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DESIGN STUDY - NEM ORNL PROCESS WASTE TREP_Ti"IENT PLANT 

. .7 

F ,  E .  Harrington and J .  M, Holrrles 

ABSTRACT 

This inves t iga t ion  surveys the  requirements f o r  
increased decontamination of ORNI, process waste and the  
processes t h a t  a r e  cu r ren t ly  ava i lab le  t o  accomplish 
t h i s  decontamination, The contamination l e v e l s  of  1;5''Cs 
and '"Sr a t  White Oak Dam ( i n  1970) averaged about 5.9 
cur i e s  per  yea r .  
White Oak Dam came from the  discharge o f  the Lime-Soda 
Plant  i n t o  White Oak Creek, 
contamination include the  ORNL storm and san i t a ry  sewers 
and leaching f r o m  the b u r i a l  grounds. I n s t a l l a t i o n  o f  a 
new process waste treatment p l an t  i n  which a '"Sr decon- 
tamination f ac to r  g r e a t e r  than 100 can be achieved, along 
with a reduction o f  I3l1 contamination through longer. decay 
per iods,  should decrease the  a c t i v i t y  l e v e l s  a t  White Oak 
Dam by allnost a f a c t o r  o f  2 .  
P rec ip i ta t ion- Ion  Exchange Process having a design feed 
r a t e  of 200 gpm i s  recommended, 
cos t  i s  $893,000 (1 971 d o l l a r s )  e If i n  the fu tu re  fu r the r  
decreases i n  the  discharge concentrat ions a t  W h i t e  Oak Dam 
a r e  desired,  it may be necessary e i t h e r  t o  s e a l  tine b u r i a l  
grounds with an asphal t  cover o r  t o  Temve "'Sr a t  m i t e  
Oak Dam,  The c a p i t a l  c o s t  for e i t h e r  of these procedures 
w i l l  be a t  l e a s t  $10 mi l l i on .  

More than 50% of the  "Sr a c t i v i t y  a t  

Other sowces  of "Sr 

I n s t a l l a t i o n  of  a Scavenging 

The estimated c a p i t a l  

1 . S W R Y  AND RECOMMENDATIONS 

This design study was concerned with determining the  requirements 

f o r  increased decontamination o f  ORNL process  waste and evaluating t h e  

processes  and techniques t h a t  could be appl ied ,  

def ine t h e  magnitude o f  the problem, it was necessayy t o  sury'ey t h e  exist-. 

ing da ta  concerning the  l e v e l s  of radioact ive contamination found i n  both 

branches o f  White Oak Creek and a l so  a t  t he  poijr*t o f  discharge from the 

r e s t r i c t e d  a rea  a t  White Oak D a m ,  

process waste treatment p l an t  on the  l e v e l s  o f  contalnination at, White 

In order  t o  properly 

Estimates of the  inpac t  o f  a new 
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Oak Darn were made based upon the  r e s u l t s  of t1ii.s survey. 

types of treatment p l a n t s  were considered i n  d e t a i l  i n  order  t o  e s t a b l i s h  

t h e  bes t  possible  process for i n s t a l l a t i o n  a t  ORNL. 
developed during the  survey and -the recommendations r e su l t i ng  f r o m  the  

design study aye summarized below, 

Alternat ive 

The information 

The r ad ioac t iv i ty  discharged by Oak Ri.dee National TAaboratory 

i n t o  White Oak Creek between 19144 and 1970 has decreased t o  

a f a i r l y  constant l e v e l  during the  l a s t  t h ree  years .  

present ,  the  rad ioac t ive  content of the  discharge in to  the  

Clinch River averages approximately 0 -3% of  t'ne r ad ia t ion  

concentrat ion guides (RCG) given i n  the  AEC Manual, Chapter 

052h. 

1311 ~ 

discharge of the  process  waste system (Lime-Soda Plan t )  i n t o  

White Oak Creek. Other sources include the  storm and san i t a ry  

sewei's, l eaks  in to  the  F i f t h  Street ,  Branch o f  Iql i te  Oak Creek, 

and a c t i v i t y  leached from b u r i a l  grounds i n  the  White Oak 

Creek Drainage Basin. A co r re l a t ion  o f  t he  strontium l e v e l s  

i n  both the Melton and Bethel Valley Branches o f  White Oak 

Creek with t h e  average nlonthly flow r a t e s  (assumed t o  be 

proport ional  t o  r a i n f a l l )  confirms t h a t  strontium i s  being 

leached from contaminated a reas  i n  both Melton Valley and 

Bethel Val ley.  

A t  

The p r i n c i p a l  i so top ic  offenders  include "Sr, 3H, and 

k r e  than 50% o f  t h e  "Sr a c t i v i t y  o r i g i n a t e s  from t h e  

3 ,  i n s t a l l a t i o n  o f  a new process  waste t reatment  p l a n t  which has 

a "Sr decontamination f ac to r  (DF) g rea t e r  than 100, along 

with t h e  reduction o f  1311 contamination through longer decay 

per iods,  should decrease the average a c t i v i t y  l e v e l s  a t  White 

Oak Dam by about a f a c t o r  of two. In addi t ion ,  divers ion o f  

the  l eaks  cu r ren t ly  flowing in to  the  F i f t h  S t r e e t  Branch and 

various sewers t o  a new process waste t reatment  p l an t  should 

f u r t h e r  decrease t h e  l e v e l s  a t  the Dam. Rased on these  e s t i -  

mates, the  following recommendations are made concerning a new 

pl-ocess waste treatme1:t p l an t :  
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( a )  Replace the Lime-Soda Process with a new process waste 

treatment p l an t  having a design base r a t e  o f  200 gpm, 

This 200-gpm design b a s i s  includes a 33% safety f a c t o r  

t o  allow f o r  fu tu re  sources o f  process  maste, drainage 

from contaminated a reas  i n  ORAIL, and provis ion  f o r  emer- 

gency processing of wastes normally released t o  White 

Oak Creek a f t e r  r e t en t ion  and m n i t o r i n g ,  

(b) The Scavenging P rec ip i t a t ion  - Ion Exchange (SP-IX) proces? 

i s  recormnended f o r  t h e  new process wasts treatment, p l an t  

as  long a s  p i t  d i sposa l  o f  the sludge i s  acceptable a t  OR?TL* 

However, i f  hydrofracturing i s  subs t i t u t ed  f o r  p i t  d i sposa l  

over t h e  long term, considerat ion should be given t o  ope r -  

a t ing  the Clar i f ica t ion- Ion  Exchange Process ( C - I X )  s ince 

it generates no sludge ( t h e  sludge i s  dissolxed i n  the  

e l u a t e ) .  

of e l u a t e  from the  ion exchange c o l u m s .  Design of  the 

major equipment items such t h a t  e i t h e r  flowsheet, can be 

used i n  the  p l an t  i s  s t rongly  recommended, Changes t h a t  

would be required include the  i n s t a l l a t i o n  o f  a d i f f e r e n t  

i on  exchange r e s i n  and add i t iona l  equipment f o r  a differen% 

type of chemical feed t o  the head end o f  the process ,  

However, the C-IX process produces l a rge r  ~ o l m e s  

( c )  The addi t ion  o f  anion exchange o r  an alumina colurmz ( f o r  

phosphate removal) t o  the  SP-IX process i s  not recornended 

because of the l a rge  volujnes o f  spent caus t i c  regeneran+# 

t h a t  would be produced and sen t  t o  the intermediate krraste 

system. These i tems would a l s o  increase the c a p i t a l  e s s t  

s i g n i f i c a n t l y  ~ 

the  problem o f  in t e rmi t t en t  high phosphate concentrat ions 

i n  the process  waste can be handhd hy accepting a shorter  

ion exchange system run cycle  (regenera t i on  daily ins tead  

of  every 2.3 days) and an equivalent increase in the CCP‘SI- 

sumption o f  regenerant chemicals a 

An alumina calm i s  not necessary I - e c  a w e  

(d)  Recycle o f  neut ra l ized  i o n  exchaoge e o l u ~ w i  regemz”ant; i n  

the SP-IX process i s  not reeonmended i w - a u s e  it - J ~ ~ ~ i L d  



increase the  n i t r a t e  concentrat ion i n  White Oak Creek 

( f rom 4 ppm t o  9 ppm), which could have a del.et,erious 

impact o n  White Oak Lake, 

The c a p i t a l  cos t  for i n s t a l l a t i o n  o f  t h e  SP-IX process a t  

OXNL has  been estimated t o  be about $893,000 (1971 doIl .ars) .  

I n s t a l l a t i o n  of a modified C-TX process  t h a t  would u t i l i z e  

the present  Lime-Soda Plant  equipmerlt would cos t  about 

$733,000 (I971 d o l l a r s ) .  However, t h i s  process  has not  been 

demonstrated on a p i lo t -p l an t  scale;  consequently, i t s  i n -  

s t a l l a t i o n  would e n t a i l  more r i s k  than  the SP-ZX process,  

which has  been demonstrated i n  a p i l o t  p l a n t .  

b 9  If ir; t h e  fu tu re  i t  becomes des i rab le  t o  reduce the discharge 

o f  a c t i v i t y  a t  Whl.te Oak Dai-n by as rmeh as a f a c t o r  of 10, it 

w i l l  be necessary t o  reduce the  discharge of 'Lo6~ii a d  13'-1 

by adding an anion exchange column to t h e  new process was-Le 

treatment p l an t  , However s ince s ignif icant ,  q u a n t i t i e s  of 

'"Sr escape from the  burial. grounds, it would al,so be neces- 

sa-ry t o  e i t h e r  ( 1  ) prevent ""Sr leaching a t  the  source o r  

( 2 )  remove "Sr at, White Oak Darn. 

c a p i t a l  cos t  f o r  e i t h e r  procedure amounts t o  a t  l e a s t  $10 

mi l l ion .  

A rough e s t i m t e  of the 

Prevention o f  leaching o f  '"Sr a t  the source might be accorn- 

p l i shed  by sea l ing  the  b u r i a l  grounds with an asphal t  cover 

a:zd dredging the  stream and lake beds.  An extensive drainage 

system t o  prevent groundwater f r o m  seeping i n t o  the b u r i a l  

g-rounds would probably be requj-red 

Removal of "Sr f rom the water flowixig ove r  Wnite Oak Dam 

would i r i ~ o l v e  d ivers ion  of t he  -a:coniarxLi?ated water in both 

branches of White Oak Creek al-ouxd t h e  contamixiated ayes by 

a system o f  canals  or  cu lve r t s  ;, 

res idua l  water at. the  dam coiild be asconplished by use of a 

large continu.ous io11 excha.z:i.ge qysten, but, waste  dtsposa l  

from .~i-iis p l an t  izrOi;ld become a m a j o r  consideration i n  t h i s  

case ,  

Decoritarnina.tion o f  the  



5 .  The source of a major por t ion  of t he  “Sr appearing a t  t h e  

process waste treatment p lan t  has  been t raced  t o  seepage 

underneath Building 3047 a 

reduce the  load on the  Lime-Soda Plant  and might poss ib ly  

f u r t h e r  reduce the ”Sr l e v e l s  i n  White Oak Creek i f  a 

port ion of t h i s  source i s  bypassing the waste treatment 

p l a n t .  

Elimination o f  t h i s  sOurce could 

2 ,  INTRODUCTION 

Process waste f r o m  Oak Ridge National Laboratory i s  e s s e n t i a l l y  a 

mixture o f  raw and t r e a t e d  water contaminated with small q u a n t i t i e s  o f  

radionucl ides .  I n  t h i s  study, process waste w a s  assumed t o  include a l l  

of  t h e  l i q u i d  waste discharged a t  White Oak Dam i n t o  the Clinch River ,  

This waste c o n s i s t s  o f :  

( 1 )  Discharge from the  process waste system a t  OJTKL. 

( 2 )  Discharge from storm d r a i n s ,  

(3)  Discharge from san i t a ry  d r a i n s ,  

( k )  Water from Bethel and Melton Valley drainage bas ins ,  

The flow o f  process waste a t  White Oak Dam v a r i e s  between 100 and 

5’00 mil l ion  g a l  per month, depending on t h e  amount of r a i n f a l l  i n  t he  

drainage a rea .  

f l a s h  storms, t h e  flow has increased t o  above 300 f t ” / sec .  

Average flow r a t e s  a re  about 12 .5  f t3/sec;  however, during 

This study examines the  sources o f  contamination i n  the  process uaste 

and proposes procedures f o r  reducing the discharges a t  White Oak Dam. 

It a l so  considers  longer-range p o s s i b i l i t i e s  f o r  f u r t h e r  reducing the  

l e v e l s  o f  contamination. 

term goals  a r e  also included i n  the  study. 

Estimated c o s t s  f o r  both the  short-  and long- 

2 .I Purpose o f  t he  Design Study 

The information included i n  t h i s  study r epor t  w a s  developed i n  order  

t o  properly def ine the  magnitude of t h e  problem and t o  provide possible  

so lu t ions  f o r  achieving a short6-term so lu t ion  t o  t h e  problem. Several 
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a l t e rna t ive  solut ions a re  included i n  order t o  present management with 

a wider l a t i t u d e  f o r  decision-making , I n  addi t ion,  possible  long-term 

solut ions are  a l so  suggested f o r  consideration a s  po ten t i a l  courses of 

ac t ion  i n  the fu tu re .  

2 .2  J u s t i f i c a t i o n  fo r  a Process Waste Treatment Plant  

Aqueous wastes, discharged a s  process waste from var ious f a c i l i t i e s  

within t h e  control led area of Oak Ridge National Laboratory, contain low 

l e v e l s  o f  r ad ioac t iv i ty ,  I n  addi t ion t o  these sources, which a r e  con- 

t r o l l a b l e  t o  a c e r t a i n  extent ,  there  a re  other  sources ( e  .g ,, storm drains ,  

san i ta ry  sewers, and leaks)  t h a t  may be corrected through extensive fu tu re  

changes i n  piping systems. However, one source, the a c t i v i t y  leached by 

groundwater from t h e  b u r i a l  grounds, w i l l  probably be very d i f f i c u l t  t o  

con t ro l ,  The wastes from a l l  o f  these sources f l o w  in to  White Oak Creek 

and a re  eventually discharged t o  the Clinch River over White Oak Dam, 

which i s  the  o f f i c i a l  discharge s t a t i o n  f o r  O m .  Figure 1 shows a p lan  

o f  a port ion o f  t he  process waste system. 

2.2.1 His tor ica l  Radioactive Discharge Record f o r  ORNL - 
Table 1 summarizes the annual discharges o f  a l l  important radio- 

nuclides,  specif ied i n  terms o f  cu r i e s ,  by ORNL t o  the Clinch River. 

record covers t he  period 1944-1970 and demonstrates t h a t ,  f o r  the pas t  

th ree  years ,  the quant i ty  discharged has remained e s s e n t i a l l y  constant .  

The p r inc ipa l  offenders include "Sr, 3H, and 13'I. 

i n  the Clinch River, expressed a s  a percentage o f  t he  permissible radia-  

t i o n  concentrations permitted by Federal  Regulations (AEC Manual 0524), 

average approximately 0.3%. 

was "Sr since it i s  not possible  a t  present  t o  reduce t h e  l e v e l s  o f  3H 
( the prime source o f  3H i s  located i n  Burial  Ground No. 5, Where it i s  

leached t o  the groundwater) except by decay9and the 1311 l e v e l s  may be 

decreased by increasing the  holdup times p r i o r  t o  re lease  t o  the waste 

system. 

The 

The l e v e l s  of a c t i v i t y  

The isotope of prime i n t e r e s t  i n  t h i s  study 
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Table 1 .  Annual Discharges of Radionuclides from ORNL to Clinch Rivera 

Total  
Gross Rare 

- Year Beta lJ7Cs lo6Ru "Sr Earths 144Ce g 6 Z r  'Qb lJII 6oCo 3H 

19t-14 6ooc 

19h5 500 

19h6 900 

1947 200 

1948 h9h 

1949 718 77' 110' 150' 77' 18' 180' 22' 7 P  

1950 191 19 23 38 30 15 42 19 

1951 101 20 78 ' 29 11 l L . 5  2 . 2  18 

1952 

f 953 

1954 

1955 

1956 

1957 

1958 

1959 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

2 1 4  9.9 

304 6.4 

384 22 

1137 63 

397 89 

54h 55 
937 76 

582 170 

2190 31 

2230 15 

1440 5.6 

470' 3.5 

23hd 6.0 

95 2.1 

ha 1.6 

4od 2 . 7  

lhf 2 

16e 1 .1 

1 3e 1 .)-I 

15 
26 

11 

31 

29 

60 

11-2 

520 

1900 

2000 

1l100 

430 

191 

69 

29 

1 7  

5 
1 .7 

1 .2 

72 26 

130 110 

140 160 

93 150 

100 1L0 

83 110 

60 94 

28 48 

22 2 4  

9.4 1 1  

7.8 9.4 

6.6 13 

3.4 5.9 
3.0 4 - 9  

5.1 8.5 
2 . 8  4.4 
3.1 h.6 

3.9 4.7 

150 240 

20 1 9  18 23 

7.6 3.6 2.1 

9.2 3.5 24 1 h 
5 . 2  5.7 7.0 85 

3.5 1 2  15 59 

13 23 7 . I  1 .2 

30 6 4 0 .2  

0.5 27  30 48 

5.3 36 45 27 

70 3.7 

6.7 

h"2 2 C  

2 . 2  7 .7  0.36 1 .2 

(3 .3h 0 .71 0 .bh 1 .5 
0.16 0.07 0.29 0.3 

0.33 0.33 0.20 0.1 

0.67 0.67 0.211 0.1 

0.1~9 0.49 0.91 0.2 

0.03 0.27 0.27 0.31 

0.02 0.18 0.18 0.54 
0.06 0.02 0.02 0.32 

6.6 

II .8 
8.7 

46 

77 

72 

31 

1 il 

1 Sd 
1 2  

1 4c 

d 

7d 3,0Y3e 

3d 13,273e 

l e  9,68se 

l e  12,247e 

1 9,1473 

aDischarges given i n  terms o f  c u r i e s .  

%inus cerium. 

'Data taken from 8RNL-lr035; gross  beta  o t h e r  than tritium, ORNL-j721.  

dData taken from ORNL-4286. 

Data obtained from Applied Health Physics Sect ion.  

eData taken from ORNL-4563. fResul t s  reported by H .  H.  Abee. 
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2 . 2 . 2  Sources o f  @"Sr Discharges a t  ORNL - 
Table 2 presents  an estimate (minor m d i f i c a t i a n s  o f  t h e  estimate by 

1 
E 

annual ly ,  

high value f o r  the  ranges noted. 

o f  t he  treatment p l a n t )  i s  believed to  have i t s  primary o r ig in  i n  the  

inleakage from the  equal izat ion basin t o  an abandoned sec t ion  o f  c l ay  

pipe _. This s torm sewer a l so  c a r r i e s  waste f rom Buildings 2000, 2001 

and 301 7 ,  

pr imari ly  from inleakage under Central  Avenue, where ea r th  was contami- 

J , Witkowski ) o f  the  t o t a l  quant i ty  o f  "Sr discharged ( i n  c u r i e s )  

The t o t a l  reported i s  the  sum of the  l i s t e d  sources using the 

The a c t i v i t y  i n  the s t o r m  sewer (west 

The a c t i v i t y  i n  the  san i t a ry  sewer i s  believed t o  or ig ina te  

nated by a leaking intermediate-level-waste l i n e  (removed from service 

years  ago).  

mainly the  r e s u l t  o f  seepage near waste tank WC-2 in to  the  s torm sewer 

running north t o  south between the  Radioisotope and 3039 Stack areas .  

This sewer j o i n s  the  Central  Avenue sewer t h a t  runs e a s t  t o  the F i f t h  

S t r ee t  §ranch. 

The leak in to  the F i f t h  S t r ee t  Branch i s  believed t o  be 

Table 2 .  Estimated Sources o f  "'Sr Discharges in to  FTnite Oak Creek 

Percentage 
- Ci/year of  Total  

Process waste system 2 .00 51 .3 

Storm sewer (west of treatment p l a n t )  o . O O ~  -0.02 0.5 

Sanitary sewer 0.36-0.72 18"s  

Leak in to  F i f t h  S t r e e t  Branch 0 .I 0-0 -34 8.7 

Melton Branch 0 -67 1'7.2 

Bur ia l  Ground 4 0 .I5 3 .a 

Total  (using high value f o r  ranges? 3 >90 100 .o 

Table 3 presents  data co l lec ted  during February 1977 f o r  the  sources 

of "'Sr i n  the  (Bethel Valley) Process Waste Collection System. The flows 

are  given i n  millions oE gal lons,  and the  ""Sr a c t i v i t y  i n  d i s in t eg ra t ions  

per minute per m i l l i l i t e r ,  These data ind ica t e  t h a t  about 0.8 Ci o f  ""Sr 
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was f ed  t o  the  Lime-Soda P lan t ,  with more than 70% of  t h i s  quant i ty  

(> 80% o f  measured t o t a l )  having i t s  o r i g i n  i n  N H - I I , ! L ~  

measured a t  MH--IlL ranged f r o m  55 t o  85% o f  t h e  known sources f o r  

January-March 1 9 7 1 ,  

seepage bel.ow MH-112 from eontaininated ground beneath Building 3047, 

The cont r ibu t ion  

It appears t h a t  the  bulk o f  this "Sr e n t e r s  v i a  

Tahle 3 .  Flows and "Sr Coneentration i n  Process Waste 
Col lect ion System Tabulated During February 1 971 

I 

Quant i ty  of  ' '~r  Sample Volume 
Point (mi l l ions  of  

Building (MI-I) g a Llo n s ) d i s  min-l m l " '  10" pCi 

301 9 2 5  0.05 4s 3 .a3 

Reactors ( +  30k7) I l k  1 .88 176 561.1 

3025, 3026 149 1 .12a 0 .6  1 . I 4  

351 7 209 0 . I6  147 40 
3508, 3503b 22 5 0.66 17 .9  20 .I 

Isotope a rea  234 0.33 110 61 .9 

235 0.029 0.02 

2026 240 0.25 < 0.01 0.001c 

2531 243 0.74 6 .I 76.9 

Diver si0 n bo xc 

Subto t a l  5 $66 768 

5.73 

7.5 63 805 d Trea-bment feed  

a 

bNot a l l .  bu i ld ings  o r  e n t r i e s  are l i s t e d ,  

A por t ion  o f  these flows has s ince been remved t o  the storm sewer. 

For t h i s  sample, the  primary 
source o f  a c t i v i t y  i s  bel ieved Lo be from t h e  Hott Storage Garden and 
sumps near Intermediate Level Waste Tanks WC-5,  -6, -'/, -8, -9, and 

, -2 ~ 

C 
Sampled d a i l y  f o r  opera t iona l  flaw, 
t o t , a l  pius Buil.ciing 350i; p l u s  in.leakage I 

Ind-fcated flow should equal sGb- 

'Pumping Y a t e  t o  Lime-Soda Pl.ar;t.. I-i; i s  of i n k r e s t  t o  xo te  t h a t  this 
f low for March azd AprLl ano:;l;ted t o  5 .7 and 3 .7 mil l ion  ga l lo i l s ,  
respect i7mly 
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. i. 

The wastes co l lec ted  by the  process waste system a r e  surged i n  the  

equal izat ion basin ( a  large ear then p i t )  before treatment,  and t h e  t reab-  

merit effluexlt i s ,  i n  tu-rn, surged i n  the s e t t l i n g  basin ( a l s o  a large 

ear then p i t ) .  

i n  the  feed .  

which the flash-mixer, coagulalor,  and c l a r i f i e r  a r e  incorporated i n  a 

concrete rectangiilar p i t  ~ 

ear ths ,  and g r m e i t e  Clay CLi0^vtaS ' " '7( :S e 

has accwnulated i n  the s e t t l i n g  basin.  Dorr-Oliver reported the  ""Sr 

content of these solids t o  be 3 IO5 d i s  rnin-lg-l and t h a t  3 15% o f  the 

"ST content i n  the  eff lxent  was associated with so l id s .  

apparent that, a O.Ol$ increase i n  entrained s o l i d s  i n  the  e f f luen t  would 

increase the  arnount o f  "Sr re leased by a f a c t o r  o f  2. 

charged by the  s e t t l e r  a re  cur ren t ly  disposed of i n  a waste p i t ,  Over 

the  long term, t h i s  method w i l l  Likely b e  replaced by hydrofract-me o r  

salt-mine d isposa l ,  Over t he  s h o r t  term, addition. of l r s s  c l ay  ( s i~zee  

l Z 7 C s  i s  not a major cont r ibu tor )  could reduce the  solids generation 

r a t e  I 

The Lime-Soda Tlant removes approximately t?(j% o f  t he  '"SI- 

T h i s  pla'nt i s  a t<ypir,al horizontal-flow water sof tener  in 

The CaGO, prec ip i t a t ion  removes " S r  and r a r e  

A considerable quant i ty  of solidi: 
2 

Thus, it i s  

The solids dis-  

2.2.3 Fffec t  o f  Rainfa l l  on the ""3r Act iv i ty  i n  m i t e  Oak Creek - 
The da ta  presented in Table L' ind ica te  t h a t  s ign i f i can t  levels  of 

strontium a c t i v i t y  a re  found i n  the  Melton Branch o f  Idhite Oak Creek. 

The main source o f  t h i s  contamination i s  probably Burial  Ground No, 5 
and the  o l d  7500 area waste pond, although the  l a t t e r  has recent ly  been 

covered TnTith a layer  of' a spha l t  e It i s  kriown t h a t  a h s t  a l l  o f  the  

t y i t i u m  released to White Oak Greek o r ig ina t e s  in Burial  Ground No. 5; 
thus it, i s  qu i t e  possible t h a t  s t ron-t iun,  along with tritiu;n, C O U ~ ~  ke 

leached f r o m  the saxe area .  

A co r re l a t ion  o f  the mzrthly- strontium l e ~ e l s  i n  the  MeZtori Branch 

o f  ~ ~ % i t , e  Oak Creek : : e t ~ e t n  cJani.mry i 969 and rdrarch 1 ?'/I with the average 

v o n t ~ r ; ~ ~  f l o ~  rates i o  ?he creek (assunled -LO be proportional LO rainfall 

i i i  t he  PIeEtor, Valley mitershed)  cor,firtris the assumption that, :=trogtiunr 

is k%ng leached from c,orLtami.nated a reas  i:i Melton Valley. 

shows tha t  a d e f i o i t e  cor re la t ion  exists hs+;ween the s t - ront i lm level,.: and  

F i g u r p  .7 
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the  Melton Valley Creek flow, and the  r e su l t i ng  co r re l a t ion  coe f f i c i en t  

of  0.826 confirms t h i s  r e l a t ionsh ip  e 

flow r a t e  o f  57.9 mil l ion  gal lons pe r  month, the  regression predic t s  a 

strontium a c t i v i t y  leve l  of  0 .Ob8 Ci/month o r  0.81 Ci/year , 

somewhat higher than the  value o f  0.67 Ci/year given i n  Table 2 ,  which 

was based on more recent  d a t a ,  

A t  the  average Melton Valley Branch 

This i s  

A similar  ana lys i s  was performed on the  strontium a c t i v i t y  i n  the 

Bethel Branch of White Oak Creek. 

i n  F ig .  3. 
r e l a t ionsh ip  ( co r re l a t ion  Coeff ic ient  = 0.821) between the  strontium 

l e v e l s  and the  f l o w  i n  the  Bethel Branch o f  White Oak Creek, The assump- 

t i on  t h a t  t he  flow i n  the Bethel Branch i s  representa t ive  o f  the  r a i n f a l l  

i n  the Bethel Valley drainage area might be challenged on the  bas i s  t h a t  

ORNL discharges process waste t o  t he  Creek, 

o f  t h i s  process waste i s  only a small f r a c t i o n  of the Bethel Branch f l o w ,  

the  assumption i s  probably warranted. The postulated strontium leaching 

e f f e c t  of t he  r a i n f a l l  i n  Bethel Valley might a l so  be due, i n  p a r t ,  t o  

increased discharges o f  strontium from the  Lime-Soda I l a n t  during per iods 

o f  high r a i n f a l l ,  

source o f  strontium with the  Bethel Branch flow r a t e s  f a i l e d  t o  demonstl-ate 

a s ign i f i can t  r e l a t ionsh ip  (see Fig ~ 4) 
Lime-Soda Plant and i t s  strontium discharge r a t e  a re  apparently independent 

of  r a i n f a l l  i n  the  a rea .  

s t r o n t i m  discharged by the  p lan t  i s  about 0.15; Ci/month o r  1 .8 Ci/year ~ 

This agrees  with the value o f  2 .O Ci/year given i n  Table 2 .  

The r e s u l t s  of  t h i s  ana lys i s  a r e  sham 

Again, the r e s u l t s  ind ica te  t h a t  there  i s  a s ign i f i can t  

However, since the  vol-me 

However, an attempt a t  cor re la t ing  the data  f o r  t h i s  

Therefore, the  e f f i c i ency  o f  the  

Figure 14 i nd ica t e s  t h a t  t he  average l e v e l  o f  

The r e s u l t s  of t he  aboqe r e l a t ionsh ips  ind ica te  t h a t  major sources 

o f  strontium contamination exist i n  both Bethel and Melton Valleys and 

t h a t  t he  amount o f  actii.Gty released by these soi-Irces i s  s t rongly depend~:nt 

on r a i n f a l l  i n  the  area 1oss ib le  loca t ions  of  these sowces include the 

contaminated gro:md u,nder 3u i ld ing  3Ob7 , the  ORNL Se t t l i ng  Basin, t h e  zon- 

taminated ground i n  the v i c i n i t y  sf Building 3525, Buria l  Growids Nos, 1; 

and 5, and the  (500 Area Wasfe Pond, 
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Fig .  b. Strontium Activity from the Process  Treatment Plant, 



A cor re l a t ion  of  t he  t o t a l  "Sr a c t i v i t y  with t h e  t o t a l  flow i n  

White Oak Creek i s  presented i n  F ig .  5. 
a t  any flow r a t e  may be estimated from the  following l i n e a r  regression 

equation: 

The t o t a l  strontium a c t i v i t y  

S = 0.083 4 0.001293E1, 

where 

S = strontium a c t i v i t y ,  Ci/month, 

F = t o t a l  White Oak Creek flow, mil l ions of  gal lons per  month, 

Since strontium a c t i v i t i e s  can be estimated a s  a funct ion o f  f low 

r a t e ,  t he  percentage o f  RCG can be determined a t  any l e v e l  o f  White Oak 

Creek flow. 

2.2.4 Effect o f  a New Treatment Plant  

The t o t a l  quant i ty  of  "Sr discharged during 1970 a t  White Oak Darn 

was about 3 .YO C i  (see Table 2 ) .  The e f f e c t s  o f  i n s t a l l i n g  a new process 

waste treatment p lan t  and eliminating the  leakages mentioned i n  Table 3 

on these discharges a re  presented i n  Table 4. 
w i l l  reduce the  c u r i e s  o f  "Sr discharged from the  treatment p lan t  .bo 

O.C$ curie/year .  The l a s t  column i n  Table 4 i nd ica t e s  . that  t h e  t o t a l  

"'Sr a c t i v i t y  discharged can be reduced t o  about 0.90 curie/year by 

d iver t ing  the  leakage in to  the sewers and F i f t h  S t r e e t  Branch t o  a new 

process waste treatment p l an t  where the "Sr would be removed. 

the  leaks  a re  corrected and t h e  present  p lan t  i s  re ta ined ,  t h e  discharge 

would be about 3.1 curies/year,  a s  indicated by column 4 i n  Table 4. 
These data demonstrate t h a t  a new trea-tinent p l an t  w i l l  provide a substan- 

t i a l  reduction i n  '"Sr discharges and t h a t  an add i t iona l  reduct ion could 

be achieved by correct ing l eaks  i n  the X-10 a r e a ,  

A new treatment p lan t  alone 

If only 

3 .  PROCESS WASTE TREBTMENT PLANT 

Replacement o r  modification o f  the  Lime-Soda Plant  has  been s tudied 

extensively i n  order t o  improve the  decontamination of  process waste .  

I l a n t  i s  cur ren t ly  removing about 80% o f  t h e  strontium a c t i v i t y ,  which i s  

The 
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Table 4. Effec ts  of Changes on ORNL Discharges a t  White Oak Dam 

Quant i ty  of  '"Sr Discharged Annually (C i )  

(1) After  
(11) 

After Diversion of  Leaks A f  t e  r 
Average Ins t a l l a t iDn  o f  a New from Sewers and Incorporating 

a t  Prqce ss Waste F i f t h  S t .  Branch t o  Changes 
So UI-c e Presenta Treatment Plantb Treatment Plant'  . ( I )  and (11) - 

Process uas t e  t r e a t -  2 .00 0 .05 

Storm sewer (west o f  0.02 0.02 

Sani ta ry  sewer 0.72 c .72 

Leak i n t o  F i f t h  0.34 0.34 

Bur ia l  Ground No. Li 0.15 0.15 

Melton Branch 0.67 0 .07 

Tota l  3.30 1 .?5 

ment p l an t  discharge 

treatment p lan t  

S t r e e t  Branch 

2 . 2 2  0.06 

0.02 0.02 

0.15 0.15 

0.07 0.67 

3 .a6 0 . i G  

%xiinurn value o f  ranges i n  Table 2 .  

b ~ s s J m e s  a 9 3 ~ r  DF o f  200 f o r  new pmcess  wast,e treatment p l an t .  Current DF i s  
about 5 .0 .  

'New Process Waste 'Treatment Plant no t  i n s t a l l e d .  



not s u f f i c i e n t  t o  prevent the occuri-ence o f  s ign i f i can t  l e v e l s  of radio-  

a c t i v i t y  i n  White Oak Creek (see  Sec t ,  2 )  + 

t h a t  could reduce t h e  strontium and cesium contamination by f a c t o r s  o f  

1OC)O and 100, respec t ive ly ,  would s i g n i f i c a n t l y  reduce t h e  discharge of 

a c t i v i t y  t o  White Oak Creek and the  Clinch River ,  

I n s t a l l a t i o n  of a new f a c i l i t y  

Two processes developed a t  ORNL have been considered for replacing 

t h e  present  treatment method, Ebth of these  processes  use ion exchange 

for the  removal o f  rad ioac t ive  nucl ides  and include p rec ip i t a t ion  s teps  

(which a r e  r e fe r r ed  t o  a s  head-end s t e p s ) .  

developed i s  known as the Scavenging-Precipitation Ion-Exchange Process; 

it has been demonstrated on a p i lo t -p l an t  scale  using O W L  process 

waste . 3 9 L  The second process ,  known a s  the  C la r i f i ca t ion  Ion-Exchange 

Process, i s  an adaptat ion of the  work by Yee' on the  Water Recycle Process ,  

It could also u t i l i z e  a continuous ion  exchange system, a s  demonstrated 

by Higgins. 

The first process t h a t  was 

r' 

6 

3.1 Design Flow Rates 

The data  presented i n  Table 3 ind ica t e  t h a t  t h e  monthly flow t o  the  

Lime-Soda Plan t  i n  February 1971 was about 7.5 mi l l ion  ga l ,  o r  an average 

d a i l y  flow r a t e  of 270,000 g a l .  However, recent  reduct ions i n  t h e  flows 

from two sources (see footnote  a, Table 3 )  decreased t h e  average flow 

f o r  t he  per iod of Apr i l  'I through August 30, 1371, t o  approximately 

11'/,000 gal/day, 

100 gpm during weekdays, 

treatment p lan t  designed f o r  t h i s  range of f l o w s  would requi re  t h a t  t he  

design b a s i s  be s e t  a t  100 t o  150 gpm. 

be made f o r  the following present  o r  fu tu re  sources of water t h a t  may 

have t o  be decontaminated i n  a new process  waste treatment p lan t :  

Currently,  t h e  normal. operat ing feed r a t e  i s  about 

(The p l an t  i s  shut down on weekends.) A new 

However, some allowance should 

(1 )  Process waste f r o m  fu ture  sources such as  new radiochemical 

processing f a c i l i t i e s  proposed f o r  Melton Valley.  

(2) Residual drainage f r o m  a r e a s  where contaminated water i s  

cu r ren t ly  leaking in to  s t o r m  and san i t a ry  sewers. Af te r  the 

sec t ions  o f  --aderground pipe t h a t  a r e  allowing contamination, 

t o  en te r  the  seweTs have been i so l a t ed ,  it may be necessary 
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t o  pump the  res idua l  inleakage t o  the  process waste system 

i n  order  t o  prevent bypassing t o  Wfl.ite Oak Creek, 

( 3 )  Provision f o r  emergency processing o f  wastes normally released 

d i r e c t l y  t o  White Oak Creek a f t e r  re ten t ion  and monitoring. 

The processing o f  these wastes can be spread out  over a 

reasonable period of time through tne use o f  r e t en t ion  ponds 

o r  the equal izat ion bas in .  

The da i ly  volume t h a t  might be generated by these sources has been 

estimated at; 70,000 gal/day. 

capaci ty  and require  a design base r a t e  of  200 gpm. 

r a t e  f o r  the p l an t ,  however, would be i n  the 7 00- t o  150-gpm range 

should be noted t h a t  normal chemical consumption and sludge production 

r a t e s  w l l l  be determined by the ac tua l  operating r a t e  and not by the 

200-gpm design base r a t e .  

This would add about 50 gpm t o  the p l an t  

The ac tua l  operating 

It 

3.2 Scavenging -Prec i p i t a  t ion Ion- Exc hange Pro  cess  

The chemical flowsheet f o r  t he  Scavenging-Precipitation Ion-Exchange 

Pmcess  (SP-IX) i s  given i n  F i g ,  6 .  

waste i s  ra i sed  t o  about 1 1  .8 by making the  waste 0.03 N i n  NaOR and, 

a t  t h e  same time, adding 5 ppm o f  Ee" a s  copperas, which promotes the  

formulation o f  a la rge  f l o c  f r o m  the  dissolved calci im and magnesium 

present  i n  the waste stream. Most o f  the  r-~I-?ixm and magnesium p r e c i p i t a t e  

a s  the carbonate and. hydroxide respec t ive ly .  D i r t  a lgae,  and radio- 

nuclides a re  a l so  ca r r i ed  down during t h i s  p rec ip i t a t ion  s tep ,  which takes  

place i n  the  flash-mixer, f l occu la to r ,  and c l a r i f i e r .  

I n  the  head-end s tep ,  the pH o f  t he  

- 

Coagulation of t he  precipi ta t ,es  i n t o  l a rge r  p a r t i c l e s  occurs i n  t h e  

f loccula tor ,  where ihe mixture i s  gent ly  ag i t a t ed  a t  1 rpm during a 15- 

min, residence time. 'The f l o c  leaves the Sot-tom o f  the f loccu la to r  and 

en te r s  t he  bottom o f  the c l a r i f i e r  v e s s e l ,  where separation o f  so l id s  i s  

acb.ieved by feeding the mixt i re  -throv.gh a sludge~-blan.ket.. 

high sludge blanket cons i s t s  o f  f lu id ized  pa'ticles of p r e c i p i t a t e  t h a t  

t rap  the  f l o c  and fu rn i sh  add i t  onal  nuc le i  to a id  i n  the p rec ip i t a t ion  

of add i t iona l  solids by c r y s t a l  growth. 

agglomerate, they s e t t l e  i n  the  water u n t i l  they form a slurry i r a  the  

The 14- t o  ,'.-ft- 

A s  parti.ches i n  the sludge blanket 
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bottom of the v e s s e l ,  

t o  provide "seed" nuc le i  t o  promote precipi ta t , ion.  

concentrated by centi-ifugation t o  a 30% s l w r y ,  which i s  su i t ab le  f o r  

disposal  v i a  b u r i a l  or hydrofracture .  

t'ne s lu r ry  w i l l  be discharged a t  a concentration o f  about &6 by weight and 

t ransported by tank t ruck .  

c la r i f i -ed  by a pol ishing f i l t e r  containing a f ixed  bed of an th rac i t e .  

Some of t h i s  s l u r r y  i s  recycled t o  the flash-mixer 

The remainder may be 

However, i f  p i t  d i sposa l  i s  used, 

The e f f luen t  from t h e  c l a r i f i e r  i s  f w t h e r  

After f i l t r a t i o n ,  the c l a r i f i e d  e f f luen t  having l e s s  than 10 ppm o f  

hardness i s  fed  t o  a ca t ion  exchange column containing sodium-form Duoli.Le 

CS-100 r e s i n ,  

weak-acid type r e s i n ) ,  which was selected because of i t s  high preference 

f o r  sorbing cesium over sodium present i n  the l i qu id  phase. 

o f  cesium does not  occur u n t i l  2000 bed volumes of waste have been f ed  

t o  the  column, To regenerate the  r e s in ,  the  column i s  removed from 

service; then the  bed i s  washed with one-half bed volume of water and 

i s  subsequently upfl.ow e lu ted  with f i v e  volumes o f  0.5 - N HN0, remaining 

from a p r i o r  regeneration. ' '  

almost a l l  .the sorbed hardness and r a d i o a c t i v i t y ,  Another f i v e  volumes 

This i s  a phenolic-carboxylic ca t ion  exchange r e s i n  (a  

Breakthrough 

._ 
This volume of ac id  e f f ec t ive ly  removes 

._ 

"Recent experience a t  a commercial reprocessing f a c i l i t y "  where Duolite 
CIS-100 i s  used f o r  low-level waste treatment has indicated some 
degradation of the r e s i n  during regeneration with n i t r i c  ac id .  
believed t h a t  p a r t  of the degradation was due t o  inadvertent regenera- 
t i o n  with n i t r i c  acid more concentrated than 0.5 c .  However, a t  o the r  
times t'ne reason f o r  degradation was not r e a d i l y  apparent.  Based upon 
t h i s  experience, it i s  recommended t h a t  a s e r i e s  of laboratory t e s t s  
be performed on cu r ren t ly  ava i lab le  Euolite CS-100 r e s i n  t o  determine 
the  ex ten t  of r e s i n  degradation during n i t r i c  ac id  regenerakion. The 
degree o f  degradation could be determined. by the capaci ty  o f  the r e s i n  
f o r  the Ia7Cs dissolved i n  the  low-level waste feed,  

It i s  
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of 0.5 N HWO, a r e  then f ed  to  complete t h e  elut ion;  however, t h i s  a.cid 

e f f luen t  i s  fed t o  a storage tank f o r  use during the  f irst  half  of  t he  

e lu t ion  cycle 0x1 the next regenera t ion ,  

one bed volume o f  water and converted t o  t he  sodium form by feeding 20 

volumes o f  0.1 - N NaOH i n  an upflow mode through the r e s i n .  

water i s  returned t o  the equal izat ion basin,  while t h e  0.1 N NaOH is 

sent t o  storage t o  be used f o r  adjust ing the  pH of the  feed t o  the  head- 

end s t ep .  

- 

The bed i s  then r insed with 

The ri?ise 

- 

Variat ions to  the  flow sheet t h a t  have been demonstrated include: 

(1  ) the  addi t ion  o f  an alumina column ti, remove phosphates from the  

p l an t  feed i n  case the  phosphate content becomes excessive (a phosphate 

content > 1 ppm prevents p r e c i p i t a t i o n  of t he  calcium i n  the head end), 

( 2 )  p rovis ion  for t he  recycle of  the  ion exchange e lua te  t o  tjle head end, 

which, i n  tu rn ,  requi res  the  addi t ion o f  Grundite c l ay  t o  the f lash- .  

mixer t o  increase the  e f fec t iveness  o f  cesium remva l ,  and ( 3 )  the  addit.ic?n 

of an evaporator t o  reduce t h e  zrol~me of  e lua te  sen t  t o  the intermediate- 

level waste system. The evaporator might a l so  be used t o  den i t r a t e  the 

e lua t e  f o r  the purpose o f  recovering n i t r i c  acid f o r  recycle - but t h i s  

step has not been demns t r a t ed .  These v a r i a t i o n s  a r e  discussed i n  the  

subsections t h a t  f o l l o w .  

3.2 .I  I n s t a l l a t i o n  os" an Alumina Colurmi 

I n s t a l l a t i o n  o f  an alumina column f o r  phosphate removal has not been 

included i n  t h e  proposed process a s  an a l t e r n a t i v e  because the equipment 

required f o r  t h i s  step would be la rge  and r e l a t i v e l y  expensive, and imuld 

be used only a small f r a c t i o n  o f  the  time. The estimated cos t  for a 

9-ft-diam alumina column p lus  associated caus t ic  and n i t r i c  acid tanks 

f o r  regeneration i s  about $135,000. It i s  believed t h a t  a less expensive 

and more p r a c t i c a l  way of providing f o r  high phosphate l e v e l s  i n  the feed 

would involve accepting a shorter  run cycle during periods o f  high plios- 

phate concentratiqns i n  the  plant feed For example, Brooksbank 3 found 

t h a t  5 ppm o f  Turco i~32;; ( a  detergent)  i n  the feed reduced the number of  

ca t ion  r e s i n  bed ~ o l m e s  required to achieve breakthrough from 2000 t o  882. 
Since a ca t ion  bed is desigued t o  operate for 2.3 days (based on 2000 bed 



volumes), reduct ion o f  t h e  breakthrough poin t  t o  900 bed volumes would 

decrease the  run time to  about one day; therefore ,  t he  beds would have 

t o  be regenerated d a i l y  during per iods o f  high phosphate l e v e l s  i n  the  

p lan t  f eed ,  

per iods o f  operat ion when phosphate l e v e l s  a re  high.  Regenerant c o s t s  

would increase d u r i w  these per iods,  but would be lower than the  c o s t s  

f o r  operat ing an alumina column, 

This schedule would probably be acceptable for i n t e rmi t t en t  

3 . 2 . 2  Recycle o f  Ion &cha.nge Eluate 

Recycle o f  neut ra l ized  regenerant from the  ion  exchange process was 

successful ly  demonstrated during two Low-Level P i l o t  Plant  runs e 4  

was necessary to  add Grundite c l a y  t o  the process  head end i n  order  t o  

improve the  r e t en t ion  o f  cesium i n  the  sludge withdrawn f r o m  the c l a r i -  

f i e r  ~ (Grundite i s  a c l ay  containing 65 to  75% i l l i t e ,  10 t o  20% kaol in-  

i t e ,  and 5 to  15% quar tz  , )  
per thousand gal-lons o f  waste.  

disposal  o f  t h e  ion  exchange column regenerant but increases  the  volume 

of  sludge and adds n i t r a t e  t o  the low-level waste.  Tne n i t r a t e  concentra- 

t i o n  o f  t he  waste leaving the  p l a n t  would be about '7'7 pprn; however, it 

would be d i l u t e d  by White Oak Creek t o  an average concentration o f  about 

21. ppm and a maximum o f  9 ppm during per iods o f  low flow. 

o f  t h i s  fea.ture i n  the  proposed process was r e j ec t ed  because of  the 

r e s u l t i n g  increase i n  n i t r a t e  concentration i n  White Oak Creek, Although 

11~5 ppm o f  n i t r a t e  i s  permissible i n  dr inking water according t o  cur ren t  

U . S .  Public Health Drinking Water Standards, the estimated I: t o  8 ppm of  

n i t r a t e  could have de le t e r ious  e f f ec t s ,  such as eutrophicat ion,  on White 

Oak Lake and a l t e r  i t s  usefulness  as  an ecological  research f a c i l i t y .  

example, it has been suggested t h a t  the  c r i t i c a l  l e v e l s  o f  inorganic 

phosphorous a.nd ni t rogen a r e  0.015 pprn and 0.3 ppm, respect ively;  above 

.these, a l g a l  blooms can be expected, '  The n i t r a t e  content  o f  the lake 

would probably be a f a c t o r  o f  10 above t h i s  c r i t i c a l  level i f  t h e  proposed 

process  were used. 

it 

About 0.7 l b  o f  c l a y  was added a s  a slurry 

This procedure el iminates  the  need f o r  

Incorporation 

For 



3.2.3 Ebaporation o f  Ion Exchange Eluate 

...... 

The addi t ion  o f  an evaporator t o  reduce the  volume o f  e lua te  sent, 

t o  t h e  ORNL Intermediate-Level Waste Evaporator has been included i n  the  

proposed flawsheet.  If the  e lua t e  f r o m  ion exchange regeneration is not 

evaporated, i t s  volume w i l l  amount t o  about 1680 g a l  per regeneration, 

o r  about 730 gpd. After  neut ra l iza t ion ,  this would comprise approximately 

IO," of t h e  average d a i l y  evaporator load (8000 gpd) e 

e lua te  i s  e s s e n t i a l l y  a low-level waste and would not requi re  extensive 

shielding, evaporating it a t  the  process waste p lan t  i n  a small, l i g h t l y -  

shielded evaporator would be more p r a c t i c a l  than increasing the  load on 

the ORNL Intermediate-Level Evaporator by 10%-  

t h a t  some acid can be recovered during t h e  evaporation, but  t h i s  w i l l  

have t o  be determined experimentally. Therefore, a small wiped-film 

evaporator capable of reducing the  e lua t e  volume by a f ac to r  o f  30 was 

included i n  the  process design o f  the  p l a n t .  

can be mixed with f r e s h  concentrated n i t r i c  ac id  (15.3 M )  f o r  use a s  ion 

exchange column regenerant and thus  circumvent the problem o f  disposing 

o f  t h i s  waste. The r e su l t i ng  volurne of waste sent  t o  the intermediate- 

l e v e l  waste s y s t e m  w i l l  be about 56 g a l  per regeneration o r  24 gpd. 

A wiped-film evaporator was t e n t a t i v e l y  chosen f o r  t h i s  operation because 

o f  i t s  capab i l i t y  f o r  handling p r e c i p i t a t e s  t h a t  may be formed during 

evaporation 

However, since the  

A l s o ,  it i s  possible  

Overhead f rom the evaporator 

- 

3 * 2 , b  Modification o f  t h e  Lime-Soda Plant f o r  the Scavenging- 
PreciDitat ion Ion- Exc h a x e  Proce ss 
- - 

Consideration has been given t o  using t h e  present Lime-Soda Plant  

as  a head-end f a c i l i t y  f o r  t h e  SP-IX, 

would include t h e  polishing f i l t e r s ,  t h e  ion  exchange c o l ~ ~ m s ,  and 

aivxiliary regeneration equipment (I I-Iowever, the  lime-soda process would 

have t o  meet the  hardness and pH spec i f ica t ions  f o r  the feed t o  t he  ion  

exchangers [ i  .e o 9  < 7 0  ppm hardress  ( a s  calcium carbonate) and a pB o f  

11 .7] 
of 20 t o  30 ppm acd a pH below 11 .O,, Therefore, it would be necessary 

t o  add addikional lime ard. sodium carbonate to  reduce the hardness and 

ir_zrza.j.e the  pH t o  11 o ' 7 e  This smuld increase the  vaPdme oi" sludge 

The addi t iona l  equipment required 

A t  present ,  the eff9uent from t he  Lime-Soda Plan t  has a hardness 
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s i g n i f i c a n t l y ,  Al te rna t ive ly ,  NaOH could be subs t i tu ted  f o r  t hese  

reagents ,  bu t  the  f e a s i b i l i t y  of  t h i s  s t ep  has  not been inves t iga ted .  

Consequently, a recommendation t h a t  the Lime-Soda Plan t  be used f o r  t he  

SP-IX process cannot be made u n t i l  extensive t e s t i n g  demonstrates t h a t  

it can be operated under the  same condi t ions a s  the equipment developed 

f o r  the  Low-Level- P i l o t  P l an t .  

3.3 C l a r i f i c a t i o n  Ion-Exchange Process 

The chemical flowsheet f o r  t h e  C-TX process  i s  given i n  F ig .  7 .  The 

processing s teps  a re  s imi la r  t o  those used. i n  t h e  SP-IX process.  The main 

d i f fe rence  between t h e  t w o  processes involves the  loca t ion  a t  which t h e  

bulk of t h e  hardness i s  removed from the  process  waste. 

process,  t h i s  i s  accomplished i n  the  head end a t  a high pH; i n  the  C - I X  

process,  it i s  accomplished i n  t h e  ca t ion  exchange c o l m  a t  a pIi near 

n e u t r a l .  The head-end s t ep  i n  the  C - I X  process serves only  t o  remove 

algae,  co l lo ids ,  and s o l i d s  t h a t  may contain a c t i v i t y  from the  process 

waste.  Removal of  such mater ia l s  i s  accomplished through the use of 

coagulants, followed by c l a r i f i c a t i o n  to r emve  the p rec ip i t a t ed  s o l i d s  

from the  system. Fewer s o l i d s  a r e  produced during t h e  head-end s tep ,  

but more e lua t e  i s  produced by the  ion  exchange s t ep .  A de t a i l ed  ana lys i s  

o f  t h e  advantages and disadvantages o f  t he  SP-IX and C - I X  f lowsheets i s  

presented i n  Sec t .  3.6 The Nodified C l a r i f i c a t i o n  Ion-&change (Modifiec? 

C - I X )  process would use t h e  lime-soda equipment f o r  the  head-end t reatment  

I n  the  SP-PX 

s t ep .  

Raw waste i s  fed  t o  t h e  C- - IX  process a t  the design r a t e  of 200 gpm 

o r  l e s s ,  It i s  mixed with a.lwn t o  y i e ld  concentrat ions up t o  25 ppm [a s  

A 1 ( S 0 , ) , 3 ]  and wi th  ac t iva t ed  s i l i c a  t o  give concentrat ions up t o  1 ppm. 

The amounts of  coagulants used a re  es tab l i shed  by measwing the  zeta 

p o t e n t i a l  o f  t h e  flcjc r e su l t i ng  from coagulation of  the  c o l l o i d s  present  

i n  the  p m c e s s  waste ,  Zeta p o t e n t i a l  measurements deteixline the  el-ectro- 

phore t ic  mobil i ty  o f  t h e  f l o c  immediately a f t e r  t he  flash-mixing s tep  

Y-ee s t a t e s  t h a t  a zero (with a tolerance of rt 5 mV) zeta  p o t e n t i a l  i s  

prefer red  i n  o rde r  t o  neu t r a l i ze  the mutual r epe l l i ng  fo rces  of  the  co l -  

l o i d s  e 

.- 5 

However, Neuma.nn9 ind ica t e s  that, negative p o t e n t i a l s  a s  high a s  
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-16 mV a re  prefer red  i n  order  t o  reduce the volume of  sludge produced 

and provide r e s idua l  s o l i d s  f o r  precoating the  f i l t e r  beds.  

system i s  designed for maximum dosages, opera t ion  a t  less than these  

l eve l s  should not present  problems i n  the  chemical feeding system. The 

s i l i c a  system includes equipment f o r  t he  batch producti.on of  an ac t iva t ed  

s i l i c a  sol by reac t ing  sodium bicarbonate wi th  a s i l i c a t e  so lu t ion  and 

aging the sol p r i o r  t o  feeding it t o  the flash-mixer.  

Since t h e  

The flash-mixer provides a 15-sec holdup time for mixing t h e  coag- 

u l a t ing  chemicals with the waste.  

place i n  the  a g i t a t e d  f loccu la to r  f o r  20 min, followed by c l a r i f i c a t i o n  

i n  a sludge blanket  c l a r i f i e r  having a holdup time of about 60 mine 

So l ids  removed from t h e  c l a r i f i e r  could be centrifuged. i f  they a r e  t o  be 

drum stored or shipped, but t h e  recommended procedure involves d i s so lu t ion  

i n  the ion  exchange column e lua te ,  which r e s u l t s  i n  only one waste stream 

f o r  the process .  Clear water leaving t h e  sludge blanket c l a r i f i e r  i s  

pressurized and then c l a r i f i e d  f u r t h e r  by an anthraci te-bed pol ishing 

f i l t e r ,  which reduces t h e  t u r b i d i t y  t o  less  than 0 .Os Jackson Turbidi ty  

Units .  

decontaminates the  waste wi th  regard t o  137Cs and "Sr a c t i v i t y  and 

removes the  calcium and magnesium hardness a t  t h e  same -time. Further 

decontamination may be obtained, i f  required,  by the  addi t ion  o f  an anion 

exchange bed and an ac t iva t ed  carbon bed,' 

bed r equ i r e s  e l u t i o n  with th ree  bed volumes of  4 N 14N0,3 remaining from t h e  

p r i o r  regenerat ion ( t o  remove most of t he  s a l t s  f r o m  t h e  bed) ,  followed 

by e l u t i o n  with three  bed volumes of f r e sh  14 N HNO,. 

bed volumes a r e  re ta ined  f o r  use i n  the  next regenerat ion.  

p a r t  o f  t he  n i t r i c  ac id  i s  used f o r  reinoval o f  s a l t s  from the  bed, it i s  

necessary to  evaporate the  first a c i d  f r a c t i o n  t o  recover most o f  the  

unused ac id  f o r  subsequent regenepations.  'This n i t r a t e  r e m v a l  reduces 

the quantiky o f  waste s a l t s  s i g n i f i c a n t l y  because all w a s t e s  sent  -to be 

hydrofractiired must be neubralized f irst ,  and any excess n i t r i c  ac id  i n  

the waste stream would be coTlverted t o  sodium n i t r a t e .  'The evaporator 

d.11 reduce t,he volume o f  elua'ce by a fae- tor  o f  about 1s and provide 

approximately 75% o f  t h e  f r e s h  n i t r i c  acid. f o r  the next regenerat ion,  

Wash water used dux-ing i k  regenerat ion j.s recycled t o  the  head end of  

the  process  s ince it does not  conta in  appreciable  a c t i v i t y  , 

Flocculat ion and c l a r i f i c a t i o n  take 

An ion exchange bed of  Dowex 50W-X8 strong-acid r e s i n  e f f e c t i v e l y  

Regeneration o f  the  ca t ion  

- 

The l a t t e r  th ree  

Since only  
- 



3.4 Capi ta l  Costs 

The c a p i t a l  c o s t s  frpr t h e  SP-IX and C - I X  f lowsheets a t  a 2CiO-gpm 

capac i ty  have been estimated a s  p a r t  o f  the o v e r a l l  study. 

were prepared under the  following assumptions: 

The est imates  

( 1 )  A l l  cos t s  a r e  f o r  17'71 and contain no provis ion f o r  e s c a l a t i o n ,  

Delay i n  the construct ion of the p l an t  w i l l  increase these  

c o s t s  bjr an estimated 5% per year a t  the  present  r a t e  o f  con- 

s t ruc t ion  cos t  e sca l a t ion  e 

(2 )  Space f o r  the p lan t  i s  assumed t o  be ava i lab le ,  and no allorrs- 

ance i s  made f o r  s i te  developnent o r  construct ion o f  t he  plant  

i n  a contaminated a r e a .  

(3) A 1 1  se rv ices  a r e  assumed t o  be ava i l ab le  a t  the  p l an t ,  and no 

allowance i s  made for bringing i n  add i t iona l  s e rv i ces ,  

(4) Feed for t he  p l an t  w i l l  come from the present  equal iza t ion  

bas in ,  and t h e  decontaminated waste w i l l  be discharged t o  t h e  

present  s e t t l i n g  basin o r  White Oak Creek. 

(5) The c o s t s  for disposa l  o f  t h e  wastes from the  p l an t  a r e  in- 

cluded i n  the operating c o s t s ,  but no est imates  have been m d e  

t o  determine the cos t  of' addi t iona l  f a c i l i t i e s  ( i f  needed) t o  

handle these  wastes 

(6) The equipment w i l l  be designed, f ab r i ca t ed ,  and i n s t a l l e d  by 

an outs ide vendor( s)  

( 7 )  Dismantling o f  the present  I,ime-Soda Plant  i s  not  included i n  

t h i s  cos t  es t imate  . Also 

the  pr=esent p l an t  equipment except i n  the  case o f  t he  Modified 

C - I X  process,  where the  Lime-Soda P lan t  could be used f o r  the 

head-end s t e p  

no allowances a r e  made f o r  xsimag 

Infgrmation on the  c o s t  of the spec ia l  process  equipment FJBS  obtak-ml 

pr imar i ly  from veridoss i n  the water treatment eqiulpment business 

cos t  of tanks,  pmpss  piping,  and in su la t ion  were obtained from Page, 

w i t h  allowances being made f o r  e sca l a t ion  between 1963 and lY7l 

Stockdale a s s i s t e d  ir, var ious sec to r s  01 t he  cos t  estirriate, The data  

'The 
1 (3 
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f o r  the Modified C - I X  p lan t  represent  an approximation because it i s  not  

possible  t o  determine the extent  t o  which the  present Lime-Soda ;Plant 

equ.ipment could be used without a de ta i led  engineeri-ng study 

s ive  modifications a r e  found t o  be necessary, the estimated c o s t s  w i l l  

have t o  be corrected accordingly.  

If exten- 

Resul ts  o f  t he  c a p i t a l  cos t  estimates a r e  shown i.n Table 5. Three 

a l t e r n a t i v e s  a re  shown: 

and (3) the  modified C - I X  process.  

( 1 )  the  SP-IX process, ( 2 )  the C - I X  process,  

Table 5. Capital  Cos t  Estimates f o r  200-gpm SP-IX, C - I X ,  
and Modified C - I X  Flowsheets 

~- ~- - -~ 

Modified 
Item SP-IX c - L X  e-IX -- 

Tanks $ 66,600 $ 76,200 $ 61,100 
Pump s 22,600 26 , 000 20,000 

Special  equipment 

Prec i p i  t a t  ion.  

Polishing f i l t e r s  

38,300 38,300 
7,500 7,500 7,500 

Cation exchangers 60,900 50 ,900 60, goo 
Anion exchangers 

Eh-aporator 

Sludge handling 

Piping and insu la t ion  

13,300 13,300 13,300 
36 200 36,200 36,200 

3,600 
1.!5,900 50,700 39 , 000 

I n s  t Yume n t s and e Le c t r i c  a 1 11&500 ?51,000 145,000 

Building and fowndations 

( a )  Subtotal  

119,~OO 119 500 80,000 -J _. 
563,900 579,600 hh3,OOO 

(b )  Design and engineering, a t  32% 180,500 18s,sOO 1lc8,200 
of (a> 

148,goo 153,000 133 T O O  Contingency, at, 20% o f  ( a )  3- ( b )  -- I_______ -ZL 

$893,300 $91 8,100 $733,400 
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The Pbdified 6-IX process would have t h e  lowest c a p i t a l  cos t ,  

pr imari ly  because o f  the  savings associated with eliminating the precip- 

i t a t i o n  equipment, However, a s  mentioned above, t h i s  assumes thaL 

extensive modifications o f  the Lime-Soda Plant  equipment w i l l  not be 

required.  Whether such an assimption i s  v a l i d  can be determined only 

through a de t a i l ed  engineering study. 

the cos t  w i l l  be approximately $2:;,000 more than a new SP-IX p lan t  

because o f  t he  more complex feeding system required.  

addi t iona l  tanks and pumps are  needed f o r  preparat ion o f  t he  ac t iva ted  

s i l i c a  reagent .  ) 

If a new C - I X  p l an t  i s  considered, 

( I n  the  C - I X  system, 

A rough comparison can be made o f  the  above c a p i t a l  c o s t s  with those 

ac tua l ly  paid f o r  a 200,000-gpd SP-IX p lan t ,  cornpleted a t  Reprocessing 

Plant  X during the  secohd quar te r  o f  1971 , However, adjustments should 

be made f o r  t h e  higher cost  o f  labor a t  the  new plan t  s i t e  ( labor  cos t  

f o r  Plant  X = 1 .83 x Knoxville labor  cos t  per Dodge Index) and t he  

addi t iona l  lagoons, underground piping,  and add i t iona l  so l id s  handling 

equipment required a t  t h a t  s i t e ,  

$900,000, 

subtracted f o r  t h e  addi t iona l  f a c i l i t i e s  required a t  Plant  X. 

es t ab l i shes  an est imate  of $740,060 f o r  an OIWL p l a n t .  

about $153,000 l e s s  than the estimate given i n  Table 5, i t  may be con- 

sidered t o  be i n  f a i r  agreement, taking into account t he  rough assump- 

t i o n s  t h a t  were made and the  difference i n  capaci ty  f o r  the  two p l a n t s ,  

Tne i n s t a l l e d  cos t  o f  Plant  X was about, 

A rough estimate ind ica tes  t h a t  about $IbO,QrJO should be 

This 

Although t h i s  i s  

3.5 Operating Costs  

Operating c o s t s  f g r  any of t,he flowsheets under consideration should 

include t h e  c o s t s  f o r  d i sposa l  o f  the wastes generated by the  process ,  

However, methods t o  be used for disposiag these wastes can only  be sug- 

gested a t  the present time, and the  cos t s  associated with them can only 

be roughly est imated,  Far example, the sludge from the  present Llme-Soda 

Plant  i s  t ransported t o  Waste F i t  No. 4, where the supemat,e i s  allokred 

t o  seep o u t .  I n  t h i s  way, admntage i s  taken o f  the i o n  exchange proper- 

t i e s  o f  t he  soil t o  sorb a c t i v i t y  t h a t  imy be dissolvt?d i r ?  ‘rho s o l u t i o n ,  

This p rac t i ce  may be c o n t b u e d  only u n t i l  Fit No. 4 i s  f i l l e d  ~ A$ that, 



time, a dec is ion  w i l l  have t o  be made concerning whether p i t  d i sposa l  of 

sludge w i l l  be continued o r  whether an a l t e r n a t i v e  procedure such a s  

hydrofrac tur ing ,  b u r i a l  o f  concentrated sludge i n  drums, o r  shipment o f  

the  sludge bo the National Repository w i l l  be used.. Fxological considera- 

t i o n s  w i l l  c e r t a i n l y  p l ay  an important ro l e  i n  the ul t imate  decis ions 

t h a t  will be made concerning t h e  problem. 

Because of the  uncer ta in ty  i n  t h e  waste d i sposa l  procedures t o  be 

used, two o f  t h e  several  poss ib le  modes o f  operat ion have been se lec ted ,  

and c o s t s  have been estimated f o r  opera t ion  under the corresponding 

condi t ions ,  The f irst  assumes t h a t  a l l  sludges a r e  buried i n  the  waste 

p i t s  and t h a t  the  e lua t e  i s  disposed of by hydrofracturing o r  some o the r  

procedure having a cos t  comparable to  the  cos t  of  hydrofracturing. The 

cos t  assumed for p i t  d i sposa l  was 3k per gal lon of  sludge; t he  cos t  f o r  

hydrofrac tur ing  was assumed t o  be 30hlgal.  A second poss ib le  operat ing 

mode assumes t h a t  a l l  wastes,  including the  sludges,  a r e  hydrofractured 

o r  disposed o f  i n  a comparable manner. It a l so  assumes t h a t  the sludges 

could be hydrofractured a t  a 10% (by weight) concentration and t h a t  t he  

c o s t  of hydrofracturing would again be 30g?/gal a 

Operating c o s t s  f o r  t he  var ious  processes  include: (1 ) f ixed  charges, 

assumed a t  10% of  the  o r i g i n a l  investment per  year; ( 2 )  labor  and super- 

v i s ion ,  assuming 8 h r  per  day of operat ing t i m e  and 1-1/2 s h i f t s  per  week 

f o r  supervision; (3)  u t i l i t i e s  including steam a t  $1 .OO pe r  thousand 

pounds, and ( j i )  chemical c o s t s  taken pi-imarily from cur ren t  da ta  i n  the  

' ! O i l ,  Paint ,  and D r u g  Reporter . I f  Al.thoi~.gh the  p l an t  i s  designed f o r  a 

200-gpm feed i-ate, the operat ing c o s t s  a r e  based upon operat ion a t  150 

gpm because t h i s  w i l l  probably be c lose r  t o  the  normal operat ing r a t e .  

The SO-gpm di f fe rence  betTdeen design and operat ing feed r a t e s  serves a s  

a sa fe ty  f a c t o r  t o  cover per iods of p lan t  downtime, add i t iona l  q u a n t i t i e s  

of process  water from new o r  elvpanded f a c i l i t i e s ,  and process water from 

f a c i l i t i e s  where treatment i s  only  required on an emergency b a s i s .  

The r e s u l t s  f o r  p i t  d i sposa l  o f  the  sludge a re  given i r r  Table 6. 
Note t h a t  the  waste handling c o s t s  f o r  the  C - I X  flowsheets a r e  more 

than twice those f o r  the  SP-IX f lowsheet .  The rea,Ton for t h i s  i s  t h a t  

the  C - I X  f?-oowsheet produces only  an e lua t e  so1r;tion ( the  sludge i s  

- 



Table 6 .  Comparison of  Opera t ing  Costs a t  I j C  gpm, Assuming P i t  Disposal o f  Sludge 

Process  

SP-IX c-IX c-IX 
Mod if i e d  

C a p i t a l  cos t  (200-gpm p l a n t  ) , d o l l a r s  9?3,300 91 5,130 i33,i iO:, 

Operating c o s t s ,  c e n t s  per I300 g a l  o f  low- leve l  was te  

Fixed charges, a t  It$ o f  o r i g i n a l  investment 

Labor and supe rv i s ion  

U t i l i t i e s  

Chemicals 

N i t r i c  a c i d  

Caus t ic  soda 

S u l f u r i c  a c i d  

Coagulants 

T o t a l  chemicals 

Waste handling 

Sludge d i s p o s a l  (3d/gal) 

Eluate d i s p o s a l  ( j 'k /gai)  

To ta l  wa,cte handl ing  

Tota l  ope ra t ing  c o s t  - - - - - - - - - - - - - - - - - - -  

1 .4 
16.6 

5 . 2  

l i 3 .3  

53.9 

2.5 

- 
23.2 

I 1  .1 

9.7 

i-16.5 

53.9 

5 .? 

93.3 

5'3.9 
,. 1'3 

I 1  .1 

9.7 

1 .1 - 
21 .3 

Annual opera t ing  c o s t ?  d o i l a r s  162,500 1 so,$c 162,;ICO 



dissolved i n  the  e lua te  i n  the C - I X  process) ,  which i s  m r e  expensive 

t o  handle,  The r e su l t i ng  high waste handling c o s t s  tend t o  make the 

C - I X  process more expensive than the SP-IX process,but the charges f o r  

the Modified C - I X  process a r e  about t h e  same a s  t'nose f o r  the  SP-IX 

process ,  

The data i n  Table 7 i nd ica t e  t h a t ,  i f  a l l  of the wastes a r e  hydro- 

f rac tured ,  the SP-IX process may be somewhat more expensive than tlne 

o ther  t w o  candidate processes.  The reasons f o r  t h i s  a r e  twofold: 

( 1 )  the SP-IX process must include a cent r i fuge  to  concentrate the sludge 

i f  5.t i s  t o  be hydrofractured; and ( 2 )  the  sludge p lus  e lua t e  volumes 

a r e  s t i l l  grea te r  than the e lua t e  volumes f o r  the C - I X  f lowsheet.  

fo re ,  it appears t h a t ,  a t  t h e  present  time, t he  SP-IX process should be 

i n s t a l l e d  and p i t  d i sposa l  of the  sludge should be spec i f i ed ,  However, 

over the  long term, considerat ion should be given t o  changing the C - I X  

flowsheet if  more expensive methods such a s  hydrofracturing become neces- 

sa ry  f o r  both the sludges and the e lua t e .  Further,  s tud ie s  should be made 

on both flowsheets t o  determine which operat ing condi t ions w i l l  minimize 

the waste volumes because the c o s t s  for waste handling a r e  among the most 

expensive operating c o s t s  and the re  i s  a good p robab i l i t y  t h a t  they could 

be much higher than the rough est imates  given i n  Tables 6 and 7 .  

There- 

3.6 Comparison of  t he  SP-IX and the C - I X  Processes 

A comparison of t he  SP-IX and the  C - I X  flowsheets i s  given i n  

Table 8 .  

and disadvantages of each process .  Also included i s  a comparison of the 

r e s u l t s  obtained by operating each flowsheet i n  d i f f e r e n t  m d e s  o r  under 

d i f f e r e n t  feed condi t ions.  These modes include operat ion using the  SP-IX 

process with recycle  of the e lua t e  t o  the head end and operat ion a t  high 

l e v e l s  o f  phosphate i n  the waste feed t o  the plant,. Al ternat ives  examined 

f o r  the C - I X  process include the  addi t ion of  an ac t iva ted  charcoal bed t o  

the ca t ion  and anion systems and t h e  i n s t a l l a t i o n  of  a continuous ion 

exchange system (Higgins column) ins tead  o f  t he  fixed-bed systsm used f o r  

the  base case.  

Included a r e  comparisons of  DF's, a s  well  a s  a l i s t  o f  advantages 
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Table 8 ,  Gomparison of  Scavenging Prec ip i ta t ion  Ion-FXcnange and C l a r i f i c a t i o n  ion- 
Exchange Processes 

- - ~  -- 
%contamination Factors 

= Z r  
soSr 1 3 7 ~ ~  1 0 6 ~ ~  nbh% eoco T H ~  151: Awantages Disadvantages 

Scavenging- 
Prec ip i ta t ion  
lon-ExcUnge 
'\ SP-IX! 

a j  W i t n  ca t ion  1500 120 2 .  

b With ca t ion  

5 7 .  600 N . A .  Lowest c a p i r a l  c o s t s  and lowest operating 
cos t  if sludge can be discharged to p i t s .  
Less volume of e lua te  from ion exchange 
than f o r  C - I X  Process.  Process has been 
demonstrated on a p i l o t - p l a n t  s c a l e .  

1 1  . 600 N . A .  Increased DF's f o r  Ru and Co . 5 

c '  Operation a t  Same a s  for  !a' but with cecreasec capac i ty  
high leve ls  
o f  phosphate 
i n  Process 
Waste 

d Operation 
with recycle 
of  e lua te  
from ion 
exchange 
columns 

C l a r d i c a t i o n  
Ion-Exchange 
{ C - l X  

Same a s  for  , a  

7 1 1  1750 135,. a )  With cation 195u 209 
treatment 
only 

b '  With cation i jj0 150 167 25 3760 L500 - anion 
treatment 

c With cation w50 350 76 7 ' 600 1 .ill0 

+ anion + 

charcoal bed 

d )  With Assumed t o  be conparabie tc fixed bed. 
continuous 
pation 
exchange 

e j  Hodified Sane a s  for ( a )  
C - I X  Pmcess 
(use Line- 
Soda equipment 
for  heac end) 

Process can be run, but t h e  capac i ty  
o f  the ion exchange system is decreasec.  

A l l  o f  the  a c t i v i t y  i s  re ta ined  i n  t h e  
sludge, and 110 waste i s  generated from 
e l u t i o n  of  the  ion exchange columns. 
Therefore, only one waste from the  
process ( s ludge)  must be handled. 

i 'u r i f ied  water conta ins  up to 400 ppm MaOH or 
7:0 ppm Na,SU, wnen neut ra l ized .  
25 to 80 ppm of Kaa,sO, to White Oax Creek. 
i ' o l m  of sludge w i l l  be g r e a t e r  than f o r  C - I X  
Process,  so operating c o s t s  m y  be higher if 
sludge has t o  be hydrofractured o r  drumned and 
shipped to the  Repository. 

increased volume of  ion  exchange column e lua te  
w i l l  give higher c a p i t a l  and operating c o s t s .  
Since anion bed capacity is 300 bed valumes 
compared t o  2300 bed volumes f o r  car ion  column, 
anion bed must have 1 . 7  t imes the  V O : ~  of 
ca t ion  cclumn ( i f  regenerated on  same c y c l e ) .  

Capacity o f  tne  c a t i o n  exchange column w i i l  be 
decreased, so m r e  frequent regeneration w i l l  
be required.  A l u m i n a  coiumn could be i n s t a l l e d ,  
but the  c a p i t a l  and operating c o s t s  are too 
high. 

W i l l  add approximately 76 ppm NO3- to pur i f ied  
water which w i l l  add j t o  9 ppm o f  W 3 -  to 
White Oak Creex. This could upset the  ecoiogy 
of  White Oak Lake. 
process  w i l l  oe 50% g r e a t e r  due t o  use o f  c lay ,  
which will increase operating c o s t  s i g n i f i c a n t l y  
i f  sludge IS t o  be hynrofractured o r  drURrmec 
an6 snigped t o  National Sepository.  

This w i l l  add 

Volume o f  sludge from 

', .2 Lowest sludge volume. Decontamination Higher c a p i t a l  c o s t .  Larger volume of e lua te  
fac tors  a r e  csrpareble to those for from ion exchange columns. Higher ac id  consump- 
SP-IX. No S a l t s  need t o  be addea t o  i i o n  i n  ion exchange system. 
waste except Ior NaOH to adJus t  pH to 
7.0.  

1 3 3  S l i g h t l y  higher decontamination f a c t o r s  Increased volume of NaOH e l u a t e  from anion 
than obtained i n  the  SP-IX Pmcess  o r  exchange column w i l l  add about 7700 gai/day 
for Cation treatment i n  the  C-IX Process t o  I W  Evaporator un less  e l u a t e  i s  evaporated 
only.  on s i t e .  Additional cos t  o f  NaOH f o r  anion 

regeneration w i l l  be about JC cents/;C@0 ga l lons  
of waste. Capital  c o s t  o f  p lan t  w i l l  be increased. 

830 Highest decontaminatan f a c t o r s  obtained 
on  low-level waste. Process w i l l  produce 
water adequate f o r  recycle to the  Process 
Water System. 

May be possible m regenerate c a t i o n  
zolumns s to ich iometr ica l ly ,  so eta.mrator 
may not be needed, 

W i l l  r e s u l t  i n  a considerable c a p i t a l  cos t  
saving because the  head-end equipment from 
the Lime-Soda p lan t  w i l l  be used instead 
or new equipment. 

Process head end w i l l  have t o  be demnst ra ted  i n  
the  Lime-Soca Tlant t o  prove it o u t .  



3 '7 

3 "6 , I  - Comparison o f  Cos ts  

For t h e  base ease,  i n  which the  sludge from the SP-IX process i s  

discharged t o  the p i t s  ( a t  31%/gal) and t h e  e lua t e  from both processes i s  

hydrofractured ( a t  jOk/gal), the  SP-IX process has t h e  1.owest c a p i t a l  and 

operat ing c o s t s .  

the  SP-IX process w i l l  cos t  about $25,000 less than the  C-IX process and 

w i l l  a l so  have a s l i g h t l y  lower operat ing cos t  ($2.06 per thousand gal lor is  

f o r  SP-IX vs $2.29 per thousand ga l lons  for the  C - I X )  

C-IX process i s  considered (using the ORNL Lime-Soda equipment f o r  the  

head end), i t s  c a p i t a l  cos t  would be lower than t h a t  f o r  the SP-IX process,  

and the operat ing cos t  would be about t he  same s ince the  cost  of  disposing 

o f  t he  l a r g e r  quan t i ty  of e l u a t e  t o  be hydrofractured ( p i t  d i sposa l  i s  

assumed f o r  the  sludge f r o m  t h e  SP-IX process)  j u s t  about balances the 

savings i n  c a p i t a l  cos t  

i f  both .systems include only t h e  ca t ion  exchange colurmls, 

If a Modified 

If t h e  t o t a l  wastes from both the C - I X  and SP-IX processes a re  hydro- 

fractured.,  t h e  operat ing c o s t s  f o r  both the  C - I X  and the modified C - I X  

f lowsheets w i l l  be lower than those f o r  t he  SP-IX process ( s e e  Table 7 )  

because of t h e  higher cos t  of hydrofracturing the SP-IX sludge (30b/gal) 

This comparison assumes t h a t  sludge could be hydrofractured a-t a 10% by 

weight concentrat ion.  

the comparison would again favor  the SP-IX process ~ These considerat ions 

emphasize the  need €or  development of techniques f o r  hydrofracturing sludge 

mixtures of  varying coneentzations and compo s i t i o n  a 

method for e l u a t e  d isposa l  by nydrofracturing should a l so  be given high 

p r i o r i t y  because t h i s  will probably be required f o r  any of t he  flowsheets 

under considerat ion,  

If sludge could be hydrofractured a t  30 t o  40 w t  $ 9  

Development of  a 

3.6 ,? Comparison of Decontamination Fac tors  

The da ta  i n  Table 8 i nd ica t e  t h a t  both the SP-IX and C - I X  processes 

will adequately decontaminat~e OnT\IL process waste ~ However, it should be 

?noted t h a t  tke data f o r  'the %-IX process a r e  based on p i lo t -p l an t  opera- 

t i o n ,  whereas the  G-IX data  a r e  based on bench-scale operat ion wi th  prcaceas 

waste cor,t,afnirig some added mdioac t ive  nuc l ides .  Consequently, the  same 

degree of  confidence cannot be placed on each s e t  o f  datct. 

emphasizes the need f o r  add i t iona l  developmerlt work on the C-TX process" 

This again 
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A comparison o f  the  decontamination data  f o r  the  two processes 

revea ls  t h a t  t he  1 3 7 C s  DF f o r  the C - I X  process i s  s l i g h t l y  lower than 

t h a t  obtained wi th  the SP-IX process (200 v s  920, respec t ive ly) .  

ever ,  a DF of 200 w i l l  be adequate t o  decontaminate ORNL process waste.  

I n  con t r a s t ,  the  C - I X  flowsheet provides higher “‘Co and r a r e  ea r th  DF’s; 

again, however, both processes would be e n t i r e l y  sa t i s f ac to ry  f o r  t’ne 

decontamination cur ren t ly  required a t  O W L  

How- 

3.6.3 Overall  Comparison of Processes 

An o v e r a l l  app ra i sa l  of the two processes revea ls  t h a t  the u t i l i t y  

of each depends pr imari ly  on what type of waste from the process can be 

disposed of  most conveniently e For example, the SP-IX process produces 

l a rge  q u a n t i t i e s  o f  sludge but  only a small volume of ion  exchange column 

e l u a t e .  I n  f a c t ,  an a l t e r n a t i v e  to  the SP-IX process ( recycle  o f  e l u a t e )  

generates  no e l u a t e  f o r  d i sposa l  but  has  an increased volume of sludge 

due t o  the  c l ay  required f o r  adequate cesium decontamination. 

the C-IX process generates no sludge ( the  sludge i s  dissolved i n  the 

e l u a t e )  but produces l a r g e r  volumes o f  e lua t e  from the ion exchange 

c o l m s ,  Therefore, the choice o f  process w i l l  depend, t o  a la rge  

ex ten t ,  on the most convenient waste d isposa l  system ava i lab le  a t  t he  s i t e .  

For the  present ,  the choice a t  ORNL w i l l  probably be p i t  disposal ;  thus 

the  SP-IX process should be se lec ted .  

subs t i tu ted  f o r  p i t  d i sposa l  over the  long term; i n  t h i s  case,  the system 

should then be reevaluated t o  determine whether the  C - I X  process app- ea r s  

more promising. 

Tn cont ras t ,  

However, hydrofracturing may be 

It i s  s t rongly recommended t h a t  the major equipment items 

’ he sized i n  such a manner t h a t  e i t h e r  process could he used i n  the  p l an t .  

The only required changes would be the i n s t a l l a t i o n  of new ion  exchange 

r e s i n  and new equipment f o r  a d i f f e r e n t  type o f  chemical feed t o  t h e  head 

end o f  the process.  

A comparison o f  the  decontaminated e f f luen t  from the two processes 

with respec t  t o  bulk chemical content shows t h a t  the C - I X  process w i l l  

have a much lower l e v e l  than the SP-TX process.  Tn the  SP-IX flowsheet, 

caus t ic  i s  ad-ded t o  make i’ne waste a lka l ine  (pIi -- I 1  .7-11 .8) If waste 

o f  t‘nis pE i s  discharged t o  White Oak Creek without neut ra l iza t ion ,  t he  
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* -  

water will contain LOO pprn o f  NaOH before d i l u t i o n  and about 20 ppm after 

d i l u t i o n  by the Creek, 

before discharge ( f reskdater  f i s h  cannot t o l e r a t e  a pB above 9.0), t he  

water w i l l  contain 710 ppm o f  sodium su l f a t e  before d i l u t i o n  and about 

35 ppm a f t e r  d i l u t i o n .  

However, if the  water. i s  neutral ized with H,SO, 

The e f f luen t  from t?ie columns containing strong ac id  r e s i n  i n  the  

C - I X  process w i l l  be s l i g h t l y  ac id i c  due t o  the presence of" S O B z -  and 

NO, 

and HNO, d w i n g  ion exchange (I 

can be neut ra l ized  by the  addi t ion  o f  NaOH to  the e f f luen t  from the  p l a n t ,  

Since e s t - h a t e s  ind ica te  t h a t  approximately 18 ppm o f  NaOH would be 

required,  t h e  s a l t  content before e lu t ion  could be a s  high a s  32 pprn p r i o r  

t o  d i l u t i o n  and perhaps 2 pprn a f t e r  d i l u t i o n  by White Oak Creek. 

weight r a t i o  (.%;) - of  bulk chemicals discharged by the  two processes 

t o  White Oak Greek w i l l  be i n  the v i c i n i t y  a f  22/1 ~ 

- 
ions in the  process waste ,  These ions  w i l l  be conlrerted t o  H , S ,  

The r e su l t i ng  pEI w i l l  be about k .O which 

The 

3.6.4 Addition o f  Anion Exchange to  the SP-IX o r  C-11 Processes 

Estimates ind ica te  t h a t  the addi t ion  o f  anion exchange t o  e i t h e r  

the SP-IX o r  the  C - I X  process w m l d  illOre than double the operating cos t s  

and wcruld increase the c a p i t a l  c o s t s  s ign i f i can t ly .  The la rge  increases  

i n  operating cos t s  stem from t h e  high v a l m e  o f  WaOH required t o  regenerake 

the anion columns (8 anion bed volumes o f  2 M NaOW) and the low capacity 

of the  beds (300 anion bed volumes before breakthrough). 

c a p i t a l  c o s t  f o r  the  SP-IX process i s  somewhat higher than t h a t  for t he  

C - I X  process because a l a rge r  anion bed would be required i n  the SP-IX 

process i n  o rde r  t o  match the ca t ion  bed regeneration cycle .  

i n  the  S P - l X  process,  the  capaci ty  o f  the cation bed i s  2000 bed volumes; 

therefore ,  a matching anion rsed (capacity,  300 bed v01m-e~) wuLd be about 

six t o  seven i;imms the  ca t icn  bed volume, For the C - I X  process (where the 

c a t i o n  bed c a p a c i t j  i s  $.IC; x d  volums) ,  the anion bed w o u l d  be akau.3 1 .7 
times the  c s t i o n  bed voPme. 

- 
The increase in 

For example, 
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curren t  regula t ions .  However, i f  an anion exchange cycle  i s  required 

i n  the  fu tu re ,  loca t ing  it a t  t h e  source of contamination ins tead  o f  i n  

t he  Process Waste P1an.t w i l l  probably be l e s s  expensive, 

stream from the  ILW Evaporator conta ins  s ign i f i can t  a m u n t s  o f  13'1, -two 

possible  procedures could be used. One would require  t h a t  such wastes 

be held up f o r  a longer period p r i o r  to evaporation i n  order  t o  permit 

decay of  t h e  l3'-1, 

anion column on the  evaporabor overhead stream. 

c o s t s  f o r  a small u n i t  decontaminating t h i s  stream would c e r t a i n l y  be f a r  

less expensive than i f  the  same q u a n t i t i e s  o f  Contamination had t o  be 

removed a f t e r  d i l u t i o n  by the  process waste.  

If the  overhead 

Another so lu t ion  would be the  i n s t a l l a t i o n  of  an  

The c a p i t a l  and operat ing 

3.6.5 Operation with Process Waste Containing High Levels of  Phosphate 

The e f f i c i ency  o f  p r e c i p i t a t i o n  i n  both the SP-IX and C - I X  processes 

i s  decreased when s ign i f i can t  q u a n t i t i e s  of phosphate (> 1 ppm) a r e  present  

i n  the process waste.  
h 

oped'  f o r  the  removal o f  phosphate contamination from the  waste.  

ca l cu la t ions  showed t h a t  the c01urn.n required €or a 200-gpm p lan t  would be 

ve ry  la rge  and e,xpensive t o  regenerate  (see Sec t .  3 .2 .1) .  

i s  recommended t h a t ,  when high phosphate l e v e l s  a r e  encountered, the  p l an t  

be operated normally except f o r  more frequent  regeneration, which w i l l  be 

required a s  the r e s u l t  of carry-over o f  dissolved hardness from the  head 

end t o  t h e  ion exchange system. 

I n  the  SP-IX process,  an alumina column was devel- 

However, 

Tlnerefore, it 

I n  the  C - I X  process,  it w i l l  be necessary tu increase  the alum dosage 

during per iods of high phosphate concentrat ions.  

alum consumption and waste volumes. 

t i o n  a t  high phosphate l e v e l s  do not  appear t o  be necessary f o r  the  C - I X  

process ,  

This w i l l  increase the  

Increases  i n  c a p i t a l  c o s t s  f o r  opera- 

3.7 Consideration o f  a Continuous Ion Exchange %stem 

A continuous ion exchange contactor  has  been tes ted t o  determine how 

e f f e c t i v e l y  it could decontaminate ORNL process  waste.  The contactor ,  a 

Higgins type msasuring 14 i n .  i n  diameter and 8 i n .  long and containing 

h w e x  SOW-XB str.ong ac id  r e s i n ,  was operated a t  flow r a t e s  varying between 

6 



8 and 15 gpm The r e  sult ing 

DF's were 750 for strontium, I O  t o  20 f o r  cesium, and 2 0  t o  IiQi) f o r  r a r e  

ea r ths  ~ 

Prec ip i t a t ion  Ion-Exchange P i l o t  P l an t ;  however, it i s  believed the   OW 

values  were due e i t h e r  t o  i n s u f f i c i e n t  ac id  usage f o r  regeneration (which. 

tended t o  leave r e s idua l  a c t i v i t y  on the r e s i n )  a r  t o  the  presence o f  

co l lo ids  o r  algae (which ca r r i ed  a c t i v i t y  through the bed without ahsorpt,ii?:i) e 

The r e  s i n  was ragelaera ted with 4 .e N HITO, , - 
These DFf s a r e  lower than those obtained i n  the Scavenging- 

A Biggins continuous contactor  has been considered f o r  use i n  the  

C - I X  flowsheet a s  a s u b s t i t u t e  for the  fixed-bed ca t ion  exchange column. 

The remainder o f  t h e  process would be the  same and would include a head- 

end p r e c i p i t a t i o n  s tep  and evaporation of  the  column e lua te  t o  reduce 

i t s  volume t o  an acceptable l e v e l .  However, two fixed-bed ca-tion ex- 

change po l i she r s  a re  added downstream o f  the Higgins column i n  order  t o  

ensure t h a t  t h e  DF's for cesium and strontium a r e  comparable t o  those 

a t t a i n a b l e  by the SP-IX process .  Routine regenerat ion of  these beds 

would not, be required s ince t h e  hardness l e v e l  of t h e  e f f luen t  from the  

Higgins column w i l l  be e s s e n t i a l l y  zero. 

An est imate  of the  add i t iona l  c o s t s  involved i n  t h e  C - I X  process 

with a Higgins contactor  a r e  a s  follows: 

Capi ta l  cos t  o f  C-TX process 

Cost o f  Higgins type column p lus  

Less cos t  o f  fixed-bed columns plus  

$91 E 109 

1 64,BrjO 

I 1 6 7G0 

(see! Table 5 )  

fixed-bed po l i she r s  

makeup equipment 

Capi ta l  cos t  o f  C - I X  process with $96L,200 
Higgins contactor  

It appears t h a t  the  continuous system would cos t  about $i16,lOQ 

more i n i t i a l l y ;  t h i s  i s  comparable t o  an annual c o s t  o f  24.46 per tinousand 

ga l lons  of  waste, assuming a f ixed charge r a t e  o f  10% of the  urigrinal 

investment . 
The advantages t h a t  would tend t o  o f f s e t  t h i s  higher c a p i t a l  c o s t  

l i e  i n  the  lower operating cos t s ,  including lower n i t r i c  ac id  cons?~mlption 

and less steam f o r  the  evaporation o f  t he  e lua t e  from the  ion  exchange 
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columns. However, because savings from these lower chemical and u t i l i t y  

cos t s  a r e  estimated t o  be l e s s  than 46 per thousand ga l lons  of waste, 

they do not  o f f s e t  the  higher c a p i t a l  c o s t s .  

a continuous ion exchange system does not  appear t o  o f f e r  s ign i f i can t  

advantages over a fixed-bed system fo r  the spec i f ic  requireinerits o f  -the 

ORTJL process waste system. 

Therefore, i n s t a l l a t i o n  of 

1.1 I LQNG-RANGE CONSIDERATIONS 

Resul ts  o f  t h e  est imates  concerning the  e f f e c t  of a new process 

treatment p lan t  on compliance wi th  current  c r i t e r i a  showed t h a t  t o t a l  

a c t i v i t y  l e v e l s  would be reduced t o  below 100% of RCG but  t h a t  s i g n i f i -  

cant q u a n t i t i e s  of contamination would s t i l l  appear a t  White Oak Dam, 

pr imari ly  due t o  leaching from t h e  b u r i a l  grounds. 

ind ica te  t h a t  the  estimated discharge of 30Sr t o  White Oak Creek would 

be about 0.9 Ci/year, assuming the i n s t a l l a t i o n  of a treatment p l an t  

plus  the divers ion of  var ious OfNL leaks t o  this p l a n t .  This would be 

equivalent t o  about 99 pCi of "Sr / l i t e r ,  assuming a t o t a l  White Oak 

Creek flow of about 2400 mil l ion g a l  annually (10 f t3 / sec ) .  

the t o t a l  radionuclide discharge (except f o r  3H),  the  concentration i n  

White Oak Creek would be about 208 pCi / l i t e r ,  using the  same assumptions 

and the  da ta  for the  1970 discharge r a t e .  

Data i n  Table b 

I n  examining 

If i n  the  fu tu re  f u r t h e r  reduction i s  des i rab le ,  it would be neees- 

sa ry  t o  add an anion exchange column t o  the process treatment p lan t  f o r  

addi t iona l  lo6Ru and 1311 decontamination, Removal of  the "Sr leached 

from the  var ious  b u r i a l  grounds ( o r  a l t e rna t ive ly ,  prevention of  the 

leaching)  would be necessary.  

t h i s  reduction have been given some considerat ion,  but no de ta i led  s tud ie s  

have been made. 

Several  possible  methods f o r  implementing 

4.1 Diversion of White Oak Creek Plus a Treatment P lan t  
a t  White Oak Darn 

The cos t  of a la rge  treatment plant  a i  White Oak Dam would he 

-iimnsonably la rge  m l e s s  t h e  uncon tammat4  water flowing in to  Bethel 

and Melton Valleys could be d iver ted  around the contaminated a reas .  A 



conceptual drawin? o f  such an amangrwnt  i s  shown i n  F ig .  8 ~ 

connected i n t o  the  Bethel- Valley Branch i n  the h.SO0 Building a r e a  would 

d i v e r t  the  flow away f r o m  the  cnntarninated ayeas i n  Bethel Val1c,y ~ 

similar canal  i n  Melton Valley would connect in to  the Bethel- Valley canal 

j u s t  west o f  Mhite Oak Lake, and then a combined canal  south o f  t he  lake 

would carry the c lean  waLer j;O %he discharge s ide  of m i t e  Oak Darn. A 

rough est imate  ind ica t e s  t h a t  about 74% of the  t o t a l  f low o f  bh i te  Oak 

Creek would be d iver ted  by the  canal system, leaving about 26% o f  t'ne 

flow t o  be t r e a t e d .  

A canal  

P- 

The average f l o w  o f  Nliite Oak Creek i s  i n  the v i c i n i t y  o f  200 rori'Llion 

gal. per month, but it; ranges f r o n  100 t o  .qOO mi l l ion  ga l lons  per nonth 

Therefore, a treatment p lan t  would have t o  be designed f o r  approximately 

1 ~ ~ 3  mi l l ion  gal per  day, or 3OOO gpm. 

cauld not handle the  drainage during flash s - t o i ~ ~  when t h e  flow o f  White 

Oak Creek increases  t o  3ij(, f t" /sec a r  mre 

necessary t o  provide a basin o f  suf'2icien-L capaci ty  to  hold up the excess 

water so that, i t ,  could be processed by the p l a n t .  

T t  i s  recagnized tha t  such a p l a n t  

~n t h i s  event ,  it 'Amdd be 

Treatnient of the  contaminated water a t  White Oak Dam for s t ron t i im  

and cesium could be accomplished by a con;inuous i o n  excl?ar,ge procecs  ( s e ~  

Sect .  3.7) using a strong ac id  r e s i n .  

i t y  for t r e a t i n g  g rea t e r  than 1 0  mil l ion  gal/day are cujrrently ava i l ab le  

from vendors; thus t h i s  system would be f e a s i b l e ,  technically IIowever, 

d i sposa l  o f  the  waste produced by regenerat ion o f  the r e s i n  w o u l d  presen-t; 

a severe problern because nf i t s  volume, 

Wai;er treatment plari ts  with a capac- 

'The cos t  o f  d iver t ing  the  uncontaminated water i.n t?hi.te Cisk Creek 

around t,ke contaminated area. and decontaminating the  remainder o f  bhe 

stream carmot be determined u n t i l  a d e t a i l e d  study o f  t h e  s o u ~ e s  of  

contamination downstream o f  t he  Prurcess Waste Treatment P lan t  i s  completed 

However, a rough est imate  f o r  i n s t a l l i n g  t h e  canal  s y s t e m  shorn in Pig, < 
i s  $4 t o  $6 million (1971 do1lar.s) ~ Tnsta l la t ion  o f  a treatment p1an.i; a l  

White Oak 1 k m ,  p lus  an emergency basin,  would probably bring the  c o s t  t;s 

grea te r  than $10 mil l ion ,  
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h.2 Sealing o f  the  Burial  Grounds and Stream Dredging 

Gne method t h a t  has  been used a t  OR.NL t o  prevent groundwater Zeacinng 

i n  contaminated a reas  involves the use of  an asphal t  cover over t h s  area 

t o  p roh ib i t  r a i n f a l l  from reaching the  contamination. 

t o  severa l  abandoned intermediate- level  waste p i t s  and the former 75OG 
Building Waste Pond, In  the  l a t t e r  case,  t h e  area was excavated, f i l l e d  

with grave l  'base, and then asphal ted over; t h i s  was followed by J e m i t e  

sea l e r  t o  prevent leaking through cracks i n  the a spha l t .  

This has been done 

Sealing o f  t h e  b u r i a l  grounds t o  prevent leaching would p o b e b l y  

r equ i r e  t h a t  t h e  a reas  be cleaned, graded, f i l l e d  wi th  base,  and then 

asphalted and f in i shed  with a sea l e r  e An e,xtensi.cre underground drai-nage 

system might a l so  be required t o  prevent seepage o f  groundwater back 

underneath the  asphal t  cover .  A very rough est imate  o f  t h e  cos t  f o r  

covering Burial  Grounds Nos. 4 and 5, based on an  o v e r a l l  cos t  of $j/ft" 

(including t h e  cover and a drainage system), came t o  $10 mi l l ion .  

Burial  Ground No. 6 i s  included ( r ecen t ly  put  i n  s e rv i ce ) ,  the cos t  would 

be fncreased by about $10 mil l ion,  f o r  a t o t a l  of  $20 mi l l i on .  

c o s t s  should be considered only a.s order-of-magnitude f i g u r e s  ~ 

If 

These 

An attempt a t  cleanup of t h e  water flowing over Idhite Oak Dam may 

have t o  include the  excavation o f  cnntaminated sediment from t h e  beds 

o f  White Oak Creek and White Oak Lake, The amount of d i sso lu t ion  f r o m  

and the  ex ten t  o f  these sources aye not  known and can only be determined. 

by extensive s tud ie s .  

not been made. 

de l e t e r ious  t o  the f i s h  and aquat ic  l i f e  i n  Idkite Oak Lake and WOLLM 

render it use l e s s  f o r  fu tu re  ecological  s tud ie s .  

Therefore, e o s t  es t imates  f o r  t h i s  phase have 

Ekcavation o f  t'ne bottom sediments would probably be v o q  

4.3 Prevention sf t he  Spread of Contamjxation from Under 
Building 30h'7 

The da ta  given i n  Sec t .  2 2 . 2  indicated t h a t  55' t o  [jsyi!, of %'ne ""Sr 

fed t o  the  Lime-Soda Plant, between LTanuary and March 1971 'bras m a s l l r e d  

a t  Eanhole No 

seepage t o  the  process waste l i n e  beneath Building 30b7. 
i n  water flows i n  t h i s  l i n e  above and below Building 301ic[ has been 

114. It appeared t h a t  the  bulk of t h i s  " S r  cane f r . c )m 

The difference 
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measured a t  approximately 24,000 gpd; therefore ,  it appears t h a t  a 

s ign i f i can t  volume o f  contaminated water  i s  leaking in to  the  process  

waste system a t  t h a t  l oca t ion .  

the  '*Sr from t h e  same source of contamination flows untreated to White 

Oak Creek and could be assoc ia ted  with the increase i n  strontium activi'cy 

l e v e l s  i n  Fhi te  Oak Creek during per iods o f  heavy r a i n f a l l  ( see  Sec t .  

2 . 2 . 3 ) .  Therefore, loca t ing  and i s o l a t i n g  t h i s  source of might 

reduce the  l e v e l  o f  contamination i n  White Oak Creek beyond t h a t  reduc- 

t i o n  which would r e s u l t  from decreasing the ac t iv i - ty  cu r ren t ly  re leased  

by the  Lime-Soda P lan t .  

It i s  possible  t h a t  a la rge  por t ion  of 

One so lu t ion  suggested t o  co r rec t  t h i s  problem involves rel-outing 

the  process waste l i n e  undel- Building 3047 around t h e  e a s t  end o f  the  

bui lding and sea l lng  o f f  the  bypassed sec t ion .  

t ion  of t'ne sewers o r  F i f t h  S t r e e t  Branch o f  White Oak Creek might r e s u l t  

i f  the  seepage f l o w s  elsewhere, i n s t a l l a t i o n  o f  a sump and a system f o r  

pumping the  r e su l t i ng  inleakage t o  the process  waste system has also been 

suggested,  Another so lu t ion  of a mre permanent nature  would in t e rcep t  

and d i v e r t  the source of  groundwater i n  the  v i c i n i t y  o f  Building 3047 
before it becomes contaminated. 

However, because contamina- 

11 

Locating t h e  source o r  sources o f  t h e  widel-ground contamination w i l l  

probably requi re  extensive geological  and hydrological study. One survey9 

made i n  1951, 

d i f f e r e n t  d r i l l  ho les  in s ide  and around O W L .  Resul ts  indicated t h a t  19 

of t h e  water samples showed a c t i v i t y  l e v e l s  of 6 x IO-' pCi/cc o r  more, 

which was ind ica t ive  o f  a c t i v i t y  1evel.s i n  excess o f  those observed to 

be occurring na tu ra l ly  i n  the  a r e a ,  Many o f  the a c t i v e  samples were 

loca ted  around the OFWT, Se-titling Pond and along White Oak Creek, while 

o t h e r s  were loca ted  i n  the  v i c i n i t y  o f  t he  tank farms and o the r  u n i t s  

of the  waste d isposa l  system, Two samples f r o m  we l l s  loca ted  west a.nd 

south of the  present  Building 3047 s i t e  had c lose  t o  the highest  act.ix7ity 

l e v e l s  measured ( I S  .2 and 20.7  x pCi/cc9 respec t ive ly)  ., The study 

ind ica ted  t h a t  t he  bedrock underlying large a r e a s  of OKJIL i s  l i nes tons  

which i s  'ssuseeptible t o  uizd.erground so lu t ions  and t o  the  developxent. 

of small voids  with conseyuerh increase i n  permeabi l i ty  aiid f r e e  ~mv.ernen.t. 

12 examined water samples f o r  r ad ioac t iv i ty  taken f r o m  45 



o f  ground waters which may have 

t i o n  of meteoric w a t e r s  through 

been contaminated frani downward percola- 

%he bu r i a l  ground. That migrtition of 

such contamination has taken place i s  shown by the probing of drill holes 

I.ocat,ed oxts ide  the boundaries o f  the  b u r i a l  ground,ir  The data presented 

i n  Sec t .  2,2.3 showicg the e f f e c t  o f  r a m f a l l  on t h e  strontium ac t iv i ty-  

in Mhite Oak Greek tend t u  confirm t h e  results of  the  above s tudy,  
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x-10 --_ - ---____ 

2--- SUMMA R V 
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12 ACHLS CLEARING 
120,000 Yo' E A H l  t i  E,XCAVA'T ION ! Oii 

MLTAL A R C H  
230 Yo' LAHlti  E X C A V A T I O N  & nACKf 11; 

FOR COKfI. M t  T A L  PI  f'E 
12.000 3 HOCK E X C A V A T i O h ,  

Bl A5T I NG 

60,000 YCJ' H A C h f  I L L  
6 EA ROAD CHObS I NGS 

JUNCT I ON t W X t  S AND S i ' !  I k WAYS 
P I PE 3Uf.'I'Of{T5 A T  ROCK L OCA I I ONS 
16,%0 LF MUL 1 I b l A T T  PlFE A I K H  

9;O L F  0, COHRUGATFD M L T A L  P l P L  

E Q L I I F ' M E N l  OPLRATOK 
R A D I A T I O N  FACJOR 

LABOR F AC I OK 

I 

AND ME. I A L  ('I PL A 2 C I - i  

N E T  F - I  ELD & SHOP 

I N D  I Rt .CS  

SUBTOTAL, F I L L D  & SHOP 

CPFf 

10,80C 
500, 0oc 

1,300 

360,000 

120,OGO 
4, :.loo 

22,900 

13,40C 
z,571,500 

9,600 

8,000 

Tjg, 000 
41 2,000 

3,890,000 

1,245,000 



ENG I NI:ER I NG 

IND I HECT 

CONTINGENCY 

EST I MATED COS1 

E S C A L A T I O N  AFTER 7-1-71 

TOTAL EST I MATED COST 

CPF t 

,025,000 

), 160,000 

1'"" ' 

ORNL 
_._- 

43 I 200 

21,600 

12,200 

77,000 

1 ,037,200 
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