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Dlscharge f rom t h e  S o l i d  Waste Storage Area 4 (SWSA 4) watershed 

was s t u d i e d  t o  de termine t h e  e x t e n t  t o  ylhlch a f l o w  d i v e r s i o n  system 

has reduced t h e  m l g r a t l o n  o f  9oSr I n t # W h f t e  Oak Creek. 

d l v e r r i o n  system was b u i l t  'in 1983 t o  d i v e r t  r u n o f f  f rom t h e  SWSA 4 

catchment headwaters area (St% o f  t h e  basln)  around b u r i e d  wastes 

because an e a r l i e r  s tudy  showed t h a t  t h i s  would be an e f f e c t i v e  

remedia l  measure f o r  reduc lng  "Sr m i g r a t i o n .  The r e s u l t s  presented  

he re  i n d i c a t e  t h a t  t h e  d i v e r s i o n  system has reduced t h e  average f l o w  i n  

t h e  SWSA 4 t r i b u t a r y  by fibx and the f l u x  o f  ' ' 5 ,  by 44%. 

/ 
The 

A second phase of t h e  s tudy  was t o  rank  SWSA 4 and i t s  su r round ing  

areas as sources o f  'OS, I n p u t  t o  Whl te  Oak Creek. 

4 c o n t r i b u t e s  about  67% o f  t h e  l o c a l  

and I s  t h e r e f o r e  t h e  major  source o f  con tamlna t lon .  

c o u l d  be a t t r i b u t e d  t o  e i t h e r  groundwater i n f l o w s  f rom a d j a c e n t  

contaminated f l o o d p l a t n  areas o r  compu ta t l sna l  u n c e r t a l n t y  ar 'hs lng 

rna ln ly  f r o m  e r r o r s  i n  t h e  measurement o f  f l o w  and ''5, 

c o n c e n t r a t i o n .  Pre l lmqnary  r e s u l t s  st iggest t h a t  I t  i s  groundwater 

t r a n s p o r t  o f  "Sr f r om a d j a c e n t  areas t h a t  i s  r e s p o n s i b l e  f o r  the 

a d d i t i o n a l  i n p u t s .  

Runof f  f rom SWSA 

i n p u t  t o  Whi te  Oak Creek 

The remain ing  333 
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INTRODUCTIQN 

I n  humld env i ronments,  c o n t r o l  o f  r u n o f f  can be a key f a c t o r  i n  

rnanagjng t h e  m l g r a t l o n  o f  s o l u t e s  a t  sha l l ow  l a n d  d l s p o s a l  s i t e s ,  I n  

many cases, groundwater movement I s  t h e  domjnant mechanism o f  t r a n s p o r t ,  

b u t  I n  o t h e r  s l t u a t l o n s ,  t h e  c o n t r o l  o f  s u r f a c e  r u n o f f  l s  v i t a l  t o  

accep tab le  s i t e  performance. Su r face  r u n o f f  c o n t r o l  i s  o f  p a r t i c u l a r  

impor tance f o r  b u r l a l  s l t e s  l o c a t e d  i n  t h e  lower  reg ions  o f  a watershed, 

s i n c e  t h e  p o t e n t l a l  e x i s t s  f o r  ups lope r u n o f f  t o  l e a c h  and t r a n s p o r t  

s o l u t e s  f r o m  t h e  d l s p o s a l  a rea .  T h i s  s l t u a t l o n  was found t o  e x l s t  a t  

S o l i d  Waste Storage Area 4 (SWSA 4 )  a t  t h e  Oak Ridge N a t i o n a l  

Labora tory ,  Oak Ridge, Tennessee, and was desc r ibed  by Huff e t  a l .  

(1982) .  They found t h a t  s u r f a c e  water  r u n o f f  was t h e  major  f a c t o r  

caus ing  "Sr t r a n s p o r t  f rom t h e  l o w - l e v e l  r a d i o a c t i v e  waste d t s p o s a l  

area,  and t h a t  much of t h e  r u n o f f  was generated 'In t h e  watershed 

upgrad len t  o f  t h e  b u r i a l  s i t e .  

t r a n s p o r t  was an average o f  2.8 t imes g r e a t e r  t han  t h a t  d u r i n g  pe r lods  

w i t h o u t  storms. They es t lma ted  t h a t  a n  80% r e d u c t i o n  I n  "Sr f l u x  

f rom SbJSA 4 cou ld  be ob ta ined  by d i v e r t l n g  t h e  ups lope s u r f a c e  and 

subsur face r u n o f f  around t h e  t r e n c h  areas,  b u t  t h a t  groundwater 

movement c o u l d  s t i l l  r e s u l t  i n  some 9 Q S r  m l g r a t l o n .  

Dur ing  s to rm events ,  t h e  t o t a l  "Sr 

A s  a r e s u l t  o f  t h a t  s tudy ,  a s u r f a c e  water  d i v e r s i o n  system was 

des igned and c o n s t r u c t e d  a t  SWSA 4 i n  1983. 

p resented  he re  was t o  e v a l u a t e  t h e  e f f e c t l v e n e s s  o f  t h e  su r face  water  

d l v e r s l o n  system and a l s o  t o  e v a l u a t e  t h e  Impor tance o f  SWSA 4 as a 

source o f  "5, I n p u t  t o  Whi te  Oak Creek, wh ich  rece ives  t h e  runo f f  

f rom seve ra l  o t h e r  d i s p o s a l  areas.  

The o b j e c t i v e  o f  t h e  s tudy  
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S I T E  H I S T O R Y  

Located 100 m west o f  Edhite Oak Creek, SWSA 4 covers  approx imate ly  

10.0 ha (24.7 a c r e s ) ,  w i t h  most  o f  the b u r l a ?  groiind s i t u a t e d  within 

t h e  watershed shown i n  F1g. 1. The wstershed occuples 26.6 ha (60.7 

acres)  and d r a ? n s  th rough  a smal l  tributary a long  t h e  southern  edge o f  

t h e  b u r i a l  g r o u n d  t o  Whi te  Oak Creek. 

I n  t h e  s p r i n g  o f  1944, a s m l l  impoundment was c r e a t e d  a l o n g  Whl te  

Oak Creek by an e a r t h - f i l l  darn. The dam f a i l e d  i n  t h e  f a l l ,  b u t  an  

" I n t e r m e d i a t e  pond" remalwed u n t i l  sometime a f t e r  1951 ( T V A  1951).  'The 

pond a c t e d  as a s e t t l i n g  b a s i n ,  collecting Pad ionuc l i de - . con tamlna ted  
2 3 9 .- 2 40 sediments,  i n c l  ud 7 ng 9 Q S r ,  13'Cs, and P u .  The o l l t l l n e  o f  

t h e  contaminated area,  which i s  ad jacen t  t o  the  presen t  SWSA 4 ,  i s  

shown I n  F i g .  1. The c o n c e n t r a t l o n  o f  "Sr I n  these sediments has 

been found t o  range f r o m  8 t o  3000 pCi /g  [ D u g u i d  1976) .  

a rea  i s  now s u b j e c t  t o  r u n o f f  f rom SWSA 4 and f l o o d i n g  a c t ? m  f r o m  

Wbijte Oak Creek, t h e s e  sediments may cont r7be i te  t o  present-day 

m j g r a t i o n  o f  'OS,, e i t h e r  through l e a c h i n g  o r  e r o s i o n .  

S ince  t h i s  

Between 1951 and 1959, SWSA 4 was used as a d i s p o s a l  s i t e  f o r  

l o w - l e v e l  r a d i o a c t l v e  wastes a t  t h e  Oak Ridge Nat iona? L a b o r a t o r y .  

The wastes were d isposed o f  in t renches  and auger h o l e s  io depths  up 

t o  5-6 m. 

s o i l  cover ,  and a l p h a - e m i t t l n g  waste was capped w i t h  conc re te  (Lornenlsk 

and Causer 1961).  7Re b u r i a l  g r o u n d  was c l o s e d  I n  1959; subsequent ly ,  

uncontaminated f i l l  and c o n s t r u c t i o n  d e b r i s  were p l a c e d  on t h e  d l s p a s a l  

sites, r a i s i n g  t h e  l a n d  s u r f a c e  elevat7on up  t o  6 m. Webster (1976) 

Beta-- and gamma-emi t t ing wastes were covered w i t h  a n a t u r a l  
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F i g .  1 .  Map o f  SWS 4 ,  showing d r a i n a  e f e a t u r e s  before  c o n s t r u c t i o n  
o f  t he  f l o w  dlversian system. 
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r e p o r t e d  evldence t h a t  h l y h  w a t e r t a b l e  e l e v a t i o n s  r e su l t ed  I n  some 

groundwater I n u n d a t i o n  o f  t renches  drnrlng w l n t e r  p e r i o d s  w h e n  the a rea  

was n o t  i n  use* Cowser c t  a l .  (1961)  a l s o  r e p o r t e d  t h a t  groundwater 

cane I n  contact: wdth t h e  r a d l o a c t l v e  wastes ,  and t h a t  con tamina t ion  

c o u l d  be de tec ted  i n  area w e l l s  and seeps a t  t h e  t i m e  d i s p o s a l  

o p e r a t i o n s  ceased. 

P r l o r  t o  1975, t h e  r u n o f f  f r o m  n o r l h  o f  Lagoon Road passed over  

SWSA 4 th rough t h r e e  natura l  channels ,  which then entered a m a l l  

t r i b u t a r y  (T -2A)  ' c h a t  f l o w s  e a s t  i n t o  M h l t e  Oak Creek ( F i g .  1 ) .  I n  

September 1975, recommewdat?ons were made t o  c o n s t r u c t  a paved 

i n t e r c e p t o r  d i t c h  a long  t h e  n o r t h e r n  s i d e  o f  Lagoon Road and t o  pave 

the t h r e e  n a t u r a l  d ra inage  channe ls .  I n  a d d i t l o n ,  i t  was suggested 

t h a t  t h e  b u r l a l  ground should be capped u i t h  a b e n t o n i t e  s e a l .  These 

a c t l o n s  were suggested i n  an a t tempt  t o  reduce I n f i l t r a t i o n  l n t o  t h e  

b u r i a l  ground t renches  and thus reduce t h e  yosslbllity o f  groundwater 

con tamlna t lon .  I n  1975, the  t h r e e  d ra inage  channels  (shoun as 

d i v e r s l o n  channel I n  F i g ,  1)  and an In t e rcep to r  d l t c h  were paved, b u t  

t h e  su r face  seal  was n o t  c o n s t r u c t e d  because o f  budget l i m i t a t l s n s .  

A s tudy  conducted by Taniura e t  a l .  (1986) t o  evaluate t h e  Impact  

o f  t h e  pav lng  o f  'the channels found t h a t  no s i g n i f i c a n t  r e d u c t i o n  i n  

' ' S F  mqggjration from s h l t e  Oak Greek had uccerrred. Steuber 

e t  a l .  (1981) found t h a t  SWSA 4 was t h e  major nonpo ln t  source o f  ' O S ,  

i n p u t  l n t o  N h l t e  Oak Creek,  i n d j c a t i n g  t h a t  f u r t h e r  rernedlal a c t i o n  was 

necessary. 

runoff f r o m  SWSA 4 t o  determine t h e  hydrologic f a c t o r s  and t r a n s p o r t  

mechanisms affectqnng w ws?gratian f r o m  t h e  b u r i a l  ground. They 

Huff e t  a l .  (1982) investigated t h e  sources o f  "Sr I n  

90- 
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found t h a t  s u r f a c e  r u n o f f  was a major  mechanlsm f o r  gost- t r a n s p o r t ,  

and es t lma ted  t h a t  a r e d u c t i o n  I n  t h e  r u n o f f  f r o m  t h e  ups lope watershed 

area  cou ld  r e s u l t  I n  a r e d u c t i o n  o f  up t o  80% i n  t h e  gost- f l u x  f rom 

the  b u r l a l  ground. They concluded w l t h  a recommendatlon t h a t  a su r face  

water  d l v e r s i o n  system be c o n s t r u c t e d  t o  d i v e r t  s t o r m  f l a w .  

Rased on t h e  s tudy  by H u f f  e t  a l .  (1982) ,  a s u r f a c e  water  

d l v e r s l o n  system was deslgned and c o n s t r u c t e d  a t  SWSA 4 i n  September 

1983,  The p r imary  o b j e c t l v e  o f  t h e  d l v e r s i o n  p r o j e c t  was t o  cap tu re  

s to rm r u n o f f  f rom t h e  catchment n o r t h  o f  Lagoon Road ( F i g ,  2), The 

major  f e a t u r e s  o f  t h e  c o n s t r u c t i o n  were two s to rm d r a l n s ,  wh ich  were 

b u r i e d  I n  t r e n c h  c u t s  t o  a l l o w  a cont inuous  downs ope g r a d i e n t  f rom t h e  

c a t c h  bas ins  t o  t h e  d l scha rge  p o l n t s .  The l a y o u t  o f  t h e  d i v e r s i o n  

p r o j e c t  i s  shawn i n  F i g .  2. 

The d l v e r s i o n  system c o n s i s t s  o f  a paved i n t e r c e p t o r  channel, 

wh’lch c o l l e c t s  t h e  r u n o f f  f rom n o r t h  o f  Lagoon Road, f o u r  c a t c h  bas lns  

( S l t e s  B ,  C, D ,  and E shown I n  F l g .  2 ) #  which c o l l e c t  t he  r u n o f f  f rom 

t h e  i n t e r c e p t o r  channel and ups lope areas,  and t h e  storm d r a l n  system, 

whlch d i v e r t s  t h e  r u n o f f  around t h e  b u r i a l  ground. 

The area t h a t  i s  a f f e c t e d  by t h e  d l v e r s l o n  c o n s i s t s  o f  t h r e e  

subidatersheds, whlch cover  56% o f  t h e  t o t a l  watershed area .  The 

easternmost  subwatershed occuples 3.6 ha (8.9 acres)  and d r a i n s  t o  t h e  

c a t c h  b a s i n  a t  S i t e  B ( F i g .  2 ) .  The c e n t r a l  subwatershed covers o n l y  

1 . 4  ha ( 3 . 4  a c r e s ) ,  w l t h  t h e  r u n o f f  e n t e r l n g  t h e  s to rm d r a l n  a t  t h e  

c a t c h  b a s l n  a t  S l t e  C. The l a r g e s t  subwatershed i s  t h e  westernmost 

area,  wh’rch occuptes 8.7 ha (29 .6  ac res )  and d r a i n s  toward t h e  c a t c h  

b a s l n  a t  S i t e  D. 



6 

U CATCH BASINS SWSA 4 

- M O N I T O R I N G  SITES 

F i g .  2 .  Nap o f  SWSA 4 s i t e ,  s h o w i n g  Feature; o f  t h e  F l o w  d i v e r s i o n  
system and sampl ing and f l o w  measurement s i t e r .  
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The e a s t e r n  s to rm d r a l n  system c o n s i s t s  o f  an 18 - in .  (45.72 cm) 

p l a s t i c  p ipe ,  connec t ing  S l t e  C t o  S i t e  B, w i t h  a 30 - in .  ( 7 6 . 2  cm) 

p l a s t i c  p i p e  runn ing  f rom S j t e  B t o  I t s  d l scha rge  p o i n t  a t  S l t e  A .  

S i t e  A ( F i g .  3 ) ,  t h e  r u n o f f  e n t e r s  a paved channel ,  where I t  then  f l o w s  

eas t  t o  Whi te  Oak Creek. The r u n o f f  f rom t h e  c a t c h  b a s l n  a t  S l t e  D 

( F i g .  4 )  e n t e r s  a 36- in .  (91.44 cm) p l a s t i c  p lpe ,  whjch i s  connected t o  

t h e  c a t c h  b a s i n  a t  S i t e  E .  Runof f  f rom an ad jacen t  watershed I s  a l s o  

c o l l e c t e d  by t h e  c a t c h  b a s l n  a t  S l t e  E ,  and t h e  comblned f l o w  I s  

d ischarged th rough  a c u l v e r t  under Lagoon Road t o  a n a t u r a l  t r l b u t a r y  

t o  Whl te  Oak Lake. 

A t  

In a d d l t l o n  t o  t he  su r face  r u n o f f  c o l l e c t l o n  s t r u c t u r e s ,  the  s torm 

d r a l n  system i n c l u d e s  some sha l l ow  groundwater c o l l e c t l o n  f e a t u r e s .  

The t r e n c h  c u t s  t h a t  c o n t a i n  t h e  s to rm d r a l n s  have a g r a v e l  d r a l n  f i e l d  

and p e r f o r a t e d  p l p l n g  t h a t  p a r a l l e l s  t h e  s to rm d r a i n s  (between S l t e s  B 

and A, and S’ltes D and E ) ,  as shown i n  F I g .  5 .  Th ls  a l l o w s  

l n t e r c e p t i o n  and d l v e r s i o n  o f  sha l l ow  groundwater f rom p a r t  o f  the  area 

n o r t h  o f  Lagoon Road. 

EVALUATION OF THE SURFACE WATER D I V E R S I O N  PROJECT 

METHODS 

E v a l u a t l o n  Model 

A s’lmple model was used t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  t h e  

s u r f a c e  water  d i v e r s i o n  p r o j e c t .  Be fo re  c o n s t r u c t i o n  o f  t h e  d l v e r s l o n  

s t r u c t u r e s ,  t h e  d l scha rge  a t  S i t e  J c o n s j s t e d  o f  t h e  r u n o f f  f rom t h e  

e n t i r e  watershed, as shown I n  F i g .  6a: 

Be fo re  d i v e r s j o n :  Q ’ ( T o t a 1 )  = f ( T o t a 1  area)  . 
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Flg.  3. Storm 

ORNL-PHOTO 7896-83 

"1 

~ 

draln and diversion channel a t  Site A, $USA 4. 
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ORNL-PHOTO 7899-83 

FIg.  4. Catch basin and dlverslon channel a t  S i t e  0, SWSA 4. 
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ORNL DWG 84 11525 

BEFORE (a) 

ORNL 
G R l D N  TRUEN 

Q'(TOTAL) = f ( 1 O T A L  AREA)  

C'(TOTAL1 = F l O  ( T O T A L I ]  

F(TOTAL) 

CONCENTRATION OF "Sr 

FLUX OF 
=C (TO1 AL)  x Q I T O T A L )  

V 
AFTER (b) 

FLOW 
Q(DIVERTED) - f ( A R E A  NORTH OF I A G O O N  ROAD)  

Q (DIVERTED) Q(SITE J) = f ( A R E A  SOUTH OF LAGOON ROAD) 
Q ( T 0 T A L )  = Q(DIVERTED) + O(SITt J )  

CONCENTRATION OF 9oSr LAGOON ROAD 
C(SITE J) = F I Q ( S I T E  J I  I 
C ( T 0 T A L )  = F I Q ( T O T A L l  I 

FLUX OF 'OS, 
F(SITE J )  
FITOTAL)  = C(TOTAL) x Q(TOTA1) 

= C(SITE J l  x Q(SITE J )  

FLUX REDUCTION 
F(DIVERTED) = F(TOTAL1 - F(SITE J )  

F i g .  6. Model used t o  e v a l u a t e  t h e  e f f e c t s  of flow d i v e r s i o n  on t h e  
f l u x  o f  9QSr e n t e r l n g  Whl te  Oak Creek from SWSA 4 .  
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A f t e r  the d i v e r s i o n  s t r u c t u r e s  were completed, t h e  d i scha rge  a t  S i t e  J 

was o n l y  f rom t h e  area south  o f  Lagoon Road ( F l g .  S b ) ,  and t h e  

remain ing  r u n o f f  was d i v e r t e d  around the  b u r i a l  ground: 

A f t e r  d l v e r s l o n :  Q ( S i t e  J )  = f ( a r e a  south  o f  Lagoon Road) , ( 2 )  

g ( d i v e r t e d )  = f ( a r e a  n o r t h  o f  Lagoon Road) . ( 3 )  

To e s t i m a t e  t h e  t o t a l  f l o w  b e f o r e  t h e  d i v e r s i o n ,  i t  was assumed t h a t  

t h e  sum o f  t h e  d i scha rge r  f r o m  t h e  areas n o r t h  and south  o f  Lagoon Road 

was e q u i v a l e n t  t o  t h e  dlscharge b e f o r e  t h e  d l v e r s l o n  c o n s t r u c t i o n :  

Th is  model p rov ides  a s imp le  method o f  e s t l m a t l n g  t h e  q u a n t l t y  o f  f l o w  

t h a t  would have occur red  a t  S i t e  J b e f o r e  the  d l v e r s i o n  system. 

The optimum method f o r  de ter rn ln lng  t he  volume of  f l o w  d l v e r t e d  

around SWSA 4 would have been Po p r o v i d e  cont inuous  d i scha rge  

monltoring a t  t h e  two d l v e r s l o n  o u t f a l l s .  U n f o r t u n a t e l y ,  c o n s t r a l n t s  

on t h e  d e s l g n  o f  t h e  d i v e r s l o n  system d i d  n o t  a l l o w  i n s t a l l a t i o n  o f  

h y d r a u l l c  c o n t r o l  s t r u c t u r e s  s u i t a b l e  f o r  con t inuous  msn l to r i ng .  

There fore ,  perlodlc manual measurements o f  the  d ischarge  were made t o  

estqmmate t h e  average f r a c t i o n  o f  t h e  t o t a l  catchment r u n o f f  t h a t  was 

d l v e r t e d .  Measurements %ere taken weekly, w i t h  a d d l t i o n a l  measurements 

taken d u r l n g  s t o r m  events .  S ince  t h e  f l o w s  cou ld  n o t  be measured 

s imu l taneous ly  a t  a l l  l o c a t i o n s ,  t h e  r e s u l t s  o n l y  app rax lma te  the 

r e l a t j v e  d l s t r i b u t i o n  of  f l o w . .  In p a r t i c u J a r ,  d u r l n g  i n t e n s e  s to rm 

events ,  t h e  f l o w  may va ry  q u l t e  r a p i d l y ,  so changes i n  f l o w  can occur  

between measurements a t  t h e  different r’l tes.  However, t h e  m a j o r i t y  ob‘ 
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t h e  measurements were taken  d u r j n g  p e r l o d s  o f  s l o w l y  changing f l o w  and, 

t h e r e f o r e ,  were n o t  s l g n l f i c a n t l y  a f f e c t e d  by nonslmul taneous 

measurements. 

The n e x t  s t e p  i n  mode l ing  t h e  e f fec tqveness  o f  t h e  d i v e r s i o n  

i n v o l v e s  e s t i m a t i n g  t h e  r e d u c t l o n  In "Si- f l u x  due t o  t h e  f l a w  

changes. I n  t h e  s tudy  by H u f f  e t  a l .  (1982) ,  a c o r r e l a t i o n  was d e r i v e d  

r e l a t i n g  t h e  c o n c e n t r a t i o n  o f  'OS, t o  t h e  d l scha rge  a t  S i t e  J .  

u s l n g  t h i s  d e r l v e d  r e l a t i o n s h i p  (p resen ted  i n  t h e  n e x t  s e c t l o n )  and t h e  

f l o w  measurements, comparlsons can be made between t h e  "Sr 

c o n c e n t r a t i o n  b e f o r e  and a f t e r  t h e  d l v e r s l o n :  

By 

Before  d i v e r s i o n :  C( to ta-1)  = f [ Q ( t o t a l ) ]  , ( 5 )  

C( to ta1 )  2 f [ Q ( S l t e  J )  + Q ( d l v e r t e d ) ]  . ( 6 )  

A f t e r  d i v e r s l o n :  C ( S i t e  J )  = f [ Q ( S l t e  J ) ]  . ( 7 )  

I n  a d d l t l o n  t o  mode l ing  t h e  changes i n  t h e  "Sr c o n c e n t r a t t o n  i n  t h e  

T-2A t r i b u t a r y ,  t h e  f l u x  I n t o  Whl te  Oak Creek may a l s o  be ana lyzed.  

The f l u x  can be computed f r o m  t h e  9oSr  c o n c e n t r a t l o n  and t h e  f l o w ,  a s  

shown I n  Eqs. (8 )  and ( 9 ) :  

Befo re  d j v e r s l o n :  F ( t o t a 1 )  = Q ( t o t a 1 )  C ( t o t a 1 )  * 1000 , (8 )  

A f t e r  d i v e r s l o n :  F ( S i t e  J )  = Q ( S l t e  J )  e C ( S i t e  J )  e 1000 , (9) 

where 

Q = d i scha rge  I n  L/s, 

c = c o n c e n t r a t i o n  o f  gost- i n  p ~ i / m ~ ,  

F = f l u x  o f  gost- qn p c l / s .  
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The r e d u c t i o n  i n  t h e  f l u x  i s  equal  t o  t h e  d q f f e r e n c e  b e t  

b e f o r e  d i v e r s i o n  [ F ( t o t a l ) ]  and t h e  f l u x  a f t e r  d i v e r s i o n  [ F ( S j t e  J ) ] :  

F l u x  r e d u c t l o n :  F(d1verted) = F ( t o t a 1 )  - F ( S l t e  J )  , (10) 

F l u x  r e d u c t i o n  ( % I :  F ( r e d u c t i o n )  = [ F ( d l v e r t e d ) / F ( t o t a l ) ]  e 100 . (11) 

C o r r e l a t i o n  B e t w e n  90Sr Concen t ra t i on  and F l o w  

In t h e  s tudy  by H u f f  e t  a l ,  (1982) ,  a mathemat ica l  c o r r e l a t i o n  was 

determlned u s i n g  225 d a t a  p o i n t s ,  r e l a t i n g  t h e  d i scha rge  r a t e  t o  t h e  

''Sr c o n c e n t r a t i o n  a t  S l t e  J ,  as sho n i n  Eq, (12 ) :  

where 

Q = f l o w  a t  S i t e  J i n  L/s, 

P 
C = p r e d l c t e d  "Sr c o n c e n t r a t i o n  a t  S i t e  J i n  pCl/mL, 

C 1  = 6,3722, 

C 2  = 0,02132, 

C3 = 13.3955, 

C4 = 8.06592. 

The correlatlon c o e f f i c i e n t  f o r  t h l s  r e l a t i o n s h i p  was 0,87. A p l o t  of 

t h i s  r e l a t i o n s h l p  f o r  f l o w s  up t o  160 L / s  i s  shown i n  F i g .  7 .  

S ince  t h l s  r e l a t i o n s h i p  was developed I n  1980 ( b e f o r e  c o n s t r u c t i o n  

o f  t h e  d j v e r s l o n  system),  t h e  measured 9aSr c o n c e n t r a t i o n  d a t a  f rom 

t h i s  s tudy  was p l o t t e d  w i t h  t h e  correlat7on equa t lon  'in F ig .  1 t o  check 

i t s  v a l i d i t y .  A l s o ,  a comparison between t h e  p r e d i c t e d  c o n c e n t r a t l o n  
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SITE J --90Sr----FI.,0W RELAT I ONSti I P 

o - MEASURED 9 0 ~ r  VALUES 

P 

‘\ ’OS,= (CI-(C2-Q)+C3 [exp (-C4-Q)] 1 /2.22 
C1- 6.3722 
C2- 0.02132 
c3= 13.3955 
C4= -0.06592 

--- -. ---- ..-.__._ 
--- - -----_._. --__ ---_ 

I I I I I I I 

20 40 60 80 100 12c 140 1 
FLCLU’ I u s  1 

0 

F i g .  7. Relatlonshlp between dqscharge rate and gost- concentratlon at 
Site J ,  SWSA 4. 



and t h e  observed c o n c e n t r a t i o n  was made (Tab le  1 ) .  A r e l a t i v e  e r r o r  

t e r m  was computed, as shown t n  E q .  ( 1 3 ) :  

Percent  e r r o r  = [ ( C p  - C o ) / C o ]  * 100 , (13)  

where 

C = observed "5, c o n c e n t r a t i o n  a t  S i t e  J i n  pCi/mL, 
0 

The maximum observed e r r o r  was -4077, and t h e  average e r r o r  was 

-6  f 18"Jo. A l though l i m i t e d  da ta  encompassing r e l a t i v e l y  low f l o w  

condi t ' lons Were taken t o  recheck t h e  r e l a t l o n s h l p ,  t h e r e  i s  no evldersce 

t o  suggest t h a t  t h e  r e l a t i o n s h i p  has changed s i n c e  t h e  e a r l i e r  s t u d y .  

Thus, t h e  o r i g i n a l  r e g r e s s i o n  equatlon has been used t o  p r e d i c t  t h e  

9oSr c o n c e n t r a t i o n  f o r  t h e  d l v e r s i o n  e v a l u a t i o n .  

as u r emesll 

The s t r e a m f l o  was measured weekly a t  S i t e s  A ,  D,  and J ( F l g .  2) 

i n  o rde r  t o  eva lua te  t h e  q u a n t l t y  o f  f l o w  d i v e r t e d  and the t o t a l  

d l scha rge  f rom SMSA 4 .  A t  S l t e  A ,  t h e  f l o v  was measured under a s 

t rough a t  t h e  o u t f l o w  f rom t h e  s to rm d r a i n  by determin7ng t h e  p e r i o d  o f  

t l m e  r e q u i r e d  t o  f i l l  a bucket  o f  kns w volume. A t  S i t e  Q, t h e  

a r e a - v e l o c l t y  method was used t o  measure t h e  flow i n  t h e  channel .  

F l o a t i n g  ch ips  were used t o  de termine t h e  s u r f a c e  v e l o c i t y  i n  t h e  

channel by t i m i n g  t h e  p e r j o d  r e q u i r e d  f o r  t h e  c h l p  t o  t r a v e l  a measured 

d i s t a n c e ,  Cross- -sec t ion  measurements o f  t h e  channel were taken  so t h a t  

t h e  s t r e a m  d i scha rge  could  be computed. 
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Table 1. Comparison o f  measured and p r e d i c t e d  c o n c e n t r a t i o n s  
o f  9 0 ~ r  a t  S i t e  J ,  SWSA 4 

Measured Pred 1 c t ed X D i f f e r e n c e  
90SR 90SR i n  

Discharge c o n c e n t r a t i o n  c o n c e n t r a t i o n  c o n c e n t r a t i o n  
Date ( U s )  ( pCt /mL) (pC1 /mL) va lues 

01 /31/84 
02/15/84 
02/21 /84 
03/01 /84 
03/06/84 
03/12/84 
03/20/84 
03/27/84 
04/03/84 
04/18/84 
04/23/84 
05/01 /84 

05/04/84 
05/09/84 
05/24/84 
05/31 /84 

1.22 
3.94 
1.13 
2.39 
2.30 
0.96 
1.43 
1.46 
3.27 

0.86 
2.06 
2.94 
7.64 
8.78 
0.76 
0.92 

7.40 
6.97 
7.91 
8.717 

11.514 
8.846 

14.02 
9.226 
8.941 
8.83 
9.13 
7 . 5 5  

7.70 
7 .55  
6.20 

10.2 

8.426 
7.486 
8.460 
8.002 
8.033 
8.525 
8.348 
8.337 
7.703 
8.564 
8.118 
7.813 

6.444 
6.169 
8.602 
8.540 

13.86 
7.40 
6 . 9 5  
-8.20 

-30.23 
-3.63 

-40.46 
-9.64 

-1 3.85 
-3.01 

-11 -08 
3.48 

-16.31 
-18.29 

38.74 
-1 6.27 
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A t  S l t e  J ,  t h e  s t reamf low was c o n t i n u o u s l y  moni tored,  u s i n g  a 

t r a p e z o i d a l  f lume and a p o r t a b l e  water  l e v e l  reco rde r .  To compute t h e  

d i scha rge  f rom t h e  f lume,  t h e  manufac turer  p rov ided  a r a t i n g  t a b l e  and 

po lynomia l  r a t l n g  equat ion ,  which ? s  p resented  i n  Table 2.  For  

comparison, a l t e r n a t i v e  ratSngs were computed, u s l n g  t h e  Complex Flume 

Computer Program (Replogle 19759, which computes t h e  f l o w  based on t h e  

f lume dirnens7ons and a f r l c t i o n  f a c t o r .  Severa l  r a t i n g s  were computed, 

u s i n g  va r ious  f r i c t i o n  f a c t o r s  ( f r o m  0.009 t o  0.00009>. The r e s u l t s  o f  

these r a t l n g s  were w j t h l n  1.5% o f  one another  a t  t h e  maximum Flume 

depth  o f  4 0 . 4 5  cm and a t  a l ower  depth  o f  6.20 cm ( j u s t  above t h e  

m a n u f a c t u r e r ' s  lower -s tage l i m j t ) ,  l n d t c a t i n g  t h a t  t h e  computat ions a r e  

i n s e n s i t l v e  t o  t h e  f r t c t l o n  f a c t o r .  Table 3 p resents  a comparison 

between t h e  d ischarges  f o r  t h e  v a r i o u s  f r i c t i o n  f a c t o r s  and f o r  t h e  

manu fac tu re r ' s  ratqnng. Fqgure 8 presen ts  curves f o r  t h e  manu fac tu re r ' s  

r a t i n g  (Tab le  2 )  a n d  f o r  t h e  complex f lume ra t ' ing  f u r  a f r l c t i o n  f a c t o r  

o f  0.0009 ( T a b l e  4 3 ,  which was chosen because i t  p rov ided  t h e  b e s t  

c o r r e l a t i o n  w l t h  t h e  manu fac tu re r ' s  r a t l n g  over  t h e  l a r g e s t  f l o w  range. 

I n  a d d i t i o n  t o  t h e  cont inuous  f l o w  measurements, bucket  

measurements were made a t  S i t e  9 ,  and t h e  measured s tage and f l o w  da ta  

were p l o t t e d  w i t h  t h e  r a t i n g  cu rve  ( F i g ,  8 ) .  I n  t h e  l ow- f l ow  ranges, a 

s l i g h t  s h i f t  was observed: f o r  a g i v e n  s tage,  t h e  observed d i scha rge  

was lower than  t h e  computed d i scha rge .  However, t he  d i f f e r e n c e s  

observed were s l i g h t  and  do n o t  a f f e c t  t h e  r e s u l t s  p resented  i n  t h l s  

paper .  

A s tage reco rde r  was a l s o  i n s t a l l e d  on Whi te  Oak Creek below t he  

f lume a t  S i t e  J .  Dur?ng h i g h - f l o w  p e r i o d s ,  t h e  backwater c rea ted  by 

i t e  Oak Creek f l o o d i n g  can  submerge t h e  f lume a t  S l t e  3 and r e s u l t  1n 
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Table  2. Manufacturer's r a t I n g  for t h e  trapezolda? flume 
at S i t e  J ,  SWSA 4a 

Dlscharge ( 9 )  I n  cfs, stage ( H l )  i n  ft 
Q = 2.32 '' H 1 2 * 5  t 0.63 I' t 0.05 

for 0.20 5 H1 5 1.29 

Stage 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 

0.20 0.16 0.18 0.19 0 .20  0.22 
0.30 0.31 0.33 0.35 0.37 0.39 
0.40 0.54 0.56 0.59 9.62 0.65 
0.50 0.84 0.88 0.92 0.95 0.99 
0.60 1 . 2 4  1.29 1.34 1.38 1.43 

0.70 1.74 1.80 1.86 1.92 1.97 
0.80 2.35 2.42 2.49 2.56 2.63 
0.90 3.07 3.15 3.23 3.31 3.39 
1.00 3.91 4.00 4.10 4.19 4.28 
1.10 4.88 4.98 5.09 5.20 5.30 
1.20 5.98 6.10 6.21 6.33 6.46 

0.23 
0.42 
0.68 

1.03 
1.48 

2.03 
2.79 
3.48 
4.38 
5.41 
6.58 

0.24 0.26 0.29 0.30 
0.44 0 .46  0.48 0.51 

0.71 0 . 7 4  0.18 0.81 
1.07 1.11 1.16 1.20 

1.53 1.58 1.64 1.69 
2.10 2.16 2.22 2.29 
2.77 2.84 2.92 3.00 
3.56 3.65 3.74 3.82 

4.48 4.58 4.68 4.78 
5.52 5.63 5 .75  5.86 

6.70 6.83 6.96 7.08 

aConversIon factors: 1 c f s  = 28.32 L / s  
1 f t  = 30.48 cm 
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Table 3. Cornparlaon o f  maximum d lscharges  computed f o r  
v a r j o u s  f r i c t l s n  f a c t o r s  and f o r  t h e  a n u f a c t u ~ e r - ~ ~  

r a t l n g  f o r  t h e  t r a p e z o i d a l  f l ume  at S i t e  J ,  w 7 t h  
a maxlrnum depth  o f  4 0 . 4 5  crn 

Computed d l scha rge  
rype o f  t h e o r e t i c a l  f lume r a t i n g ”  ( L i s )  
.... ... _-__1_ 

Complex flurne w l t h  f = 0,009 211.01 

Complex f lume w i t h  f = 0.0009 2 1 2 . 7 7  

Complex f lume w l t h  f = 8.00009 2 1 4 . 2 8  

Manufac tu re r ’ s  r a t i n g  214.28 
_.. -. 

af  = frlctton f a c t o r .  
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ORMI-DWG 84-13281 

SITE J - DISCHARGE R A T I N G  CURVE 

o MEASURED 0 I SCHARGE 
MANUFACTURER'S RflTI NG 
COMPLEX FILIJME: R A T I N G  

,/ 4.' / <- 

-- 
e-.-/ 

I I I I I I I I 

5 10 15 20 25 30 35 
STAGE [cml 

F i g .  8 .  D i s c h a r g e  r a t i n g  curves  f o r  t h e  t r a p e z o i d a l  f lume a t  S i t e  J ,  
SWSA 4 .  
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T a b l e  4.  Computed s t a g e - d i s c h a r g e  r a t i n g  f o r  t h e  t r a p e z o l d a l  f l u m e  a t  S l t e  J ,  
SWSA 4, wlth a f r l c t l o n  f a c t o r  o f  0.0009 

Discharge I n  L / s .  maxlmum d e p t h  I s  40.45 cm 
Depth  ( D )  I s  e x p r e s s e d  as a p e r c e n t a g e  o f  t h e  maximum d e p t h .  

. . . ._... _I__... . .. . .. . 

D 0 1 2 3 4 5 6 7 8 9 
_.__ ..-.._.. _......_ ~ ..... 

0 0 .00  0.55 1 . 2 2  1 . 9 8  2 . 7 8  3 . 6 4  4 .52  5 . 4 6  6 . 4 4  7.46 

1 0  8 .49  9 . 5 3  10 .70  11 .88  1 3 . 0 5  14.29 15 .59  16.87 18 .21  19 .52  

20 20.88 22.29 23.76 25.28 26 .75  28.26 23.82 3 1 . 4 3  32.99 34.69 

30  36 .33  38 .03  3 9 . 3 6  41.55 43.32 45.19 46.95 48.76 50.14 52.64 

40 54 .56  56.52 58 .53  60.60 62.49 64.65 66 .63  6 8 . 8 1  70 .90  73.03 

50 75.35 71.53 79 .77  82 .03  84 .33  86 .45  88 .83  91 .23  93 .44  95 .93  

60 98 .45  100.78 103 .16  105 .79  108 .22  110 .69  113 .43  115 .98  118 .56  1 2 1 . 1 6  

70 123 .80  126.46 129.18 131.64 134 .42  137 .22  140.08 1 4 2 . 6 8  145.57 148 .55  

80 151 .24  154.24 156 .98  160.07 162.90 165.33 168 .93  1 7 1 . 8 2  1 7 4 . 7 1  177.74 

90 181 .os 184 .08  187.17 190.26 193.37 196.51 1 9 3 . 7 1  202 .94  206.17 209.45 

100 212.77 
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erroneously high stage readings. The stage height recorder was 

installed to monitor these conditions and allow for adjustment of 

records during periods of submergence. 

Hay 1984 to evaluate the effects of the diverslon structures. 

measurements for Sites A ,  D, and J are provided in Table 5. At 

the observed flows ranged from 0.14 to 70.16 L / s ,  and at Site D 

RESULTS 

Flow determlnations were made perlodlcally from February through 

he flow 

Slte A, 

from 

0.095 to 47.47 L/s. 

high flow of 35.85 L / s  and a low flow of 0.76 L / s  were observed. 

From the discharge measuiements made at Slte J ,  a 

The modeled total dlscharge before diversion, Q(total), and the 

diverted discharge, Q(dlverted), were computed for these measurements, 

and the results are shown In Table 5. The flow reductlon, in percent, 

was also computed: 

Flow reduction (%) = [Q(dlverted)/Q(total)] * 100 . (14) 

The observed flow reductions ranged from 24 t o  88%, with an 

average of 56%. A plot of the flow reduction, in percent, compared to 

the flow at Site J I s  shown in Fig. 9. The data show a wide range of 

scatter, indicatlng no apparent correlation between the flow at Site J 

and the degree of flow reduction achieved. Varying external factors, 

such as preclpltation intensity, inflltratlon rate, and antecedent 

molsture condltions, will affect how each area of the watershed 

responds to the rainfall event, so the flow reduction achleved may 

show some variation between slmllar preclpltatlon events. 
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ORNL-DWG 84-11500 
1 QQ 

A 

F: 

6 

1 

a 
Q 3 

1 
0 0 

SITE J - DISCHARGE & / 8 )  

F i g .  9 .  P l o t  o f  t h e  observed f l o w  r e d u c t l o n  compared t o  t h e  measured 
f l o w  a t  S i t e  J ,  SWSA 4 .  
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Using t h e  model p r e v l o u s l y  desc r lbed  (Eqs. 2-12) ,  p r e d i c t i o n s  o f  

t h e  e f f e c t  o f  t h e  f l o w  d i v e r s i o n  on t h e  "Sr c o n c e n t r a t i o n  and f l u x  

c a l c u l a t i o n s  a r e  presented  I n  can be made. The r e s u l t s  o f  these 

Tab le  6 .  

The es t ima ted  ' O S ,  concen t ra t  

ranged f r o m  1 .4  t o  8.5 pCj/mL. A f  

ons a t  S i t e  J ,  b e f o r e  f l o w  d i v e r s i o n ,  

e r  f l o w  d l v e r s i o n ,  t h e  es t ima ted  

l e v e l s  were between 3.1 and 8.6 pCl/mL. T h i s  means t h a t  a f t e r  t h e  f l o w  

d i v e r s i o n ,  becau5e o f  t h e  i n v e r s e  exponen t ia l  r e l a t i o n s h i p  between f l o w  

and gost- c o n c e n t r a t i o n ,  h l g h e r  concen t ra t i ons  o f  9QSr  were p r e d i c t e d  

i n  t h e  T-2A t r l b u t a r y  a t  S i t e  J ,  b u t  because o f  t h e  l o w e r  f l o w  volume, 

t h e  p r e d i c t e d  f l u x  r a t e s  decreased. A t  S i t e  J ,  t h e  f l u x  i n t o  Whi te  Oak 

Creek b e f o r e  d i v e r s i o n  v a r i e d  from 8,470 t o  214,000 p C ? / s .  A f t e r  

d l v e r s i o n ,  t h e  es t ima ted  f l u x  ranged f r o m  6,510 t o  111,000 p C l / s .  The 

f l u x  r e d u c t i o n  p r e d i c t e d  was between 1,930 and 125,000 pCi /s ,  or  f r o m  23 

t o  66%. The average f l u x  r e d u c t i o n  was 44%, or  32,700 pC i / s .  A s  a 

r e s u l t  o f  t h e  f l o w  d i v e r s i o n  system, f l o w  i n  t h e  T-2A t r i b u t a r y  has been 

reduced, thereby  caus ing  h i g h e r  average "5, c o n c e n t r a t i o n s  due t o  t h e  

i n v e r s e  r e l a t i o n s h i p  between f l o w  a n d  "Sr c o n c e n t r a t j s n  ( E q .  1 2 ) .  

But ,  t h e  f l u x  i n t o  bdhlte Oak Creek was l o w e r  due t o  t h e  lower  volume o f  

water.  

A p l o t  o f  t h e  es t ima ted  percentage o f  f l u x  r e d u c t i o n  compared t o  t h e  

f l o w  a t  S i t e  J I s  shown ? n  F l g e  10.  A s  w i t h  t h e  f l o w  reduc tqon p l o t  

( F i g .  !I>, t h e  d a t a  do n o t  suggest any s t r o n g  c o r r e l a t l o n  between t h e  Flow 

and t h e  degree o f  f l u x  r e d u c t i o n  achleved.  There fore ,  f o r  any g i v e n  f l o  

r a t e ,  the  90Sr  r e d u c t l o n  achieved i s  dependent on e n v i  ronrnental 

c o n d i t i o n s  a f f e c t l n g  flolpr r e d u c t i o n .  
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Table 6. Evaluation o f  reductlon in 90Sr flux In the SWSA 4 
tributary d u e  to diverston o f  surface water runoff 

Concentration (pCi/rnL) - Flux ( ~ C i / s )  Flux 
reduction % F l u x  

Date C(tota1) C(Site J) F(tota1) F(S1te J )  (pCl/s) reductlon 

02/27/84 

03/01 /84 
03/06/84 
03/12/84 

03/20/84 

03/21 /84 

03/27 /84 
03/28/84 

04/03/84 
04 /18/84 

04/23/84 
04/27/84 
04/30/84 

05/01 /84 
05/02/84 

05/04/84 

05/07/84 
05/09/84 

05/24/84 
05/31 /84 

3.280 

6.688 
7.471 

8.248 
6.289 

3.280 

8.009 
2.549 

7.127 
a .  359 
7.183 
5.846 

5,066 

6.280 
1.397 

4.035 

1.930 
4.078 

8.512 

8.333 

5.105 

8.002 
8.033 

8.525 
8.348 

5.868 
8 e 337 
4.787 

7.703 
8.564 
8.118 

6.777 

7.124 

7.813 

3.094 
6.444 

5.527 

6.169 
8.602 
8.540 

106000 
44700 
29800 
14000 

52000 

106000 

19000 
135000 

36500 

1 1  700 
35400 

59800 

73000 

52200 

21 4000 
90300 

191 000 
89600 
8470 

12200 

72400 

191 00 
18500 
81 a0 

11900 

59400 
12200 

17600 

25280 
7360 
16700 

431 00 
36500 

23000 

111000 

49200 

65300 
54200 

6540 
7 860 

33500 

25600 
1 1  300 

5840 
401 00 

46400 

681 0 
57000 

1 1  300 
4340 
18700 

16700 

36500 

29200 

103000 

41 100 

125000 
35400 
1930 
4390 

31.63 
57.26 
38.01 

41.63 
77.05 

43.84 

35.88 

42.35 

30.97 
37.07 

52.77 

27.93 
49.94 

55.98 

48.26 

45.49 

65.78 
39.53 
22.81 
35.86 
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F r o m  t h e  cont lnuous  f l o w  m o n i t o r l n g  records  a t  S l t e  J and t h e  

c o r r e l a t l o n  between "Sr c o n c e n t r a t i o n  and f l o w ,  es t ima tes  o f  t h e  

S r  f l u x  f rom t h e  T-2A t r i b u t a r y  were made. I n  a d d i t i o n ,  by 

a p p l y l n g  t h e  observed average f l o w  r e d u c t i o n  o f  56% t o  these reco rds ,  

est t rnates o f  t h e  f l o w  b e f o r e  d i v e r s l o n  were a l s o  made. 

f l o w  r e d u c t i o n  i s  n o t  a cons tan t  r a t e ,  as d iscussed e a r l i e r ,  t h e  use o f  

an average f l o w  r e d u c t i o n  over  a l o n g  per iod  o f  t i n t @  w i l l  p rovqde a 

reasonable app rox lma t lon  of t h e  f l o w  va lues  b e f o r e  d l v e r s i o n .  However, 

s i n c e  t h e  f l o w  d a t a  were taken  between February and May, whlch a r e  

g e n e r a l l y  f a l r l y  wet months, t h e  a p p l i c a t i o n  o f  these r e s u l t s  t o  d r y  

per' lods must be under taken w i t h  c a u t i o n .  The cont inuous  f l o w  es t ima tes  

befQre d l ve rs ' ron  were made based on t h e  f o l l o w i n g  r e l a t l o n s h l p s :  

A l though t h e  

There fore ,  by u s l n g  t h e  e x l s t l n g  f l o w  reco rds  a t  S l t e  J and d i v i d i n g  

these va lues  by  0.44 ,  t h e  f l o w  b e f o r e  d l v e r s j o n  was es t imated ,  From 

these reco rds ,  es t ima tes  o f  t h e  "5, f l u x  f rom t h e  T-2A t r i b u t a r y  

were made, u s i n g  t h e  "Sr c o n c e n t r a t i o n - f l o w  c o r r e l a t i o n .  

es t lma tes  were made on a month ly  bas ts ,  usqng h o u r l y  f l o w  va lues  i n  t h e  

computa t ions .  The r e s u l t s  a r e  p r o v l d e d  I n  Tab le  7. 

T o t a l  f l u x  

Dur ing  t h e  p e r i o d  of November 1983 th rough  A p r i l  1984, t h e  
3 

3 3 

f l o w  volume was 40,126 rn b u t  b e f o r e  d l v e r s l o n ,  a volume o f  

91,195 m was es t lma ted .  There fore ,  app rox lma te l y  51,069 m was 

d i v e r t e d  around SWSA 4 .  The es t lma ted  f l u x  f r o m  t h e  T-2A t r i b u t a r y  was 
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Table 7 .  Month ly  gost- f l u x  es t lmates  b e f o r e  and a f t e r  t h e  
su r face  w a t e r  d q v e r s j o n  

A f t e r  d i v e r s i o n  Before d q v e r s l o n  
Surface  Surf ace 

wa t e r f 1 ow 90Sr f l u x  w a t e r f l o w  9 0 ~ r  f l u x  
Month Year (+) ( m C j  1 (M3) (rnci) 

Nov. 
Dec . 
Jan. 
Feb .  
Mar. 
Apr .  
Maya 

1983 31 70 
1983 11 220 
1984 5794 
1984 5080 
1984 871 1 
1984 61 50 
1984 5252 

401 26 

2 0 . 9 3  
70.03 
44.00 
34 * 70 
54.30 
43.89 
36.29 

267.65 

7205 
25500 
131 69 
11 545 
19798 

11937 
13978 

91195 

38.50 
124.04 
85.40 
64.66 
99.53 
84 -30  
42.85 

496.43 

aThe May 1984 r e s u l t s  a r e  n o t  i nc luded  In t h e  t o t a l  f i g u r e s  
because some o f  t he  f l o w  records  were 105t due t o  f l o o d i n g  and 
backwater  . 
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268 m C l ,  b u t  b e f o r e  d l v e r s l o n ,  t h e  f l u x  was es t lma ted  a t  496 m C l ,  

showlng a r e d u c t l o n  o f  228 m C i .  T h i s  rep resen ts  an average r e d u c t l o n  

o f  1.26 mCl/day (or  14,500 pC l / s )  over  t h e  6-month p e r l o d ,  o r  a t o t a l  

f l u x  r e d u c t l o n  o f  46%. 

From t h e  spot  f l o w  measurements, an average f l u x  r e d u c t l o n  o f  44%, 

o r  32,700 pCl /s ,  was observed, as mentioned e a r l l e r .  The r e d u c t l o n  

ach ieved I n  terms o f  percentage I s  ve ry  c o n s l s t e n t  between t h e  two 

es t ima tes .  However, when comparing t h e  f l u x  r e d u c t l o n  i n  p l c o c u r l e s  

pe r  second, t h e  two va lues  d l f f e r  by 18,200 p C l / s .  

due t o  t h e  f a c t  t h a t  t h e  es t lma tes  f r o m  t h e  f l e l d  measurements were 

we lgh ted  toward  t h e  h l g h - f l o w ,  h l g h - f l u x  events ,  whereas month ly  f l u x  

es t lma tes  I n c l u d e  t h e  cont lnuous  f l o w  reco rds ,  wh lch  a r e  we igh ted  

toward t h e  low- f low,  l o w - f l u x  events .  A l though a w lde  range o f  f l o w  

c o n d l t l o n s  was l n c l u d e d  I n  t h e  f l e l d  measurements, t h e  e s t i m a t e  made 

f rom t h e  cont inuous  f l o w  reco rds  rep resen ts  an average o f  a l l  f l o w  

c o n d l t i o n s ,  p r o v l d l n g  a b e t t e r  e s t l m a t e  o f  t h e  o v e r a l l  f l u x  r e d u c t i o n .  

T h i s  d i f f e r e n c e  i s  

DISCUSSION 

The r e s u l t s  o f  t h e  d l v e r s l o n  e v a l u a t i o n  have shown t h a t  an average 

f l o w  r e d u c t i o n  o f  56% and a f l u x  r e d u c t i o n  o f  44% were a t t r i b u t a b l e  t o  

t h e  s u r f a c e  water  d i v e r s t o n .  Over t h e  6 months s tud ied ,  t h l s  

rep resen ts  an average f l u x  r e d u c t i o n  o f  14,500 pCl /s  I n  t h e  T-2A 

t r l b u t a r y  t o  Whi te  Oak Creek. 

O f  t h e  o r l g l n a l  SWSA 4 watershed, t h e  r u n o f f  f rom 56% o f  t h e  area 

was d i v e r t e d ,  and a l though  t h e  average f l o w  r e d u c t l o n  was 56%, 

l n d j v i d u a l  measurements showed s l g n l f l c a n t  v a r l a t l o n  f rom t h e  average. 

T h i s  observed v a r l a t l o n  I s  b e l l e v e d  t o  be due t o  t h e  nonun l fo rm n a t u r e  
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o f  r u n o f f  production over t h e  watershed. For example, the  a rea  north 

o f  Lagoon Road f r o m  wklch the r u n o f f  was diverted i s  f o r e s t e d ,  whereas 

the  burlal ground i s  rnaintalned In grass .  A l s o ,  Lhe nor thern  area i s  

steeper, with a more irresular topography, than 'she burlal ground. 

Since each o f  these areas responds djfferently to a s t o r m  event, the 

runoff response (flow per u n l t  area) will n o t  be the same; thus, the  

f l o w  reductton will show some varlatian from one event to the next. 

But, on the average, b o t h  areas o f  t h e  watershed prodiiced a s i m f l i a r  

runoff response, resulting i n  an average flou reduction equivalent t o  

the watershed area redruc t ioD*  

In the s t u d y  by Huff e t  a l .  (1982), the  o f f - q q t e  r u n o f f ,  both 

surface and subsurface, w a s  estlmated t o  account f o r  up to 80% o f  t h e  

gost- f l u x  froni SWSA 4 .  

resulted in an 80% flux reductSon for several pnsslble reasons: 

(1) Groundwater Mas e s t l m a t e t l i  t o  cause up t o  63% o f  t h e  "sr 

Howeverp the diversion structure has not 

lgration during 1 0 ~ 6 1 o w  p e r i o d s  (Huff e t  all. 1982).  Although t h e  

diversjon structures d i d  include some p e r f o r a t e d  p t p i n g  t u  allow 

shallow groundwater  collect?on, not a l l  the groundwater was collected, 

s i n c e  p i p i n g  was installed only between S i t e s  A a n d  B, and Sites D 

and E ( F l g .  1). ( 2 )  Not all t h e  off-site r u n o f f  was d'iver-ted. An area 

o f  approximately 0.8 ha (2 a c r e s )  sou th  o f  the burlal ground s t l l l  

c a n t r ? b u t e s  t o  t he  runoff o f  the T-2A trtbertary, so the  flow r e d ~ z c t t o n  

observed was l e s s  than t h e  full potentlal, ( 3 )  Dralnage problems 

associated w l t h  the  diversion st ructures  m y  have reduced t h e l r  

effectlveness. These problems a r e  outlined i n  Table 8, along w l t h  

poss ib l e  remedial acttons thak a r e  c u f r e n t l y  under consideration. 
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Table 8. Summary o f  the remalnlng dralnage problems followlng 
constructlon o f  the SWSA 4 dlverslon project 

Item Site Problem Corrective a c t l o n  

1 B and D Construction fill Removal of construction 
prevents natural channels fill to open natural channels 
from draining to the 
catch basins, which 
increases infiltratlon 

2 0  Debrls clogs gratlng Routine malntenance 
on the catch b a s l n ,  especlally during and after 
whlch results In storm events 
overflow to SWSA 4 

3 -  Leakage from the old Resealing the old culverts 
culverts under Lagoon Road 
allows flow Into SWSA 4 
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I M P A C T  OF SWSA 4 ON WHITE OAK CREEK 

B V E R V  I EM 

7Re Whlte Oak Creek watershed c o n t a i n s  seve ra l  waste d i s p o s a l  

SA 4 may n o t  be t h e  o n l y  source o f  contarn lnd t lon  t o  Whl te  

Oak Creek, Stueber e t  a l .  (1981) found t h a t  SMSA 4 was the major  

nonpolnt source o f  ' '5 ,  t o  Whi te  Oak Creek, b u t  s i n c e  remedia l  a c t i o n  

has been taken t h e r e ,  a r e e v a l u a t i o n  o f  t h e  impact  o f  SWSA 4 was 

d e s l r e d .  A l s o ,  s i n c e  o t h e r  sources o f  con tamlna t ion  may e x i s t ,  such as 

t h e  sediments f rom t h e  o l d  impoundment p r e v l o u s l y  mentioned, the  

l o c a t j o n  and  t h e  impact  o f  these sources  a r e  Impor tan t  i n  a s s e s s i n g  t h e  

need f o r  f u r t h e r  r e r n t d l a l  a c t i o n .  

METHODS 

Mass Balance Tech-nlque 

I n  o r d e r  t o  e v a l u a t e  t h e  relatlve impor tance o f  S SA 4 as a source 

o f  ' '5,  i n p u t  t o  Whi te  Oak Creek, a mass ba lance was deterrnlned fo r  

t h e  reach o f  Whi te  Oak Creek ad jacen t  t o  SWSA 4 and a l l  s u r f a c e  water  

tributaries between S i t e s  F and t.4 ( F i g .  2 ) .  

White Oak Creek were computed a t  f o u r  l o c a t i o n s  ( S i t e s  W ,  I ,  J ,  and K), 

and t h e  n e t  l n p u t  t u  Whi te  Oak Creek was determined by s u b t r a c t i n g  t h e  

upstream f l u x  from t h e  downstream f l u x :  

Inputs o f  ' O S ,  f l u x  t o  

N e t  l n p u t  = F ( S l t e  M )  - T ( S ? t e  F )  . 
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lhe measured surface water sources o f  9QSr flux were also computed, 

and the total was determined as follows: 

Surface Influx = F(Site H) t F(Site I) t F(Site J )  t F(Site K )  . (18) 

The dlfference between the net "Sr Input to White Oak Creek (between 

sites M and F)  and the measured surface lnflux represents the 

contribution from additional nonpoint sources, such as groundwater or 

overland surface runoff: 

Addltional input = Net Input - Surface influx . 

Thls addltlonal input term may represent measurement error, 

groundwater input, or contamination from the floodplain areas. To 

determine whether thSs additional input was due t o  an addltional 9oSr 

source, the net input was compared statistically to the surface 

influx. I f  the results lndtcate that a slgnlficant dlfference exists 

between the net input and surface influx, then the evldence i s  strong, 

b u t  not totally conclusive, that additional "Sr sources exlst. 

using a mass balance approach, the various 'OS, sources may be ranked 

to determlne their Importance, and any additional contam?natlon sources 

may be identifled. 

By 

90~r Mea s u rement 

Water samples were taken for "Sr analysis on a weekly basis. 

Grab samples o f  500 mL volume were taken at Sites F ,  H ,  I, J ,  K ,  

and L. Additional samples were occaslonally taken at Sites A ,  D ,  

and H.  Flow measurements were taken concurrent with t h e  water 
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samples .  Note t h a t  on Whi te  Oak Creek " 5 ,  samples were t aken  a t  

S i t e  L,  and  f l o w  measurements were made a i  S i t e  M ,  l a c a t e d  f u r t h e r  

downstream, Th ls  was done t o  a v o i d  t h e  d i l u t l o a  e f f e c t s  from t h e  we'ir 

backwater a t  S i t e  N. The w e i r  Forms a r a t h e r  l a rge  pond/backwates, 

which may r e s u l t  i n  some u n d e s l r a b l e  m i x i n g  e f f e c t s .  To a v o i d  t h l s  

problem, t h e  water samples were t aken  upstream f r o m  the welr .  

The samples w e r e  processed by add ing  2 mg o f  % t a b l e  strontium 

(5.11 g o f  S r C i  2 2 c a r r l a r  I n  the f o r m  o f  St-61 

then t hey  w e r e  f i l t e r e d  th rough &hatman 42 f i l t e r  paper  and a c i d i f i e d  

w i t h  1 mL o f  concent ra ted  M C 1 .  

I n  250 wiL o f  i-l,O); 

Because o f  t h e  l o w  concent ra t7ons  o f  9oSr, t h e  samples f r o m  

S i t e s  A ,  0 ,  k ,  H, K ,  a n d  L were concen t ra ted  by evapora t i ng  t h e  5004. 

volume t o  a 20--naL volume. 

by Cerenkob count ing . .  

were sp iked w i t h  a d d i t q o n a l  " S r  and  recounted t o  determine c o u n t i n g  

'The "Sr c o n c e n t r a t i o n  was then determlned 

When c o l o r  I n t e r f e r e n c e  was suspected, sampler 

e f f i c i e n c y ,  I n  an e a r l i e r  s tudy  ( H u f f  e t  a l .  1982), the Cerenkov 

method p r o v l d e d  good c o r r e l a t l o n  I t h  ,the standard rad iochemica l  assay 

naethods f o r  SWSA 4 samples, so t he  Cerenkov method was used i n  t h i s  

s tudy .  c he r e s u l t s  f r o m  the 9 0 ~ r  analyses a r e  shown i n  Table 9 .  

Flow We.3suremenP 

F l o w  measurements w e r e  t aken  concur ren t  u l t h  t he  vater  samples i n  

order  t o  conapeote t h e  f l u x  of "Sr.  

were used t o  determfne t h e  f l o w  r a t e :  a t r a p e z o i d a l  wedr was used a t  

A t  S l t e s  F and M, rated weirs 
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Table 9. Measured 90Sr concentration (pCJ/mL) a t  s i x  s l t e s  
an SWSA 4 and h l t e  Oak Creek 

Date S i t e  F S i t e  H S i t e  1 S i t e  J s i t e  K S i t e  k 

01 /31/84 

02/15/84 
02/21 /84 
03/01 /84 
0 3 / 0 ~ / ~ 4  

03/12/84 

03/20/84 

03/27/84 

04/03/84. 

04/23/84 

05/01 184 
05/04/84 
05/09/84 
05/24/84 

05/31 /84 
06/15/84 

0.058 
0.081 
0.071 
0.075 
0.131 

0.119 

0.089 

0.096 

a. 08s 
0.103 

0. 078 
0.166 

0.191 
0.263 

0.074 

0.097 
0.092 

0.02 

6 * 003 
0 * 006 
0.0004 

0 003 
0.003 

0 -003 
0 * 004 
0.000 
0 e 003 
0 0 801 

0 
Oa 
0 

0.003 
0 a 003 

0.002 

1.92 

1.86 
2.63 
1.961 
2.127 

2.030 

2.980 

2.118 

2.32 

2.08 

1.92 

1.90 

1.74 
1.67 

1.48 
2.05 

0 

7.40 

6 * 9 7  

1 .!I1 
8.717 

1 1  3 1 4  
8.846 

14.02 

9 9 225 

8 I941 
8 * 8 3  

.13 

1 . 5 5  

7.70 
7.55 

6.20 
10.2 
0 

0.06 

0.056 
0.05 
0. 053 
0 * 061 
0.059 

0 e 053 

0 * Ob8 
0.055 
0*0618 
0.068 
0 * 047 

0 044 
0.05 

0.055 
0 I 048 
0 

0.12 

0.15 
0.12 
0.126 

0.222 

0.160 

0.155 
0.139 

0.192 

0.139 

0.134 
0.255 

0.296 
0.322 

0.176 

0.150 
0.099 

i3 Value e s t i m a t e d  because lab sample was lost. 
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S i t e  5 ,  and a dua l  V.-notch w e l r ,  a t  S i t e  M. 'The r a t l n g  equat ions  f a r  

t h e  wejrs a r e  shown below: 

S i t e  F:  Q = 1131.7(W - 0.0245) ' '5  , (20)  

S l t e  M: Q = 202.7(R 0 . 4 8 4 ) 2 * 4  , ( 2 1  1 

where 

9 = d l scha rgs  i n  L/s, 

R = p o i n t  gage reading i n  f t .  

Both w e l r s  were equipped w l t h  b racke ts  desqgned t o  h o l d  a p o i n t  gage t o  

a t e r  s u r f a c e  e leva tqon.  

A t  t h e  rernainlng s i t e s ,  e x c l u d i n g  S i t e  h ,  f l o w  was measured by 

bucket ,  except  d u r i n g  pe r iods  o f  ex t remely  h igh  f l o w ,  when f l o a t i n g  

c h i p  measurements were made. The r e s u l t s  f r o m  t h e  f l 0 w  measurements 

a r e  p resented  i n  Table 10.  

RESULTS AND DI[SCUSSION 

~ r o m  t h e  9 0 ~ r -  c o n c e n t r a t i o n  and t h e  s t reamf low measurements, t h e  

'OS, f l u x  r a t e  ( i n  p c i / s )  was computed f o r  t h e  s i x  s l t e s  on SNS 

h i t e  Oak Creek. The r e s u l t s  a r e  p rov ided  I n  Table 11. 

'the n e t  'OS, i n f l u x  was determined by s u b t r a c t i n g  t h e  upstream 

f r o m  t h e  downstream Whi te  Oak Creek f l u x e s  a t  S l t e s  F and W .  These 

r e s u l t s  a r e  shown i n  Table 12. 

determlned a t  S i t e s  H ,  I ,  J ,  and K ,  and t h e  b o t a l  s u r f a c e  water  i n f l u x  

w a s  determlned by summation o f  t h e  i n f l u x  o f  those s i t e s  (Tab le  1 2 ) .  

The f o u r  s u r f a c e  water s i t e s  accounted f o r  an average o f  57% o f  

The s u r f a c e  water  "5, i n f l u x  was 

t h e  ' O S ,  i n f l u x  t 0  Whi te  Oak Creek, w l t h  S i t e  J b e l n g  t h e  m a j o r  
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Table 10. Comparlson o f  t h e  s t reamf low  (L/s) a t  s i x  s l t e s  
on SWSA 4 and Whlte Oak Creek 

S l t e  I S i t e  J S i t e  K S l t e  L Date S i t e  F S i t e  H 
-- 

01 /31/84 
02/15/84 
02/21 1’84 
83/01 /84 
03/06/84 
03 / i  2/89 
03/20/84 
03/27/84 
04/03/84 
04/18/84 

0 4 / 2 3 / 8 4 
05/01 /84 
05/04/84 
05/09/84 
05/24/84 
05/31/84 
06/15/84 

234.84 
467.29 
216.00 
338.78 
284.69 
208.23 
241.91 
264.58 
335.38 
216.00 

339.92 
307.49 
999.46 

1152.99 
205.34 
203.42 
200.55 

1.57 
5.37 
1.49 
3.30 
2.73 
1.31 
2.39 
1.75 
3.35 
1.26 

3.84 
5.07 

11.73 
9.25 
0.89 
1.24 
0.38 

1.07 
2.56 
1.03 
1.73 
1.95 
0.89 
1.36 
1.23 
1.84 
0.80 
2.02 
2.01 

6.18 
4.505 
0.50 
0.74 
0 

1.22 
3.94 
1.13 
2.39 
2.30 
0.96 
1.43 
1.46 
3.27 
0.86 
2.06 
2.94 
7.64 
8.78 
0.76 
0.92 
0 

0.26 
2.68 
0.26 
1.30 
1.04 
0.28 
0.75 
0.44 
2.32 
0.31 
1.43 
2.14 
5.44 

3.19 
0.11 
0.24 
0 

271.80 
541.54 
245.45 
400.43 
329.90 
240.58 
298.50 
307.11 
482.28 
251.03 
400.43 
371.4 

1180.89 
1308.45 

249.82 
232.07 
222.19 
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T a b l e  11. Comparison o f  t h e  9%r f l u x  ( p C i / s )  
a t  SWSA 4 and Whi te  Oak Creek 

............. _..__. I ___I.___ 

Dste S i t e  F S I t P  ii S ? t e  I S l t s  3 S i t e  K S l t e  i 
......... . .. .. .. . . . . ._..I_p_, 

01 /31/84 
02/15/84 
02/21 /84 
03/01 /84 
03/06/04 

03/12/84 
03/20/84 
03/27/84 
04/03/84 

04/18/84 
0 4 / 2 3 / 8 4 

05/01 /04 
05/04/84 
05/09/81! 
05/24/84 
05/31 /84 
06/15/04 

16000 
37900 
15300 
25408 
37300 

246300 
21 500 
25400 
28500 
22200 
26500 

51 QOO 
191 000 
303000 

15200 
19700 
18500 

3 1 . 4  

16.1 
8 = 9 4 
1.32 
8.19 

3.93 
7.17 
7 .00 
2.68 
3.78 

3.84 

0 
Id 
0 
2.67 
3.72 
0.76 

2050 
4760 
2090 
3390 

4 1  50 

1840 
4050 
2600 
4230 
1660 
3880 

3820 

10808 

7520 
7 40 

1520 
8 

9030 

27 500 
8940 

26500 

8490 
20000 
13500 
29200 

7590 
18800 
22200 

66300 

431 0 
9380 

0 

15.6  
150 

13 .0  
81.9 
63.4 

16.51 
3 3 - 7  
29.9 

129 
19 .2  
97.2 

100 
239 

185 
6.05 

11 .§  

0 

32500 
81 200 
29500 

50500 
73200 

38500 

46300 
42700 
92600 

35700 
53700 

94708 
358000 
421 a00 

44000 
34$BG 
22000 

. . . . . . . . . .- .............__.I. 
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Table 1 2 .  Evalua t lon  o f  source o f  90Sr I n f l u x  t o  Whlte  Oak Creek 

Measured 
90sr  i nf  1 u x  

Measured 90zr 1 n f 1 ux 
i n  su r face  water Net 9 0 ~ r  I nf 1 ux  

Date t o  Wh’lte Oak Creek I n  su r face  water a s  percent o f  
( PCj 1 s  1 ( P C j  the n e t  i n f l u x  

01 /31/84 

02/15/94 

02/21 /84 

03/01 /84 

03/06/84 

03/12/84 

03/20/84 

03/21 /84 

04/03/84 

04/18/84 

04/23/84 

05/01 /84 

05/04/84 

05/09/84 

05/24/84 

05/31 /84 

o w 1  5/84 

16600 

43400 

141 00 

25080 

35900 

13700 

24700 

17 300 

641 00 

13500 

271 00 

431 00 

159000 

11 8000 

28873 

15000 

3550 

11100 

32400 

11100 

24300 

30700 

10400 

241 00 

161 00 

33600 

9280 

22800 

261 00 

69800 

74000 

5460 

10900 

0.76 

66.9 

74.7 

78.3 

97 .l 

85.4 

75.5 

97.6 

93.2 

52.5 

68.9 

4.0 

59 .a 
44.0 

62.7 

19 .8  

7 2 . 4  

-0.0 
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source, c a n t r l b u t i n g  56% o f  t h e  i n f  

10% o f  t h e  90Sr i n f l u x ,  w h i l e  S i t e s  

F l g u r e  11 shows a ba r  c h a r t  showing 

Creek and t h e  major  known l n p u t s .  

42  

u x .  S i t e  I c o n t r l b u t e d  apprax lmate 

H and K c o n t r l b u t e d  l e s s  than 1%. 

t h e  n e t  I n p u t  o f  "Sr t o  M h l t e  Oak 

To t e s t  t h e  hypo thes i s  t h a t  a d d i t i o n a l  I n p u t s  o f  "5, were 

presen t  a l o n g  t h e  reach o f  Whi te  Oak Creek ad jacen t  t o  SMSA 4 ,  a 

comparison was made between t h e  computed n e t  i n p u t  and t h e  measured 

su r face  l n f l u x  va lues .  Sur face  i n f l u x  measurements accounted f o r  o n l y  

67% o f  t h e  t o t a l  I n f l u x  o f  9oSr  t o  Wh l te  Oak Creek. I n h e r e n t  e r r o r  i n  

t h e  f l s w  and S r  measurements may account  f o r  mast o f  t h l s  

d i f f e r e n c e .  However,  a S t u d e n t ' s  t - t e s t  (Appendix)  was used on t h e  

da ta ,  and t h e  r e s u l t s  i n d i c a t e d  t h a t  a s i g n i f i c a n t  d i f f e r e n c e  d i d  e x i s t  

98 

between t h e  n e t  i n f l u x  t o  Whi te  Oak Creek and t h e  measured s u r f a c e  water  

i n f l u x .  Th is  suggests t h a t  another  source i s  p robab le .  The 

r e s u l t s  a r e  s t rong,  b u t  n o t  conc lus i ve .  Poss ib le  sources o f  gost- 

i n f l u x  t o  Whi te  Oak Creek l n c l u d e  i n p u t  i n  groundwater f rom t h e  b u r i a l  

ground and the  ad jacen t  contamlnated f l o o d p l a i n .  

CONC I.USIONS 

The e v a l u a t l o n  o f  t h e  s u r f a c e  w a t e r  d i v e r s l o n  system f o r  reduc ing  

gost- m l g r a t l o n  f rom SWSA 4 t o  kihitc? Oak Creek has shown t h a t  su r face  

r u n o f f  c o n t r o l  c a n  be an i m p o r t a n t  f a c t o r  i n  c o n t r o l l i n g  'OS, 

m l g r a t l o n .  A t  SWSA 4 ,  a r e d u c t i o n  o f  t h e  watershed area by 56% r e s u l t e d  

i n  a 44% f l u x  r e d u c t j o n  i n  t h e  T-2A t r i b u t a r y .  A l s o ,  between November 

1983 and May 1984, an es t ima ted  59,069 rn o f  water  was d i v e r t e d  by 

t h e  s t r u c t u r e ,  reduc lng  t h e  f l o w  th rough  t h e  b u r i a l  ground by 56%. 

3 

Y 
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F i g .  1 1 .  Measured I n p u t s  o f  90Sr  f l u x  t o  Whl te  Oak Creek I n  t h e  
vicinlty o f  SWSA 4 .  
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Al though groundwater i s  o f t e n  cons idered t o  be t h e  major  mechanlsrn o f  

s o l u t e  t r a n s p o r t ,  su r face  r u n o f f  has  bee^ shown t o  p l a y  a s i g n i f i c a n t  

r o l e  i n  c o n t r o l l i n g  9 0 ~ r  migration a t  SWSA 4 

The d i v e r s i o n  s t r u c t u r e  has s u b s t a n t i a l  

h l t e  Oak Creek and rep resen ts  a s 

y reduced t h e  i n f l u x  o f  

g n i f l c a n t  advance t o w a r d  

s i t e  s t a b l l i z a t l o n ,  even though SWSA 4 renialns an i m p o r t a n t  source o f  

con tamina t ion  t o  t h e  c reek .  Dur ing  t h e  s tudy  p e r i o d ,  t h e  

o f  9*Sr i n f l u x  t o  White Oak Creek between S l i e r  F and 

SbJSA 4 ( S i t e  J ) #  b u t  S i t e  I was a l s o  a, s i g n i f i c a n t  source.  These two 

s i t e s  accounted f o r  66% o f  t h e  p resen t  l n f l u x  t o  h l t e  Oak Creek, w i t h  

the o t h e r  t h r e e  su r face  water s i t e s  accounting f o r  approx ima te l y  1% o f  

t h e  i n f l u x .  The da ta  suggest t h a t  t h e  remain ing  33% may be due t o  

add i t ’ i ona l  S r  sources, 5uch as t h e  contamjnated  f l o o d p l a i n  

( F i g .  l ) ,  a l though  t h e  ev ldence  I s  n o t  c o n c l u s i v e .  

( F i g .  2)  was 
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Al thaugh t h i s  s tudy  d i d  n o t  exa ?ne t h e  t r a n s p o r t  o f  9 0 ~ r  f ro in  

s a l s o  a n  i m p o r t a n t  

f y  t h e  groundwater 

4 b e f o r e  f u r t h e r  

seeps have a l r e a d y  

been l d e n t l f i e d  a t  SWSA 4 ( H u f f  e t  al. 1982) ,  groundwater movement near 

these seeps shauld he  c h a r a c t e r i z e d  so t h a t  c o n t r o l  measures, such a s  

chern’ical t rea tmen t  or  g r o u t i n g ,  can be adequate ly  designed. 

Al though t h e  contaminated f l o o d p l a i n  may a l s o  be a source o f  

9oSr i n f l u x  t o  Whlte Oak Creek, q u a n t i f i c a t l o n  o f  t h e  ”Sr 

m i g r a t i o n  in t h e  f l o o d y l r r l n  i s  d l f f i c u l t  t o  do w i t h  s u f f i c l e n t  accuracy 

because o f  t h e  l a r g e  f l o w s  i n  Wh i te  Oak Creek. Iherefore,  s ince  o t h e r  

SA 4 i n  groundwater ,  t h e  c o n t r o l  o f  groundwater 

c o n s i d e r a t i o n .  A d d i t i o n a l  work ’IS needed t o  quant 

movement a n d  t h e  m l g r a t l o n  i n  and a rou  SA 

remedfa l  action can be recommended. S ince seve ra l  
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more s i g n l f l c a n t  sources o f  con tamina t lon  e x l s t ,  remedlal a c t l o n  should 

be d l r e c t e d  f i r s t  t o  those sources.  To conclude, t h e  remedia l  a c t l o n  

a l r e a d y  taken a t  SWSA 4 has shown t h a t  c o n t r o l  o f  surface r u n o f f  has 

reduced "Sr m l g r a t l o n  f r o m  t h i s  s h a l l o w  l a n d  burlal s ' i te ,  b u t  

f u r t h e r  remed la l  a c t l o n  I s  r e q u l r e d  because SWSA 4 s t d l l  c o n t r l b u t e s  a 

s i g n l f l c a n t  q u a n t l t y  o f  9oSr  t o  Whl te  Oak Creek. 
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APPENDIX  

STATIST ICAL ANALYSIS OF 9oSr FLUX 

A Student's t-test was applied to the flux data to d e t e r m l n e  if a 

significant difference exists between the measured and net inputs s f  

9oSr flux to White Oak Creek. 

difference between the net influx to White Oak Creek and the measured 

surface water influx (Table 1 2 )  was computed. This represents the 

additional input (Eq, 19) to Whlte Oak Creek. The mean and the 

standard devjation of the data were determined as shown below: 

For this statistical test, the 

Additional input (mean) = 14,774.55 

s (standard deviatlon) = 22,596.83 

n (number of data) = 17 

?he Student's t-statistic was then computed from the data: 

t = addltlonal input ( r n e a n ) / ( ~ * / n ) ~ . ~  = 2 . 7 0  ( 2 2 )  

The Student's t-test was then applled to the results. For a 95% level 

of  sjgnlficance, with 16 degrees of freedom, the Student's t-statistic 

was 1.746, for a single-tailed t e s t .  Therefore, s l n c e  the computed 

t-statistlc exceeds the Student's t-statistic distribution, the ~ ~ k n ~ w n  

flux is significantly different from the known surface water influx. 
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