t o  conf ine  t h i s  

air and r e m v e  contazdnants .  The f i l t e r e d  o r  scrubbed air i s  ex- 

h a u s t e d  t o  t h e  a t m o s p h e r e .  Sampl ing  of  these s t a c k  e x h a u s t s  is 

rcaintained on a cont inuous schedule  t o  determine t h e  o p e r a t i n g  condi- 

t i o n  of t he  a i r  c l ean ing  systems and t o  measure t h e  q u a n t i t i e s  of 

materials not  being c o l l e c t e d  by t h e  systems. 

Samples of p a r t i c u l a t e  matter i n  ai-r are cont inuous ly  c o l l e c t e d  

a t  seven pe rmnen t  sampling s t a t i o n s  loca t ed  on t h e  p r o j e c t ' s  outer 

boundary (F igure  4-3). Sampling s t a t i o n s  5 ,  6 ,  and 7 are l o c a t e d  on 

t h e  west s i d e  of t h e  p l a n t .  S t a t i o n  6 is  t h e  c l o s e s t  s t a t i o n  t o  t h e  

waste s t o r a g e  area.  A t  e a c h  boundary  s t a t i o n ,  a i r  i s  drawn at 

a rate of about one c u b i c  meter p e r  minute through a n  8 x 10 i n c h  

f i l t e r  which i s  changed weekly. The c o l l e c t e d  d u s t  is weighed and 

ana lyzed  f o r  uranium, gross a lpha  and gross be ta .  Counting i s  done 

about  seven days a f t e r  t h e  end of &he c o l l e c t i o n  per iod .  A f t e r  t h e s e  

a n a l y s e s  are completed, t h e  remaining s o l u t i o n  i s  h e l d  t o  provide  a 

l o n g  term composite f o r  thorium ana lyses .  

As mentioned p r e v i o u s l y ,  a commercial service h a s  been used i n  

t h e  p a s t  two yea r s  t o  monitor radon a i r  concen t r a t ions .  Track e t c h  

moni tor ing  u n i t s  were p laced  i n  t h e  boundary s t a t i o n s  and samples were 

c o l l e c t e d  o v e r  pe r iods  of 4-5 months. 
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5.0 ACCIDENT AN.4I.Y S I S  

5.1 I n t r o d u c t i o n  

The o b j e c t i v e 6  of t h i s  a n a l y s i s  are to: (1) examine a l l  reason-  

a b l e  a c c i d e n t  s i t u a t i o n s ,  ( 2 )  perform an a n a l y s i s  based on a c t u a l  

d e s i g n  and  o p e r a t i n g  p r o c e d u r e s  of t h e  FNPC waste s t o r a g e  a rea ,  

(3) oake conse rva t ive  e v a l u a t i o n s  of acc iden t  p r o b a b i l i t i e s  and (4) 
make conse rva t ive  assessments  of both on - s i t e  and o f f - s i t e  i m p a c t s .  

5.2 Approach 

The a p p r o a c h  

sequence of s t e p s .  

t a k e n  i n  t h i s  a n a l y s i s  i n v o l v e s  t h e  f o l l o w i n g  

F i r s t ,  p o t e n t i a l  a c c i d e n t s  have been d e f i n e d  based 

on in fo rma t ion  p resen ted  in t h e  two preceding s e c t i o n s  concerning 

s i t e  and f a c i l i t y  d e s c r i p t i o n s  . Second, a c c i d e n t  p r o b a b i l i t i e s  have 

been a s s i g n e d  based on a d e t a i l e d  examination of t h e  s i te  and f a c i l i , t y  

d e s c r i p t i o n s  and r e l e v a n t  i n fo rma t ion  ob ta ined  from o t h e r  sou rces .  

T h i r d ,  e s t i m a t i o n s  of on - s i t e  and o f f - s i t e  impacts t o  humans r e s u l t i n g  

from injury and from r e l e a s e  of r a d i o a c t i v e  and t o x i c  materials have 

been made u s i n g  computer d i s p e r s i o n  and dosage models. Design and 

o p e r a t i o n a l  f e a t u r e s  as w e l l  as o t h e r  f a c t o r s  which m i t i g a t e  a c c i d e n t  

impacts  have a l s o  been d i scussed .  Fourth,  a c c i d e n t s  have been classf- 

f i e d  a c c o r d i n g  t o  t h e  hazard they r e p r e s e n t  based on i n fo rma t ion  

developed i n  t h e  t h r e e  p receed ing  s t e p s .  Th i s  s e c t i o n  summerizes t h e  

a c c i d e n t  ana lyses .  

The fo l lowing  systems have been used f o r  c l a s s i f y i n g  t h e  a c c i d e n t  

p r o b a b i l i t i e s  and a s s o c i a t e d  hazard.  The a c c i d e n t s  are c l a s s i f i e d  

in terms of  h i g h ,  m o d e r a t e ,  low o r  e x t r e m e l y  low p r o b a b i l i t y  of 

Occurrence.  Table  5-1 g i v e s  a d e s c r i p t i o n  of each of t h e s e  classes 

a l o n g  w i t h  t h e  p r o b a b i l i t i e s  a s s o c i a t e d  wi th  them. The a c c i d e n t  

haza rds  are c l a s s i f i e d  as low, moderate,  o r  high. Criteria used i n  

t h i s  c l a s s i f i c a t i o n  s y s t e m  are  p r e s e n t e d  i n  Table  5-2. 
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47 51' 

Class 

High 

Moderate 

Low 

TASLE 5-1 

P r o b a b i l i t y  C l a s s i f i c a t i o n  System 

Desc r ip t ion  
P r o b a b i l i t y  

of Occurrence 

Event i s  l i k e l y  t o  occur  
s e v e r a l  times dur ing  
t h e  l i f e  of t h e  
f a c i l i t y  

lO-l>P> 1 .o 

Event is l i k e l y  t o  occur  
some t i m e  du r ing  t h e  
l i f e  of t h e  f a c i l i t y  

Event is u n l i k e l y  t o  occur ~ o - ~ > P > ~ o - ~  - 
dur ing  t h e  l i f e  of t h e  
f a c i l i t y  

Extremely Low Event is  extremely u n l i k e l y  P< 
t o  occur  du r ing  t h e  l i f e  
of t h e  f a c i l i t y  

0 0 3 6 8 5 7  
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Class - 

Low 

TABLE 5-2 

Hazard Classification System 

- 4751 

Criteria 

Meets a l l  of the following c r i t e r i a :  

The potential  for personnel radiation exposure does 
not exceed the applicable l imits  i n  DOE Order 5480.1,  
Chapter XI, for onsite and o f f s i t e  personnel. 

- 
o 

o Has no potential for a nuclear c r i t i c a l i t y .  

o Could not result i n  exposures to  t o x i c  or carcinogenic 
materials in excess of 1 . 0  threshold limit values (TLV). 

o Will not cause property loss i n  excess of $250 ,000 .  

o C o u l d  result  i n  unplanned radiological  eff luent  
release w i t h i n  the limits of DOE Order 5480.1, 
Chapter X I .  

Moderat e Meets any of the fol lowing c r i t e r i a :  

Could result  In personnel injury onsite or o f f s i t e .  o 

o Could result  i n  onsite or o f f s i t e  exposures to 
radiation exceeding the applicable l imits  provided i n  
DOE Order 5480 .1 ,  Chapter X I .  

o Could result  i n  onsite or o f f s i t e  radiological  release 
exceeding the l imits  provided i n  DOE Order 5480 .1 ,  
Chapter XI. 

o Could result  in o f f s i t e  non-radiological eff luents  
exceeding TLV's. 

o Could result  i n  more than $250 ,000  property damage. 

H i  gh Meets 3 of the following c r i t e r i a :  

o Could result  i n  injuries to more than f i v e  ( 5 )  persons 
on- or o f f s i t e .  

o Could result  i n  one (1) or more f a t a l i t i e s  on- or 
of f s i t e .  

o C o u l d  result  i n  an unplanned nuclear c r i t i c a l i t y .  
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5.3 D e f i n i t i o n  of P o t e n t i a l  Accidents and Assignment of Accident 

P r o b a b i l i t i e s  

5.3.1 Natural  Phenomena 

' 5.3.1.1 Earthquakes 

As nentioned e a r l i e r ,  p a s t  s e i s m i c  a c t i v i t y  i y ;  the s o u t h v e s t e r n  

Ohio r eg ion  has been r e l a t i v e l y  minor w i t h  respect t o  both f r equency  

and i n t e n s i t y .  No ear thquakes have occurred a t  t h e  FMPC s i te .  Over 

t h e  204 y e a r  p e r i o d  f r o m  1776  t o  1980 ,  s i x  were r e c o r d e d  i n  t h e  

C i n c i n n a t i  area, a l l  of low i n t e n s i t y  (111 on t h e  Modified Mercalli 

scale). Only s l i g h t  v i b r a t i o n s  are f e l t  with ea r thquakes  of t h i s  

i n t  ens i t y  . 
Earthquakes w i t h  impacts l a r g e  enough t o  cause  walls t o  c r a c k  

are d e s i g n a t e d  i n t e n s i t y  V I 1  o r  greater on t h e  Modified Mercalli 

Sca le .  Those l a r g e  enough t o  c a u s e  s e v e r e  s t r u c t u r a l  damage such a s  

t h e  c o l l a p s e  of c o n c r e t e  s t r u c t u r e s  measure i n t e n s i t i e s  VI11 and I X .  

A s t u d y  of t h e  seismic hazard i n  t h e  FMPC area r e p o r t e d  that t h e  

r e t u r n  ra tes  for ea r thquakes  measuring i n t e n s i t i e s  of VII, VI11 and I X  

a re  o n c e  i n  1000 y e a r s ,  a p p r o x i m a t e l y  once  i n  100,000 y e a r s  and 

roughly once i n  ove r  a m i l l i o n  y e a r s ,  r e s p e c t i v e l y  (Ref. 1 6 ) .  

5 . 3 . 1 . 2  Tornadoes 

The p r o b a b i l i t y ,  -Ps ,  of a tornado s t r i k i n g  a p a r t i c u l a r  l o c a t i o n  

d u r i n g  one y e a r  i s  equal t o  t h e  to rnado  frequency ( ave rage  number of 

t o rnadoes  p e r  y e a r ) ,  n ,  times t h e  r a t i o  of t h e  area a f f e c t e d ,  a, 

t o  t h e  t o t a l  a r e a ,  A ,  i n  which t h e  to rnado  frequency has  been d e t e r -  

mined (Ref. 17) .  The e x p r e s s i o n  i s  g i v e n  as: 

- 

PS = n (a /A) 
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Given t h a t  t h e  waste  s t o r a g e  area is  an est imated 37.7 acres, a; 

t h e  a r e a  of Hamilton County i s  264,960 a c r e s ,  A, and t h e  tornado 

f r e q u e n c y - i s  0.19, n ,  (15 tornadoes occurred i n  Hamilton County i n  

t h e  78 yea r  per iod from 1900-1978) (Ref. 2); t h e  p r o b a b i l i t y  of a 

tornado s t r i k i n g  t h e  w a s t e  s t o r a g e  area is  2.7 x 

2-3 tornadoes every 100,000 years. 

- 

p e r  y e a r  o r  abou t  

5.3.1.3 Extreme Winds 

Over t h e  pe r iod  1960-1976, FMPC wind r eco rds  l i s t  wind g u s t s  i n  

excess  of 50 mph on 11 occasions and s l i g h t l y  i n  excess  of 60 mph on 

two occasions.  P o s s i b l e  consequences of h igh  winds are wind induced 

overflowing of P i t  5 or. t h e  Clearwel l  and suspension o f .  t h e  materials 

i n  P i t s  4 and 6. 

I t  i s  u n l i k e l y  t h a t  heavy winds would cause w e r f l o w i n g  of P i t  

5 or t h e  Clearwel l .  I n  both of t h e s e  p i t s ,  t h e  l i q u i d  s u r f a c e  is 'at 

least 3 f e e t  below t h e  top of t h e  p i t  ( 3  f o o t  f reeboard) .  Due t o  t h e  

s h o r t  d i s t a n c e  of wind-liquid i n t e r a c t i o n ,  even 60 mph winds would n o t  

r e s u l t  i n  s w e l l s  which could ove r top  t h e  dikes .  

S i g n i f i c a n t  suspension of materials i n  P i t  6 i s  also u n l i k e l y  as 

t h i s  p i t  has  a 15-20 f o o t  f reeboard.  Also, a l a y e r  of l i q u i d  covers  

t h e  w a s t e  so t h a t  i n i t i a t i o n  of s a l t a t i o n  and p a r t i c u l a t e  suspens ion  

i s  prevented. A similar cond i t ion  exists at  ?it 4 t h u s  n e g a t i n g  this 

mechanism f o r  mzterid d i spe r s ion .  

5.3.1.4 Floods 

Inunda t ion  of t h e  w a s t e  s t o r a g e  area by f l o o d i n g  of t h e  Great 

M i a m i  River i s  not  expected t o  ocwr as t h e  zpproximate e l e v a t i o n  

of t h e  s i t e  i s  580 f e e t  w h i l e  t h e  r i v e r  h a s  n e v e r  b e e n  e x c e e d e d  

555 fee: a t  UEXLUIUQ f l o o d  s t a g e  i n  t h i s  area. S i m i l a r l y ,  as Paddy's 

Run is - l o c a t e d  a t  a n  e l e v a t i o n  of approximately 550 f e e t ,  flooding of 
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t h i s  s t ream is  not  expected t o  reach t h e  s i t e .  I t  should  a l s o  be 

noted t h a t  Paddy's Run is a small stream i n  which f lows  ( r ang ing  from 

0.2-4.0 c f s )  g e n e r a l l y  e x i s t s  only dur ing  t h e  pe r iod  from Janua ry  t o  

May. The balance of t h e  year i t  is  ephemeral wi th  o c c a s i o n a l  f l a s h  

f lows  of a few hours  d u r a t i o n  fo l lowing  heavy r a i n s .  Thus, major 

long-term e r o s i o n  caus ing  c o l l a p s e  of the  d i k e s  a long  t h e  western edge 

of t h e  waste s t o r a g e  area due t o  f lood ing  of Paddy's Run i s  u n l i k e l y  

t o  occur.  I n  a d d i t i o n ,  t h e r e  i s  a l e v e e ,  8-10 feet high ,  l o c a t e d  

be tween  P a d d y ' s  Run and  t h e  d i k e s  on t h e  west s i d e  of  t h e  w a s t e  

s t o r a g e  area. Thus f lood  waters would have t o  breech t h i s  primary 

l e v e e  before  reaching  t h e  d ikes  of t h e  p i t s .  Eros ion  of t h e s e  d i k e s  

i s ,  in any event ,  i n h i b i t e d  by t h e i r  t h i c k  g r a s s  coverings.  

5.3.1.5 Heavy P r e c i p i t a t i o n  

S ince  was te  s t o r a g e  f a c i l i t i e s  a t  t h e  FMPC i nc lude  open p i t s  

and p i t s  which have been covered ove r  w i th  l o o s e l y  packed s o i l ,  heavy 

r a in fa l l  could p o t e n t i a l l y  r e s u l t  i n  t h e  overf low of the open p i t s  and 

e r o s i o n  of t h e  cove r s  on c losed  p i t s .  P i t s  4, 5 ,  6 and t h e  Clearwell 

are open p i t s  and P i t s  1, 2 and 3 a r e  covered. These p i t s  are l o c a t e d  

on a r a i s e d  area and are graded such t h a t  s u r f a c e  d ra inage  does  n o t  

f low i n t o  t h e  p i t s .  The re fo re ,  water e n t e r i n g  t h e  p i t s  d u r i n g  heavy 

rains would be p r i m a r i l y  rainfall  f a l l i n g  d i r e c t l y  i n t o  t h e  p i t .  

The maximum ra infal l  recorded  a t  t h e  Greater C i n c i n n a t i  Airport  

w a s  5.2 inches  I n  24 hours .  The maximum monthly r a i n f a l l  recorded  a t  

t h e  FKPC was 11.15 I n c h e s .  G i v e n  a r a i n f a l l  o f  5.2 i n c h e s ,  t h e  

volume of water e n t e r i n g  each of t h e  open p i t s  has  been c a l c u l a t e d  and 

p resen ted  below i n  r e l a t i o n  t o  t h e  u n f i l l e d  volume i n  these pits.  

P i t  5 has a s u r f a c e  area of 156,800 squa re  f e e t  and a t o t a l  capa- 

c i t y  of 3,105,000 c u h i c  f e e t .  According t o  c a l c u l a t i o n s  d i s c u s s e d  

e a r l i e t , t h e  used c a p a c i t y  of t h i s  p i t  i s  2,643,365 cub ic  feet. The 
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unused capac i ty  

r a i n f a l l  of 5.2 

c u b i c  f eec which 

P i t  6 h a s  

is  t h e r e f o r e  approximately 4 6 1 , 6 3 5  c u b i c  f e e t .  A 

inches would i n c r e a s e  t h e  volume i n  P i t  5 by 67,925 

would not  r e s u l t  i n  overflowing of t h i s  p i t .  

a s u r f a c e  a r e a  of  3 2 , 4 0 0  s q u a r e  f e e t  and  a t o t a l  

c a p a c i t y  of 390,000 c u b i c  f e e t .  The ca l cu la t ed  used c a p a c i t y  of t h i s  

p i t  is 168,000 cubic  f e e t .  A r a i n f a l l  of 5.2 inches  would i n c r e a s e  

t h e  volutiie i n  t h i s  p i t  by 14,040 cub ic  f e e t  which would not  r e s u l t  i n  

overf lowing of t h e  p i t .  

The volume i n  P i t  4 is  approximately 3 f e e t  below t h e  t o p  of t h e  

p i t .  Addi t ion  of 5.2  i nches  of r a i n f a l l  t o  t h i s  p i t  would no t  cause  

t h e  p i t  t o  overflow. 

The Clearwell i s  kep t  a t  a l i q u i d  l e v e l  a t  least  3 f e e t  below t h e  

t o p  of t h e  dike.  Depos i t ion  of 5.2  inches  of r a i n  i n  t h i s  p i t  would 

no t  result  i n  i t s  overflow. 

Th i s  record  r a i n f a l l  of 5.2 inches  i n  24 hours  would have t o  

p e r s i s t  f o r  s e v e n  d a y s  b e f o r e  P i t s  4 ,  5 and t h e  Clearwel l  would  

overf low and 16 days  be fo re  P i t  6 would overflow. It i s  extremely 

u n l i k e l y  t h a t  a r a i n f a l l  of t h i s  i n t e n s i t y  would p e r s i s t  f o r  seven  

days d e p o s i t i n g  a lmost  a y e a r s  r a i n f a l l  i n  one week. However, i f  it 

were t o  occur ,  connec t ions  between P i t s  4 ,  5 ,  t h e  Clearwell, and t h e  

Genera l  Sump enable  t h e  o p e r a t o r  t o  t r a n s p o r t  wastes between P i t s  4 
and 5 ,  between P i t  5 and the Clearwell, and between t h e  Clearwell and 

the Genera l  Sump and o u t  t o  t h e  M i a m i  River .  The re fo re ,  a water 

ba lance  can be maintained t o  p reven t  any p i t  from over topping .  

5 .3 .1 .6  Normal P r e c i D i t a t i o n  

The average  annua l  p r e c i p i t a t i o n  a t  t h e  FMPC is  37.75 inches .  

A l t h o u g h  i n f i l t r a t i o n  o f  r u n o f f  i n t o  t h e  p i t s  is r e d u c e d . b y  t h e  
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g r a d i n g  of p i t  covers ,  i t  is not completely c o n t r o l l e d .  The p i t  

c o v e r s  a p p e a r  t o  be q u i t e  p o r o u s  and p o o r l y  v e g e t a t e d  wh ich  may 

a l l o w  i n f i l t r a t i o n  of ra inwater .  Examination of p a s t  d a t a  on n i t r a t e  

c o n c e n t r a t i o n s  i n  ground water  sugges t s  t h a t  i n f i l t r a t i o n  of r a inwa te r  

and some seepage of t h e  water i n t o  t h e  groundwater has  occurred.  

However, t he  data are inconc lus ive  and t h u s  t h e  amount of i n f i l t r a t i o n  

cannot be est imated.  

5.3.2 Operat ional  Accidents 

5.3.2.1 Systems F a i l u r e  

The waste  s t o r a g e  area i s  p r i m a r i l y  a s t a t i c  system i n v o l v i n g  

some t r a n s p o r t  but very l i t t l e  manipulation of hazardous wastes. Very 

f e w  p i e c e s  of equipment w i t h  p a r t s  vu lne rab le  to  f a i l u r e  are involved.  

Equipment s u b j e c t  t o  f a i l u r e  i n c l u d e s  p i p e s ,  v a l v e s ,  and i n s t r u m e n t s  

used t o  monitor l i q u i d s  d u r i n g  t reatment  and p r i o r  t o  d i scha rge .  

Crit ical  va lves  i n  t h e  waste s t o r a g e  system are t h e  v a l v e s  which 

r e l e a s e  was tes  f r o m  t h e  t a n k s  i n  t h e  G e n e r a l  Sump i n t o  t h e  p i p e  

l e a d i n g  t o  P i t  5 and t h e  v a l v e s  l o c a t e d  on t h e  berm of P i t  5. These 

v a l v e s  are manually operated;  t h e r e f o r e ,  i t  is  u n l i k e l y  t h a t  f a i l u r e  

of t h e  v a l v e s  would go unnot iced and unattended. 

C r i t i c a l  p ipes  i n  t h e  waste s t o r a g e  system i n c l u d e  two 6-inch 

d i ame te r  p i p e s  which t r a n s p o r t  wastes between t h e  General  Sump and P i t  

5. The l e n g t h  of t h e s e  p ipes  l o c a t e d  between t h e  General  Sump and t h e  

K-65 t ank  area i s  enclosed i n  a c o n c r e t e  t r e n c h  t h a t  i s  covered w i t h  

s l a b s  of concrete .  With t h e  e x c e p t i o n  of a small exposed s e c t i o n  n e a r  

t h e  g r a v e l  road between t h e  Metal Oxide Tank area and P i t  2 ,  t h e  

remaining l e n g t h  of t h e  p i p e s  is l o c a t e d  underground. A t  P i t  5, t h e  

p i p e s  emerge from t h e  ground and form a T on t h e  berm. 
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Standard operating procedures for waste handling in the General 

Sump specify that a l imit  of 0.00167 lbs U/gal is allowed i n  the 

l i q u i d  discharged to the Chemical P i t  ( P i t  5 )  unless special  per- 

mission i s  obtained from the General Superintendent. For purposes of 

analysis, -assuming that a l l  the uranium is U-238, the maximum a c t i v i t y  

i n  the l i q u i d  transported through the pipes 1 8  6.68 x lo-’ uCi/ml. 

Since the l i q u i d  wastes are neutralized to a pE of 9.0 a t  several 

points prior t o  discharge from the General Sump, the msjority of the 

uranium is insoluble. The DOE effluent l imit  for insoluble uranium- 

238 i n  controlled areas is 1 x IOe3 uCi/ml. I n  the event that the 

pipes  transporting l i q u i d  wastes from the General Sump t o  P i t  5 

ruptured) the consequences would be minor since the l iquids released 

would be well  within WE eff luent  limits for controlled areas (the 

waste s t o r a g e  a r e a )  and only  s l i g h t l y  above t h e  4 x u C i / m l  

l e v e l  a t  which r e l e a s e s  t o  uncontrolled areas  i s  permitted.  In 
addit1on;since an NLO employee is generally a t  the waste storage s i t e  

d u r i n g  transfers, and in any event every 4 hours, the ruptured pipe 

would not be expected to  remain undetected for a period of ti* of 

s u f f i c i e n t  duration to  cause a significant release o f  radioactive 

contaminants. 

Instruments of importance used i n  connection with waste handling 

and s u b j e c t  t o  malfunctioning are  the pH sensors l o c a t e d  i n  the 

General Sump. Considering the procedures used i n  handling the wastes, 

i t  is unlikely that f a i l u r e  of one of these sensors would lead t o  the 

introduction of a c i d i c  l i q u i d s  to P i t  5.  Neutralization of the wastes 

within the General Sump occurs v i a  a series of steps. Tank 12 re- 

ceives the acid r a f f i n a t e  and functions as a preliminary neutrafizing 

tank. Discharge from Tank 12 is pumped through a neutralizer consis- 

t i n g  of three compartments i n  series.  Each compartment contains a 

sensing probe and related recordfng-controlling instruments . The 

waste i s  sampled again, prior to  discharge to P i t  5.  Therefore, i n  

order for a c i d i c  l iquids  to be released t o  P i t  5 ,  a number of both 

system and operational fai lures  would have to occur. In the event 

that several  fai lures  d i d  occur simultaneously, release t o  the p i t  

would be e f f e c t i v e l y  b u f f e r e d  b y  the very  s u b s t a n t i a l  amount of 

0 0 3 6 8 6 4  5-9 
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neutralized material in the p i t .  Therefore, t h i s  potential  release 

vould present no environmental hazard. 

5.3.2.2 Procedure Failures 

Several accidents could occur as a result of f a i l u r e  to  implement 

or improper implementation of standard operating or s a f e t y  proce- 

dures. These include: improper waste treatment resulting i n  intro- 

duction of acidic liquids to P i t  5 or discharging o f  low OK high pH 

l l q u i d s  from the Clearwell to the Miami River; improper valve oper- 

ation resulting i n  overflow of P i t  5 ,  discharge of improperly treated 

waste from P i t  5 to the Clearwell and uncontrolled diccharge from the 

Clearwell t o  the M i d  River; and improper truck operation resulting 

i n  breach of the metal oxide tanks, overturning of the trucks or 

driving over p i t  covers. 

-', 

The probability of these events involves the probability  of human 

e r r o r .  In some cases  the i n t i t i a l  error  would a l s o  have t o  be 

overlooked a t  several other points in the waste handling process. 

Although the probability of the i n i t i a l  error may be s i g n i f i c a n t ,  the 

consequences of these procedural errors are shown below t o  be i M i p i -  

f i c a n t .  

As discussed i n  the preceding section, introduction of a c i d i c  

l iquids to P i t  5 or discharge to  the M i a m i  River would requite t h e  

occurrence of  a number of simultaneous fai lures  to  detect  the improper 

treatment. In addition since the volume of the largest  tank i n  the 

General Sump i s  only 0.25% of the contents of P i t  5 ,  the tank solu- 

t i o n  would be e f f e c t i v e l y  d i l u t e d  and n e u t r a l i z e d .  S i m i l a r l y ,  

l iquids discharged from the Clearwell to  the M i a m i  River which has an 

average flow of 3586 million gallons per day would be highly diluted 

(Ref. 7 ) .  

Improper valve operation would not result  i n  the overflow of P i t  

5 for several  reasons. Excess l iquids in the p i t  overflows i n t o  the 

Clearwell. In order to overflow P i t  5 ,  over 461,635 cubic f e e t  of 

5-10 
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47 51 
wastes would have to be pumped to the p i t  in a very short. period of 

time, Considering the volume of wastes discharged from the General 

Sump/day and the unfi l led volume i n  P i t  5 ,  the p i t  would not f i l l  to  

the point-of overflow i n  a short enough time period that it would go 

unnoticed and unattended. 

Discharge of improperly treated waste from P i t  5 to the Clearwell 

is possible, however, this  would be detected by the routine sampling 

of the wastes prior t o  discharge. The liquids i n  the Clearwell could 

then be treated i f  necessary. 

Uncontrolled discharge from the Clearwell to the Great H i a d  

River vould not have a major e f f e c t  on the r i v e r  since the l i q u i d s  i n  

the Clearwell are r e l a t i v e l y  free of contaminants. Prior t o  reaching 

the Clearwell, contaminants have been f i l t e r e d  out a t  the process 

plants and the General Sump and have s e t t l e d  out i n  P i t  5. I n  addi- 

t i o n ,  the e f f e c t  of discharges from the Clearwell to the Mami River 

would be minimized by di lution i n  the river.  The consequences of this 

occurrence to the surrounding population is also minimized by the f a c t  

that the M i a m i  River i s  not a source of drinking water. 

Accidents arising out of truck operations would have localized 

consequences that would not e f f e c t  the surrounding population and 

could be e a s i l y  r e c t i f i e d .  Breach of the metal oxide tank as a result  

of improper truck operations is not feasible  since the 8 inch s t e e l  

reinforced concrete wal ls  of the metal oxide tanks would f u l l y  r e s i s t  

a truck impact vithout release of i t s   content^. Overturning of trucks 

carrying wastes would require cleanup, b u t  would not result  i n  s i&-  

ffcant releasee of contaminants to e i t h e r  the a i r  or the waters. The 

e f f e c t s  of this type of accident would be limited t o  on-site per- 

sonnel, Trained and qualif ied personnel are used t o  operate the 

various vehicles and equipment f o r  movement of residues to  the storage 

aree and s a f e t y  i t e m  such as goggles, respirators, gloves and normal 

Outer protective clothing are u t i l i z e d  by a l l  personnel involved i n  

the waste storage operations (Ref. 2 ) .  
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5.3.3 .1 Train Derailments 

A spur t o  the CW Railroad 

approximately 60 f e e t  away. The 

runs along the north side of  P i t  5 

distance from the fence a t  the s i t e  

boundary to the fence around the production area is lese than one mile 

and approximately one half mile to  the edge of P i t  5. Due t o  the 

f e n c e s  which require  the t r a i n  t o  s t o p  and the short  t r a v e l i n g  

distance, the potential f o r  this train to gain speed is limited. The 

train travels a t  a speed of 5-10 mph (Ref. 3 ) .  Its low velocity  

precludes the development of s u f f i c i e n t  momentum upon derailment 

required for  the train t o  traverse the distance from the track to  the 

p i t  area and breech the dike. Thus, the above accident scenario would 

not resu-lt i n  any release of material. 

5.3.3.2 Birplane Crashes 

Structures a t  the s i t e  are expected to  withstand impacts from 

l i g h t  a i r c r a f t  t y p i c a l  of private planes. Impacts great enough t o  

cause signif icant  damage include large private a i r c r a f t  and those 

used i n  commercial aviation and certain military a i r c r a f t .  

Airplane crashes are known to  occur most frequently within a few 

miles of an airport while the planes are i n  the process of landing o r  

departing. Probabil i t ies  of potentially  damaging a i r c r a f t  impacts a t  

pover plant s i t e s  located w i t h i n  f i v e  miles of airports have been 

evaluated by the AEC. These probabiltt ies  which were. based on con- 

s e r v a t i v c  c a l c u l a t i o n s  were on the order of  5x10 t o  1 ~ 1 0 - ~  

per year (Ref. 1 7 ) .  The AEC has compiled data on a i r c r a f t  movements 

and calculated crash probabil i t ies  as a function of distance from an 

a i r p o r t .  Only crashes r e s u l t i n g  In a f a t a l i t y  were considered; 

however, i t  was assumed that accidents severe enough to create signi-  

f i c a n t  damage would generally involve f a t a l  injuries.  These probabi- 

l i t i e s  are shown below: 

-7 
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c 475& 
Probability of a Fatal  

Crash per Square Mile 
(miles ) Per Aircraft Movement 

Distance from Airport 

0- 1 
1-2 
2-3 
3-4 
4- 5 

84 x 101; 
15 x 

6.2 x 
3.8 x 
1.2 x 10 

As evident from the above, the probability of an airplane crash 

decreases w i t h  increasing distance from the airport.  In the AEC 

analysis  of the probability of an a i r c r a f t  crash €or various types 

of a i r c r a f t  as a function of distance from the end of  the runway, the 

probability of a i r  crash declines with distance, becoming r e l a t i v e l y  

constant about 10 miles o u t .  A t  9 to 10 miles away, the probability 

was calculated to be’-1.2 x lo-’ per square mile per a i r c r a f t  moveuent. 

No v a l u e e  were reported a t  greater distances. 

The airports located closest  to the FMPC s i t e  are the Eamilton 

Birport and the Greater Cincinnati Airport. Hamilton Airport is 

located approximately 8 miles from the s i t e ,  however, i t  does not 

handle the large planes of concern i n  this  analysis.  The Greater 

Cincinnati Airport which handles the large commercial and private 

planes, i s  located 17 miles away from the FMPC s i t e .  Based on the 

probabil i t ies  arrived a t  in the AEC studies and the distance of the 

FXPC s i t e  from the Cincinnati BIrport, i t  i s  reasonable to assume that 

the probability  of a large plane crash a t  the s i t e  i s  s ignif icantly  

l e s s  than 1.2 x lo-’ per square mile per a i r c r a f t  movement. 

A t o t a l  of approximately 120,000 a i r c r a f t  movements occur a t  the 

Greater Cincinnati Airport per year (Ref. 18). The a i r p o r t ’ s  north- 

south runway which handles only a r r i v a l s  to the airport  points i n  the 

direction of the FMPC s i t e ,  This runway handles 45% of the arrivals 
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to the airport (Ref. IS). Therefore, approximately 

this  runway. From the general s i z e  distribution 

assumed that 75% of the planes are large enough to 

damage (Ref. 1 7 ) .  Based on the above, the number 

27,000 planes use 

of planes i t  :is 

cause signif icant  

of planes, large 
enough t o  cause signif icant  damage, potentially passing over the s i t e  

on route to the Cincinnati Airport i s  20,250. This i s  a conservative 

estimate since the planes do not necessarily l i n e  up w i t h  the runway 

a t  a distance of over 1 7  miles away. These percentages were delibe- 

r a t e l y  selected t o  overestimate a i r c r a f t  t r a f f i c  to  take appropriate 

account of large a i r c r a f t  passing over the s i t e  on f l i g h t s  not invol- 

ving a r r i v a l  or departure a t  the Greater Cincinnati Airport. 

The area occupied by the K-65 tanks i s  1 . 7 9 ~ 1 0 ’ - ~  square miles. 

Using the probability  of a crash a t  the furthest distance (9-10 miles) 

f o r  which c a l c u l a t i o n s  were made i n  the AEC study ( 1 . 2 ~ 1 0  per 

square mile per a i r c r a f t  movement) the probability of a plane crash on 

the K-65 tanks is 4.3r10-’ per year. The probability of a crash into 

Pit 5 i s  1.4 x per year and into the waste storage area as a 

whole i s  1 . 4  x 

-9 

per year. 

5.4 Estimation of Impacts 

5.4.1 Natural Phenomena 

5.4.1.1 Earthquakes 

While of negligible  probability,  the hypothesized consequences of 

a Modified Mercalli  Intensity VI11 earthquake are analyzed below. A 

seismic event of t h i s  intensity w i l l  be conservatively assumed to  be 

s u f f i c i e n t  to cause structural  damage to  the domes of the K-65 tanks. 

I n  this  scenario, the damage results  i n  complete collapse of the domes 

onto the waste. It i s  also assumed that the rubble from the dome 

covers no 

each tank 

long tern 

0036869 

more than 50% of  the area, thus exposing 50% o f  the ,waste i n  

to  wind erosion and the open atmosphere. This represents a 

point source of both particulates and radon. 
. .  
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4151 
To e s t i m a t e  t h e  f i r s t  of t h e s e  source  terms, t h e  a i r b o r n e  suspen- 

s i o n  of particulates was c a l c u l a t e d  u s i n g  t h e  equa t ions  descr ibed '  i n  

Appendix C. Using  t h e  c a l c u l a t e d  a i r b o r n e  s u s p e n s i o n  r a t e  of 

9.0x10-~ g/m -sec l e a d s  t o  a mass source  term o f :  2 

2 1 2  S = ~ . O X ~ O - ~  g/m - s e c  x 2 tanks  x - r r  2 

where r i s  t h e  i n t e r n a l  r a d i u s  of a tank (12.2 c e t e r s ) .  Thus, the  

ma88 source  t e r m  i s  c a l c u l a t e d  t o  be: 4.2~10 g / sec .  Given t h a t  

t h e  major source  component is Ra-226 a t  3.38~10 pCi/g t h e  p a r t i a r -  

l a te  source  term i s  e q u a l  to 142 pCi/sec. 

-4 

5 

Radon emi t t ed  from t h e  exposed waste w i l l  a lso be t r a n s p o r t e d  

o f f - s i t e .  The radon source  term may be e s t i m a t e d  from t h e  f o l l o w i n g  

e q u a t i o n  which i s  d e r i v e d  i n  Appendix D. 

,. 

J =  

where: 

J 

lo4 

%a 

E 
D 
E 
2 

2 u n i t  areal radon source  (pCi/m - sec )  

conve r s ion  10 cm /m 

w a s t e  radium c o n t e n t  (3.38~10 pCi/g) 
3 d e n s i t y  (1.6 g m / c m  ) 

radon decay cons t an t  (2.1~10-~ sec-I) 

radon d i f f u s i o n  c o e f f i c i e n t  (1 . O X ~ O - ~  c m  /sec 

w a s t e  emanation c o e f f i c i e n t  ( 0 . 2 d i m e n s i o n l e s s )  

w a s t e  t h i c k n e s s  (19.4~10 cm) 

4 2 2  
5 

2 

2 

5 

S i / m  -8ec. M u l t i p l y i n g  by t h e  exposed area l e a d s  to a radon source  
2 of 7.3~10 pCi/sec.  

S u b s t i t u t i n g  i n  t h e  above l e a d s  t o  a u n i t  sou rce  of 1.57~10 
2 
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5.4.1.2 Tornadoes 

In the unlikely event that a tornado s t r i k e s  the waste storage 

area, the -radiological consequences would be negligible.  Typical ly,  

tornadoes impact an area 250 yards wide and 5 miles long. Assuming as 

a worst case that the tornado follows a path 5 miles long by 250 yards 

wide a f t e r  striking the p i t ,  the immediate area of dispersion would be 

on the order of 1 . 8 1 ~ 1 0 ~ ~  cmz (Ref. 19).  

l i d t e d  a b i l i t y  to l i f t  particulate matter of the type stored a t  the 

s i t e .  Assuming that 1000 Kg of waste material from the dry waste p i t  

w i t h i n  the highest a c t i v i t y  ( P i t  6) w h i c h  has a U-238 a c t i v i t y  of 

Tornadoes have only 

2.8 x Ci/g  is picked u p  and dispersed over  t h i s  a r e a ,  the 
2 radiological  deposition concentration would be 1.5 pCi/cm . This i s  

approximately equal  t o  background s o i l  concentration.  Thus the 

i n c r e a s e  i n  superf i c i a l  concentration is n e g l i g i b l e .  The above 

a n a l y s i s  f a i l s  t o  consider  f a c t o r s  which would tend t o  f u r t h e r  

reduce this concentration. Much of the suspended material w i l l  be 
transferred up the vortex where i t  w i l l  become part of  the atmospheric 

dust load which w i l l  s e t t l e  out slowly a t  much lower concentrations. 

5 -4 -3 Man-Made Disasters 

5.4.3 .I Airplane Crashes 

The following analysis  considers the worst case scenario in which 

the airplane crashes into one of the K-65 tanks storing wastes with 

high radium concentrations . 
The number of c u r i e s  of  radon-222 a v a i l a b l e  f o r  d i s p e r s i o n  

immediately following a catastrophic accident (aircraf t Impact or 

severe earthquake) and subsequent release of material from the K-65 
tanks may be estimated from the following: 

o The radium content  ( C  ) of the s t o r e d  waste m a t e r i a l  i s :  t 

5 311 mg/ton = 3.38 x 10 pCi/g 

003687 I 
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o The radon emanation coefficient ( E ) ,  i . e . ,  fraction of total  

ra-don that escapes the waste particle matrix and i s  allowed to 

migrate) i s  0.2.  

o Secular equilibrium i s  established. 

4 3  0 The volume of waste i n  each tank i s  9.7 x 10 f t  a t  a density 
3 of 100 l b s / f t  . 

The concentration of radon i n  the voids between the p a r t i c l e s  may 

be estimated from: 

cv 5p t 
V 

where E and C 

v i s  the void fraction (the fraction of the t o t a l  not occupied -by 

s o l i d  p a r t i c l e s ) .  The t o t a l  amount of radon (R) I s  calculated from: 

are previously defined, Q i s  the density ( 1 . 6  gm/cc) and t 

R = Cv Vol v 

where Vol i s  the volume of material 

This reduces upon substitution to: 

- E C t Y V O 1  
(3 )  

S u b s t i t u t i n g  t h e  aforementioned v a l u e s  l e a d s  t o  a p o t e n t i a l  

source of 297 Ci i n  each K-65 tank. However, considering the geo- 

metric configuration of the tanks and their  earth embankments , only 

the upper portion of the stored material would be dispersed. Assuming 

the a i r c r a f t  caused a shearing away of the t o p  of the tank and subse- 

quent dispersion of 10% of the material, the result  would be a radon 

source term of 30 C i  i n  a 30 minute period or  1.7~10~' p C l / s e c .  

5-17 
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P a r t i c u l a t e s  4151 

The s c e n a r i o  u s e d  t o  e s t i m a t e  t h e  "puff" r e l e a s e  of airborne 

p a r t i c u l a t e s  from a c a t a s t r o p h i c  acc iden t  is as Follows. The a i r c r d r  

is assumed- t o  s h e a r  o f f  t h e  top  of a K-65 :a .i d i s p e r s i n g  appr,?xi-  

ruately 10% of t h e  s t o r e d  m a t e r i a l  a long  t h e  g ra s sy  k n o l l  sur rounding  

t h e  tanks.  The impact and subsequent f i r e b a l l  r e s u l t i n g  from t h e  

c r a s h  r e su l t s  i n  a "puff"  of material being e j e c t e d  i n t o  t h e  a i r  of 

which a p o r t i o n  is e n t r a i n e d  by t he  wind and is t r anspor t ed  o f f s i t e .  

The f i r e  is ext inguished  w i t h i n  one ha l f  hour of the  i n c i d e n t  t hus  

l i m i t i n g , t h e  sou rce  term. It is  also c o n s e r v a t i v e l y  assumed t h a t  10% 

o f  t h e  s t o r e d  waste h a s  a n  a e r o d y n a m i c  d i a m e t e r  of l ess  t h a n  10 

m i c r o n s  and  is d i s p e r s e d .  F r a c t i o n a l  re lease f a c t o r s  h a v e  b e e n  

developed t o  estimate t h e  q u a n t i t y  of n u c l e a r  material  r e l e a s e d  i n  t h e  

cour se  of h igh  impact c o l l i s i o n .  Using a f r a c t i o n a l  release f a c t o r  of 

1 . 3 ~ 1 0 - ~  (Ref. 20) and a d e n s i t y  of 100 l b s / f t 3  l e a d s  t o  a mate- 

r i a l  release of: 

. .  

4 3  3 3 
f t  xl00 l b / f t  x454 g / l b  x 10% x 10% x 1 . 3 ~ 1 0 - ~  = 5 . 7 ~ 1 0  907x10 g 

The Ra-226 a c t i v i t y  of t h e  waste material is  3 . 3 8 ~ 1 0 ~  pCi/g. 

Assuming c o n s e r v a t i v e l y ,  t h a t  t h e  composition of t h e  "puff"  is a l l  
6 radium and its daughters  l e a d s  t o  a source  term f o r  Ra-226 of 1 . 1 ~ 1 0  

pCi/sec ove r  a 30 minute per iod.  

Discuss ion  

The d e r i v e d  source  terms may be modif ied by a number of f a c t o r s  

wh ich  would r e q u i r e  more d e t a i l e d  d a t a  on t h e  wasre. The m a j o r  

assumptions of t h i s  type  a re :  

o A l l  t h e  waste material i s  contaminated w i t h  Ra-226 t o  a l e v e l  
5 of 3 . 3 8 ~ 1 0  pCi/g. 

0036873 
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o The sieve s i z e  distribution of the material i s  typical  o f  

uranium t a i l i n g s ,  i . e . ,  10% below 10 microns. 

Both these assumptions have been chosen to err on the conser- 

vative  side.  More information on properties of the stored material 

would be needed t o  further refine these estimates and i n  l i g h t  of the 

modest risks conservatively estimated, that appears to not be re- 

quired. 

a. 

Table 5-3 summarizes these source terms. Table 5-4 c l a s s i f i e s  

the accident probabilities and hazards according to the c r i t e r i a  

presented i n  Tables 5-1 and 5-2. 

I 

0 0 3 6 8 7 4  
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TABLE 5-3 

Source T e r m  Summry 

I d  t i  a t  ing 
Source Phenomena/Accident Source Duration 

U-238 Ra-226 Rn-222 . -  
(pCi/sec) (pCi/sec) (pCi/sec) - 

Earthquake cracking 30 day8 
2 7 . 3 ~ 1 0  2 1 . 4 2 ~ 1 0  

K-65 tank 
6 1 . 7 ~ 1 0  10 A i r c r a f t  shearing top 30 min. - 1.1 x 1 0  

of K-65 tank 

- - Negligible - Tornado s t r i k i n g  P i t  6 

0936875 
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TABLE 5-4 

Accident Probability  and Hazard Classif ication 

Ac c i dent 

Natural Phenomena 

Eartiquake 
V I 1  ‘i 

VI11 
IX 

Tornado 
Extreme winds 
Floods 

h e r a t i o n a l  

Systems Failure, 
Procedure Failure 

Man-made 

Train derailment 
Airplane crash 
into: 

IC-65 tank 
Pit 5 
waste storage area 

Probability Razard 
Classif ication Classif ication 

low high 

extremely low high 
extremely low hi gh 
high low 
extremely low (zero) low 

extremely low high 

high 
high 

low 
low 

extremely low (zero) low 

extremely low 
extremely low 
extremely low 

%odif ied Mercalli Intensity scale.  

hi gh 
high 
high 

0036876 
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6.0 OUALITY ASSURANCE 47 5& 

A quality assurance program which covers all components, systems 

and structures a t  the FEPC has been developed by NLO.  Guidance on t h e  

quality assurance program i s  provided i n  a manual e n t i t l e d  "Quality 

Assurance Program Manual f o r  NLO , Inc. FMPC", NLCO-1104 ( Special) 

Revision 4, January 1981. All operations of the f a c i l i t y  are required 

to  s u b m i t  a quality assurance assessment iaentifying c r i t i c a l  oper- 

a t i o n s .  A l l  c r i t i c a l  operations a r e  required t o  have a q u a l i t y  

assurance plan. 

Q u a l i t y  assurance f o r  the a i r  and water q u a l i t y  monitoring 

program includes various intralaboratory practices such as dally 

calibration of instrumentation and routine analyses of blanks, stan- 

dards solutions and spiked sample aliquots. NLO a l s o  perticipates  in 

t h e  DOE q u a l i t y  assurance program which is conducted by the DOE 

Environmental Measurements Laboratory (EM,). In t h i s  program, labor- 

a t o r i e s  receive samples of various media f o r  analysis.  Results are 

reported to EHL for comparison w i t h  established values (Ref. 7 ) .  

Since the materials received in the waste storage area have been 

neutralized, the number of a c t i v e  safety  systems is minimal. These 

include pH meters, a f i r e  a l e r t  system, storm gauges to  detect  storm 

sewer overflows and a trench sump pump. Passive systems include p i t  

l iners  and covers, dikes and embankments, diversion ditches,  and the 

fence surrounding the K-65 tanks. 

6-  1 087 
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7.0 COINDUCT OF OPERATIOX'S *'75# 
U n l i k e  most f a c i l i t i e s  where  a s i n g l e  o r g a n i z a t i o n  c o n t r o l s  

ope ra t ions ,  t he  Waste S torage  Area is a f f e c t e d  by a number of d i f f e -  - 

r e n t  ope ra t ions  t h a t  are conducted by a v a r i e t y  of o rgan iza t ions .  To 

t h e  e x t e n t  t h a t  t h e s e  ope ra t ions  i n f l u e n c e  t h e  amount of m a t e r i a l  i n  

s t o r a g e  and t h e  c h a r a c t e r  of t h e  materials, they have an impact on t h e  

p r o b a b i l i t y  or consequences of t he  i n i t i a t i n g  events  i d e n t i f  i e d  i n  

Chapter 5 ,  and thus  have a n  impact on s a f e t y  a t  t h e  f a c i l i t y .  

Very few o p e r a t i o n s  are a c t u a l l y  performed a t  t h e  Waste S to rage  

Area. Most of t h e  ope ra t ions  t h a t  i n f luence  i t  are performed else- 

where on t h e  s i te .  These in t u r n  e i t h e r  p u t  materials i n t o  or remve 

m a t e r i a l s  from t h e  waste p i t s .  T h i s  chap te r  w i l l  address  o p e r a t i o n s  

that  a f f e c t  s a f e t y  a t  t h e  Waste Storage  Area, r e g a r d l e s s  of where they  

are performed. 

7 .1 Organiza t ion  

The two o r g a n i z a t i o n s  r e s p o n s i b l e  f o r  t r a n s f e r r i n g  materials t o  

and from t h e  Waste S to rage  Area are t h e  T r a n s p o r t a t i o n  Department and 

the Water Treatment P l a n t .  The T r a n s p o r t a t i o n  Department, which is in 
t h e  Procurement Div i s ion ,  h a u l s  s o l i d  wastes from v a r i o u s  g e n e r a t i o n  

p o i n t s  t o  P i t s  4 and 6 .  The Water Treatment P l a n t  which is  In t h e  

Engineer ing  Div i s ion ,  o p e r a t e s  t h e  Genera l  Su.mp where l i q u i d  p rocess  

wastes are t r e a t e d .  

T r a n s p o r t a t i o n  Depar tmen t  p e r s o n n e l  i n v o l v e d  i n  s o l i d  waste 

d i s p o s a l  a c t i v i t i e s  i n c l u d e  Heavy Equipment Opera tors ,  Motor Vehic le  

Opera to r s ,  I n d u s t r i a l  Truck Opera tors ,  and Laborers  w i th  Transpor- 

t a t i o n  supe rv i s ion .  An o r g a n i z a t i o n a l  chart of t h e  T r a n s p o r t a t i o n  

Depar tmen t .  showing  l i n e  of a u t h o r i t y  and number of employees  i n  

each p o s i t i o n  is g iven  in F i g u r e  7-1. No s o l i d  w a s t e  d i s p o s a l  activi-  

t i e s  are Conducted o f f - s h i f t s .  F i g u r e  7-2 prov ides  an o r g a n i z a t i o n a l  

c h a r t  of r h e  Water Treatment P l a n t  personnel .  

7-1 
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Four types of s o l i d  waste are disposed o f  by the Transportation 

Department. They a r e :  ( 1 )  Depleted Uranium Residues - p r o c e s s  

residues of depleted uranium (0.14 - 0.52X 235U) that are not suitable  

for remelt- o r  that contain uranium values i n  amounts not economical 

for recovery; ( 2 )  Low Grade Thorium Residues - process residues that 

similarly cannot be economically processed for  recovery of thorium 

values; ( 3 )  Contaminated Ceramics - s l i g h t l y  contaminated r e f r a c t o r i e s  

from production e l e c t r i c  furnaces discarded d u r i n g  repairs; and (4) 
General Refuse - various types of  trash, generally non-combustible, 

which have become s l i g h t l y  contaminated through incidental contact 

w i t h  radioactive substances. The equipment used t o  dispose of these 

wastes consist of:  bulldozers, plane loaders, industrial  fork trucks, 

dump trucks, flatbed t r a i l e r ,  refuse units,  and 30 and 55 g a l l o n  

drums. 

The manner by which Water Treatment Plant personnel t r e a t  l i q u i d  

waste streams is determined by the origin and composition of the 

stream. Generally, treatment consists of adding lime t o  r a i s e  the pH 

and increase precipitation, and of adding coagulants or f l o c c u l a t i n g  

agents. A f t e r  treatment the l i q u i d  is pumped t o  P i t  5 for addit ional  

s e t t l i n g ,  or o f f i s t e  t o  the Great Miami River v i a  manhole 1 7 5 ,  pro- 

vided that i t  is of s u f f i c i e n t  q u a l i t y .  

Water Treatment personnel are a l s o  responsible f o r  transferring 

water from P i t  5 t o  the Clearwell and from the Clearwell t o  the Great 

H i d  River. A more complete l i s t i n g  of  General Sump procedures i s  

given i n  Reference 2 7 ,  as are the c r i t e r i a  f o r  o f f s i t e  release of 

l i q u i d  w a s t e s .  A d d i t i o n a l l y ,  Water Treatment personnel  c o l l e c t  

samples from several places i n  waste streams in order t o  characterize 

the wastes. Some of these samples are analyzed a t  the Water Plant 

Laboratory, while others go to other onsite  labs. The locations where 

samples are taken, sampling frequency , and analyses performed are 

l i s t e d  i n  Reference 2 8 .  
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The fol lowing procedures a r e  used t o  c o n t r o l  contaminat ion I n  

t h e  waste d i sposa l  area. Surface contamination is c o n t r o l l e d  by 

washing vehic les  used t o  hau l  wastes  with water a t  t he  p i t  area; 

covering p i t s  wi th  t o p s o i l  and g r a s s  cover when they a r e  f i l e d  t o  

capac i ty ;  and grading  and d i t c h i n g  areas surrounding t h e  s t o r a g e  p i t s  

f o r  proper  runoff.  Water contaminat ion i s  c o n t r o l l e d  by t he  des ign  of 

t h e  p i t  area, which causes  contaminated s u r f a c e s  t o  d r a i n  i n t o  P i t s  4 
and 6 and t h e  Clearwell. Water i n  P i t s  4 and 6 is p e r i o d i c a l l y  pumped 

t o  Pit 5 .  Once t h e r e ,  I t  is t r e a t e d  a long  w i t h  l i q u i d  process  wastes 

as desc r ibed  below. Airborne contamination i s  minimized by planning 

dumping 6 0  t h a t  t h e  s u r f a c e  area of exposed r e s i d u e s  is  kept  t o  a 

minimum, and by c u r t a i l i n g  handl ing  of l oose  powder when wind velo- 

ci t ies  are g r e a t  enough t o  cause  s i g n i f i c a n t  dus t ing .  F i r e s  are not a 

s i g n i f i c a n t  a i rbo rne  contaminat ion problem s i n c e  l a r g e  amounts of 

wood, paper or p l a s t i c  are no t  d i sposed  o f ,  and uranium f i r e s ,  which 

occur  i n f r e q u e n t l y ,  do n o t  gene ra t e  a n  a p p r e c i a b l e  amount of airborne 

uranium. More d e t a i l e d  informat ion  concerning t h e  waste d i s p o s a l  

o p e r a t i o n s  can be found i n  S e c t i o n  19 of Reference 25 and Reference 

26 . 
7.2 T r a i n i n g  

I n  t h e  Transpor t a t ion  Department, Heavy Equipment Operators ,  

Motor Vehicle  Opera tors ,  IndUStrf81 Truck Opera to r s ,  and Laborers  wi th  

Transpor t a t ion  s u p e r v i s i o n  are a l l  involved i n  d i s p o s i n g  of radio- 

a c t i v e  wastes. Heavy Equipment Opera tors  must be exper ienced  i n  t h e  

o p e r a t i o n  of a v a r i e t y  of equipment,  and r e c e i v e  on-the-job t r a i n i n g  

i n  t h e  fo l lowing  areas: 

o Operat ion of a l l  types  of heavy equipment i n c l u d i n g  d a i l y  

i n s p e c t i o n s  of equipment. 

0 L i f t i n g  c a p a c i t i e s  of p l ane  l o a d e r ,  yard l i f t ,  and cranes.  

o Communicating w i t h  hand signals. 

0936882  
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o Operational 

Motor Vehicle 

safety  standards. 455PI 

Operators (MVO's) are trained i n i t i a l l y  and re- - 
. .  

trained annually by means of classroom instruction in the following 

a reas : 

o 

o Onsite and o f f s i t e  t r a f f i c  rules and laws. 

o .Safe operating procedures. 

Operator's r e s p o n s i b i l i t i e s  for vehicle and cargo. 

A l l  MVO's are examined i n i t i a l l y  and re-examined annually t o  

They must a l s o  pass annual driving assure proficiency i n  these areas. 

t e s t s .  

T r a i n i n g  f o r  I n d u s t r i a l  Truck Operators ( I T O ' s )  c o n s i s t s  of  

classroom instruction, demonstrations, and on-the-job training i n  the 

following areas: 

o Vehicle i d e n t i f i c a t i o n  and operating-characteristics. 

o Operating techniques and procedures. 

I T O ' S  must pzss a qualifying exam and p e r f o m n c e  t e s t ,  and are 

re-evaluated a t  l e a s t  once a year by a Transportation Supervisor. 

Additionally,  a l l  Transportation Department personnel involved i n  

the disposal of radioactive wastes are trained i n  the provisions of 

Section 1 9  of Reference 2 5 .  The subjects covered include: 

o Types of radioactive wastes. 

o C r i t e r i a  and accountabil i ty  of radioactive wastes. 

0 0 3 6 8 8 3  
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4751 
o Equipment and con ta ine r s  used. 

o Sa fe ty  equipment t o  be used. 

o Maintenance and contaminat ion c o n t r o l  of p i t  areas.  

o F i r e  prevent ion.  

o Contamination c o n t r o l  of t h e  s t o r a g e  area. 

o Procedures f o r  dumping waste materials i n t o  P i t s  4 and 6. 

All ' t r a i n i n g  i s  conducted by T r a n s p o r t a t i o n  Superv isors .  

Water T r  e8 tment P l a n t  personnel  r ece i v e  on-the-job t rat  n l  ng i n  

a l l  t o p i c s  covered in t h e  Standard Opera t ing  Procedures  f o r  t h e  Waste 

P l a n t  and t h e  General Sump. Th i s  t r a i n i n g  i s  conducted by t h e  Water 

P l a n t  S u p e r v i s o r .  The  p r o c e d u r e s  most  a p p l i c a b l e  t o  o p e r a t i o n s  

involv ing  t h e  Waste S to rage  Area are found i n  References  27  and 28. 

Subjec t  areas covered d u r i n g  this t r a i n i n g  inc lude :  

o Opera t ion  of equipment and instruments .  

o C h a r a c t e r i s t i c s  and t r e a t m e n t  of v a r i o u s  waste streams. 

o Criteria f o r  t r a n s f e r  and/or  release of wastes. 

o Sampling l o c a t i o n s  and f requencies .  

o D i s p o s i t i o n  of samples. 

7.3 Inspec t ion  and Tes t ing  Program 

S a f e t y  at t h e  Waste Storage Area i s  mainta ined  by the  containment 

of t h e  v a r i o u s  wastes and t h e i r  r e t e n t i o n  o n s i t e .  F a i l u r e  of con ta in -  
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ment o r  the  r e l e a s e  of s u b s t a n t i a l  contaminants i n  s i t e  e f f l u e n t s  4751 
could  have an  impact  on t h e  environment sur rounding  t h e  p l a n t  and 

could  increase t h e  r a d i a t i o n  exposure of persons  both on- and o f f -  

s i t e .  

It is extremely u n l i k e l y  t h a t  a containment s t r u c t u r e  w i l l  f a i l  

i n  t h e  absence of some i n i t i a t i n g  e v e n t ,  and t h e  requi red  i n i t i a t i n g  

e v e n t s  a r e  q u i t e  r a r e ,  a s  descr ibed  i n  Chapter 5 .  S t i l l ,  a n  in fo rma l  

i n s p e c t i o n  program is conducted a t  t h e  Waste S to rage  Area. Water 

P l a n t  personnel  p e r f o r n  d u t i e s  i n  t h e  a r e a  du r ing  every s h i f t ,  and 

unusual  cond i t ions  should be no t i ced  a t  those  times. Add i t iona l ly ,  

U t i l i t y ' , E n g i n e e r s  and  F i r e  6 S a f e t y  I n s p e c t o r s  i n s p e c t  t h e  a r ea  

(monthly), and t h e r e  are p e r i o d i c  e n t r i e s  by pe r sonne l  from Transpor- 

t a t i o n ,  I n d u s t r i a l  Hygiene & Radia t ion ,  and Engineer ing.  The area is 

a l s o  p a t r o l l e d  f r e q u e n t l y  by S e c u r i t y  O f f i c e r s .  

T e s t i n g  is performed on l i q u i d  wastes as d e s c r i b e d  i n  Water P l a n t  

SOP 43-C-305 t o  assure  t h a t  t r a n s f e r / r e l e a s e  c r i t e r i a  are  m e t  . 
Samples are taken  a t  v a r i o u s  p o i n t s  and ana lyzed  by t h e  Water Pla 'nt  

Lab, t h e  Heal th  and S a f e t y  Bioassay Lab, or t h e  Techn ica l  Lab. The 

material pumped from t h e  General  Sump t o  t h e  p i t s  is sampled weekly 

and analyzed f o r  pH, t o t a l  d i s s o l v e d  s o l i d s  (TDS), F, U ,  C1 ,  t o t a l  

suspended s o l i d s  (TSS), NH3, t o t a l  s o l i d s ,  and s e t t l e a b l e  s o l i d s .  

The Clearwell i s  sampled d a i l y ,  w i th  an  a d d i t i o n a l  sample t aken  on t h e  

f i r s t  day pumping occur s  each week. Dai ly  a n a l y s e s  are performed t o  

determine pH, a lpha  a c t i v i t y ,  b e t a  a c t i v i t y ,  U, c o n d u c t i v i t y ,  TDS, 

Weekly a n a l y s e s  are performed for TSS, t o t a l  NOj, F, C1, and NE 

chromium, haxavalent  chromium, i r o n ,  n i c k e l ,  and copper.  A monthly 

composite sample is ana lyzed  f o r  226Ra and 

3 .  

22gR, 

S i t e  e f f l u e n t s  are sampled d a i l y  a t  Manhole 175 w i t h  a d d i t i o n a l  

samples t aken  each Wednesday. Dai ly  a n a l y s e s  are performed f o r  pX, 

a l p h a  a c t i v i t y ,  b e t z  a c t i v i t y ,  U ,  c o n d u c t i v i t y ,  TDS, NO3, F, C 1 ,  

TSS, C 1 2  and f e c a l  co l i form.  Weekly samples are ana lyzed  f o r  NH3, 

g r e a s e  and o i l ,  and a monthly ccmposi te  i s  ana lyzed  for radium and 
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thorium. Water pumped d i r e c t l y  from the General Sump to the Great 

Miami River i s  sampled on the first day that pumping occurs each week. 

These samples are analyzed for  TSS, t o t a l  chromate, haxavalent chro- 
4 1  514 

mium, i r o n ,  nickel, and copper. 

Occasionally, i t  i s  necessary t o  characterize the water i n  P i t  5 

Samples and water that c o l l e c t s  i n  P i t s  4 and 6 following a r a i n f a l l .  

are taken as required and analyzed f o r  pH and U. 

There are also 11 t e s t  wells i n  and around the Waste Storage Area 

that are sampled monthly, w i t h  additional quarterly samples col lected 

i n  January, April,  August, and November. The monthly samples are 

analyzed f o r  pH, conductivity,  NOg, F, U ,  C 1 ,  SO4, P-alkalinity,  

M-alkalinity, t o t a l  hardness, Ca hardness, and Mg hardness; while the 

quarterly samples are analyzed for  pH, alpha a c t i v i t y ,  beta a c t i v i t y ,  

U, C 1 ,  nitrate-nitrogen, SO4, and radium. 

A l i s t  of a l l  samples taken by Water Plant personnel and the 

analyses performed can be found i n  Water Plant SOP 43-C-305. That 

document a l s o  i d e n t i f i e s  which laboratory performs the various analy- 

ses . 
7 . 4  Configuration Control 

Alterations to any equipment or structure a t  the FMPC ere initi-  

ated by submission of a Job Order Request (JOR) t o  the Engineering 

Division by the requesting organization. When a JOR i s  received a t  

Engineering a determination i s  made as  t o  what Division should review 

i t ,  and i t  i s  then circulated t o  those organizations. As part of this 

process, a l l  JOR's are reviewed by the Health & Safety  Division t o  

insure that the proposed work w i l l  not have a deleterious e f f e c t  on 

any s a f e t y  system. This Health h Safety review i s  performed by the 

Fire h Safety Department , the Industrial  Hygiene & Radiation Depatt- 

ment, and the Nuclear S a f e t y  Department. This procedure i s  expalined 

more f u l l y  i n  the Engineering Division Manual (Ref. 29) as i s  the 
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procedure for  insuring that drawings and associated documentation are 

kept u p  to date. 

Changes i n  a Standard Operating Procedure (SOP) must be i n i t i a t e d  

by the organization whose operations are covered by the SOP- The 

request for a change i s  sent t o  the Procedures and Standards section 

of the Quality Control Department, which is responsible f o r  publishing 

a l l  NLO SOP'S. However, before the Quality Control Department issues 

a revised SOP, the change must be reviewed and approved by the Health 

& Safety Division. This review i s  performed i n  the same manner as the 

review of Job Order Requests, and is intended to insure that the 

procedural change w i l l  not a f f e c t  the safety  of the operation. 

4751 

7 . 5  Procedures 

Since the Waste Storage Area is an e x i s t i n g  f a c i l i t y ,  a l l  proce- 

dures a f f e c t i n g  i t  have a l r e a d y  been developed and implemented. 

Chiefs of departments whose operations a f f e c t  the Waste Storage Area 

a r e  r e s p o n s i b l e  f o r  d e v e l o p i n g  new procedures and a s s u r i n g  t h a t  

procedures are kept current. The method for implementing changes in 
procedures I s  described i n  Section D .  

7 . 6  Safety Review System 

The Health & S a f e t y  D i v i s i o n  a t  the FWC i s  r e s p o n s i b l e  f o r  

assuring that operations are conducted in a s a f e  manner. Within the 

Health 6 Safety Division are professionals w i t h  experience i n  nuclear 

c r i  t i c a l i t y  s a f e t y ,  health physics, industrial hygiene, environmental 

q u a l i t y ,  f i r e  s a f e t y ,  and occupational s a f e t y  and health. Through 

periodic inspections and routine surveil lance,  these individuals see 

t o  i t  that operations are conducted as  s a f e l y  as  possible. A L S O ,  new 

procedures, changes i n  procedures, and changes i n  equipment =St  811 
be reviewed and approved by these individuals '  departments before they 

can be i n s t i t u t e d .  

The performance of the various departments i n  the Health h Safety 

Division i s  appraised annually by representatives of Oak Ridge Oper- 

ations O f f i c e .  During these appraisals,  action items from previous 
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appraisals are investigated t o  insure chat adequate progress i s  being 

made toward their resolution. Additiozal areas where inprovernents c a n  

be made are a l s o  sought out. 

7 . 7  Emergency P l a n n i n g  

I n  the event of an emergency, the response would be in accordance 

w i t h  the FhPC Emergency P l a n  ( R e f .  3 0 ) .  A d d i t i o n a l l y ,  Standard 

Operating Procedures 41-C-901, 20-C-901, 43-C-909, 1-C-911, 2-C-916, 

2-C-911-, 2-C-914, 4-C-909, 4-C-806,  4-C-802, 1 I-C-240, 5-C-909, 

6-C-909, 9-(2-909, 43-C-901, 43-C-306, 43-C-308, 10-C-105, 46-C-909, 

46-C-907, and 46-C-908 s e t  forth l o c a l  actions to be taken by various 

s i t e  f a c i l i t i e s  for certain emergencies, such as f i r e s  and a i r b o n e  

releases of hazardous materials. All of the accidents i d e n t i f i e d  i n  

Section 5 for which mitigating actions would be e f f e c t i v e  are caused 

by i n i t i a t i n g  events that would imnediately a l e r t  plant personnel 

( e . g . ,  earthquake, airplane crash, e t c . ) .  Therefore emergency actions 

would be undertaken promptly, and should insure the s a f e t y  of person- 

n e l  on- and o f f s i t e .  

7 . 8  Recordkeeping and Reporting 

Radioactive materials that are transferred t o  the Waste Storage 

Area by the T r a n s p o r t a t i o n  Department a r e  accounted f o r  on Form 

NLO-PRO-614. These forms are sent to Nuclear Materials Control, which 

is responsible f o r  material accountabil i ty.  

A t  the Water Treatment Department, a l l  operations are recorded in 

a d a i l y  log,  including sample analyses results  (from analyses per- 

formed by Water Plant Lab), pumping operations, neutralization oper- 

at ions,  and any other operations that a f f e c t  the Waste Storage Area. 

Results of sample analyses that are performed a t  other laboratories 

are recorded a t  the laboratory t h a t  performed the analyses. 

7-11 
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The fo l lowing  r e p o r t s ,  which re la te  t o  t h e  o p e r a t i o n  of t h e  Waste 

S to rage  Area, are prepared and s e n t  t o  t h e  Department of Energy a t  t h e  

i n t e r v a l s  l i s t e d :  Feed M a t e r i a l s  Product ion Center  Environmental  

M o n i t o r i n g  R e p o r t ,  a n n u a l l y ;  NPDES D i s c h a r g e  M o n i t o r i n g  R e p o r t ,  

q u a r t e r l y ;  Radioact ive E f f l u e n t  and Discharge Data Report ,  annua l ly ;  

R a d i o a c t i v i t y  and Uranium i n  t h e  Liquid E f f l u e n t  , q u a r t e r l y ;  Waste 

Water Qual i ty  Report ,  monthly; S o l i d  Waste Informat ion  Management 

System (SWIMS), q u a r t e r l y .  

6 0 3 6 8 8 9  
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APPENDIX A , 

Wind Frequency and Speeds 

wII.411 FKEQ I N  F'ERC EiY STA. CLASS.FOH EkCH SECTUR A N I 1  TOTAL FF.:EQUEEICY 
rl I R A E C D -  E F 
N 0 .04  0.63 1.02 ..2 99 3108 4.33 
b! f! E 0 . 0.5 0,110 1 1 1.2 3.19 2.82 4 t 5 8  

0 . 05 9 . 4 7  1. . i4 3 2.2 2 7 3  2.78 
E&E 0 . 0 2  0 . 49 3.85 2.47 l*&S 1.61 
E 0.0s 0.53 0.86 3.46 2.86 1.36 
ESE . 0.03 0127 0 . 4 3 '  2.02 1.92 0.5'7 
SE '0.03 0.26 0.33 1123 1.52 0.91 
SSE 0.03 0.22 0121 0.87 0.84 0 . 4 8  
S 0.04 0.ZE 0.57 1.31 1.71 . 1.59 
SSW 0.01 0.26 0139 0.86 1.01 1 a31 
SW 0 . 0 4  Q . 2 2  0 . 4 5  OIGC 1.25 1 +37 
wsw 0.1 03 0.27 0.51 0191 1.11 1 e57 
W 0.03 0.38 0.63 1.22 1.77 2 . 2 8  
W N W  0101 0.24 0.30 0.79 0191 1 e48 

. c.! :: 

N1J 0 ,04  0 1 40 0.50 1.08 1.25 1.. 34 
N N 1J 0.02 0.26 0.38 . 1.06 1.17 ' 1.33 

WIND SPEEflS IN W S E C  BY STA.CLASS FOR EACH KlIRECTION 
11 I R A ts C I1 E 
N 2. 16 2.93 3.66 4.79 4.53 
1.1 N E 2.11 2.s3 3.76 5.87 4.89 
NE 2.21 3.04 3.81 5.66 d.20 
€NE 1 e70 2.83 4.27 5.7: 5.15 
E 2.16 2.83 4.07 5.27 5.41 
ESE 1.96 2 . 6 3  3 . 8 6  5.82 5.45 
SE 1.96 2.78 4.07 5 . 4 1  5.10 
SSE 2.32  2.7s 4.07 5.15 5.@5 
S 1.96 2,BE 3.66 4 . 7 4  4.94 
ssw 2.57 2.63 3.96 4 1 6 3  4.53 
SW 2.37 2.63 3135 4 * 3 2  4.48 
wsw 2.32 2.99 3.66  4.27 4.32 
W 2.57 2.73 3 . 7 6  4.12 4.27  
WNW 2 . 4 2  2 .57  3.71 4 . 2 2  4 .07  
N w 2.06 2 . 63 3155 4107 4.27 
NN w 2.16 2.52 3.24 4.17 4.07 

c 

a 

F 
2 .52  
2.52 
2.47 
2.68 
2.93 
3 1.9 
3.19 
3 . 1 4  ' 

3.14 
2.68 
2.68 
2.83 
2 . 6 3  
2147 
2.57 
2.47 

0936890 
. .  ,- 
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APPENDIX B 

Method Used For E s t i m a t i n g  

Contents  of Waste Storage  P i t s  

Over t h e  per iod  1952-1976, P i t s  1-5 were used for s t o r i n g  waste. 

As of 1976, P i t s  1, 2 ,  and 3 were c losed  whi le  P i t s  4 and 5 remained 

open. Over t h e  per iod  1977 t o  t h e  p r e s e n t ,  P i t s  4, 5 and 6 have been 

used for was te  s to rage .  Since r eco rds  of t h e  r a d i o a c t i v e  c o n t e n t s  i n  

each p i t  are not  a v a i l a b l e ,  i t  was necessary  t o  make e s t i m a t i o n s  u s i n g  

t h e  i n f o r m a t i o n  p r o v i d e d  by NLO. T h i s  i n f o r m a t i o n  i n c l u d e d  t h e  

es t imated:  

o Volume of waste i n  each  of P i t s  1-5 as of August 1979. 

o Kilograms of Uranium (normal, enr iched ,  and d e p l e t e d ) ,  U-235, 

U-238 and Thorium s t o r e d  each  y e a r  du r ing  1952-1976. 

o T o t a l  c u r i e s  s t o r e d  each  y e a r  du r ing  1952-1976. 

o Gross volume and gross weight  of waste s t o r e d  each  y e a r  d u r i n g  

1977-1981. 

o C u r i e s  of U-235, U-238, Thorium, Ra-226, and Ra-228 s t o r e d  

each y e a r  du r ing  1977-1981. 

o Cur i e s  s t o r e d  i n  each  of P i t s  4, 5 and 6 d u r i n g  1977-1981. 

o Kilograms of Thorium i n  waste s t o r a g e  area as of February,  

1982. 

o Kilograms of Thorium added t o  P i t  4 i n  1972, 1973 and 1980. 

The fo l lowing  methods were used.  The c o n t e n t s  of P i t s  1-3 vere 

es t ima ted  u s i n g  t h e  informat ion  g i v e n  for t h e  y e a r s  1952-1976. The 

0 9 3 6 8 9 1  
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t o t a l  volume of waste  i n  each p i t  was obtained from t h e  repor ted  

volume. Using t h e  t o t a l  weight of waste s t o r e d  dur ing  1952-1976, t h e  

t o t a l  weight of U-235 and U-238 s t o r e d  during t h i s  p e r i o d  and t h e  

s p e c i f i c  a c t i v i t y ,  t he  average waste  concent ra t ions  were determined 

To 

determine how many c u r i e s  of U-238 and U-235 are s t o r e d  i n  each p i t  

t h e  concent ra t ions  were mul t ip l i ed  by the  volume of waste i n  each 

p i t .  Since thorium is generated on an i n t e r s i t t e n t  basis and s i n c e  i t s  

d i s t r i b u t i o n  i n  t h e  w a s t e  s t o rage  area is unknown i t  was consema- 

t i v e l y  assumed t h a t  a l l  of t h e  thorium genera ted  between 1954 asnd  

1957 was added t o  P i t  1. The va lues  obta ined  f o r  t h e  c u r i e s  of U-238, 
U-235 and Thorium i n  P i t s  1-3 are in Table 4-2. 

t o  be  1 . 5 6 ~ 1 0 - ~  Ci / f t3 (U-235)  a n d  9 . 8 6 3 1 ~ 1 0 - ~  C i / f t  3 (U-238). 

For P i t s  4 and 5 ,  an estimate of t h e  volume of waste as of 1976 

w a s  made by s u b t r a c t i n g  from t h e  volume repor t ed  as of 1979 a n  esti- 

mate of t h e  volume of waste added between 1976 and 1979. This esti- 

mate w a s  based on records of t h e  w a s t e  added t o  t h e  s t o r a g e  area 

between 1977 and 1981. The volume obta ined  f o r  P i t s  4 and 5 as of 

1976 w a s  m u l t i p l i e d  by t h e  p rev ious ly  d e t e n t n e d  concen t r a t ions  t o  

c a l c u l a t e  t h e  c u r i e s  of U-238 and U-235 in each of t h e s e  p i t s  a s  of 

1976. 

Severa l  p i eces  of in format ion  were combined t o  estimate t h e  w a s t e  

added t o  P i t s  4, 5 and 6 between 1977 and 1981. It is known t h a t  

approximately 100 ,  7 5  and 200 c u r i e s  were added t o  P i t s  4, 5 and 6 ,  

r e s p e c t i v e l y ,  dur ing  this period. The p ropor t ion  of E-238 and 0-235 

disposed of w a s  assumed t o  be t h e  same f o r  each p i t .  Thus, 27% of tne 

U-235 and U-238 went t o  P i t  4, 20% went t o  P i t  5 and 53% went t o  P i t  

6. The curies of U-235 and U-238 p e r  c u b i c  f o o t  of waste f o r  t h e  

waste genera ted  between 1977 and 1981 w a s  determined from t h e  total 

volume and t h e  t o t a l  c u r i e s  of U-235 and U-238 gene ra t ed  d u r i n g  that 

time period.  The c a l c u l a t e d  number of c u r i e s  of U-235 i n  each pi:  was 

div ided  by t h e  c u r i e s  p e r  cub ic  foot of U-235 t o  estimate t h e  volume 

of waste added t o  each p i t  between 1977 and 1981. These volumes and 
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4751 
rhe curies of U-238 and U-235 c a l c u l a t e d  f o r  Pits 4 and 5 during 1977 

to  1981 were added t o  the  va lues  obtained f o r  1952-1976 to g e t  t h e  

t o t a l s .  Again thorium was t rea ted  s e p a r a t e l y .  I t  was known that  t h e  

thorium generated i n  1 9 7 2 ,  1973 and 1980 was s t o r e d  i n  P i t  4 .  The 

r e s t  of  t h e  thoriun generated was d iv ided  between P i t  3 and P i t  5 

depending on which p i t  was open. 

0036893 
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A2PENDIX C 

Airborne Suspension of Part  i c u l a t e s  

--- 4751 

Alrborne suspension i s  i n  g e n e r a l  a consequence of t h e  s a l t a t i o n  

process .  Many i n v e s t i g a t o r s  have performed exper imenta l  and theore-  

t i c a l  s t u d i e s  on a i r b o r n e  suspens ion  (Ref. 21 ) .  The suspens ion  ra te  

( E )  f o r  p a r t i c u l a t e s  l e s s  than 20 ulil i n  aerodynamic d iameter  i s  g iven  

by : 

where: 
2 E = suspension ra te ,  i n  g/m -9, 

U = shea r  v e l o c i t y  (m/s) ,  

U 

p 

= t h re sho ld  v e l o c i t y  f o r  s a l t a t i o n  ( m / s ) ,  and 

= mass pe rcen t  of p a r t i c l e s  less than  20 um 
0 

in aerodynamic d iameter .  

The s h e e r  v e l o c i t y ,  U, I s  g iven  by the equat ion:  

where  z i s  t h e  h e i g h t  a t  w h i c h  t h e  windspeed  i s  e q u a l  t o  z e r o  

(2 = .01 meters). The t h r e s h o l d  v e l o c i t y  for s a l t a t i o n  Uo can be 

c a l c u l a t e d  u s i n g  t h e  equat ion:  

0 

0 

where: 

4= 

' t  = 
g =  

d =  

A =  

0036894 

3 
d e n s i t y  of g r a i n ,  2.4 g/cm 

d e n s i t y  of a i r ,  1.2 x 

g r a v i g a t  i o n a l  c o n s t a n t  , cmls 

average  d iameter  of t h e  g r a i n ,  0.03 c m  (300 Urn) 

dimens ionless  c o e f f i c i e n t ,  t h e  v a l u e  of which i n  a i r  

for g r a i n s  above 100 um i n  diamerer  was found t o  be 

abou t  0.1 (Ref. 22 )  

a n 3  ( a t  20°C) 
2 (9.8 m / s  1 
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I n  t h i s  case: 

47 51: 

U = .24 m / s  
0 -  

The i n f l u e n c e  of mois ture  i n  t h e  sand on t h e  th re sho ld  v e l o c i t y  

for g r a i n  movement has  been i n v e s t i g a t e d  by Be l ly  (Ref. 23).  Based on 
t h i s  s tudy ,  t h e  above equa t ion  can be modif ied t o  Inc lude  moisture .  

However, i n  t h i s  a n a l y s i s ,  t he  moisture  is assumed t o  be i n s i g n i f i -  

c a n t .  

The average  wind speed  i n  t h e  FMPC area is  9.1 mph (4.07 mlsec). 

Using t h i s  wind speed measured a t  1 meter above t h e  ground su r face .  

U = 0.35 m/o 

and equa t ion  (C-1) reduces to: 

E = 1 . 9 6 ~ 1 0 - ~  [(1.46>p’3-11 g / m  2 -s 

I n  g e n e r a l ,  ( p )  is a c o e f f i c i e n t  around a few percent .  Assuming 

a v a l u e  of 3 percent  y i e l d s :  

2 E = ~ . O X ~ O - ~  g/m -8 

This  v a l u e  of E w i l l  be u t i l i z e d  i n  t h e  c a l c u l a t i o n  of dosage 

r ece ived  by the sur rounding  popu la t ion  from suspens ion  of materials 

r e l e a s e d  from the waste s t o r a g e  f a c i l i t i e s  as a r e s u l t  of v a r i o u s  

a c c i d e n t s  . 
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APPENDIX D 

Radon Flux Ca lcu la t ion  

The assumptions f o r  t h e  model used t o  c a l c u l a t e  t h e  radon source  

term from a f i n i t e  s l a b  are as fo l lows:  

o Radium i s  d i s t r i b u t e d  homogeneously and i s o t o p i c a l l y  through- 

ou t  t h e  material. 

o NO c o n t r i b u t i o n  from o t h e r  t han  t h e  s l a b  i s  included.  

o Fick's Law is app l i cab le .  

The d i f f e r e n t i a l  equat ion  f o r  t h e  model is: 
. .. 

azc xc  + ,+= ECaC ' 0 
a Z= D 
- - -  

where : 

C 3 = radon concen t r a t ion  a t  depth  pCi/cm - radon decay cons t an t ,  2 . 1 1 ~ 1 0 - ~  sec-' 2 
= e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  c m  -sec 

= bulk  d e n s i t y  of t h e  material g/cm 
= emanation c o e f f i c i e n t  i.e., t h a t  f r a c t i o n  of 

radon produced r e l e a s e d  t o  t h e  void space 

3 
D 

E 

= radium c o n c e n t r a t i o n ,  pCi/g 
. .  

CRi3 

The boundary c o n d i t i o n s  a s s o c i a t e d  w i t h  t h e  problem are as fol lows:  

where d is t h e  s l a b  th i ckness .  

D-1 
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Choosing a so lut ion of t h e  form: 

where r = Jx/D 

4751 

( D - 4 )  

Leads t o  a f t e r  some manipulation, the equation: 

(D.5) 
J = D& - -  az - - CRa E@ tanh(d@ i n  cgs u n i t s  

Reversing t h e  sign to  account for  the coordinate convention and 

converting t o  MKS leads to:  

J = 104.CRa EfG tanh ( d f i )  

2 where J is the radon f l u x  i n  u n i t s  of pCi /cm -sec.  

0036897 D- 2 
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APPEKDIX E 

Dose Calculation Methods 

E.0 INTRODUCTION 

This section considers the calculation of radiological impacts 

resulting from an accidental release of radioactive materials into the 

atmosphere. These iupacts are expressed i n  a two-fold manner as: 

doses received by an individual, and doses received by the integrated 

community. 

Evaluation of these impacts requires the use of two computer 

codes. The f i r s t  code (ACCIDENT) i s  used t o  model the accident 

conditions when a source term and short duration period prevails. 

This code reflects individual impacts. The second code (AIREX) . i s  

used t o  model the period a f t e r  the i n i t i a l  conditions subside and 

u n t i l  s i t e  stabilization can be achieved, e.g., long-term release. 

This code i s  used to indicate population impacts. These codes and the 

procedures they use are discussed i n  subsequent sections. 

E . 1  Individual Impacts 

Immediately following an accident event, an amount of material 

(source term) w i l l  be released t o  the environment. This release, 

however, w i l l  l a s t  for o n l y  a short period of time. Under these 

conditions,  i t  i s  assumed that the contaminant plume w i l l  move 

i n  only one direction-the direction being defined by the prevailing 

weather conditions a t  the time of the accident.  Since the only 

members of the public who would be affected are those located immedi- 

ately  "downwind", this stage of the accident dictate a concern for 

individual impacts. 

E- 1 
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The scenario mentioned above i s  modeled using a standard Gaus- 

s i a n  d i f f u s i o n  equation c o n s i d e r i n g  d i s p e r s i o n  i n  t h e  v e r t i c a l  

and crosswind directions. The form of this equation (Ref. 20): i s :  

where: 

X 

Q 
h .  

U 

5 
CJZ 

3 = ground l e v e l  a i r  concentration (Ci/m 

= source term ( c i / s e c >  

release height (m) 

w i n d  v e l o c i t y  (m/sec) 

= standard deviation-crosswind (m) 

= standard deviation-vertical  (m) 

This equation i s  solved repeatedly i n  ACCIDENT for each nuclide 

of concern for s w e n  organs and a t  ten downwind distances. Fro= 

t h i s  value (X/Q) ,  the a i r  concentration i s  obtained by d i r e c t  multi- 

p l i c a t i o n ,  however, depletion due t o  s e t t l i n g  and deposition i s  a l s o  

accounted for  moving outward from the s i t e  of the accident. 

Further assumptions on the values of the parameters i n  this  model 

were designed t o  produce impacts which would result  under "worst" 

conditions. For example, a Pasquil l  s t a b i l i t y  c l a s s  of F was assumed. 

This contrains the dispersion of radionuclides which leads to higher 

impacts. A l s o ,  a w i n d  speed of 1 m/sec was assumed and due t o  the 

short time span decay o f  radionuclides was ignored. 

E.2 Population Impacts 

In a second scenario, material i s  released and i s  exposed t o  

long-term weathering processes. T h i s  material i s  now a v a i l a b l e  t o  be 

swept up by the wind and carried considerable distances. Such a 

process usually results i n  a low source term being generated f o r  a 

s i g n i f i c a n t  period of time (:.e.,  u n t i l  the accident s f r e  can be 

s t a b i l i z e d ) .  

E- 2 



S i n c e  the time period i n v o l v e d  w i t h  t h i s  s t a g e  i s  lengthy 

(on the order of months) the w i n d  and weather conditions can not be 

considered s t a t i c .  Changes i n  w i n d  d i r e c t i o n ,  w i n d  speed, and 

atmospheric s t a b i l i t y  c lasses  must be accounted f o r .  These conditions 

a l s o  indicate that no one sector of the surrounding population is more 

vulnerable or more safe.  

The computer code used t o  evaluate these icpacts  i s  XIREM-a U.S. 

Environmental Protection Agency code used t o  model the atnospheric 

emissions. of radionuclides (Ref. 2 4 ) .  This model uses a sector-aver- 

aged Gaussian d i f f u s i o n  e q u a t i o n  s i m i l a r  t o  t h e  one used i n  the 

previous impacts analysis,  however, now a f u l l  360 degrees i s  incor- 

porated r a t h e r  than a s i n g l e  d i r e c t i o n .  The e x a c t  form o f  the 

equation i s :  . I  

where: 

f - fractional  wind frequency i n  a sector 

A =  radionuclide decay constant (sec-') 

r = downwind distance (m) 

n = number of w i n d  sectors (n = 16)  

- 

(E-2)  

Other variables are same as i n  indivudal impacts. I n  t h i s  code, 

the f r a c t i o n a l  wind frequency and average w i n d  speeds are required as 

input for  each of the 1 6  w i n d  directions and 6 s t a b i l i t y  classes. 

This information was obtained from National Oceanic and Atmospheric 

Administration's STAR program output for  the Covington, Kentu&y/ 

Greater Cincinnati area. 

A I R E M  calculates  impacts f o r  each radionuclide, organ, s t a b i l i t y  

c l a s s ,  w i n d  direction,  and downwind distance. These impacts are 

r e f l e c t i v e  of the f u l l  range of atmospheric conditons a t  the s i t e  and 

t h e i r  e f f e c t  on the entire  community. For t h i s  analyses with the 

longer time period-radioactive decay i s  also considered. 
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E .3 Dose Calculation Procedures 

I n  this  section, the term "impacts" when related t o  individual 

and populations refers to the radiological dose people receive when 

exposed t o  r a d i o a c t i v e  m a t e r i a l s .  Doses can be c a l c u l a t e d  f o r  

various organs from a variety  of nuclides by multiplying the a i r  

concentration of the nuclide by a dose conversion factor.  The main 

result of both the computer codes previously mention I s  calculation of 

the a i r  concentrations (and simulanteously ground concentrations) 

result ing from a s p e c i f i c  source term. Both the source term and the 

dose conversion factors are supplied t o  the codes as I n p u t .  These 

parameters are discussed below. 

E.3.1 Source Terms 

Source terms quantify per unit time the amount of material ( i n  

t h i s  case the number of Curies) being released t o  the environment. ' I n  

both the computer models used i n  this  analysis,  the source terrrrs 

derived i n  Section 5 were used as input. 

E .3 .2 Dose Conversion Factors 

Both of the computer codes described above are dose model in- 

dependent, i . e . ,  the dose conversion factors  are supplied by the 

user. The values used i n  t h i s  report are the accident pathway dose 

conversion factors  (PDCF's) developed i n  the Data Base f o r  Radio- 

nuclide Waste Management (Ref. 2 0 ) .  . .  

The purpose of a dose conversion f a c t o r  is to r e l a t e  how expo- 

sure to a p a r t i c u l a r  nuclide a f f e c t s  human physiology. There are 

several  uptake machanisms which can lead t o  human exposures. The 

PDCF's used i n  t h i s  report take i n t o  account the major uptake mecha- 

nisms a t  work during an accident scenario. 
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Under an  acc iden t  s c e n a r i o  t h e  time span involved i s  assumed t o  

be  s h o r t  and  t h e  p o t e n t i a l  of e x p o s u r e  i s  l i k e l y  t o  be quickly 

r e a l i z e d .  This'  a l lows s w i f t  a c t i o n  t o  be taken t o  remove many uptake . 
machanism (e.g., e a t i n g  contaminated vegetab les ,  d r ink ing  contaminated 

water, etc.)  from cons idera t ion .  The exposure mechanisms which remain 

d e a l  p r imar i ly  w i t h  a i r  and s o i l  and can be borken down as fol lows:  

Exposure t o  A i r  

o direct i n h a l a t i o n  of contaminated a i r  

o Immersion i n  contaminated a i r  

Exposure t o  S o i l  

o i n h a l a t i o n  of a i r  con ta in ing  resuspended contmainated s o i l  

'0 immersion i n  a i r  con ta in ing  resuspended contaminated s o i l  

o s t a n d i n g  on ground contaminated by d e p o s i t i o n  

These are t h e  f i v e  up take  mechanisms which are cons idered  i n  t h e  

a c c i d e n t  PDCF's. 

Using t h e s e  PDCF's, t h e  computer codes produce Impacts i n  terms 

Of dose  (in m r e m )  r ece ived  dur ing  50 yea r s  fo l lowing  t h e  i n i t i a l  

exposure. 
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