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ABSTRACT 

HELRDY L . A . ,  and 0.0. HUFF. 1985. Annual reduction of 
gelst- migration from Solid Waste Storage Area 4 to 
White Oak Creek by flow diversion. ORNL/TH--962Q. 
Dak Ridge National Laboratory, Oak Ridge, Tennessee. 
55 PP. 

The discharge from Solid Waste Storage Area 4 (SWSA 4) at Oak Ridge 

National Laboratory was studied to determine the effect of a new flow 

diversion system on the annual flux o f  'OSr into White Oak Creek. 

The diversion structure was built in late 1983 to route runoff from the 

SWSA 4 catchment headwaters area (56% of the basin) around the burial 

ground, because an earlier study showed that this would be an effective 

remedial measure for reducing ''5, migration. A preliminary 

evaluation of  the diversion was conducted during the winter o f  1984, 

and an average flow reduction o f  56% and a ''5, flux reduction of 44% 

were observed during the initial study period. The results presented 

here indicate that an overall annual flow reduction o f  66% and an 

annual "Sr flux reduct 

calendar year. 

An additional goal 

surrounding areas as so 

on o f  47% were achieved during the 1984 

of the study was to rank SWSA 4 and the 

rces of "Sr input into White Oak Creek. 

Runoff from SWSA 4 was found to contribute 58% of  the ''9- flux to 

the adjacent reach o f  White Oak Creek and therefore i s  the major source 

of contamination in that area. Statistical analysis suggests that the 

remaining 42% of  the influx 5 s  attributable to groundwater inflows from 

adjacent contaminated areas rather than to the considerable uncertainty 

associated with flow and "Sr measurements. 





Groundwater movement i s  o f t e n  considered t o  be t h e  dominant 

mechanism o f  s o l u t e  t r a n s p o r t  f rom waste d isposal  s i t e s .  However, a t  

shal low land  d isposal  s i t e s  l oca ted  i n  t o p o g r a p h i c a l l y  lower regions o f  

a watershed, sur face r u n o f f  may be o f  p a r t i c u l a r  importance, s ince i t  

may i n f i l t r a t e  i n t o  the b u r i e d  waste, leach o u t  rad ionucl ides,  and 

t r a n s p o r t  t h e  so lu tes  from t h e  d i sposa l  area. As t h e  sur face r u n o f f  

moves over t h e  b u r i a l  ground, some o f  i t  may i n f i l t r a t e  i n t o  t h e  waste 

d i sposa l  trenches; s ince t h e  trenches g e n e r a l l y  have a g rea te r  p o r o s i t y  

than an undis turbed area, s i g n i f i c a n t  q u a n t i t i e s  o f  r u n o f f  may 

i n f i l t r a t e  i n t o  t h e  trenches. This  subsurface water has a s t rong 

p o t e n t i a l  f o r  becoming contaminated through d i r e c t  contact  w i t h  the  

b u r i e d  wastes. With cont inued i n f i l t r a t i o n  f rom the  surface, t he  

t renches may begin t o  f i l l  w i t h  water,  which may overf low, i f  t h e  

subsurface p e r c o l a t i o n  o u t  o f  t h e  t renches occurs more s low ly  than t h e  

i n f l o w .  Such an ove r f l ow  c o n d i t i o n  i s  known as the "bathtub e f f e c t . "  

Th is  may r e s u l t  i n  contaminat ion o f  sur face and subsurface waters and 

groundwater i n  ad jacent  areas. 

An example o f  t h i s  s i t u a t i o n ,  which occurred a t  S o l i d  Waste 

Storage Area 4 (SWSA 4)  a t  t h e  Oak Ridge Na t iona l  Laboratory (ORNL), 

Tennessee, was descr ibed by Hu f f  e t  a l .  (1982).  

su r face  water r u n o f f  was t h e  major f a c t o r  responsib le  f o r  t r a n s p o r t  o f  

"Sr f rom t h i s  low-level  r a d i o a c t i v e  waste d isposal  area. 

o f  t h i s  r u n o f f  o r i g i n a t e d  upgradient  o f  t h e  d isposal  s i t e ,  they 

est imated t h a t  a reduc t i on  o f  up t o  80% i n  t h e  "Sr f l u x  f rom t h e  

b u r i a l  ground could be obtained by d l v e r t i n g  t h i s  upslope r u n o f f  around 

t h e  b u r i a l  areas. 

They found t h a t  

Since much 
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study . 
goal  o 

SWSA 4 

I n  response t o  t h e  reco endat lon  g i ven  i n  t h a t  study, a sur face  

water d i v e r s i o n  system was designed and cons t ruc ted  a t  SWSA 4 i n  l a t e  

1983. Dur ing t h e  f i r s t  p a r t  o f  1984, a p r e l i m i n a r y  eva lua t i on  o f  t h e  

e f fec t i veness  o f  t h e  d i v e r s i o n  system was conducted, and the  r e s u l t s  

were repor ted  by Melroy and Muff (1985). They repor ted  t h a t  an average 

f l o w  reduc t i on  o f  56 and a f l u x  reduc t i on  o f  44% were obtained du r ing  

t h e  study pe r iod  (February through May 1984). However, s ince  t h e  

greatest p r e c i p i t a t i o n  and s t rean f low  occur i n  t h e  w in te r ,  t h e  

d i v e r s i o n  was expected t o  be most e f f e c t i v e  du r ing  these months. 

Therefore, f u r t h e r  eva lua t i on  was conducted t o  determine t h e  e f f e c t  o f  

t h e  sur face  water d i v e r s i o n  through an e n t i r e  12-manth c y c l e  (January 

ber ,  1984). Th is  r e p o r t  documents t h e  f i n d i n g s  o f  t h a t  second 

Creek another 

mportance o f  

Because t h e  runo f f  f rom SWSA 4 enters  White Oak 

t h e  study was t o  eva lua te  t h e  r e l a t i v e  c u r r e n t  

as a source o f  "Sr t o  White Oak Creek. 

SITE HISTORY 

SlnlSA 4 i s  loca ted  t o  t h e  w e s t  o f  White Oak Creek and covers an 

area o f  approximately 10.0 ha ( 2 4 . 7  acres).  Most o f  t h e  b u r i a l  ground 

i s  s i t u a t e d  w i t h i n  t h e  watershed shown i n  F i g .  1.  Ph is  watershed 

occupies 24.5 ha (60.7 acres) and d ra ins ,  v i a  a sma'il t r i b u t a r y  along 

t h e  southern edge o f  t h e  b u r i a l  ground, i n t o  White Oak Creek. 

In t he  sp r ing  o f  1944, a small  e a r t h - f i l l  dam was constructed 

across  White Oak Creek. The impoundment, shown in F i g .  1, acted as a 

s e t t l i n g  basin,  c o l l e c t i n g  radionucl ide-contaminated sediments, 

i n c l u d i n g  9oSr ,  137Cs, and 239-240Pus l he  dam f a i l e d  i n  e a r l y  w in te r ,  
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A , ’ ’  

Fig. 1 .  Map o f  SWSA 4, showing drainage features before 
construction o f  the flow diversion system, 
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b u t  an " in te rmed ia te  pond" remained u n t i l  sometime a f t e r  1951 (TVA 

1951). Runoff from SHSA 4 and f l o o d i n g  o f  t h e  contaminated sediments 

may cause present-day m ig ra t i on  o f  ''5, t o  the  adjacent  reach o f  

Whlte Oak Creek by leaching o r  eros ion.  

Between 1951 and 1959, SMSA 4 was used as a low- level  rad ioac t i ve  

waste d isposa l  s i t e .  Wastes were bu r ied  I n  t renches and auger ho les t o  

depths up t o  5-5 m. A f t e r  t he  b u r i a l  ground was c losed i n  1959, up t o  

6 rn o f  uncontaminated f i l l  and cons t ruc t i on  debr i s  was placed on t h e  

d i sposa l  s i t e ,  r a i s i n g  t h e  e l e v a t i o n  o f  t h e  s i t e .  A d e t a i l e d  rev iew 

o f  t h e  h i s t o r y  o f  SWSA 4 i s  presented i n  a r e p o r t  by Melroy and 

Hu f f  (1985) .  

Huff  e t  a3. (1982) i nves t i ga ted  SWSA 4 t o  determine the  hydro log ic  

f a c t o r s  and t r a n s p o r t  mechanisms a f f e c t i n g  t h e  m ig ra t i on  o f  "Sr f rom 

t h e  b u r i a l  ground. They found t h a t  sur face r u n o f f  was a major t r a n s p o r t  

mechanism. Dur ing storm events, t he  t o t a l  amount o f  t ranspor ted  

was found t o  be an average a f  2.8 t imes g rea te r  than t h a t  t ranspor ted  

du r ing  per iods  w i thou t  storms, They recommended t h a t  a sur face f l o w  

d i v e r s i o n  system be const ructed t o  d i v e r t  t h e  storm f l o w  around the  

contaminated area.;. 

I n  1983, a d i ve rs ion  system was designed and const ructed f o r  

SWSA 4. The d i v e r s i o n  system ( F i g ,  2 )  cons i s t s  o f  a paved i n t e r c e p t o r  

channel, which c o l l e c t s  r u n o f f  from t h e  area n o r t h  o f  Lagoon Road; f o u r  

ca tch  basins ( S i t e s  5, C, D ,  and E ) ,  which c o l l e c t  t h e  runo f f  from the  

i n t e r c e p t o r  channel and upslope areas; and t h e  storm d r a i n  system, 

which d i v e s t s  t h e  runo f f  around t h e  b u r i a l  ground. 
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Fig.  2 .  Hap of SWSA 4 s i t e ,  showing features o f  f low dtverslon 
system and sampling and f l o w  measurement s i t e s .  
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The area a f f e c t e d  

drainage bas in  and i s  

r u n o f f  f rom t h i s  area 

which runs p a r a l l e l  t o  

by t h e  d i v e r s i o n  covers 56 o f  t h e  t o t a l  

ocated t o  t h e  n o r t h  o f  Lagoon Road. Surface 

s c o l l e c t e d  by t h e  paved i n t e r c e p t o r  d i t c h ,  

Lagoon Road. A t  t h r e e  l o c a t i o n s  a lon  

i n t e r c e p t o r  d i t c h  ( S i t - s  B, C,  and O ) ,  ca tch  basins a re  placed t o  a l l o w  

t h e  c o l l e c t e d  r u n o f f  t o  en te r  t h e  storm d r a i n s .  ‘Two storm d ra ins  a re  

used t o  d i v e r t  t h e  runof f  around t h e  contaminated areas. The eas tern  

storm d r a i n  cons is t s  o f  a 45-72-cm (18- in.)  p l a s t i c  p ipe  connecting 

S i t e  C t o  S i t e  , w i t h  a 76.2-crn (30- in.)  p l a s t i c  p i p e  running from 

S i t e  B t u  i t s  discharge p o i n t  a t  S i t e  A .  From S i t e  A ,  t h e  runo f f  

en te rs  a paved channel, where it then f lows eas t  and i s  discharged t o  

White Oak Creek. The western storm d r a i n  cons is t s  o f  a 91.44-cm 

(36- in . )  p l a s t i c  p ipe  which connects t h e  ca tch  bas in  a t  S i t e  D t o  

S i t e  E .  A t  S i t e  E ,  r u n o f f  f rom an ad jacent  watershed i s  a l s o  c o l l e c t e d  

by t h e  ca tch  basin, and t h e  combined f l o w  i s  discharged through a 

c u l v e r t  under Lagoon Road t o  a n a t u r a l  t r i b u t a r y  t o  White Oak Lake. 

I n  a d d i t i o n  t o  t h e  sur face  r u n o f f  c o l l e c t i o n  s t r u c t u r e s  between 

S i t e s  B and A and between S i t e s  0 and E ,  t h e  excavations f o r  t he  storm 

d r a i n s  a l s o  con ta in  pe r fo ra ted  p i p i n g  and were b a c k f i l l e d  w i t h  g rave l  

t o  a l l o w  i n t e r c e p t i o n  and d i v e r s i o n  o f  sha l low groundwater (F ig .  3 ) .  

Fur the r  d e t a i l s  o f  t h e  d i v e r s i o n  system are  g iven i n  t h e  h i s t o r i c a l  

by Melroy and Huf f  (1985). 
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SWSA 4 DRAINAGE PROJECT 

Fig .  3 .  Map o f  t h e  SWSA 4 d ivers ion  system, showing subsurface 
drainage fea tures .  
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EVALUATION OF THE SURFACE WATER IVERSION SYSTEM 

METHOQS 

Evaluat ion Model 

A simple mode7 was used t o  evaluate the e f fec t i veness  o f  t h e  

surface d i ve rs fon  sys te  (Mel roy and Huf f  1985). Before c o n s t r u c t i o n  

o f  the  sur face d i v e r s i o n  system, S i t e  J received 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 .  4a:. 

Before d i v e r s i a n :  Q ' ( t o t a 1 )  = f ( t o t a l  area) , (1 1 

where Q' = d ischarge i n  L/s.  

A f t e r  the sur face d i v e r s i o n  system was constructed, S i t e  J rece ived t h e  

r u n o f f  on l y  f rom t h e  area south o f  Lagoon Road (F ig .  4b), and t h e  

remaining r u n o f f  was d i v e r t e d  around t h e  b u r i a l  ground: 

A f t e r  d i ve rs ion :  Q ( S i t e  J )  = f (a rea  south o f  Lagoon Road) , ( 2 )  

Q(d1ver ted)  = f (a rea  n o r t h  o f  Lagoon Road) , ( 3 )  

where Q = d ischarge i n  LIS. 

The t o t a l  f l o w  w i t h o u t  t h e  d i v e r s i o n  system was assume 

o f  the discharges f rom t h e  areas n o r t h  and south o f  Lagoon Road: 

t o  be t h e  sum 

Model: Q ( t o t a 1 )  = Q ( S i t e  J )  + Q(d iver ted)  . ( 4 )  

The modeled t o t a l  d ischarge,  Q ' ( t o t a 1 )  represents an est imate o f  what 

t h e  ac tua l  t o t a l  d ischarge,  Q ( t o t a l ) ,  would have been w i thou t  t h e  f l o w  
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(8)  BEFORE FLOW DIVERSION 

OFIWh 
M I D #  TRUEN 

LI'(T0TAL) = f (TOTAL AREA) 

CONCENTRATION OF 
C'(T0TAL) = f [O' (TOTAL)J 

F(T0TAL) =C(TOTAL) x O'(T0TAL) 

V 

Q(DIVERTED) -f(AREA NORTH O f  LAGOON ROAD) 
Q(SITE J) =f(AREA SOUTH OF LAGOON ROAD) 
Cl(T0TAL) = Q(OIVERTE0) + O(SlTE J) 

CONCENTRATION OF moSr 
C/SITE J) -FIQ(SITE J l l  
CITOTAL) = F [ Q ( TOTAL 1 1 

FlSlTE J) 
F(TQTAL) = C(T0TAL) x Q(TOTAL1 

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

FLUX REDUCTION 
F(DIVERTE0) = F(T0TAL) - F(5ITE J) 

F ig .  4 .  Model used t o  eva lua te  t h e  e f f e c t s  of  f low d i v e r s i o n  on 
the 90Sr f l u x  input  t o  White Oak Creek from SklSA 4 .  
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diversion. The flow diverted can be expressed as a percentage o f  the 

Flaw reduction (%) = [Q(diverted)/Q(total)]lO0 . (5) 

Since the purpose of the diversion system was to reduce migration of 

"Sr, the next step in the model involves estimating the reduction in 

"Sr flux due to the anticipated changes in flow. 

derived by Huff et al. (1982)  relates the Concentration of 9oSr t o  

the discharge at Site J (presented in the next section). By using the 

flow measurements and this correlation, comparisons of the ''St- 

A correlation 

o f  the diversion system construction concentrations without and with 

can be made: 

Without diversion: C(tota 

With diversion: C(Site J )  

where c = concentration of 9 0 ~ r  

) = f[Q(tQta 

= f[Q(Site 

= f[Q(Site 

in pCi/snL. 

The final step in evaluating the surface diversion system involves 

analyzing the changes in the ' O S ,  flux into White Oak Creek. 

flux can be computed from the "Sr concentration and f l o w ,  as shown 

in Eqs.  (9) and (10): 

The 

Without diversion: F(tota7) = [Q(total) C(total)]1000 , (9) 

With diversion: F(S1te J) = [Q(Site J )  * C(Site J)]lOOO , (10) 
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The reduction in flux is equal to the difference between the '*Sr flux 

without diversion, F(totaf), and the flux with diversion, F(Site J): 

flux reduction: F(d4verted) = F(tota1) - F(Site J) . (11) 

Flux reduction (%):  F(diverted) = [F(diverted)/F(total)]lOO . (12) 

Correlation Between 90 Sr Concentration and Flow 

A mathematical correlation, shown in E$.  ( 1 3 ) ,  relating the 

discharge rate to the 9oSr concentration at Site J was determined by 

Huff et al. (1982),  using 250 data points: 

(13) Cp = {CI - (C2 Q) + CJ[exp(-C4 Q)J)/2.22, 

where 

Q = flow at Site J in U s ,  

Cp = predicted ''5, concentration at Site 3 in pCi/mL, 

C1 = 6.3722, 

C2 = 0.02132, 

C3 = 13.3955, 

C4 = 0.06592. 

The correlation coefficient for this relatlonship was 0.82. 

this relationship for flows up to 160 L/s is shown in Fig. 5, but the 

data from the original study by Huff et al. (1982) are not shown in 

the figure. 

A plot o f  

This relationship was developed i n  1980 prior to the construction 

o f  the diversion system. 

"Sr concentrations from the present study were plotted with the 

To check its applicability, the measured 
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o = MEASURED 9% VALUES 

4 

+. ’‘SF {Cl-(C2 Q)+C3 [exp ( - 4 4  a)])  /2.22 
C1 .. 6.3722 
C2 - 0.02132 
C3 = 13.3955 
C4 - -0.06592 ----- 

--_c._ 
----------- 

- - - - - - - ~  

1 I 1 1 I I 1 
40 60 80 1 oo 120 140 160 a 

FLOW ( L I S )  

Fig .  5. R e l a t i o n s h i p  between discharge r a t e  and 9QSr 
concentrat ion a t  S i t e  J ,  SWS 
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correlation equation in Fig. 5, and a comparison was made between 

the measured and predicted concentrations (Table I ) .  A 

relative error term was computed, as shown in Eq. (14): 

Relative error (%) = [(Cp - Cm)/Cm]300 , 

where Cm = measured 90Sr concentration at Site J in pCi/mL. 

The relative error ranged between -40.4 and 38.7%, with an average error 

of (-7 k 14)%. 

the correlation equation encompass relatively low flow conditions, no 

evidence was found to indicate that the relationship had changed since 

the earlier study. 

Although the data taken during the study to recheck 

For additional verification of the 'OSr correlation equation, 

monthly estimates o f  the flux from the SWSA 4 tributary were made, 

using Eq. (13) and continuous flow records from Site J (discussed 

further in the following sections). 

data for the reach of White Oak Creek adjacent to SWSA 4, gathered by 

ORNL Operations Division (L .  C. Lasher, personal communication, March 

1985), as shown in Fig. 6. 

by comparing the difference between the continuous flow monitoring and 

sampling results at Sites F and N (Fig. 2). 

using Eq.  (13) showed good correlation with the data by Lasher, except 

during December 1983 and J u l y  1984, where the difference between the 

flux values i s  believed to be related to uncertainty in the continuous 

flow measurement and sampling results for White Oak Creek during the 

extremely high and low flow periods. Therefore, because direct 

These estimates were compared with 

The data reported by Lasher were determined 

The flux estimates made 
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F i g .  6 .  Monthly gost- flux estimates from SWSA 4 .  
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measurement is generally more accurate than a value derived by 

difference between measured values, E$.  (13) an6 continuous flow data 

Site J were used in this study t o  predict the concentration of 

"Sr in the SWSA 4 tributary, 

Flow Measurement 

Meekly streamflow measurements were made at Sites A ,  D ,  and J 

(Fig. 21, volumetric measurements were made at Sites A and J, and 

floating chip measurements were made at Site Q, as discussed in the 

historical review by Nelroy and Huff (1985). 

A t  Site 3 ,  continuous streamflow monitoring was also conducted, 

using a trapezoidal flume and a portable water-level recorder. Several 

ratings were computed for this flume, using a complex flume rating 

program (Replogle 1975)  and various friction factors (Nelroy and Huff 

1985). A final rating was derived that fit the observed flow 

measurements at low flows ((15 L/s) and conformed to the 

manufacturer's rating at high flows. This rating, with a friction 

factor of 0.0009, is shown in Table 2 .  A plot of the manufacturer's 

rating and t h e  computed rating for flows between 0 and 50 L/s is shown 

in Fig, 7. The measured stage and discharge values are also show 

RESULTS AND BTSCUSSION 

Flow measurements were made periodically between February 1984 and 

January 1985 t o  evaluate the effects of the surface f l o w  diversion 

system on the migration o f  "Sr from s SA 4 .  

the modeled total discharge [Q(total)], and the diverted discharge 

The flow measure 



Table 2. Computed stage-discharge r a t i n g  f o r  t h e  trapezoidal flume a t  
S i t e  J, SWSA 4, using a f r i c t i o n  f a c t o r  o f  0.0009a 

(Discharge i s  in L/s; maximum stage i s  40.45 cm; stage i s  expressed 
as a percentage o f  t h e  maximum stage)  

Stage 0 1 2 3 4 5 6 7 8 9 

0 0.00 0.55 1.22 
10 8.49 9.59 10.70 
20 20.88 22.29 23,76 
30 36.33 38.03 39.76 
40 54.56 56.52 58.53 
50 75.35 77.53 79.77 
60 98.45 100.78 103.16 
70 123.80 126.46 129.18 
80 151.24 154.24 156.98 
90 181.05 184.08 187.17 
100 212.77 

f .98 
11.88 
25.28 
41.55 
60.60 
82-03 

105.79 
131.64 
160.07 
190.26 

2.78 3.64 4.52 5.46 6.44 
13.00 14.29 15.59 16.87 18,21 
26.75 28.26 29.82 31.43 32.99 
43.32 45.19 46.95 48.76 50.74 
62.49 64.65 66.63 68.84 70.90 
84.33 86.45 88.83 91.23 93.44 
108.22 110.69 113.43 115.98 118.56 
134.42 137.22 140.08 142.68 145.57 
162.90 165.73 168.93 171.82 174.77 
193.37 196.51 199.71 202.94 206.17 

7 -46 
19.52 
34.69 
52.64 
73.03 
95 .9a 
121.16 
148.55 
177.74 
209.45 

a f o r  example, for a stage of 84% (34 cmf , f i n d  t h e  i n t e r s e c t i o n  of t h e  
80% row w i th  t h e  4% column t o  determine t h e  discharge o f  162.90 L/s. 
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o MERSUREO DISCHARGE 
_________ MANUFACTURERS RAT I NG 
_ _  _ _ _ _  - COMPLEX FLUME RAT I NG 

*$- 
13 I #  .a 

U 

F i g .  9 .  Discharge r a t i n g  curves f o r  the trapezoidal flume at 
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[ Q ( d i v e r t e d ) ]  a re  shown i n  Table 3 .  

0 t o  118 L/s,  and the t o t a l  f lows v a r i e d  f rom 0 t o  153 L/s .  

The d i v e r t e d  f l ows  ranged f rom 

During t h e  study per iod,  f l o w  reduc t i ons  of 20 t o  88% were 

observed, r e s u l t i n g  i n  an average r e d u c t i o n  o f  50%. A p l o t  comparing 

t h e  f l o w  reduct ion,  i n  percent,  versus t h e  f l o w  a t  S i t e  J i s  provided 

i n  F ig .  8. Although l i m i t e d  data were taken d u r i n g  t h e  study pe r iod  

and s u b s t a n t i a l  v a r i a b i l i t y  was observed i n  t h e  data, a r e l a t i o n s h i p  

was developed between the  f l ow  reductSon and the  discharge, us ing a 

n o n l i n e a r  least-squares procedure: 

Flow reduc t i on  ( 9 1 )  = K ( Q ( S i t e  J)M/[l  i- Q ( S i t e  J)H]) , (15) 

where 

K = 79.42, 

M = 0.6686. 

From Fig.  8, i t  can be seen t h a t  t h e  f l o w  reduc t i on  i s  n o t  a constant  

value. V a r i a t i o n s  i n  such f a c t o r s  as t h e  p r e c i p i t a t i o n  i n t e n s i t y ,  

antecedent mois ture cond i t i ons ,  and t h e  i n f i l t r a t i o n  r a t e  w i l l  a l l  

a f f e c t  t h e  response o f  t h e  watershed; thus,  t h e  f l ow  reduc t i on  was n o t  

a constant  f r a c t i o n  of t h e  t o t a l  f l o w  r a t e .  

Calcu lated "Sr f l u x  reduc t i on  a t t r i b u t a b l e  t o  t h e  d i v e r s i o n  

system were made f o r  s p e c i f i c  observat ions o f  f l o w  and est imated ' O S ,  

concentrat ion,  us ing t h e  p r e v i o u s l y  descr ibed model [Eqs. (1-13)] ,  and 

t h e  r e s u l t s  a r e  summarized i n  Table 4. 

Without f l o w  d i ve rs ion ,  concentrat ions o f  "5, a t  S i t e  J were 

With t h e  d i v e r s i o n  est imated t o  range between 1.4 and 8.5 pCi/mL. 



iable  3 .  Percent  f low reduction I n  t h e  SHSA 4 t r ibutary  r e su l t i ng  
from the  su r face  w a t e r  d i v e r s i o n  system a t  SWSA 4 

02/27/84 

03 /06/84 
03/12/84 
03/20/84 
03/21 /84 
03/27 /$4 
03/28/84 
04/03/84 
0461 8/84 
04/”23/84 
04/27/84 
04630P84 
05/01 /84 
0 5 d02 /84 
0 5 /04 184 
05/Q 7/84 
05 /09/84 
05/24/84 
05/31 /84 

03/01 /a4 

06/15/84f 
o w 1  wwf 
09/2 5/84f 
1 0/02/84f 

10/17/84f 
10/1 O / W f  

10/24/84 
11 /15/%4 
11 /21/84 
11 /30/W4 
12/07/84 
12/13/84 
01/03/85 
01 /10/85 
01 /16/85 
01 /25/85 
01 /30/E?S 

6.74 
1.25 
0.63 
0 . 3 3  
2.10 
8.15  
0.52 

20.49 
0.82 
0.25 
1.74 
2.39 
4.82 
2-11 

70.15 
4.99 

40.00 
4.91 
0.14 
0.18 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00  
0.62 
0.13 
0.49 
0.61 
0 . 3 6  
0*17 
1.61 
0.34 
0*75 
0.07 
0.09 

11.35 
3.05 
1 -06 
0.41 
4 . 7 4  

13.99 
0.39 

16.11 
1.03 
0.29 
1.13 
1.48 
5 . 2 4  
3.26 

47.47 
9.55 

47 -35 
8 .27  
0.095 
0.37 
O,QO 
0.00 
Q.QO 
0.08 
0.00 
0.00 
1.66 
0.13 
0.68 
0.86 
0.47 
0.30 
3.63 
0.50 
0.23 
0.11 
0.15 

14.17 
2.39 
2 . 3 0  
0.95 
1.43 

10.13 
1.46 

16.21 
3 . 2 7  
0,86 
2.05 
6.36 
5.13 
2.94. 

35.85 
7.64 

11 .@-I 
8 . 9 8  
0.76 
0.92 
0.00 
0.00 
0.80 
0.00 
0.00 
0.00 
3 . 6 0  
0.73 
1.61 
1.72 
0.99 
0.79 
3 . 2 9  
1.21 
0.52 
0.70 
0.5% 

3 % .  26 
6.69 
3.99 
1.69 
8.27 

32.27 
2 .3 i  

52 .  $1 
5.12 
1 .40  
4.93 

10.24 
14.48 

8.31 
153.48 

2 2  - 39 
99.16 
21.96 

0.995 
1.47 
0.00 
0.00 
0.G0 
0.00 
0.00 
0.00 
5 . 8 %  
1.05 
2 - 7 0  
3.19 
1.83 
1 . 2 6  
8.51 
2,05 
0.90 
0.88 
0.82 

18.09 
4 . 3 0  
1.69 
0.73 
6.84 

22.14 
0.9’8 

36.89 
1.85 
0.54 
2.87 
3.88  
9 .27  
5.37 

117.63 
14.75 
87.35 
13.18 

0 I 235 
0.55 
0.00 
6.08 
0.00 
0,OO 
0.00 
0.00 
2 .28  
0.27 
1.09 
1.47 
6) -83 
0.47 
5 - 2 4  
0.84 
0.38 

0.24 
0.18 

56-? 
64.3 
42.4 
43.4 
82,8 
68.6 
38,4 
6 9 . 3  
35.2 
38.8 

3 4 . 9  
64.4  
64.6 
7 6 . 6  
6 5 . 8  
88.1 
60.0 
23.7 
39.6 

58.2 

-- 
_- 
-- 
-I 

-__. 

-- 
3 8 . 8  
25*2 
4 0 . 4  
46.1  
4 5 . 6  
37.2 
61.5 
40,9 
4 2 . 4  
20.3 
29.5 

a Q $ S i t e  A) 7 discharge f r o m  the  e a s t e n  end  sf t h e  SWSA 4 surface 

b9~s i t . c  n) = d i scha rge  f rom the western end o f  the  SWSA 4 surface 

C Q ( S i t e  2 )  = $!.;charge from t h e  t r i b u t a r y  on SWSA 4. 
dQ(total) - Q ( S i t e  A )  + @ ( S i t e  D )  1- Q ( S i t e  J ) .  
“ (d iver ted)  = Q ( S i & e  A )  4. Q ( S i t e  Q). 
FSo f low occurred on t h e s e  d a t e s ,  so flow reduction was n o t  p o s s i b l e .  

kaat e r d i v e r s i on . 
water d i v F r s  i 011 . 
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Fig. 8 .  Comparison between t h e  observed flow reduction and t h e  
measured f low a t  S i t e  J. SWSA 4 .  
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T a b l e  4. Evaluation o f  the 9QSr f lux  reduction i n  the 
SHSA 4 t r i b u t a r y  due to t h e  s u r f a c e  water 

d l v e r s i o n  system a t  S 

Concentrat ion (pCi/mLL F l u x  ( p C i / s l  Percen t  
flux 

Date  C( t o t a l )  C(Site J )  F(tota1) F(Site J )  F ( d l v e r t e d )  reduct ion 

02 / 2 7 / 84 
03/01 /84 
03/06/84 
03/12/84 
03/20/84 
03/21 /84 
03/29/84 
03/28/84 

0411 8/84 
04/23/84 
04/29/84 
04/38/84 
05/01 /84 
0 5 /02 /84 
05/04/84 
0 5 /07 /84 
05609/84 
05/24/84 
05/31 /84 
06/15/84“ 
09/18/84” 
09/25J84a 
1 0/02/84a 
1 0/10/84” 
’1 0/17/84” 
10/24/84 
1 1  /15/84 
1 1  /21 /a4 
1 1  /30/84 
12/07/84 
12/13/84 
01 /03/85 
01 /10/85 
01 /16/35 
01 /25/85 
01 /30/$5 

04/03/84 

3.28 
6.69 
7.47 
8.25 
6.29 
3.28 
8.01 
2.55 
7.13 
8.36 
7.18 
5.84 
5.07 
6.28 
1.40 
4.03 
1.93 
4.08 
8.51 
8.33 
0.00 
0.aa 
0.00 
0.00 
0.00 
0.00 
6.91 
8.49 
7.90 
7.73 
8.20 
8.41 
6.23 
8.12 
8.55 
8.55 
8.58 

5.11 
8.00 
8.03 
8.53 
8.35 
5.87 
8.3% 
4.79 
7.70 
8.56 
8.12 
6.78 
7.12 
7 .%1 
3.09 
6.44 
5.53 
6.17 
8.60 
8.54 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
7.56 
8.59 
8.28 
8.24 

8.59 
7.70 
8.43 
8.70 
8.62 
8.67 

8.51 

1 06, 000 
44,708 
29,800 
14,800 
52,800 

1 06 080 
19,000 
135,000 
36,500 
11,7OQ 
35,400 
59,800 
73,000 
52,200 

21 4,000 
90 9 300 
191,000 
89,600 
8,490 
12,300 

0 
0 
0 
0 
8 
0 

40,600 

21,300 
24,700 
15,000 
10,600 

16,600 
7,720 
7,570 
7,070 

53 aoo 

72,300 
19,100 
18,500 
8,160 
11,900 
59 * 400 
12,200 
77,600 
25 $280 
7,360 
16,700 
43,100 
36 600 
23 p 800 
111,000 
49,200 
65 9 300 
54,200 

6 p 540 
7,860 

0 
6 
0 
0 
0 
6 

27 380 
6,770 
13,380 

8,460 
6,810 

25 9 200 
10,200 
4,520 
b , 080 
5,040 

14,200 

33,500 
25,600 
11,400 
5,800 
40,180 

6,810 
57,000 
11,300 
4,370 
18,700 
16,700 
36,400 
29,200 
103,000 
41,100 
126,000 
35,400 
1,940 
4,430 

0 
0 
0 
0 
0 
0 

13,300 
2,180 
7,980 
10,500 
6,520 
3,800 

27,900 
6,430 
3,190 
1,490 
2,030 

31.6 
57.3 
38.1 
41 . S  
77.1 
43.8 
35.8 
42.3 
31 .O 
37.3 
52,8 
28.8 
49.9 
55.0 
48.3 
45-5 
65.8 
39.5 
22.9 
3 6 , l  
-- 
-- 
I- 

_- 
-- 
-- - 

32.7 
24.3 
37.5 
42.5 
43.5 
35.8 
52.5 
38.6 
41.4 
19.7 
28.7 

“No flow occurred on these da tes ,  so flux r e d u c t i o n  was n o t  possible. 
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system, concentration values between 3.1 and 8 . 6  pCi/mL were 

predicted. Due to the lower average flow rates after construction of 

the diversion system, higher average concentrations were predicted in 

the SWSA 4 tributary relative to those prior to the construction of the 

flow diversion system. The flux of 'OSr at Site 3 ,  without 

diversion, was estimated to be between 0.61 and 18.5 mCi/d. 

flux, with the diversion in place, ranged from 0.39 to 9 . 6  mCi/d. 

Thus, the resulting reduction in the '*Sr flux into White Oak Creek 

ranged from 0.13 to 10.8 mCi/d. 

reduction ranged from 20 to 77%, with an average reduction of 41%, o r  

2 . 1  mCi/d for the specific dates shown. A plot comparing the observed 

"Sr flux reduction to the flow at Site J i s  shown in Fig. 9. 

the data in Fig. 9 show a wide range of variation, no relationship 

between the flux reduction and the discharge was sought. 

The tota3 

The estimated percent of flux 

Since 

Continuous flow monitoring records were kept at Site J starting in 

October 1983, after completion of the surface water diversion system. 

To evaluate the long-term effects of the flow diversion system, 

estimates were made, from the continuous flow records, of what the flow 

and flux would have been without the diversion system. Based on 

Eqs. (4 ) ,  ( 5 ) ,  (13), and (15), monthly estimates o f  the flow and "Sr 

flux without diversion were made (Table 5). Hourly f l o w  records from 

Site J were used to determine the flow reduction using Eq. (15). The 

total flow, without diversion, was estimated using Eq. (16): 

Q(tota1) = Q(Site J)/(l - flow reduction) . (16) 

Daily flows and monthly totals were then computed from the hourly data. 

Flux estimates without the effects of the diversion system were made, 
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Table 5. Estimates of the  monthly f l u x  from SWSA 4 
before  and a f t e r  construct ion o f  t h e  surface 

water d ivers ion  system 

Before d ivers ion  A f t e r  d ivers ion 

Flow volume 90Sr f l u x  Flow volume 90Sr f l u x  
Month Year (m3) ( m c i )  (m3) ( m C i  1 

Nov 1983 
Dec . 1983 

Jan. 1934 
Feb. 1984 
Mar e 1984 
Apr,  1984 
May 1934 
June 1934 
J u l y  1984 
Aug . 1984 
Sep. 1984 
O c t .  1984 
Nov. 1984 
Dec . 1984 

Jan. 1985 

T o t a l  (1984) 

8,230 
30,100 

12,600 
12,400 
23,000 
14,100 

105,000 
1,960 

10,300 
4,800 
1,510 
9,520 

13,200 
5,590 

6,000 

21 4,000 

36.76 
124.89 

77.62 
59.77 
96.02 
76.40 

201.91 
13.07 
45.31 
13.36 
11.56 
26.41 
66.85 
44.79 

42.31 

733.07 

3,240 
11,200 

5,790 
5,080 
8,710 
6,070 

28,000 
1,010 
4,040 
1,550 

806 
3,030 
5,560 
3,200 

3,150 

72,800 

21.15 
70.03 

44 -00 
34.70 
54.30 
43.22 
81.84 

8.08 
26.36 

7.31 
6.63 

14.34 
38.36 
26.83 

25.39 

385.97 

.. 
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us ing  t h e  ' t o t a l  f lows computed f rom Eq. (16) and t h e  "Sr c o r r e l a t i o n ,  

Eg. (13) .  A p l o t  showing t h e  t o t a l  monthly f l o w  w i t h o u t  and w i t h  

sur face  water d i v e r s i o n  i s  shown i n  F ig .  18, and a s i m i l a r  p l o t  f o r  

9QSr f l u x  i s  shown i n  Fig.  11. 

I t  was est imated t h a t  a t o t a l  f l o w  o f  141,000 m' was d i v e r t e d  

around t h e  b u r i a l  ground du r ing  calendar year 1984, r e s u l t i n g  i n  a f l u x  

reduc t i on  o f  347 m C i .  Th is  represents  a n e t  f l o w  reduc t ion  over t h e  

year  o f  66% and a f l u x  reduc t ion  o f  47 . The computed f l o w  reduc t ion  

der ived  from the  y e a r l y  f l o w  records d i f f e r s  s i g n i f i c a n t l y  f rom 

t h e  average reduc t ion  o f  50% der ived  from i n d i v i d u a l  observat ions and 

f rom t h e  p a r t i a l  year reduc t ion  o f  56% as repor ted  by Melroy and Huf f  

(1985). Although t h e  annual values a re  t h e  bes t  est imate a v a i l a b l e  t o  

date,  i t  i s  c l e a r  t h a t  v a r i a b i l i t y  w i l l  be p resent  f rom year t o  year, 

and a w ider  range o f  hydro log ic  cond i t i ons  would be des i rab le .  

The t o t a l  p r e c i p i t a t i o n  measured a t  t h e  Oak Ridge Nat ional  Weather 

Serv ice  s t a t i o n  i n  1984 was 169 crn (66.42 i n . ) ,  whereas t h e  long-term 

average i s  I39  cm (54.61 i n . )  (Nat iona l  Oceanic and Atmospheric 

Admin i s t ra t i on  1984). The p r e c i p i t a t i o n  i n  1984 was somewhat h igher  

than t h e  long-term average, b u t  does n o t  represent  an extreme v a r i a t i o n  

However, a l though t h e  y e a r l y  p r e c i p i t a t i o n  was sirnflar t o  average 

cond i t ions ,  unusual events occurred du r ing  severa l  per iods o f  t h e  

year .  P r e c i p i t a t i o n  in May was t h e  maximum recorded s ince  

establ ishment  o f  t h e  s t a t i o n  i n  1947, and t h i s  was o f f s e t  by  near 

drought  cond i t i ons  i n  June and September (5. J. Freder ick,  U n i v e r s i t y  

o f  Tennessee; and h .  A. Melroy, unpubl ished data,  1985). 

over  t h e  annual cyc le ,  the! hydro log ic  cond i t i ons  s tud ied  

rep resen ta t i ve  o f  t h e  t y p i c a l  range o f  cond i t i ons .  
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A s i m i l a r  l e n g t h  of study p e r i o d  e f f e c t  i s  seen w i t h  the f l u x  

r e d u c t i o n  data: 

f i e l d  measurements, Welroy and Huff (1985) repor ted 44% f o r  a p a r t i a l  

year, and 47% was computed from t h e  annual continuous f l o w  records. 

Although these t h r e e  values a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  t he  

r e d u c t i o n  of 47% computed over a y e a r l y  c y c l e  represents the best  

a v a i l a b l e  est lmate o f  t h e  t o t a l  e f f e c t  o f  t h e  surface d i v e r s i o n  system. 

The r e s u l t s  of t he  d i v e r s i o n  e v a l u a t i o n  have shown t h a t  a 66% 

reduc t i on  i n  f l o w  and a 47% reduc t i on  i n  'OS, Flux were a t t r i b u t a b l e  t o  

t h e  surface water d i v e r s i o n  system const ructed a t  SWSA 4. 

system was t h e r e f o r e  responsib le  f o r  a s i g n i f i c a n t  decrease i n  t h e  'OSr 

f l u x  m i g r a t i o n  from SWSA 4 v i a  the SWSA 4 t r i b u t a r y .  

an average reduc t i on  of 41% was computed from i n d i v i d u a l  

The d i v e r s i o n  

In an e a r l i e r  study by Hu f f  e t  a l e  (1982), i t  was estimated t h a t  a 

reduc t i on  of up t o  80% i n  t h e  'OS, f l u x  f rom SWSA 4 could be obtained 

by t h e  d i v e r s i o n  o f  a l l  o f f - s i t e  r u n o f f .  

here show t h e  e a r l i e r  p r e d i c t i o n  was an over  est imate,  t h e  n e a r l y  50% 

r e d u c t j o n  t h a t  was a c t u a l l y  achieved c l e a r l y  demonstrates t h e  value o f  

t h e  sur face water d i v e r s i o n  p r o j e c t  f o r  SWSA 4. 

Although t h e  r e s u l t s  presented 

EFFECTS OF SOLI0 WASTE STORAGE AREA 4 ON WHITE OAK CREEK 

BACKGROUND 

White Oak Creek and t h e  surrounding watershed a r e  subject  t o  

contaminat ion from several  o t h e r  b u r i a l  grounds and contamfnated areas 

t h a t  e x i s t  w i t h i n  t h e  watershed. SWSA 4 was repor ted t o  be t h e  m a j o r  

nonpoint  source o f  contaminat ion t o  White Oak Creek by Stueber e t  a f .  
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(1981) ,  b u t  a f t e r  t h e  remedial a c t i o n  taken i n  1983, a reeva lua t i on  o f  

t h e  impact f rom SWSA 4 and the  nearby area was necessary t o  assess t h e  

need f o r  any f u r t h e r  remedial ac t i ons .  

9 Q ~ r  M ~ S S  Balance 
~ _I 

To evaluate the  sources of 'OS, i n f l u x  t o  t h e  s e c t i o n  af White 

Oak Creek adjacent t o  SbJSA 4, a mass balance was conducted between 

S i t e  F and S i t e  PI (F ig .  2 ) .  The n e t  i n f l u x  t o  the  study reach 

was determined by sub t rac t i ng  the upstream f l u x  f rom the  d o w ~ s t ~ e a ~  

f l u x :  

F(net i n p u t )  = F ( S i t e  M) - F ( S i t e  F )  . (17) 

The "Sr I n f l u x  t o  the study reach o f  White Oak Creek was monitored 

a t  f o u r  sur face r u n o f f  p o i n t  sources ( S i t e s  H, I, J, and K), and t h e  

measured surface water i n f l u x  was determined as f o l l o w s :  

F(surface i n p u t )  = F ( S i t e  H) + F(Si te  I )  

+- F ( S i t e  J )  d- F ( S i t e  K) . (18) 

Any d i f f e r e n c e  between the  n e t  i n p u t  o f  "Sr and t h e  measured surface 

i n f l u x  represents a d d i t i o n a l  nonpoint  i n p u t s  t o  

F(addl t iona1 inpu ts )  = F(net i n p u t )  - F(sur face i n p u t )  . (79)  

The mass balance approach a l lows t h e  var ious sources of  ''5, 

i n f l u x  t o  White Oak Creek t o  be ranked accord ing t o  t h e i r  impact on t h e  

creek, and any a d d i t i o n a l  s i g n i f i c a n t  sources o f  contaminat ion t o  be 

detected. 
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9% Measurement 

Water samples (500 mL) were taken a t  approximately weekly 

i n t e r v a l s  a t  S i t e s  F, H, I ,  J ,  K, and L f o r  9oSr ana lys i s .  

measurements were taken concurrent  w i th  t h e  water samples t o  a l l o w  

c a l c u l a t i o n  o f  t h e  "Sr f l u x  f rom those s i t e s .  Note t h a t  on White 

Flow 

Oak Creek, t h e  water sample was taken a t  S i t e  L, 

t h e  f l ow  measurement was made downstream a t  S i t e  

The samples were t r e a t e d  w i th  s t a b l e  s t r o n t  

b u t  f o r  

M. 

convenience 

um c a r r  e r ,  then 

f i l t e r e d  and a c i d i f i e d .  Because o f  t h e  low concentrat ions a t  S i t e s  F, 

ti, K, and L, these samples were concentrated by evaporat ing the  500-mL 

volume t o  a 20-ml volume. 

Cerenkov count ing,  as discussed by Larsen (1981). 

"Sr analyses a re  shown i n  Table 6.  

The 'OS, a n a l y s i s  was performed us ing 

The r e s u l t s  f rom t h e  

Flow Measurement 

Flow measurements were taken concurrent  w i t h  the  water samples. 

A t  S i t e s  I" and Fo, ra ted  wei rs  were used t o  determine t h e  f l o w  r a t e .  The 

w e i r  a t  S i t e  F i s  a t rapezo ida l  w e i r ,  and t h e  one a t  S i t e  M i s  a dual  

V-notch w e i r .  

gage, and t h e  discharge was computed accord ing t o  the  w e i r  r a t i n g s :  

The head on t h e  w e i r  was determined from a p o r t a b l e  point: 

S i t e  F: Q = 1131.7(R - 0.0245)1.5 a 

S i t e  M: Q = 202.7(R - 0.4134)*-~ , 

where 

Q = discharge i n  U s ,  

R = p o i n t  gage reading i n  f e e t .  
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Table 6. Measured 90Sr concentrat ion a t  s i x  s i t e s  
on SWSA 4 and White Oak Creek 

'OS r c oncent rat i on p c i  / m ~ )  

Date S i t e  ~a S i t e  ~b S i t e  IC S i t e  ~d S i t e  ~e S i t e  ~f 

01 /31/84 
02/15/8 
02/21 /8 
03/01 184 
03/06/84 
03/12/84 
03/20/84 
03/2 7 /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 
06/15/84 
09/18/84 

10/02/84 
10/10/84 
10/17/84 

11 /15/84 
11 /21/84 
11 /30/84 
12/07/84 
12/13/84 
01 /Ofd/85 
01 /10/85 
01 /16/85 
01 /25/85 

1 a/24/84 

01 130185 

8.068 
0.081 
0.071 
0.075 
0.131 
0.119 

0.096 
0.085 
0.103 
0.078 
0,166 
0.191 
0.263 
0.074 
0.097 
0.092 
0.099 
0.139 
0.140 
0.117 
0.114 
0.473 
0 . 1 0 0  
0.105 
0.110 
0.105 
0.109 
0.088 
0.153 
0.101 
0.596 
0.550 

a. 089 

0.02 
0 003 
0. 006 
Q,Q004 
0.003 
0.003 
0.003 
0.804 
0.000 
0.003 
0.001 
0 
09 
0 
0.003 
0.003 
0.002 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.06 
0 1001 
0.002 
0 002 
0.016 

1 .92  
1.86 
2.03 
1.961 
2.127 
2.070 
2.980 
2.118 
2.32 
2.08 
1.92 
1.90 
1.74 
1.67 
1.48 
2.05 -- 
-- 
I- 

-- 
-- 
-- 

1.88 
1.95 
1.88 
1-79  
1.90 
1.92 
1.87 
1.93 
1.87  
1.77 
1.66 

1.40 
6.97 
7.91 
8.717 

11.514 

14.02 
8.846 

9.226 
8.945 
8.83 
9.13 
7.55 
7.70 
7.55 
6.20 

10.2 -- 
-- 
--. 
-- 
.-.I 

8.78 
9.21 
8.9b 
8.59 
9 -30 
9.30 
8.65 
9.41 
9.27 
9.03 
9.52 

0-06 
Q.056 
0.05 
0.063 
0 e 061 
6.059 
0.053 
0 068 
0,055 
0.0618 
8,068 
0.047 
0.044 
0.058 
0.055 
0,048 
_. I 
-- 
I_ 

-- 
-- 
I- 

0.071 
0.065 
0.075 
0.03 
0.065 
0.063 
0.063 
0.059 
0.065 
0,060 
0.103 

0 . 1 2  
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 I 099 
0.117 
0.133 
0.136 
0.115 
0.115 
0.599 
0.158 
0.184 
0.16 
0.163 
0.165 
0.161 
0.199 
0.148 
0. 668 
0.597 

a S i t e  F :  
b i t e  t i :  
% i t e  I :  smal l  t r i b u t a r y  d r a i n i n g  eastern sect ion o f  S#SA 4 .  

e S i t e  K: t r i b u t a r y  to White Oak Creek. 
f s i t e  L: downstream l o c a t i o n  on White 
SYalue est imated because l a b o r a t o r y  Sam 
hNa f l o w ,  

upstream l o c a t i o n  on White Oak Creek. 
t r i b u t a r y  ta White oak Creek. 

SA 4 t r i b u t a r y ,  w h i c h  drains the g r e a t e r  p a r t  o f  S 
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The f l o w  a t  t h e  o the r  s i t e s  was determined by bucket gaging, except f o r  

an occasional  h igh- f low p e r i o d  when f l o a t i n g  chlp (a rea -ve loc i t y )  

measurements were made. ?he f l o w  measurements a r e  presented i n  Table 7 .  

RESULTS AND DISCUSSION 

The ' O S ,  f l u x  was computed f o r  S j t e s  F, H, I, J ,  K, and L from 

the measured 'OS, concentrat ions (Table 6) and t h e  streamflow 

measurements (Table 7 ) .  The r e s u l t s  a r e  shown i n  Table 8. The n e t  

i n p u t ,  t h e  sur face i n p u t ,  and the a d d i t i o n a l  i n p u t  o f  "Sr f l u x  were 

also  determined (Table 9 ) .  

The sur face i n p u t  accounted f o r  58% o f  t h e  n e t  i npu t ,  w i t h  t h e  

a d d i t i o n a l  i n p u t  accounting f o r  42%. 

Hu f f  (1985), i t  was repor ted t h a t  sur face i n p u t  accounted f o r  67% o f  

t h e  n e t  i n p u t  o f  ' O S ,  t o  White Oak Creek between S i t e s  F and #. 

However, t h e  data i n  t h a t  study were l i m i t e d  t o  t h e  p e r i o d  January 

through June 1984, before t h e  d r y  summer months when t h e  SWSA 4 

t r i b u t a r y  goes d r y .  ?he r e s u l t s  from t h i s  r e p o r t  a re  more 

rep resen ta t i ve  o f  t he  o v e r a l l  annual c y c l e  c o n t r i b u t i o n  o f  t h e  sur face 

water  sites. 

Of t h e  f o u r  surface water s i t e s ,  S i t e  3 was the  major c o n t r i b u t o r  

I n  an e a r l i e r  study by Melroy and 

o f  'OS, f l u x  t o  the  White Oak Creek reach s tud ied,  account ing f o r  

approx imate ly  85% o f  t h e  f l u x  from surface water sources, S i t e  I was 

t h e  second l a r g e s t  source, c o n t r i b u t i n g  approximately 14%. The i n p u t  

from t h e  remaining s l t e s  was approximately 1% o f  t h e  t o t a l  sur face 

water  i n p u t ,  and they a r e  t h e r e f o r e  n o t  s i g n i f l c a n t  sources o f  
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Table 7.  Heasured streamflow a t  s i x  s i t e s  
on SWSA 4 and White Oak Creek 

01 /31/84 
02/15/84 
02/21 /84 
03/01 184 
03/06/84 
03/12/84 
03/20/84 
03/27 /84 
04 /03 /€?4 
04/18/84 
04/ 2 3 /84 
05/01 /84 
05/04/84 
05/09/84 
05/24/84 
05/31 /84 
06/15/84 
09/18/84 
09 /25/84 
18/02/%4 
1 0/10/84 
1 8/17 /$4 
10/24/84 
11 /15/84 
11 /21/84 

12/87/84 
12/13/84 
01 /03/85 
01 /10/85 
01 /l 6/85 
01 /25/85 
01 /30/85 

234.84 
467.29 
216.00 
338.7 
284.69 
208.23 
241.91 
2 64.58 

216.00 
339.92 
307.49 
999.46 

11 52.99 
205.34 
203.42 
200.55 
179.03 
133.48 
142.74 
146.16, 
203.42 
355.96 
199.66 

247.00 
214.05 
171.73 
394.73 
21 7.95 
165.43 
151.33 
160.9% 

335.38 

240. a9 

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 
0.53 
0.31 
0.37 
0.69 
1.14 
4.41 
1 .47  
2.84  
2.11 
2.43 
1.48 
5.45 
1.80 
1.20 
2.54 
1.21 

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 
4.51 
0.50 
0-74 
0.00 
0*00 
0.00 
0.00 
0,00 
0.00 
3.43 
0.89 
1.33 
1 .33  
1 .15  
0.72 
1.71 
0.69 
0.35 
0.32 
0.19 

1.22 
3.94 
1 .13 
2.39 
2.30 
0.96 
1 .43  
1.46 
3.27 
0.06 
2.06 
2.94 
7.64 
8 .7% 
0.7 
0-92  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
3.60 
0.79 
1.61 
1.72 
0.99 
0.79 
3 . 2 7  
1.21 
0.52 
0.70 
0.58 

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,QO 
0.00 
O.OQ 
0 *QO 
0.00 
0.00 
1.07 
0.09 
0.26 
1.16 
o,a9 
0.47 
2.97 
0.64 
0.24 
0.28 
0.22 

2711.80 
541 .54 
245.45 
400.43 
329.90 
240.58 
298.50 
307.11 
482.28 
257.03 
400.43 
371 -40 

1180.89 
1308.45 
249.82 
232.07 
222.19 
197.39 
147.12 
159.94 
162.50 
241.66 
441.39 
227.88 
282.89 
293.04 
247 .Q8 
202.70 
460.79 
252.58 
192.63 
174.73 
185.55 

” S i t e  F :  
k i t e  H :  
C S i t e  I :  
d S i t s !  J: 
“Site K: 

upstream l o c a t i o n  on White Oak Creek. 
t r i b u t a r y  t o  White Oak Creek. 
small t r i b u t a r y  d r a i n i n g  e a s t e r n  sect ion o f  SWSA 4 .  
SWSA 4 t r i b u t a r y ,  which d r a i n s  t h e  g r e a t e r  p a r t  o f  SWSA 4.  
t r i b u t a r y  t o  White Oak Creek. 

: downstream location on White Oak Creek. 
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Table 8 ,  Cornparlson o f  the  9oSr f l u x  measured 
a t  SWSA 4 and White Oak Creek 

01 /a1 /84 
02/15/84 
02/21 /84 
03/01 /84 
03/06/84 

03/20/84 
03/27/84 
04/03/84 
04/18/84 

03/ i  2/84 

04 / 2 3 /a4 
05/01 184 

05/24/84 

o w 1  8/84 

10/02/84 

05/04/84 
05/09/84 

OW31 /84 
06/15/84 

09/2 5/84 

10/1 0/84 
1 Q / 1 7  /84 
10/24/84 
11 /15/84 
11 /21/84 
11 /30/84 
12/07/84 

01 /03/85 
01 /10/85 
01 /I 6/85 
01 /25/85 
01 /30/85 

i2 /13/a4 

16,000 
37,900 
15,300 
25,400 
37 300 
24,800 
23,500 
25,400 
28 500 
22 , 200 
26 500 
51,000 

191,000 
303 000 
15,200 
19,100 
18,500 
17,700 
13,600 
20,000 
16,200 
23 , 200 

168,000 
20,000 
25 300 
27,200 
22 , 500 
18,700 
34,700 
33 300 
16,700 
90,200 
88,500 

31.3 
16.1 
8.97 
1.32 
8.19 
3.94 
7.16 
7 .01 
2.68 
3.77 
3.84 
0 
0 
0 
2.68 
3.72 
0.75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

327 
1.80 
2.40 
5.28 

19.3 

2 , 060 
4,760 
2,090 
3 380 
4,140 
1,840 
4 * 060 
2,610 
4,280 
1,670 
3,890 
3 , 820 

10,800 
7,520 

746 
1,520 

0 
0 
0 
0 
0 
0 

6 450 
1,700 
2,510 
2,390 
2,180 
1,380 
3,190 
1,330 

654 
514 
31 2 

9,030 
27 400 

8,940 
20,800 
26,500 

8,460 
20 , 000 
13,500 
29 , 200 

7 590 
18,800 
22,200 
58 * 880 
66 300 
4,720 
9 380 

0 
0 
0 
0 
0 
0 

31,600 
7,250 

14,400 
14,800 

9,240 
7,380 

28,300 
11,400 

4,820 
6 , 360 
5 , 300 

15.5 

13.0 
81.7 
63.2 
16.5 
39.6 
29.9 

19.4 
97.3 

150 

128 

101 
239 
185 

6.01 
11.5 
0 
0 
0 
0 
0 
0 

75.6 
6.1 

19.8 
34.9 
51.6 
29.4 

37.7 
15.8 
16.7 
22.6 

187 

32 , 600 

29,500 
50,500 
73,200 
38 , 500 
46 , 300 
42,700 
92 , 600 
35,700 
53,700 
94 700 

350 000 
421,000 

44,000 
34 , 800 
22,000 
23,100 
19,600 
21,800 
18,700 
27,800 

264 , 000 
36,000 
52,100 
46,900 
40 , 300 
33,400 
74 200 
50,300 
28,500 

117,000 
111,000 

81,200 

a S i t e  F:  
k S i t e  H: 
%it@ I :  
d S i t e  J :  
e S i t e  K: 
f S i t e  I: 

upstream l o c a t i o n  on White Oak Creek. 
t r i b u t a r y  t o  White Oak Greek. 
smal l  t r i b u t a r y  d r a i n i n g  eastern sect ion o f  SWSA 4 .  
SWSA 4 t r i b u t a r y ,  which dra ins  the  g r e a t e r  p a r t  o f  SWSA 4 .  
t r i b u t a r y  to White Oak Creek. 
downstream l o c a t i o n  on White Oak Creek. 



36 

Table 9.  Evaluat ion of  t h e  source of S r  i n f l u x  t o  White Oak Creek 

Surf ace i n p u t  
F l u x  (pCi /s )  as a percent  

o f  t h e  
Date Net. inputa  Surface inputb A d d i t i o n a l  inputC n e t  i n p u t  

01 /31/84 
02/15/84 
02/21 / 8  
03/01 /84 
03/06/84 
03/12/84 
03/28/84 
03/27/84 
04/03/84 
04/18/84 
04/23/84 
05/01 /84 
65/04/84 
0 5 /09 /84 
05/24/84 
05/31 /84 
06/15/84 
09/18/84 
09/25/84 
1 Q/02/84 
10/10/84 
10/17/84 
1 O/24/84 
11 /15/84 
11 /21/84 
11 /30/84 
12/07/84 
12/13/84 
01 /03/85 
01 /1 0/85 
01 /16/85 
01 /25/85 
91 /38/85 

16,700 
43,400 
14,100 
25,080 
35 3 900 
13,700 
24,700 
17,300 
64,108 
13,500 
27,100 
43 700 

159 ,000 
1 1 8,000 

28 * 806 
15,100 

a ,  558 
5,370 
1,010 
1,770 
2,460 
4,600 

96,000 
16,000 
26 , 800 
19,700 
17,800 
14,7 
3 9 , s  
16,900 
11,800 
26 9 508 
22 , 8Q0 

11,100 
32,400 
11,100 
24,300 
30,700 
10,300 
24,100 
16,100 
33,600 

9,280 
22 , 800 
26,100 
69,800 
7 4,000 

5,410 
10,900 

0.76 
0 
0 
0 
0 
0 

38,100 
8,960 

16,900 
17,200 
11,500 

8,790 
32, 000 

5,500 
6,961 
5,650 

12,800 

5,550 
11,000 
3,870 
7 64 

5,260 
3,380 

550 
1,150 

30 500 
4,200 
4,350 

17,500 
88,800 
44,lOQ 
23,38Q 
4,160 
3 550 
5,370 
1,010 
1,770 
2 $ 4  
4,600 
5,790 
7 ,  oao 
9,830 
2 520 
6,330 
5,9463 
7,440 
4,150 
6,310 

19,600 
17,200 

66.7 
'14.6 
78.2 
96.9 
85.4 
75.3 
97.4 
93.5 
52.5 
68.9 
84 .O 
59.8 
44.0 
62.7 
19.0 
72.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

39.7 
55.9 
63.3 
87.2 
64.5 
59.7 
81.1 
75.4 
46.6 
26.2 
24 .8  

aNet i n p u t  = difference between the upstream and downstream 

b u r f a c e  i n p u t  = combined i n f l u x  o f  9 0 ~ r  f rom f o u r  surface runof f  

C A d d i t i o n a l  input 1- net  i n p u t  minus s u r f a c e  i n p u t .  

90Sr f l u x  on White Oak Creek. 

p a i n t  sources a 
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contamination to White Oak Creek. 

showing the net input of "St- to the White Oak Creek reach studied 

and the major known influxes. 

Figure 12 presents a bar chart 

The surface inputs accounted for 58% o f  the net input. Several 

possible sources may account for the remaining 42% of  9oSr influx, 

such as groundwater input or contamination from the floodplain areas, 

but it may also arise from measurement insensitivity in determining the 

'*Sr flux. 

additional '*Sr sources, statistical analysis was used t o  determine 

if the net input to White Oak Creek was statistically different from 

the measured surface input. 

significant difference between the net input and the surface Input, 

this would strongly suggest that additional ''5, sources exist. 

In order to determine whether this 42% was due to 

I f  the results o f  the analysis indicated a 

A Student's t-test (Table 10) was conducted on the f l u x  data. The 

t-test compared the net input o f  "Sr and the surface input and found 

that they were significantly different. This difference provides 

strong evidence that another source o f  ''5, exists, but it i s  not 

conclusive. Several possible sources o f  additional contamination 

exist, including groundwater input from SMSA 4 and the adjacent 

contaminated floodplain, 

CONCLUSIONS AND SUMMARY 

The surface water diversion system has caused a significant 

reduction in the ''5, f l u x  from the SNSA 4 tributary and represents a 

major advance toward site stabilization, even though SWSA 4 i s  still an 

impartant source o f  contamination t o  White Oak Creek. During the study 
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Fig.  1 2 -  Pleasured gost" influxes t o  
and the nearby area.  
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Table l Q ,  Statistical analysis of flux data 
using a Student!s t - t e s t  

Variable Value 
-. __I 

Mean m 7 2,447 

Standard deviation s 18,707 

Number o f  data n 33 

level  o f  signif icance I 9 5% 

Degrees of freedom - 32 

Student's t-test value t 3.754 

Student's t - s t a t i s t i c  1.710 
(single-tailed test) 

- 

aStudent 's  t - t e s t  value is computed as follows: 
t = m/( s2/n)0*5. 
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per iod,  t h e  major  source o f  %r contaminat ion t o  the adjacent reach 

o f  White Oak Creek came from SWSA 4, w i t h  S i t e s  I and J c o n t r i b u t i n g  

50% and 8% o f  t h e  f l u x ,  r e s p e c t i v e l y .  The s t a t i s t i c a l  ana lys i s  of t h e  

da ta  suggests t h a t  t h e  remaining 42% may be a t t r i b u t a b l e  t o  a d d i t i o n a l  

9 Q S r  sources, b u t  t he  evidence i s  n o t  conclus ive.  

Since some gost- m i g r a t i o n  from SWSA 4 i s  s t i l l  occurr ing,  

f u r t h e r  work toward s i t e  s t a b l l i z a t i o n  i s  needed. Q u a n t i f i c a t i o n  o f  

groundwater movement and "Sr m i g r a t i o n  i n  and around t h e  b u r i a l  

ground i s  needed before more c o r r e c t i v e  a c t i o n  can be taken. 

seeps have a l ready been i d e n t i f i e d  a t  SWSA 4 (Huf f  e t  a l .  l982) ,  and 

groundwater movement near these seeps should be cha rac te r i zed  so 

approp r ia te  c o n t r o l  measures can be designed. 

Several 

Eva lua t i on  o f  the SWSA 4 sur face water d i v e r s i o n  system over an 

annual c y c l e  has shown t h a t  c o n t r o l  o f  su r face  r u n o f f  i s  an impor tant  

f a c t o r  I n  managing "5, m i g r a t i o n  f rom SWSA 4. 

o f  t h e  watershed has been d i v e r t e d  around t h e  contaminated areas. 

Qurlng 1984, approximately 141,100 m , o r  66%, of  t h e  r u n o f f  was 

d i v e r t e d  around t h e  bur- la l  ground, r e s u l t i n g  i n  a 47% reduc t i on  i n  the 

f l u x  f rom t h e  SWSA 4 t r i b u t a r y  t o  White Oak Creek. Therefore, a l though 

groundwater I s  o f t e n  considered the major s o l u t e  t r a n s p o r t  mechanism, 

the sur face water d i v e r s i o n  system a t  SWSA 4 has shown t h a t  surface 

r u n o f f  can a l s o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  s o l u t e  m i g r a t i o n  f rom 

shal low land  d isposal  s i t e s .  

The r u n o f f  from 56% 

3 



OR N L/TN --9 6 2 O 4 2  

REFER&NCES 

Huf f ,  0 .  D , ,  N. 0 ,  Farrow, and J. R. Jones. 1982, Hydro log ic  f a c t o r s  

and t ranspor t :  A case study. Environmental Geology 

4:  53-63. 

Larsen, I .  L. 1981. Strontium-99 determinat ions by Cerenkov r a d i a t i o n  

count ing  f o r  w e l l  mon i to r ing  a t  Oak Ridge Nat iona l  labora tory .  

ORNL/TN-7760. Oak Ridge Nat iona l  Laboratory,  Oak Ridge, Tennessee. 

Melroy, L. A. and D. 0.  Huf f .  1985. Eva lua t ion  o f  a f l o w  d i v e r s i o n  

system f o r  reducing 9oSr  m i g r a t i o n  f rom SWSA 4 t o  Nh i te  Oak 

Creek. ORNL/TH-9374. Oak Ridge Nat iona l  Laboratory,  Oak Ridge, 

Tennessee. 

Nat iona l  Oceanic and Atmospheric Admin is t ra t ion .  1984. Local 

c l i m a t o l o g i c a l  data monthly summary, January-December 1984. 

Nat iona l  C l imat ic  Data Center, Ashev i l l e ,  Nor th  Caro l ina.  

Replogle, 3 .  A. 1975. C r i t i c a l - f l o w  flumes w i t h  complex cross 

sec t ion .  pp. 366-388. I N  Proceedings, A.S.C,E. I r r i g a t i o n  and 

Drainage D i v i s i o n  Spec ia l t y  Conference, August 13-15. American 

Soc ie ty  o f  C i v i l  Engineers, New York, 

Steuber, A. M., D .  D .  Huf f ,  N. D .  Farrow, J .  R. Jones and I. L. Munro. 

1981. 

drainage bas in.  ORNL/TM-7290. Oak Ridge Nat iona l  Laboratory, 

Oak Ridge, Tennessee. 

An eva lua t ion  o f  some "Sr sources i n  t h e  White Oak Creek 

Tennessee Va l l ey  Au tho r i t y  (TVW). 1951. Sediment i n v e s t i g a t i o n ,  

h i t e  Oak Creek and Lake, Roane County, Tennessee. p p .  1-4. 

IN Hydrau l i c  Data Branch Report. Tennessee Va l l ey  Au tho r i t y ,  

Knoxv i l l e ,  Tennessee. 



43 
ORNL/TM-9620 

INTERNAL DISTRIBUTION 

1 .  
2. 

3-1 2 .  
13. 
14. 
15. 
16. 
1 7 .  
18. 
19,  
20. 
21. 
22.  
23. 

24-28. 
29-33. 

35. 

T. 
S .  
L. 
kl. 
8 .  
R. 
J .  
N. 
E .  
N. 
8. 

C .  
s. 
D. 
L .  
L.  

a. 

L. 
I .  
Et. 
3 .  
0. 
B. 
H. 
H .  
C .  
D .  
J .  
R .  
S .  
6. 
D. 
A .  
3. 

Ashwood 
Auerbach 
Bates 
Boegly, 3 r .  
Chester 

1 aPP 
Coobs 
Cutshall  
Davis 
Farrow 
Frederick 
G i  ssel 
Haase 
Hildebrand 
Huf f  
Me1 ray 
Me zga 

36. 
33 .. 
38. 
39. 
40. 
4 7 .  

42-51. 
52 .  
53 1 

54 .  
55. 
56. 

57-71. 
72-73. 

74. 
75 .  
76 .  

T *  E .  Hyrick 
T -  U. Oakes 
Et .  E -  Rleichle 
E, D ,  Smith 
113, P. Spalding 

I. E.. S t ra t ton  
3 -  Switek 
T .  Tamura 
G. T.  Yeh 
H .  E ,  Zi t t e l  
Central Research Library  
ESD Library 
laboratory Records Dept. 
Laboratory Records, (IrRNL-RC 
ORNL Patent Section 
Q R N L  Y-12 Technical Library 

EXTERNAL DISTRIBUTION 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86.  

M. Barainca, Program Manager, Low-Level Waste Management 
Program, U.S.  Department of Energy, 550 Second S t r e e t ,  
Idaho F a l l s ,  ID 83401 
J ,  J .  Blakeslee,  Program Manager, Nuclear Waste Processing,  
Rocky Flats P l a n t ,  Rockwell In te rna t iona l ,  P.0. Box 464, 
Golden, CO 80401 
3 .  Thomas Cal lahan,  Associate Director ,  Ecosystem Studies  
Program, Room 336, 1800 G S t r e e t ,  NW,  National Science 
Foundation, Washington, DC 20550 
T .  C .  Chee, R&D and Byproducts Division, DP-123 ( G T N ) ,  U.S. 
Department o f  Energy, Washington, DC 20545 
A. T .  Clark,  J r . ,  Division of Fuel Material Safe ty ,  U . S .  
Nuclear Regulatory Commission, klashington, DC 20555 
Peter  Colombo, Group Leader, Nuclear Waste Research, Brookhaven 
National Laboratory,  Bldg. 701, Upton, N Y  11973 
E .  F .  Conti ,  Off ice  of Nuclear Regulatory Research,, Nuclear 
Regulatory Commission, WS-1130-SS, Washington, DC 20555 
3.  E. Dieckhoner, Acting Director ,  Operations and T r a f f i c  
Division, OP-122 (GTN) , U.S. Department o f  Energy, Washington, 
DC 20545 
6. J .  Foley, Off ice  of Environmental Process and Ef fec t s  
Research, U.S .  Environmental Protection Agency, 401 M S t r e e t ,  
SW, RD-682, Washington, DC 20460 
C .  R. Goldman, Professor  of Limnology, Director  of  Tahoe 
Research Group, Divis ion o f  Environmental S tudies ,  U n i v e r s i t y  
of Cal i fo rn ia ,  Davis, C A  94616 



44 

88. 

$91. 

90. 

91. 

92. 

93. 

34.  

95. 

96 * 

97.  

98. 

89.  

101 * 

102. 

103. 

1Q4. 

105, 

106. 

Car l  G e r t z ,  D i r e c t o r ,  Radioact ive Ma 
Idaho Operations O f f i c e ,  U.S, Depart 
550 Second S t r e e t ,  Idaho F a l l s ,  ID 
lWlll iarn L .  Grtscco, Chairman, Department o f  C i v i l  Engineer ing,  
220 Perkins H a l l ,  U n i v e r s i t y  o f  Tennessee, Knoxv i l l e ,  Tennessee 
W .  H. Hannum, O i r e c t a r ,  West Va l l ey  Pro ject  O f f i c e ,  
U,S,  Department of Energy, P.O. Box 191, West Val ley,  NY 14171 
J. W .  Huckabec, P r o j e c t  Manager, Environmental Assessment 
Department, E l e c t r i c  Bower Research I n s t i t u t e ,  3412 H i l l v i e w  
Avenue, P.O. Box 10412, Palo A l to ,  CA 94303 

J. J. Jicha, D i r e c t o r ,  R&D and Byproducts D i v i s i o n ,  DP-123 
(GTN) ,  U.S. Department of' Energy, Wash gton, DC 20545 
E. A. Jordan, Low Level  Waste Program nager, D i v i s i o n  o f  
Storage and Treatment P ro jec ts ,  NE-25 (GTN), U.S. Department o f  
Energy, Washington, DC 20545 
George Y .  Jordy, D i r e c t o r ,  O f f i c e  o f  Program Analysis,  O f f i c e  
o f  Energy Research, ER-30, G-226, U.S. Department o f  Energy, 
Washington, DC 20545 
J. Howard K i t t e l ,  Manager, O f f i c e  of  Waste ~ a n a g e ~ ~ ~ t  Pragrams, 
Argonne Na t iona l  Laboratory,  9900 S. Cass Ave., Bldg. 205, 
Argonne, I L  60439 
L. T .  Lakey, Waste I s o l a t i o n ,  P a c i f i c  Northwest Laboratory,  
Richland, WA 99352 
Leonard Lane Los Alarnos Nat ional  Laboratory, P . O .  Box 1663, 
Los Alamoo9 N 
D. 8.  L e c l a i r e ,  D i r e c t o r ,  O f f i c e  o f  Defense Waste and 
Byproducts M a n a ~ ~ m ~ n t ,  DP-12 (GTN),  U.S. Department o f  Energy, 
Washington, DC 20545 
Helen McCamon, D i r e c t o r ,  Ecolog ica l  Research D i v i s i o n ,  O f f i c e  
o f  Heal th  and Environmental Research, O f f i c e  o f  Energy 
Research, MS4201, ER-75, Room E-233, Department o f  Energy, 
Washington, DC 20545 
Michael McFadden, Waste Management, Albuquerque Operatlons 
O f f i c e ,  U,S.  Department o f  Energy, Albuquerque, NM 37115 
6 .  k. Meyer, Environmental P ro tec t i on  Agency, 401 M S t r e e t  S 
MS-ANR459, Washington, DC 20460 
Edward O'Donnell ,  D i v i s i o n  o f  Radiat ion Programs and E a r t h  
Sciences, U.S. Nuclear  Regulatory Co 
Stop 1130 SS, Washington, DC 20555 
J .  bJ. Patterson, Program D i r e c t o r ,  Waste Management Program 
f f i c e ,  Rockwell Hanford Operations, P.O. Box 808, Richland, 
A 99352 

I r w i n  Remson, Department o f  Applied Earth Sciences, S t a n f o r d  
U n i v e r s i t y ,  Stanford,  CA 94305 
Paul G. Risser ,  O f f i c e  o f  t h e  Chief ,  I l l i n o i s  Na tu ra l  H i s t o r y  
Survey, Na tu ra l  Resources Bu i l d ing ,  607 E. Peabody Ave., 
Champaign, IL 51820 
Jackson Robertson, USGS, 410 Nat ional  Center, Reston, VA 22092 

ennr ich,  Program Manager, Low-Level Waste M a n a ~ e ~ ~ n t  
, EG&G Idaho, I nc . ,  P.Q. Box 1625, Idaho F a l l s ,  I D  83415 



45 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

11 8-144. 

E .  M. Romney, University of Cal i fornia ,  Los Angeles, 
900 Veteran Avenue,  Los Angeles, C A  90024 
R .  S. Starmer,  HLW Technical Development Branch, Office of 
Nuclear Material  Safe ty  and Safeguards, Nuclear Regulatory 
Commission, Room 427-SS, Washington, DC 20555 
J .  G. Steger ,  Environmental Sciences Group, Los Alamos 
S c i e n t i f i c  Laboratory,  HS-K495, P.O. Box 1663, Los Alamos, 
N M  87545 
R .  J .  Ste rn ,  Director, Off ice  of Environmental Compl 
MS PE-25, FORRESTAL, U-S. Department o f  Energy, 
1000 Independence Avenue, SW, Washington, DC 20585 
J .  A. Stone, Savannah River Laboratory, E .  I .  DuPon t  
Nemours and Company, Bldg. 7734, Room E-172, A i k e n ,  
L. H. Weinstein, Program Director  o f  Environmental 3 

ance, 

de 
SC 29808 
ology , 

Cornel1 University, Boyce Thompson I n s t i t u t e  f o r  P lan t  
Research, I t h a c a ,  NY 14853. 
Raymond G. Wilhour, Chief, Air Pollution Effects Branch, 
Corva l l i s  Environmental Research Laboratory, U.S. 
Environmental Pro tec t ion  Agency, 200 SW 35th S t r e e t ,  
Corva l l i s ,  OR 97330 
Frank J .  Wobber, Ecological Research Division, Office o f  
Health and Environmental Research, Office o f  Energy Research, 
MS-E201, Department of Energy,  Washington, DC 20545 
M. Gordon Wolman, The Johns Hopkins Universi ty ,  Department o f  
Geography and Environmental Engineering, Baltimore, MO 21218 
Robert W.  Wood, Di rec tor ,  Division of Pol lu tan t  
Characteri z a t i  on and  Safe ty  Research, U. S .  Department of 
Energy, Washington, DC 20545 
Office of  Assistant Manager f o r  Energy Research and 
Development, Oak Ridge Operations, P.  0. Box E ,  U.S. 
Department o f  Energy, Oak Ridge, T# 37831 
Technical Information Center, Oak Ridge, TN 37831 




