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1.0 INTRODUCTION 

An assessment plan was implemented in compliance with the Clean 
Water Act and the Oak Ridge National Laboratory’s (ORNL) National 
Pollutant Discharge Elimination System (MPDES) permit to identify, locate, 
and minimize all sources of mercury contamination in ORNL discharges to 
the aquatic environment. This plan was designed to identify sources of 
mercury from past operations and spills through a review of file records 
and personal interviews. A network of monitoring and sampling stations, 
based on knowledge of mercury deposits in receiving streams, knowledge o f  
mercury discharges from pipes to streams, and a review o f  chemical data 
from previous contaminant surveys, was established for sample collection. 
The plan was designed to assess the potential for the metal reaching 
surrounding streams and rivers by placement of sampl ing s i t e s  relative to 
potential contaminant movement from areas o f  deposition. This summary 
report describes appropriate sampling and analytical procedures, defines 
the database management system, provides for chain-of-custody, Qual i ty 
Assurance (QA) ,  and presents contaminant concentration data for 1988. 

2.0 AREA RECEIVING WATERS 

Effluents from the numerous laboratories at ORNL are treated and 
subsequently monitored before discharging into the receiving streams at 
permissible concentrations. In previous years, before stringent 
regulations, some contaminants reached various streams primarily as the 
result of accidental spills and leakages. The intent of this effort is to 
identify sources or pools of a single heavy metal (mercury) and to 
characterize the extent and the specific locations of contamination. A 
summary of area receiving streams or bodies of water is provided with a 
brief description of potential contaminant sources. 

2.1 CLINCH RIVER-MELTON HILL LAKE 

This body of water receives discharge from two holding ponds in the 
Fuel Recycle area. These ponds are categorized as Category I (storm 
water) and Category I1 (cooling tower discharge) outfalls. 

2.2 CLINCH RIVER-WATTS BAR LAKE 

Downstream from Melton Hill Dam, the Clinch River-Watts Bar Lake 
receives all the wastewater discharge from ORNL with the exception o f  that 
from the two holding ponds listed in the above paragraph. 

2.3 WHITE OAK CREEK 

This perennial stream enters north of the ORNL s i t e  from Chestnut 
Ridge and runs along the main Bethel Valley complex collecting discharges 
from Category I, 11, and I11 outfalls; miscellaneous source outfalls; and 
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p o i n t  source o u t f a l l s  XO1, XO2, X04, X06, X07, and X11. 
F i r s t  Creek, and Northwest T r i b u t a r y  j o i n  White Oak Creek i n  Bethel  Va l l ey  
and Mel ton Branch j o i n s  White Oak Creek i n  Mel ton Va l l ey .  

F i f t h  Creek, 

2 . 4  FIFTH CREEK 

Th is  small stream o r i g i n a t e s  f rom spr ings  a t  t h e  base o f  Chestnut 

A t  t h e  
Ridge and en te rs  the  n o r t h  s ide  o f  t h e  ORNL main complex i n  Bethel  V a l l e y  
and rece ives  d ischarges from Category I, 11, and 111 o u t f a l l s .  
south end of t he  ORNL s i t e  F i f t h  Creek j o i n s  White Oak Creek. 

2.5 FIRST CREEK 

Th is  stream o r i g i n a t e s  f r o m  spr ings  near t h e  base of Chestnut Ridge 
and en te rs  the  n o r t h  s ide  o f  t he  ORNL main complex i n  Bethel  V a l l e y  where 
i t  rece ives  discharges from Category I, 11, and I11 o u t f a l l s .  
i s  j o i n e d  by Northwest T r i b u t a r y  a t  t he  south end of t h e  ORNL s i t e  and 
en te rs  White Oak Creek. 

F i r s t  Creek 

2.6 NORTHWEST TRIBUTARY 

Th is  stream o r i g i n a t e s  p r i m a r i l y  f rom spr ings  near t h e  base o f  Haw 
Ridge and en te rs  the  west s ide  o f  t he  ORNL complex i n  Bethel  V a l l e y  where 
i t  rece ives  d ischarge from the  X03 p o i n t  source o u t f a l l .  
T r i b u t a r y  j o i n s  F i r s t  Creek be fore  e n t e r i n g  White Oak Creek. 

Northwest 

2.7 MELTON BRANCH 

Several small spr ings  from Haw and Copper Ridges combine t o  form 
Melton Branch en ters  the  east  s i d e  o f  M e l t o n  Va l l ey  where Melton Branch. 

i t  rece ives  discharges f r o m  Category I, 11, and I11 o u t f a l l s  and p o i n t  
source o u t f a l l s  X08 and XO9. 
approximately 0 . 5  km (0.3 m i l e )  above White Oak Lake. 

Melton Branch j o i n s  Whi te  Oak Creek 

2.8 WHITE OAK LAKE 

Th is  impoundment serves as the  l a s t  mon i to r i ng  p o i n t  and h o l d i n g  
bas in  f o r  wastewater discharges l eav ing  ORNL. 
d i r e c t l y  i n t o  the  lake.  

No o u t f a l l s  d ischarge 

3.0  MERCURY SOURCES (SPILLS) 

Two major uses o f  mercury a t  ORNL invo lved  p i l o t  p l a n t  opera t ions  i n  
1954-55 suppor t ing  the  thermonuclear weapons program a t  Y-12. 
a c t i v i t i e s  invo lved separa t ion  processes i n  Bu i l d ings  4501 and 4505. A t  
t he  t ime o f  t h e  operat ions,  an unknown number o f  mercury s p i l l s  occurred. 
Al though these s p i l l s  were cleaned up, i t  i s  ev ident  f rom s o i l  analyses 
around t h e  b u i l d i n g s  t h a t  q u a n t i t i e s  o f  mercury escaped and reached t h e  
environment (Oakes, 1983a,b). Key i n d i v i d u a l s  w i t h  personal  knowledge of 
t he  opera t ions  were in te rv iewed concerning the  h i s t o r y  o f  mercury s p i l l s .  

Both 
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A summary i s  provided of each process with estimates of mercury lost 
through operational procedures, and included with additional reportable 
incidents in Table 1. 

Table 1. Summary of known mercury spills at ORNL 

Bui 1 d i  ng Process Year Amount Outfall 

450 1 Lithium isotope 1954 >23,000 kg 362,363 
separation 

4505 Uranium and thorium 1955 2,000 kg 362,363 

3592 Mercury cleaning 1963 5,000 kg 207 

metal production 

3 503 Mercury f l ask  and 1963 unknown 207 

2525 Spi 1 1  1981 1.5 kg 103,207, 

clean mercury storage 

208 

4500s Spill 

3 500 Spi 1 1  

1980 c1.0 kg 109,217 , 
218,311 

1981 <0.02 kg 163,162, 
261,361, 
207 

3 .1  BUILDING 4505, EXPERIWENTAC ENGINEERING LABORATORY 

to illustrate the production o f  uranium and thorium metals by reducing 
UCl The amalgam was pressed to form a 

distallation leaving the uranium or thorium metal. An early report 
indicated as much as 134,608 kg (296,139 lb) o f  mercury were required 
as materials for the process. 
that 2000 kg (4400 l b )  may have been lost in spills (Dinsmore, 1986). 
Soil analyses near the building confirm mercury contamination (Oakes, 
1983b). 

A process termed METALLEX was demonstrated in 1955 in Building 4505 

or ThCl4 using sodium amalgam. 
bil 4 et and the billet was sintered to remove the mercury by vacuum 

Personnel involved in the project estimate 

3 .2  BUILDING 4501, HIGH-LEVEL RADIOCHEMICAL LABORATORY 

The OREX process was similar to the METALLEX procedure but was 
designed to separate lithium isotopes. 
pressed into billets, sintered, and the mercury removed by vacuum 

The lithium was amalgamated, 
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d i s t i l l a t i o n  l e a v i n g  the  l i t h i u m .  
basement o f  B u i l d i n g  4501 i n  1954. 
c o n s t r u c t i o n  w i t h  t a r  seams and was f looded wi th  10 cm ( 4  i n )  o f  water.  
The water l a y e r  was in tended t o  reduce mercury fumes i n  t h e  b u i l d i n g  
atmosphere. A s t e e l  g r a t e  above the  water pool  supported equipment and 
personnel .  
a t  t he  t a r  seams as i s  conf i rmed by s o i l  analyses (Oakes, 1983b). The 
condensed mercury was pumped t o  a tank  t r u c k  where i t  was t r a n s f e r r e d  t o  
B u i l d i n g  3592 f o r  c lean ing  and recyc le .  It has been es t imated t h a t  an 
excess of 22,680 kg (50,000 l b )  o f  mercury may have been l o s t  d u r i n g  t h e  
process (Parker,  1986). Most s p i l l s  were associated w i t h  pump f a i l u r e s  
where amalgam was being pumped from t h e  basement t o  t h e  upper l e v e l  of 
Bui 1 d i n g  4501. 

This  process was c a r r i e d  ou t  i n  t h e  
The basement f l o o r  was o f  concrete 

Throughout the  process some mercury escaped from t h e  basement 

3.3 BUILDING 3592, UNIT OPERATIONS VOLATILITY LABORATORY 

Mercury d i s t i l l e d  f rom the  OREX process was t ranspor ted  t o  
B u i l d i n g  3592 f o r  c lean ing  by r e s i n  exchange columns. 
i t  was p laced i n  conta iners  and l a t e r  removed t o  Y-12. A s p i l l  occurred 
due t o  opera tor  e r r o r  which invo lved 400 ga l  (20,500 kg) o f  mercury. 
Approximately 300-350 ga l  were recovered by vacuum sweeping. The 
remainder, 50-100 ga l  (2500 t o  5000 kg), was l o s t  t o  t h e  surrounding 
s o i l ,  sub jec t  t o  t r a n s p o r t  t o  White Oak Creek through the  Laboratory  s t o r m  
d r a i n  system (Dinsmore, 1986). S o i l  and sediment analyses c o n f i r m  
contaminat ion by mercury (Oakes, 1983a). 

Fo l low ing  c leaning,  

3.4 BUILDING 3503, HIGH RADIATION CHEMICAL ENGINEERING LABORATORY 

B u i l d i n g  3503 was used t o  s t o r e  empty mercury f l a s k s  and cleaned 
mercury f r o m  the  r e s i n  columns o f  B u i l d i n g  3592. 
m a t e r i a l s  assoc iated w i t h  METALLEX and OREX had been removed t o  Y-12. 
Some smal l  q u a n t i t y  o f  mercury may have reached White Oak Creek through 
t h e  Laboratory  storm drainage system. 
amount s p i l l e d  i n  B u i l d i n g  3503. Analyses o f  t h e  B u i l d i n g  3503 storage 
area con f i rm  t h a t  mercury had escaped the  b u i l d i n g  (Oakes, 1983a). 

By 1963 a l l  t he  

No es t imate  i s  a v a i l a b l e  o f  t h e  

3.5 BUILDING 2525, PLANT AND EQUIPMENT FABRICATION SHOP 

.In May o f  1981, mercury was repo r ted  i n  t h e  d r a i n  system from 
B u i l d i n g  2525. The o r i g i n  o f  t he  s p i l l  was repo r ted  as unknown. 
than 1.5 kg (3  l b )  were removed by vacuum c lean ing  and submi t ted f o r  
c l  eanup and r e c y c l e  ( E i  senhower, 1981 ; Kel l y  and Eisenhower, 1982) . 

Less 

3.6 BUILDING 4500S, CENTRAL RESEARCH COMPLEX 

Two minor s p i l l s  a re  recorded ( K e l l y  and Eisenhower, 1982) f r o m  
l a b o r a t o r i e s  i n  the  Centra l  Research Complex ( B u i l d i n g  4500s) d u r i n g  
1980. The q u a n t i t i e s  were noted as a t r a c e  ( < l o  g) and 100 g. One 
s p i l l  was noted as opera tor  e r r o r  and the  o the r  as mechanical f a i l u r e ,  I n  
bo th  cases the re  was no mention o f  t he  a c t i o n  taken. 
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3.7 BUILDING 3500, INSTRUMENTATION AND CONTROLS 

An undisclosed quantity of mercury was reported as a spill in 1981. 
Kelly and Eisenhower (1982) indicated it was a ”puddle” (10 to 20 9) and 
resulted from operator error. 

4.0 SAMPLE LOCATIONS 

As a means of establishing baseline data for environmental 
concentrations of mercury, water was collected from receiving streams 
near the various Laboratory outfall s. 
Category I, 11, and I11 outfalls; NPOES Serial Numbered Sampling sites; 
and areas surrounding known mercury spi 1 1  s. Category I outfall s receive 
water from storm drains. 
and were selected on the basis of the potential for water transport from 
areas near buildings with a past history of mercury concern. Category I1 
outfalls (Table 3) include storage area drains, spill area drains, roof 
and parking lot drains, and cooling tower blowdown and condensate drains. 
Although the potential f o r  mercury entering these systems i s  minimal, 
several outfalls were identified for sampling. Category I11 outfalls 
receive routine process wastes and periodic laboratory wastes. These 
systems represent the greatest potential for mercury transport to 
receiving streams. Outfalls sampled are identified in Table 4. The 
Serial Numbered Sampling sites routinely sampled for radiological 
contaminants (Table 5) are included to provide a broader survey for 
mercury in the Laboratory’s receiving streams. 

Areas sampled included selected 

Those outfalls sampled are identified in Table 2 

Table 2. Candidate Category I sampling stations 
by outfall number and receiving stream 

WHITE OAK CREEK 

Outfalls: 101, 103, 106, 109, 116 

FIRST CREEK 

Outfall s: 141, 142, 143 

FIFTH CREEK 

Outfall s: 161, 162, 163, 164 

MELTON BRANCH 

Outfall : 181 
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Table 3. Candidate Category I 1  sampling s t a t i o n s a  
by o u t f a l l  number and r e c e i v i n g  stream 

WHITE OAK CREEK 

Park ing Lo t  Runoff: 

Condensate: 

Cool i ng Tower B1 owdown : 

S p i l l  Area Drain:  

FIRST CREEK 

Park ing Lot  Runoff :  

Storage Area Dra in:  

MELTON BRANCH 

Park ing Lo t  Runoff: 

Cool i ng Tower 81 owdown : 

FIFTH CREEK 

Park ing Lo t  Runoff :  

Condensate: 

Cool ing Tower 8lowdswn: 

202, 204, 207, 208, 210, 
218, 222, 223, 230, 232, 
233, 234 

217 

216 

206 

241, 243, 247, 248, 

244, 246 

283 

281 

265 

261, 262 

268 

aRoof d ra ins ,  pa rk ing  l o t  d ra ins ,  s torage area 
d ra ins ,  s p i l l  area dra ins ,  once-through c o o l i n g  
water, c o o l i n g  tower blowdown and condensate 
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Table 4. Candidate Category I 1 1  sampling stations (process or 
laboratory drains) by outfall number and receiving system 

WHITE OAK CREEK 

Process Drains: 301, 302, 304, 305, 306, 307, 308, 309, 
310, 311, 312, 313, 314 

FIFTH CREEK 

Process Drains : 361, 362, 363, 364, 365, 366, 367, 368 

WELTON BRANCH 

Settling Ponds: 381, 382, 384, 385, 386 

FIRST CREEK 

Process Drains: 341, 342, 343, 344 

Table 5. Candidate seri a1 numbered outfall s 
(point sources) and receiving streams 

White Oak Creek: X O 1  - Sewage Treatment Plant, X O 2  - Coal 
Yard Runoff, X04 - 2000 Area, X06 - 190 
Process Ponds, X07 - Process Waste 
Treatment, X11 - Acid Neutralization 
Faci 1 i ty 

First Creek: X12 - NRWTF 

Me1 ton Branch : X08 - TRU, 7907 and 7908 Ponds, 
XO9 - HFIR, 7905 and 7906 Ponds 

Northwest Tributary: X03 - 1500 Area Pit 
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Several additional sites which are routinely sampled for other 
Contaminants are included in the sampling design. 
Dam, White Oak Creek, Headwaters of White Oak Creek, Melton Hill Dam, 
Melton Branch, Headwaters of Melton Branch, 7500 Bridge (White Oak Creek), 
and the White Oak Creek Flume south of Waste Basins 3539 and 3540. 

These are White Oak 

A total of 90 sites (Table 6) were available for sampling (water) 
during the survey with an additional 12 sites for sediment samples. 
Sampling sites in the ORNL Bethel Valley complex are noted in Fig.  1, 
while sites in the Melton Valley area are illustrated in Fig. 2. In a 
preliminary survey (19879, 74 sites (222 analyses) were sampled for water 
analyses, in comparison to 61 sites (183 analyses) in February 1988; 88 
sites (264 analyses) were sampled in October 1988. An additional 12 sites 
(36 analyses) were sampled in October 1988 for mercury contamination o f  
sediments. Most sites were sampled twice during the year and consisted of 
three replicate samples for each site. The sampling periods were selected 
to represent periods o f  soil moisture recharge and soil water deficit. 
Sediment samples were primarily from Fifth Creek in the vicinity o f  
suspected mercury deposition, White Oak Creek, and White Oak Creek 
headwaters. 
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Table 6. Summary of receiving waters outfall identifiers (number) 
and mi scell aneous 1 ocations for mercury determinationsa 

Receiving water Outfall or area to be sampled 

White Oak Creek 101, 103, 106, 109, 1316, 202, 204, 206, 
207, 208, 209, 210, 216, 217, 218, 222, 
223, 230, 232, 233, 234, 301, 302, 303, 
304, 305, 306, 307, 308, 309, 310, 311, 
312, 313, 314, XO1, X02, X04, X06, X07, 
7500 B, flume, headwaters, lower creek 
section, White Oak Dam 

First Creek 141, 142, 143, 241, 243, 244, 246, 247, 
248, 341, 342, 343, 344, X12 

Fifth Creek: 161, 162, 163, 164, 261, 262, 265, 268, 
361, 362, 363, 364, 365, 366, 367, 368 

386, X08, XO9, headwaters section, 
middle branch section, and Melton Hill 
Dam 

Me1 ton Branch: 181, 281, 283, 381, 382, 383, 384, 385, 

Northwest Tributary X03 

aThe actual number of outfalls sampled varied between 
sampling periods because some outfalls had no discharge. 

5.0 SAMPLE COLLECTION 

All water samples consisted of three rep1 icate, manual grab samples 
collected during two sampling periods (dry and wet seasons) in 1988. 
Samples were collected in l - L  I-Chem high-density polyethylene bottles 
with teflon caps. I-Chem bottles are proprietary containers, precleaned 
by the vendor to EPA specifications where microdeterminations are 
requested. Samples were preserved immediately upon collection by 
acidifying with concentrated nitric acid t o  a pH of t2.0. 
samples were collected at selected stations and placed in glass 
containers. The glass containers were also I-Chem, EPA approved. 
Generally, samples were analyzed as soon as possible after collection, and 
no sample analysis exceeded the maximum allowable holding time of 28 days. 

Sediment 
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6.0 SAMPLE PROCEDURES, DATA MANAGEMENT, AND CONTROL 

6.1 ANALYTICAL METHODS 

Water and sediment samples were analyzed f o r  t o t a l  mercury con ten t  by 
manual c o l d  vapor atomic absorp t ion  (USEPA, 1982). A m o d i f i c a t i o n  o f  
Method 245.1 (USEPA, 1983) was u t i l i z e d  f o r  a l l  analyses, and t h e  r e s u l t s  
o f  sediment analyses were repo r ted  on a dry weight bas is .  

6.2 DATABASE MANAGEMENT SYSTEM 

A computerized NPDES database e x i s t s  on t h e  Environmental M o n i t o r i n g  
and Compliance Sect ion 's  VAX computer. The database can be m o d i f i e d  t o  
ma in ta in  a l l  records  and a l l o w  f o r  r e t r i e v a l  o f  records  and da ta  f rom a l l  
sampling and mon i to r i ng  a c t i v i t i e s .  The database pe rm i t s  t r a c k i n g  o f  a l l  
sampling s i t e s  and inc ludes  t h e  da te  and t ime  o f  c o l l e c t i o n ,  t h e  i d e n t i t y  
o f  t h e  i n d i v i d u a l s  c o l l e c t i n g  each sample, and a d e s c r i p t i o n  o f  how and 
under what c o n d i t i o n s  t h e  sample was taken. A n a l y t i c a l  da ta  a re  
t r a n s f e r r e d  t o  t h e  database by computer from e n t r i e s  v e r i f i e d  by the  
l a b o r a t o r y  superv i so r  i n  t h e  A n a l y t i c a l  Chemistry D i v i s i o n ' s  computer. 
Hard cop ies  also prov ide  v e r i f i c a t i o n .  The s t r u c t u r e  o f  t h e  database i s  
such t h a t  r e t r i e v a l  o f  i n f o r m a t i o n  f o r  r i s k  assessment i s  poss ib le .  

6.3 QUALITY ASSURANCE 

6.3.1 Sample Ana lys i s  

The v a l i d i t y  o f  t h e  sample ana lys i s  was demonstrated by t h e  use o f  
d i s t i l l e d  water b lanks  t o  ensure t h a t  a l l  glassware and reagents were 
i n t e r f e r e n c e - f r e e .  The b lanks  were c a r r i e d  through a l l  stages o f  sample 
p r e p a r a t i o n  and ana lys i s .  Blanks were used w i t h  each s e t  o f  samples. 
samples were analyzed w i t h i n  t h e  p resc r ibed  t ime  l i m i t s  (28 days) noted 
p rev ious l y .  

All 

6.3.2 Rep1 i c a t e  Sampl es 

Three r e p l i c a t e  f i e l d  samples were c o l l e c t e d  t o  ensure t h a t  
sampling techniques were c o n s i s t e n t  and t o  i d e n t i f y  t h e  concen t ra t i on  
v a r i a b i l i t y  a t  each s t a t i o n .  
analyzed t o  assure p r e c i s i o n  o f  ana lys i s .  

Laboratory d u p l i c a t e s  w i t h i n  samples were 

6.3.3 Chain-of-Custody 

A "DOE X-10 P l a n t  Chain-of-Custody" fo rm was completed and remained 
w i t h  t h e  sample u n t i l  t h e  A n a l y t i c a l  Chemistry D i v i s i o n  assumed c o n t r o l  o f  
t h e  sample. A t  t h a t  t ime, an " A n a l y t i c a l  Chemistry D i v i s i o n  Cha in-o f -  
Custody" form was i n i t i a t e d  and remained w i t h  t h e  sample u n t i l  t h e  
analyses were completed. Any a d d i t i o n a l  i n f o r m a t i o n  o r  v a r i a t i o n  i n  
standard procedures was no ted  i n  a l a b o r a t o r y  notebook. 
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7.0 RESULTS 

The analytical chemistry data (1987) were used to identify areas o f  

The key objective o f  
elevated mercury concentrations and were combined with maps of drainage 
systems to form the basis o f  the sampling program. 
the sampling effort is to assist management in reducing mercury discharges 
from identifiable sources and to provide a means to monitor the effec- 
tiveness of any prescribed remedial procedures through subsequent sampling 
and analysis. 

7.1 SCOPING SURVEY 1987 (WATER) 

The sampling stations in this study were not sited to illustrate a 
concentration gradient from the ORNL complex, but rather to identify those 
areas of suspected mercury sources. 
expressed in ng/mL (ppb), while data for sedjment are reported in ug/g, 
dry weight (ppm). Data from the 1987 scoping survey identified four 
locations with evidence o f  elevated mercury concentrations. Two hundred 
and twenty-two samples were analyzed for 74 stations {Table 7). The 
headwaters of White Oak Creek served as the background concentration. 
Analytical data indicated a concentration o f  t 0 . 5  ng/mL (n=3). The 
highest concentration identified along White Oak Creek was near 
Outfall 309, which receives discharges from Building 4500, the Central 
Research Complex, through Holding Basins 3539 and 3540. These basins 
have been in operation since 1964. The mean concentration near the 
Outfall 309 was 2.27 & 0.38 ng/mL. Serial Numbered Outfall X06 is the 
NPDES monitoring station serving Basins 3539 and 3540 and i s  approxi- 
mately 100 m from White Oak Creek. Discharge from X06 flows to the creek 
through Outfall 309. The mean concentration for X06 station was 0.73 
- + 0.03 ng/mL. Because 309 i s  the final point in the effluent stream, the 
concentration would be expected to be less than the concentration observed 
at X06. The sample for Outfall 309 was collected as the discharge entered 
White Oak Creek and probably represents a mixed source. 

Series Outfall s). 
discharges from Buildings 4501 and 4505, which historically supported 
activities which uti1 ited an amalgam process. Those discharge concentra- 
tions did not exceed the White Oak Creek background concentration of 
t0.5 ng/mL. Outfall 261 supposedly receives water from roof drains, s p i l l  
areas, storage area drains, and cooling water discharges. Most of the 
discharge through Outfall 261 is from the Building 3500 environs. This 
outfall depicted the highest mercury concentration (4.77 2 0.18 ng/mL) o f  
all stations sampled in the scoping survey. A mercury spill (Table 1) is 
recorded from Building 3500 but quantitatively (t0.2 kg) is insignificant 
to the water concentration observed. 
suspected to contribute mercury through this outfall. 

Concentration data for water are 

Fifth Creek receives effluents from several process wastes (300 
Notably among potential mercury sources are the 

Sources other than Building 3500 are 
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Table 7. Summary of analyt ical  da ta  (water) 
f o r  the 1987 scoping surveya 

Outfall number/location n ng/mL 5 1 SE 

White Oak Creek 

106 3 (0. 05 
202 3 (0. 50 
203 3 (0.50 
204 3 (0.50 
207 3 (8.50 
209 3 (0.50 
210 3 (0. 50 

(0.50 
(0. 50 

216 3 
217 3 
218 3 (0.50 
222 3 (0. 50 
223 3 (0.50 
230 3 (0. 50 
232 3 (0.50 
233 3 (0.50 
234 3 (0.50 
243 3 (0.50 
301 3 (0.50 
302 3 (0. 50 
303 3 (0.50 
304 3 (0.50 
308 3 (0.50 

I309 3 2.27 k 0.381 
310 3 (0 e 50 
311 3 (0. 50 
312 3 (0. 50 
313 3 (0.50 
314 3 (0. 50 
7500B 3 (0.50 
F1 ume 3 (0. 50 
WOD 3 (0. 50 
xo 1 3 (0.50 
x02 3 (0.50 
X03 3 (0. 50 
X04 3 (0.50 

I X06 3 0.73 k 0.031 
XQ7 3 (0.50 
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Table 7 (continued) 

Outfall number/location n ng/mL & 1 SE 

142 
143 
241 
243 
244 
247 
248 
341 
342 
243 
x12 

First Creek 

3 
3 
3 
3 

(0. 50 
(0. 50 
(0.50 
(0. 50 
(0.50 
(0.50 
(0. 50 
(0.50 
(0.50 
<0.50 
(0.50 

Fifth Creek 

161 3 (0.50 
to. 50 
(0.50 

162 3 
165 3 
261 3 4.77 f 0.181 
262 3 (0.50 
268 3 (0.50 
361 3 (0. 50 
362 3 to. 50 
363 3 (0.50 
364 3 (0.50 
365 3 (0. 50 
366 3 (0.50 
367 3 (0.50 
368 3 (0.50 

Me1 ton Branch 

181 3 (0.50 
281 3 (0. 50 
283 3 (0.50 
381 3 (0.50 
383 3 (0.50 
384 3 (0.50 
386 3 4.50 

I X08 3 0.60 + 0.001 
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Table 7 (continued) 

Out fa1 1 number/] ocat ion n ng/mL 2 1 SE 

Mi scell aneous 

White Oak Creek 3 
Headwaters 

White Oak Creek 3 
Lower Creek 

(0.50 

to. 50 

Me1 ton Branch 
Headwaters 

3 t0.50 

Me1 ton Branch 3 
Small Middle Branch 

(0.50 

aData in boxes represent the most significant 
concentrations. 

Melton Branch receives waste water from the High Flux Isotope Reactor 
complex and the Transuranic Processing Facility (7500 area). Serial 
Numbered Outfall X08 is the NPDES monitoring station for the various 
holding ponds, prior to discharge through Outfalls 381-386. The 
mercury concentration at X08 was 0,60 ng/mL or background. 

7 . 2  SPRING SAMPLING 1988 (WATER) 

In February of 1988, 61 stations were sampled for mercury concentra- 
tions. 
samples (Table 8 ) .  The lower limit for data reported for this series o f  
data is tO.l ng/mL, in contrast to t0.5 ng/mL in 1987. 
limit is a function of the aliquot volume utilized in the analyses and 
daes not indicate a change in methodology. Only eight locations contained 
quantitative concentrations (mean 2 1 SE). Among those outfalls, 309 was 
the highest with a mean concentration o f  2.10 0.06 ng/mL. That con- 
centration is essentially the same as measured in the 1987 survey and 
suggests a uniform input. The second notable concentration (1.17 
- t 0.03 ng/mL) was from Outfall 367. Outfall 367 discharges into Fifth 
Creek east of Building 3036, the Isotope Area Storage and Service 
Bui 1 di ng 

Each site consisted of three replications for a total of 183 

The detection 
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Table 8. Summary o f  analytical data (water) for 
the February 1988 sampl ing efforta 

Outfall number n ng/mL & 1 SE 

y h i t e  Oak Creek 

106 3 t O . l  
] 202 3 0.17 f 0.071 

204 3 (0.1 
207 3 0.17 +, 0.031 
210 3 t 0 . 1  

3 (0.1 
t o .  1 

217 
218 3 
223 3 t o . l  

* 230 3 t O . l  
233 3 t o .  1 
234 3 t o .  1 
301 3 t o .  1 
302 3 t o .  1 

305 3 t O . l  
I309 3 2.10 f 0.061 
310 3 (0.1 
31 1 3 (0.1 
312 3 t o .  1 
313 3 to .  1 
314 3 (0.1 
xo 1 3 40.1 
x02 3 4 . 1  

X06 3 <o. 1 
X07 3 (0.1 

7500B 3 0.2 5 0 
WOD 3 t O . l  

13 04 3 0.13 2 0.031 

3 0.5 2 0 X04 

F1 ume 3 0 .4  & 0 

Fifth Creek 

161 
262 
265 

3 (0.1 

3 t o ,  1 
3 40.1 

3 t O . l  268 

365 3 t O . l  
0.17 ? 0.071 1363 3 

366 3 (0.1 

368 3 co .1  
I367 3 1.17 & 0.031 
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Table 8 (continued) 

Outfall number n ng/mL 2 1 3 E  

143 
247 
248 
341 
342 
343 
x12 

First Creek 

(0.1 
t0.1 
t0.1 

(0.1 
to. 1 
(0.1 

0,5 f. 0 

Me1 ton Branch 

1181 3 0 . 1 3  .+. 0.031 
28 1 3 to. 1 
38 1 
382 
383 
384 
386 
X08 
xo9 

Mi scell  aneous 

White Oak Creek 3 
Headwaters 

(0.1 
t o .  1 
to. 1 
to. 1 
to. 1 
to. 1 
(6.1 

(0.1 

White Oak Creek 3 0.17 ;fi 0 . 0 3  
Lower Creek 

Me1 ton Branch 
Headwaters 

Me1 ton Branch 
Small Branch 

3 (0.1 

Melton Hill Dam 3 
Me1 ton Branch 

3 (0.1 

to..  1 

XQ3 Northwest 
Tributary 

3 to.1 

i n  boxes represent the most significant 
concentrations. 
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7.3 FALL SAMPLING 1988 (WATER) 

In October of 1988, 88 locations were sampled for mercury concentra- 
tions. 
(Table 9). 
flost of the data reported were quantitative (fewer < values). 
were significant among the observations, with mercury concentrations 
>0.5 ng/mL. For example, Outfall 106 had an average concentration of 0.72 2 
0.03 ng/mL. This outfall enters White Oak Creek south of Building 4508, the 
Metals and Ceramics Laboratory, and 100 m east o f  the confluence with F i f t h  
Creek. The discharge from this outfall is from the storm drain system along 
Southside Drive. Outfall 311 had a mean concentration o f  0.70 & 0.02 ng/mL. 
This outfall serves some process wastes from Building 4500s. Serial Numbered 
NPDES station X07 serves the Process Waste Treatment Plant (Building 3544). 
This facility potentially receives wastewater from the majority of the 
Laboratory’s facilities, including Basins 3539 and 3540 and the 3524 
Equalization Basin. Constituents that exceed discharge limits from the 
holding basins are transferred to the Process Waste Treatment Plant for 
treatment (rad reduction by clarifer and ionic exchange column and pH adjust- 
ment) prior to discharge into White Oak Creek. The mean mercury concentra- 
tion was 0.70 2 0.02 ng/mL during this sampling period. 
concentration noted was from Outfall 367 along Fifth Creek, near the Isotopes 
Area Storage amd Service Building (3036), with a mean of 1.87 2 0.17 ng/mL. 
That compares with the spring sample concentration of 1 . 1 7  L 0.03 ng/mL. 

The Tennessee state standard (0.05 ug/L) i s  four times more stringent 
than the Federal standard (0.2 ug/L) for mercury in water. Much o f  the 
water chemistry data in this report exceed the Federal standard, while 
nearly all data exceed the state standard. 
o f  mercury contaminat ion. The stream headwaters (background) 
concentrations exceed the state limit. Both standards are derived from 
literature abstractions from effects studies and do not reflect the state- 
of-the-art capabilities of analytical equipment. 

Each site consisted o f  3 replications for a total of 264 samples 
The detection limit reported for this data set was ~0.05 ng/mL. 

Four locations 

The highest mercury 

This is not an indication 

7.4 MERCURY CONCENTRATIONS IN ORNL STREAM SEDIMENTS 

Twelve sites were selected for mercury analyses in sediments. These 
sites were selected from previous water chemistry data, personal inter- 
views with persons having knowledge of mercury spills at ORNL, and locations 
of suspected depositions of mercury. In 1982, (Van Winkle et al.) reported 
mercury concentrations among sediments of New Hope Pond (Y-12)  and East Fork 
Poplar Creek. 
concentration of mercury in sediments for the eastern conterminous United 
States was 0.147 ug/g. Mercury concentrations in clayey sediments in 
Cherokee Lake of East Tennessee have been reported to range from 0.6 to 2.5 
ug/g (Turner and Lindberg, 1978). These latter data represent depositions 
from a mercury cell chloralkali plant. The sediment data for ORNL streams 
are presented in Table 10 and are not intended to infer a dilution with 
distance from the ORNL complex. For sediment data to be comparable, all 
materials must be sieved, with stones and organic materials removed. This 
was not the procedure with the sediments collected in this report. In f a c t ,  

Shacklette et al:, in 1971 indicated that the average 



Table 9. Summary of analyt ical  data  (water) 
f o r  the October 1988 sampl ing e f f o r t a  

Outfall number/location n ng/mL & 1 SE 

Fif th  Creek 

161 3 1.10 f. 0 
162 3 0.10 f 0 
163 3 0.10 I 0 
164 3 0.13 f 0.03 
26 1 3 0.17 t 0.07 
262 3 (0.05 
265 3 (0.05 
268 3 (0.05 
361 3 (0. 05 
362 3 (0. 05 
363 3 (0. 05 
364 3 0.10 f 0 
365 3 0.10 t 0 

I367 3 1.87 f. 0.171 
368 3 (0.05 

First Creek 

141 3 (0.05 
142 3 (0. 05 
143 3 (0. 05 
241 3 0.10 f. 0 
243 3 0.10 t 0 
244 3 0.10 f 0 
246 3 0.10 t 0 
247 3 0.20 t 0 
248 3 0.20 ? 0 
341 3 0.23 f 0.031 
342 3 0.10 t 0 
343 3 (0.05 

x12 3 (0.05 
344 3 (0.05 

181 
28 1 
283 
38 1 
382 
384 
386 
X08 

Me1 ton  Branch 

3 
3 
3 
3 
3 
3 
3 
3 

(0. 05 
(0.05 
(0 Q5 
(0.05 
(0.05 
(0.05 
(0.05 
(0.05 
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Table 9 .  (continued) 

Outfaf 1 number/l ocat ion n ng/mL ~f: 1 SE 

M i  scel 1 aneous 

xo9 3 (0.05 

White Oak Creek 3 
Headwaters 

White Oak Creek 3 
Lower Creek 

0.1 If: 0 

to. 05 

Me7 ton Branch 
Headwaters 

3 tO .) 05 

Me1 ton Branch 3 
Small Middle Branch 

Melton H i l l  Dam 3 
Me1 ton Branch 

<O. 05 

to. 05 

White Oak Creek 

101 3 0.2 t ob 
103 3 0.2 ? 0 

109 3 to. 05 
] 106 3 0.72 k 0.031 

116 
202 
204 

3 
3 
3 

0.10 k 0 
0.20 ?I 0 
0.20 f 0 - 

206 3 0,20 + 0 
I207 3 0.17 f 0.031 
208 3 0.20 2 0 
2 09 3 0.20 * 
210 3 0.10 f 0 
216 3 to. 05 
217 3 0.13 f 0.03 
2 18 3 t0.05 

I 2 2 2  3 0.13 t 0.031 
223 3 0.10 & 0 
230 3 0.10 k 0 
232 3 0.10 f 0 
233 3 0.10 f 0 
234 3 0.10 t 0 
301 3 0.10 t 0 
302 3 0.30 f 0 
303 3 
304 3 
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Tab1 e 9 .. (cont i nued) 

Outfall number/location n ng/mL 1 SE 

305 
306 
307 
308 
309 

0.30 ? 0 
0.20 t 0 
0.10 t 0 
0.10 9 0 
0.10 f 0 

310 3 0.20 & 0 
1311 3 0.70 f 0.021 
312 3 0.10 f 0 
313 3 0.20 ? 0 

I314 3 0.13 t Q.031 
7500B 3 0.10 ? 0 
FLUME 3 0.20 f 0 
WQD 3 to. 05 
xo 1 3 (0.05 
x02 3 0.30 t 0 

aData in boxes represent the most significant 
concentrations. 

standard error indicates all three rep1 ications 
had the same concentration. 

the data may be viewed as minimal since the samples were not fractioned, and 
a small stone in an analytical aliquot could have a significant dilution 
bias. 

New Hope Pond was sampled (Van Winkle et a1 . , 1984) from a 0 to 95 cm 
depth for total mercury analyses. The intent of the vertical profile was to 
determine whether mercury deposition had been a continuous pathway for 
accumulation or if there existed discrete periods (spikes) o f  deposition. 
The data revealed that mercury increased with depth (time), reaching a 
maximum concentration at a depth o f  70 to 95 cm. 
at 0-5  crn deep suggested a reduction in mercury deposition in recent years. 
East Fork Poplar Creek receives stream Plow from New Hope Pond. 
concentrations for surface sediments ranged from 19 to 127 ug/g at 2.1 and 
22.2 krn downstream from New Hope Pond, respectively. 

TRe lower concentrations 

Mercury 

The data for ORNL streams range from background (0.13 2 0.02) in U h i t e  
Oak Creek Headwaters to a maximum of 4874 5 2556 ugJg below Outfall 261 into 
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Fifth Creek. A summary of spatial mercury contamination in sediments of 
ORNL streams is presented in Table 10 and Fig. 3. 
concentrations appear to be alarming, it must be cautioned that the potential 
source plume i s  probably 0.5 m wide at i t s  maximum width and extends an 
estimated 1.5 m. As an example, the sediment plume from Outfall 261 is 1 rn 
long and 20 cm wide. Considering a 
sediment bulk density of 1.4 g/cm3 and the average mercury concentration of 
4874 ug/g, it is estimated that a maximum of 68 g of mercury may be present. 
The sediment analyses identify sources of mercury which likely contribute to 
elevated stream concentrations. Mercury input into streams increases during 
high rainfall runoff events (Van Winkle et al., 1984). The concentration 
(22.26 ug/g) observed near Outfall 309 most likely reflects input from the 
Central Research Complex, Building 4500, whereas the concentrations along 
Fifth Creek reflect past spills from the lithium isotope separation/uranium- 
thorium metal production processes. The highest concentration (4874 ug/g) 
from Outfall 261 indicates a source from Building 3500 or other nearby 
facilities. The concentration (2.69 ug/g) in Melton Branch before joining 
White Oak Creek suggests the Solid Waste Storage Area (SWSA) 5 as a potential 
source. 

While some of these 

The samples were collected to 5 cm deep. 

8.0 CONCLUSIONS AND RECOMMENDATIONS 

The water chemistry data are supported by the sediment data in 
identifying sources of mercury to ORNL streams. The sediment analyses 
indicate surface (0-5 cm) contamination only. However, to ascertain whether 
imput to these areas i s  continuous, depth (cores) profile analyses are 
recommended. In addition, core studies should be initiated along a 
horizontal dimension to define the configuration of the source plume 
(sediments) and to suggest possible remedial actions to reduce these sources 
of mercury. 

success of any remedial action and to identify any new source, should one 
appear. 

Both water and sediment sampling should be continued to determine the 
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Table 10. Summary of mercury concentrations (ug/g) 
in sediments from ORNL streams 

Locat i on n Concentration 5 1 SE 

White Oak Creek 
Headwaters 

Fifth Creek 
Outfall 362 Box 

Fifth Creek 
Below Outfall 362 

Fifth Creek 
Near Outfall 261 

White Qak Creek 
Upstream of Fifth 
Creek 

White Oak Creek 
Near Outfall 309 

Northwest Tributary 
Upstream First Creek 

First Creek 
Upstream of Northwest 
Tributary 

White Oak Creek 
Downstream First Creek 

White Oak Creek 
Upstream Me1 ton 
Branch 

Me1 ton Branch 
at MBR2 Weir 

Me1 t o n  Branch 
Upstream of White 
Oak Creek 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

0.13 2 0.02 

21.10 & 7.57 

67.53 f. 26.78 

4874 2 2556 

5.39 & 0.70 

22.20 & 6.17 

0.17 2 0.03 

0.67 2 0.29 

8.93 & 0.66 

0.31 5 0.08 

0.53 & 0.07 

2.73 & 0.34 
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