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site 2 well locations south of East Fork Poplar 
Creek (wells An:D-9 through 11). At these loca- 
tions, the glei horizon underlying the flood-plain 
alluvium was relatively thick and the portable 
auger would not penetrate its entire thickness. 
Therefore, wells An:D-9, 10, and 11 were not 
completed to bedrock. The drilling method used 
to install each well is listed in table 1. Construc- 
tion data for each well are shown in figures 6 
through 19. 

SITE LITHOLOGY 
AND SOIL-MERCURY 
CONCENTRATIONS 

Lithologic descriptions of the soil horizons 
penetrated while drilling the observation wells 

and graphic representation of ORAU soil- 
analysis data showing mercury concentrations 
with depth at all well locations (except the First 
Creek background site, where soil-mercury 
samples were not collected) are shown in figures 
6 through 19. 

DEVELOPMENT AND YIELDS 

After all of the observation wells were com- 
pleted, they were developed to remove fine for- 
mation sediment from the borehole walls adja- 
cent to the screened intervals in order to maxi- 
mize yields during sample collection. However, 
the low water table in the study area and at the 
background sites delayed completion of this task 
until January 1987, at which time water levels in 

Table I.--Drilling method, time in development, and estimated mavimum yield of observation wells 
in the study area and at background sites 

Well No-/Site No. Drilling method 

Time in 
development, 

in hours 

Estimated maximum 
yield, in gallons 

per minute 

An:D-l/l 
An: D-211 
An: D-3/1 
An:D-4/l 
An:D-5/l 
An: D-611 
An: D-712 

An: D-812 
An: D-912 
An:D-10/2 
An:D-1 l/2 
An:D-1213 

An: D-l 314 
AwE- 
An:D-14/6 
An: E-217 
Kn:G-l/Ten Mile Creek 

background site 

Kn:H-l/First Creek 
background site 

Portable Auger 
do 
do 
do 
do 
do 

Trailer-mounted 
auger rig. 

do 
Portable auger 

do 
do 

Trailer-mounted 
auger rig. 
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do 

Portable auger 
Trailer-mounted 

auger rig. 
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of all the wells except well Kn:H-1 at the First 
Creek background site had recovered sufficient- 
ly for proper development. Because water levels 
were never observed to be high enough in well 
Kn:H-1 for proper development, this well was 
neither developed nor sampled during the study. 

Well development consisted of initially 
purging all standing water and sediment from in- 
side the well casings with a small centrifugal 
pump outfitted with a cleansed (by use of the 
same cleaning procedure as for augers, casing, 
and screen) 3/,-inch PVC suction pipe, the intake 
of which was placed at the bottom of the screen. 
Once the standing water in each well was evac- 
uated, the suction pipe was removed from the 
well and the water level was allowed to recover 
at least to the top of the screen. A cleansed (as 
above), l-liter capacity, stainless-steel bailer 
equipped with a Teflon-ball check valve at the 
lower end was then lowered into the well below 
the water surface and was quickly raised and 
lowered within the water column to surge the 
sand pack and borehole wall. The bailer was then 
withdrawn and the well was repumped to remove 
the agitated water and sediment. This procedure 
was repeated in sequence until water pumped 
from each well became clear. The time in 
development for each well is included in table 1. 

The maximum yield of each monitoring 
well was estimated during development by mea- 
suring the time taken to fill a Sgallon bucket 
with the centifugal pump. Due to the high capac- 
ity of the pump [about 20 gallons per minute 
(gal/min)] relative to the wells, each well was 
quickly pumped to dryness and afterwards, only 
yielded water in slugs. Therefore, the discharge 
measured from each well is believed to represent 
an estimate of its maximum yield, or rate of 
recovery. Estimates for all wells were low, rang- 
ing from less than 0.25 to about 0.75 gal/min, and 
are included in table 1. 

OCCURRENCE OF SHALLOW 
GROUND WATER 

EAST FORK POPLAR CREEK STUDY AREA 

As observed in the observation wells, 
ground water occurs in the shallow aquifer in the 
study area under water-table (unconfined) con- 
ditions. 

Precipitation is the principal source of re- 
charge to the shallow aquifer. Thus, precipitation 
falling on the flood-plain surface moves directly 
through the zone of soil contamination as it per- 
colates to the water table. Locally, flood-plain 
sections of the shallow aquifer may also receive 
minor amounts of recharge in the form of bank 
storage when the water table is lower than stream 
level. This may occur during the summer and fall 
as (1) stream stage rises during and immediately 
after storms, or (2) when the discharge of suffi- 
cient process water from the Y-12 Plant causes 
stream stage to be maintained at an artificially 
higher altitude than the water table adjacent to 
the stream. However, during years having nor- 
mal precipitation, these sources of recharge 
probably account for only a small percentage of 
ground water stored in the shallow aquifer be- 
cause their influence is limited to areas adjacent 
to the stream channel and because water in bank 
storage drains back into the stream relatively 
rapidly as the stage recedes. 

Most discharge from the shallow aquifer 
during normally wet years is presumed to be 
through springs and seeps to East Fork Poplar 
Creek and its tributaries, comprising the base- 
flow component of these streams. During the 
spring, summer, and fall, evapotranspiration also 
accounts for the removal of water in storage in 
the shallow aquifer. 

Water levels in the observation wells are 
thought to represent the water table. Generally, 
the depth to water in the wells in late winter 
ranged from about 1 to 4 feet below land surface 
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and in the fall, from about 2 to 7 feet below land 
surface. Two wells, open to depths of 7.5 and 7.9 
feet below land surface, were dry in September 
and October. Water levels measured in wells in 
the study area at various times during the inves- 
tigation are shown in figures 6 through 17. 

During the winter and early spring months, 
the water table rises in the shallow aquifer due in 
combination to a large decrease in evapotran- 
spiration and a small increase in precipitation 
relative to summer and fall months. Seasonal 
rise of the water table was evidenced during the 
winter and spring both by higher water levels in 
nearly all observation wells (figs. 6 through 17) 
and by visual observation of water standing on 
land surface in many low-lying flood-plain areas. 
Because wells were installed in several of these 
areas, visual correlation of water occurring at the 
same altitude in the wells as on land surface in- 
dicates that, at these times, the shallow aquifer 
in these areas was fully saturated. 

During the summer and fall months, depth 
to the water table increases in the shallow aqui- 
fer, as seen by lower water levels in the observa- 
tion wells (figs. 6 through 17). Water-level 
declines during these months result from a signi- 
ficant increase in ground-water losses to evapo- 
transpiration, a small decrease in precipitation 
relative to winter and spring months, and con- 
tinued ground-water discharge to the streams. 

Water levels measured in the observation 
wells at sites 1 and 2 (transect sites) were plotted 
in cross section to illustrate gr\ound-water gradi- 
ents across the East Fork Poplar Creek flood 
plain at various times during the study (fig. 20). 
Stream-stage altitudes were not measured along 
with water levels in the wells. During the winter 
and spring, the water table generally sloped 
towards East Fork Poplar Creek and (or) other 
flood-plain drainage channels, indicating local 
discharge to the streams. However, during the 
late summer and fail, abnormally dry weather in 
the study area caused the water table to recede 

below the top of bedrock in some flood-plain 
areas. Due to the low water table, shallow 
ground-water gradients sloped away from East 
Fork Poplar Creek, suggesting that during these 
periods, the stream may have been losing water 
to the shallow aquifer along some reaches. 
Minor aberrations in the slope of the water table, 
as seen in figure 20, may be due to errors in land- 
surface or measuring-point altitudes, or to slow 
recovery of the wells after drilling and develop- 
ment. 

GROUND-WATER QUALITY 

PRELIMINARY SAMPLES 

Two rounds of sampling were conducted 
for preliminary water-quality analyses. The first 
round of preliminary samples was collected dur- 
ing December 1986 and January 1987. For this 
round, all wells were sampled except well 
Kn:H-1 at the First Creek background site. 
First-round samples were collected in order that 
(1) screenings for mercury and organic- 
compound concentrations could be performed, 
and (2) mercury concentrations in the water 
samples could be compared with those in the soil 
at each location in order to evaluate the construc- 
tion integrity of each well. All first-round 
samples were collected by the Geological Survey 
and were sent to its laboratory in Ocala, Florida, 
for analysis of total-recoverable mercury con- 
centrations and gas chromatograph/flame- 
ionization detector (GC/FID) scans for 
detectable organic compounds. 

On the basis of analyses of the first-round 
samples, seven of the wells in the study area 
(wells An:D-3, 5, 8, 9, 10, 13, and E-2) were 
redeveloped and resampled by Geological Sur- 
vey, ORAU, and DOE personnel in March 1987 
to compare results with those from the first- 
round. During the second round, three of the 
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SITE 1 
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WATER-TABLE PROFlLE 
AND DATE MEASURED 
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Figure 20. --Llthologic cross sections and water-table configurations 
across East Fork Poplar Creek flood plain at site 1 and site 2. 
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seven wells (An:D-3, 10, and E-2) were 
resampled for both total-recoverable and dis- 
solved mercury determinations, three of the 
seven wells (An:D-58, and 13) were resampled 
for GC/FID scans, and one well (An:D-9) was 
resampled for both mercury determinations and 
a GC/FID scan. Second-round samples were 
again sent to the Geological Survey laboratory in 
Ocala for analysis. During the second round, 
duplicate samples were also collected from wells 
An:D-3, 9, 10, and E-2 for independent total- 
recoverable and dissolved mercury determina- 
tions at the ORAU laboratory. 

First and second-round samples were col- 
lected from each well immediately after develop- 
ment and water-level recovery. Prior to develop- 
ment and sampling, the water level was measured 
in each well. All samples were collected using a 
stainless-steel bailer, cleansed by the same pro- 
cedure as for augers, casing, and screen. Tem- 
perature and specific conductance of water from 
each well were also measured during sample col- 
lection. 

Samples collected for analysis at the Geo- 
logical Survey laboratory were stored in clean 
glass bottles, as appropriate for mercury deter- 
minations and organic-compound scans by 
GC/FID methods. All sample bottles were 
labeled and treated as required by standard Sur- 
vey procedures, and were chilled in ice chests im- 
mediately after collection. At the end of each 
sampling trip, the chests were sealed and shipped 
to the Survey laboratory in Ocala. 

In the fall of 1986, observation well 
An:D-8 at site 2 was vandalized and foreign 
material was placed in the casing. After dis- 
covery of this, all foreign material was removed 
from the casing and the well was resecured prior 
to development and first-round sampling. Be- 
cause the GC/FID scans of water obtained from 
this well during both preliminary sampling 
rounds showed high concentrations of some un- 
known organic compound(s), the decision was 

made to discontinue sampling of the well be- 
cause the origin of the tontaminants found in the 
samples could never be determined and, there- 
fore, the validity of any additional samples would 
be questionable. 

COMPREHENSIVE SAMPLES 

Water samples for comprehensive con- 
taminant analyses were collected from all obser- 
vation wells except wells An:D-8 and Kn:H-1 in 
April 1987 by personnel from the K-25 Gaseous 
Diffusion Plant (one of three nuclear-energy 
facilities on the Oak Ridge Reservation) and the 
Geological Survey. The samples were analyzed 
for selected organic compounds by the Analyti- 
cal Services Section of the International Tech- 
nology Corporation (ITC) in Knoxville, and for 
selected trace metals, miscellaneous organic sub- 
stances, and radionuclides by the Analytical 
Chemistry Department at the K-25 Plant. 

Observation wells An:D-10, 14, and 
Kn:G-1 were resampled in May 1987 by person- 
nel from the K-25 Plant. The second set of 
samples collected from these three wells were 
analyzed for semi-volatile organic compounds at 
the ITC laboratory to determine the cause of low 
recoveries of acid-extractable surrogate com- 
pounds during analysis of samples collected from 
several of the wells in April. Low recoveries of 
the same surrogate compounds again occurred 
during analysis of the second set of samples from ’ 
these three wells. Because laboratory blank 
samples containing the same surrogate com- 
pounds and .analyzed along with both the April 
and May samples had acceptable surrogate 
recoveries, it was concluded that the recovery 
problems were the result of sample matrix effects 
(interference in analytical detection methods by 
other constituents. in the samples) and not 
laboratory problems (Mitzie Miller, K-25 Plant 
Analytical Chemistry Department, written com- 
mun., 1987). 
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Selected Constituents 

Comprehensive contaminant analyses in- 
cluded concentration determinations for those 
organic compounds on the USEPA’s list of 
Super-fund Contract Laboratory hazardous sub- 
stances, and those trace metals and miscel- 
laneous organic compounds on the USEPA’s list 
of priority pollutants. Included in these lists 
were all constituents and compounds shown in 
table 2 (except lithium and zirconium) which 
were identified during TVA’s Instream Con- 
taminant Study as exceeding background con- 
centrations, standards, criteria, and (or) 
analytical detection limits in East Fork Poplar 
Creek water, fish, and stream and flood-plain 
sediment (Tennessee Valley Authority, 1986). 

Radioactive constituents were selected by 
members of the ORTF on the basis of those ele- 
ments known to have been released from the 
Y-12 Plant as a result of operations at the facility. 
On the basis of results of the Instream Contami- 
nant Study (Tennessee Valley Authority, 1986), 
cesium-137 was the only radionuclide whose ac- 
tivity exceeded background levels near East Fork 
Poplar Creek and this occurred exclusively in fish 
(table 2). Triplicate samples were collected from 

well An:D-9 for field duplicates and laboratory 
matrix spikes and matrix-spike duplicates. Selected constituents and their detection 

limits for which concentration determinations 
were made during comprehensive contaminant 
analyses are shown in table 3. 

Procedures 

Prior to collecting the water samples for 
comprehensive contaminant analyses, the water 
level was measured in each observation well. An 
initial (pre-purged) sample of water standing in 
the casing was then withdrawn from each well 
using a cleansed, l-liter capacity stainless-steel 
or Teflon bailer furnished by the K-25 Plant 
laboratory [K-25 Plant laboratory equipment 
cleaning procedure consisted of (1) detergent 

All samples were stored in the bottles 
appropriate for their respective determinations 
and preserved according to the procedures out- 
lined in the U.S. Code of Federal Regulations 
Title 40, October 1984 (M. Miller, K-25 Plant 
Analytical Chemistry Department, written com- 
mun., 1987). All samples, except those for trace 
metals, were chilled immediately after collection 
and returned to the K-25 laboratory at the end of 
each work day. Trace-metal samples were 
returned to the K-25 laboratory promptly after 
collection for filtration through a 0.45-micron 
filter (samples for dissolved determinations 
only) and preservation (all samples). Samples 
for volatile-organic determinations were not 

scrub, (2) deionized water rinse, (3) pesticide- 
grade isopropanol rinse, and (4) deionized water 
rinse]. Initial samples were analyzed in the field 
for temperature, specific conductance, pH, 
oxidation-reduction potential, and dissolved 
oxygen. The wells were then purged using the 
small centrifugal pump and clean PVC suction 
pipe supplied by the Geological Survey. After 
the water level had recovered in each well, 
another sample for field measurements (as 
above) was collected using the same bailer as for 
the initial sample. Samples were then collected 
for all laboratory determinations. Properties of 
water measured in the field during collection of 
samples for comprehensive contaminant 
analyses are listed in table 4. 

Several of the wells recovered very slowly 
during the collection of samples for comprehen- 
sive contaminant analyses. Because of the slow 
recovery and the quantity of water needed for the 
analyses, wells An:D-6 and 7 were purged and 
partially sampled 1 day, with sampling being 
completed the following day, and wells An:D-4 
and 5 were purged the day before they were 
sampled. 
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Table 2.--Constituents and compounds exceeding background concentrations, standards, 
criteria, and (or) analytical detection limits in East Fork Poplar Creek water, fish, 
and stream and flood-plain sediments 

[Dash indicates that analyses were performed, but concentrations or activities were within background 
levels; blank indicates that analyses were not performed. Source: Tennessee Valley Authority, 1986, 
lnstream Contaminant Study, Task 5, January] 

Water Fish 
Stream and 
flood-plain 
sediment 

Mercury 
Cadmium 
Copper 
Chromium 
Lead 
Nickel 
Arsenic 
Selenium 
Beryllium 
Thallium 
Silver 
Zirconium 
Lithium 

Total PCB’s 
Anthracene 
Benzo-a-anthracene 
Chrysene 
Fluoranthene 
Bis(P-ethylhexyl) 

phthalate 
Phenanthrene 
Pyrene 
Benzo-a-pyrene 
Total phenols 

Cesium-137 

X X X 
X X 
X 
X 

X 
X 

X X 
X 

X 
X 

X 

X 

X 

X 
X 
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Table 3.--Selected constituents and their detection limits, comprehensive 
contaminant analyses, April 1987 

[kg/L, micrograms per liter] 

VOLATILE HAZARDOUS SUBSTANCE LIST COMPOUNDS’ 
Detection limit Detection limit 

Compound bw) Compound WL) 

chloromethane 
bromomethane 
vinyl chloride 
chloroethane 
methylene chloride 
acetone 
carbon disulfide 
1,l -dichloroethene 
1 ,l -dichloroethane 
trans-1,2-dichloroethene 
chloroform 
1,2-dichloroethane 
2-butanone 
1 ,l ,l-trichloroethane 
carbon tetrachloride 
vinyl acetate 
bromodichloromethane 

10 
10 

1: 
5 

10 
5 
5 

z 
5 
5 

10 

2 
10 
5 

1,2-dichlorppropane 
trans-1,Sdichloropropene 
trichloroethene 
dibromochloromethane 
1 ,1,2-trichloroethane 
benzene 
cis-1,3-dichloropropene 
2-chloroethylvinylether 
bromoform 
4-methyl-2-pentanone 
2-hexanone 
tetrachloroethene 
1,1,2,2-tetrachloroethane 
toluene 
chlorobenzene 
ethylbenzene s 
styrene 
total xylenes 

5 
5 

z 
5 

z 
10 
5 

10 
10 

i 
5 

: 
5 
5 

------------------------------------------------------------------------------------------------------------ 

BASE/NEUTRAL EXTRACTABLE HAZARDOUS SUBSTANCE LIST COMPOUNDS’ 

Compound 
Detection limit 

WL) Compound 
Detection limit 

bs/L) 

bis(2-chloroethyl)ether 10 2,6-dinitrotoluene 
1,3-dichlorobenzene 10 diethylphthalate 
1 ,Cdichlorobenzene 10 4-chlorophenyl phenyl ether 
benzyl alcohol 10 fluorene 
1,2-dichlorobenzene 10 4-nitroaniline 
bis(2-chloroisopropyI)ether 10 N-nitrosodiphenylamine* 
N-nitroso-di-n-propylamine 10 4-bromophenyl phenyl ether 
hexachloroethane 10 hexachlorobenzene 
nitrobenzene 10 phenanthrene 
isophorone 10 anthracene 
bis(2-chloroethoxy)methane 10 di-n-butylphthalate 
1,2,4-trichlorobentene 10 fluoranthene 
naphthalene 10 pyrene 
4-chloroaniline 10 butylbenzylphthalate 
hexachlorobutadiene 10 3,3’-dichlorobenzidine 
P-methylnaphthalene 10 benzo(a)anthracene 
hexachlorocyclopentadiene 10 bis(2-ethylhexyl)phthalate 
2-chloronaphthalene 10 chrysene 
2-nitroaniline 50 di-n-octyl phthalate 
dimethyl phthalate 10 benzo(b)fluoranthene 
acenaphthylene 10 benzo(k)fluoranthene 
3-nitroaniline 50 benzo(a) pyrene 
acenaphthene 10 indeno(l,2,3-cd)pyrene 
dibenzofuran 10 dibenzo(a,h)anthracene 
2,4-dinitrotoluene 10 benzo(g,h,i)perylene 

10 
10 
10 

ii 
10 
10 
10 
10 
10 
10 
10 
10 
10 
20 

;: 
10 
10 
10 
10 
10 
10 
10 
10 
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Table 3.4elected constituents and their detection limits, comprehensive 
contaminant analyses, April 1987 -Continued 

ACID EXTRACTABLE HAZARDOUS SUBSTANCE LIST COMPOUNDS’ 

Compound 
Detection limit 

(&cl/L) Compound 
Detection limit 

(la-) 

phenol 
2-chlorophenol 
2-methylphenol 
4-methylphenol 
2-nitrophenol 
2,4-dimethylphenol 
benzoic acid 
2,4-dichlorophenol 

10 4-chloro-3-methylphenol 10 
10 2,4,6-trichlorophenol 10 
10 2,4,5-trichlorophenol 50 
10 2,4-dinitrophenol 50 
10 4-nitrophenol 50 
10 4,6-dlnitro-2-methylphenol 50 
50 pentachlorophenol 50 
10 

HAZARDOUS SUBSTANCE LIST- PESTICIDE AND PCB ANALYSIS’ 

Compound 
Detection limit 

WL) Compound 
Detection limit 

bd-1 

wBHC 0.05 
f3-BHC .05 
S-BHC .05 
y-BHC (lindane) .05 
heptachlor .05 
aldrin .05 
heptachlor epoxide .05 
endosulfan I .05 
dieldrin .lO 
4,4’-DDE .lO 
endrin .lO 
endosulfan II .lO 
4,4’-DDD .lO 

endosulfan sulfate 
4,4’-DDT 
methoxychlor , 
endrin ketone 
chlordane 
toxaphene 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroclor 1242 
,Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

0.10 
.lO 
.5 
.lO 
‘.5 

1.0 
. .5 

.5 

.5 

.5 

.5 
1.0 
1.0 
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Table 3.-Selected constituents and their detectiorl limits, comprehensive 
contaminant analyses, Aptil1987-Continued 

TRACE METAL PRIORITY POLLUTANTS3 

Constituent 
Detection limit 

WL) Constituent 
Detection limit 

b!m 

Antimony (total recoverable) 
Antimony (dissolved) 
Arsenic (total) 
Arsenic (dissolved) 
Beryllium (total recoverable) 
Beryllium (dissolved) 
Cadmium (total recoverable) 
Cadmium (dissolved) 
Chromium (total recoverable) 
Chromium (dissolved) 
Copper (total recoverable) 
Copper (dissolved) 
Lead (total recoverable) 
Lead (dissolved) 

Mercury (total recoverable) 0.2 
Mercury (dissolved) .2 
Nickel (total recoverable) 50 
Nickel (dissolved) 50 
Selenium (total) 5.0 
Selenium (dissolved) 5.0 
Silver (total recoverable) 10 
Silver (dissolved) 10 
Thallium (total recoverable) 10 
Thallium (dissolved) 10 
Zinc (total recoverable) 20 
Zinc (dissolved) 
Uranium4 (total) 

20 

Uranium4 (dissolved) 
1.0 
1.0 

MISCELLANEOUS ORGANIC PRIORITY POLLUTANTS3 

Compound 

Total cyanide 

Detection limit 
bdL) 

1.0 

Compound 

Total phenols 

Detection limit 
(law 

1.0 
--_-------__------_----------------------------------------------------------------------------------------- 

RADIONUCLIDES5 

Element-Isotope 
Detection limit 

(pCi/L) Element-Isotope 
Detection limit 

(pCi/L) 

Americium-21 4 1.0 
Cesium-137 3.0 
Cobalt-60 3.0 
Curium-243,244 2.0 
Neptunium-237 .Q 
Plutonium-238 2.2 
Plutonium-239,240 1.3 

Radium-226,226 3.0 
Ruthenium-l 06 9.0 
Strontjum-QO 5.0 
Technetium-99 366 
Thorium-226 1.9 
Thorium-230 .6 
Thorium-232 .4 

‘All determinations were for total concentrations. 
*Detected as diphenylamlne. 
3Reported from K-25 laboratory In milligrams per liter. 
4Not a priority pollutant metal. 
5All determinations were for total activity. 
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Table 4.--Properties of water measured in the field during collection of samples 
for comprehensive contaminant analyses, April 1987 

[“C, degrees Celsius; @/cm, microsiemens per centimeter at 25O Celsius; mg/L, milligrams per liter] 

Temperature 
Specific 

conductance PH 

Oxidation- 
reduction 
potential 

Oxygen, 
dissolved 

-0 
( C) h&/cm) (standard units) (Allivolts) (mg/L) 

Initial Purged Initial Purged Initial Purged Initial Purged Initial Purged 
Well No./Site No. sample sample sample sample sample sample sample sample sample sample 

An:D-l/l 17.2 17.5 60 440 7.4 7.3 -120 -27.5 5.2 4.3 
An:D-P/l 14.0 14.0 a30 750 7.7 7.2 -152 -97.5 4.8 6.2 
An:D-3/l 16.1 14.3 550 590 7.9 a.5 145 115 2.3 2.8 
An:D-4/l 16.0 16.5 380 360 10.2 a.2 -37.5 195 5.5 4.5 
An:D-5/l 15.2 13.7 310 360 8.9 5.6 -110 175 3.2 3.8 
An:D-6/l 16.9 15.0 160 140 7.6 7.8 -50.1 91.4 3.5 a.2 
An:D-712 17.4 21.3 530 540 7.4 7.0 -47.8 -41.8 4.5 3.7 
AmD-912 14.9 14.2 1,090 1,060 7.3 7.2 -10.0 -44.7 6.2 6.2 
An:D-1012 17.3 15.9 1,060 1,090 7.1 7.1 -22.1 225 2.3 6.3 
An:D-11/2 16.5 17.1 380 210 7.5 6.6 -68.8 283 3.7 4.7 
An:D-12/3 13.7 15.1 a20 550 7.2 7.7 -107 64 3.8 3.8 
An:D-1314 13.8 13.4 680 650 a.1 7.6 154 186 3.2 4.5 
AmE- 14.8 14.7 1,700 930 7.4 7.6 -85.4 -72.5 4.6 1.9 
An:D-1416 13.5 13.7 1,010 1,080 5.8 7.4 29.5 80.8 3.5 3.0 
AmE- 16.0 14.7 310 320 a.8 a.9 83.5 a.8 5.2 4.8 
Kn:G-l/Ten Mile Creek 14.4 14.6 420 390 7.5 r 7.5 -54.1 -11.8 1.8 5.2 

background site 

preserved, but the ‘jr-day holding times were met 
(M. Miller, K-25 Analytical Chemistry Depart- 
ment, written commun., 1987). Chain-of- 
custody protocol was observed for all samples 
from collection to analysis. 

WATER-QUALITY DATA 

Data from the two preliminary rounds of 
sampling are listed in table 5. Those constituents 
whose concentrations exceeded detection limits 
during comprehensive contaminant analyses are 
listed in table 6. 

In the following discussions, water-quality 
data are compared to Tennessee Department of 
Health and Environment (TDHE) and (or) 
USEPA primary maximum contaminant levels 
for drinking water, where specified. Because the 
comprehensive contaminant analyses did not in- 

clude routine determinations for chemical con- 
stituents common to ground water (major ca- 
tions and anions) and because of limitations in 
the amount of background water-quality data 
collected, comparisonof data from the study area 
to established drinking-water standards rather 
than to the background data was considered a 
more valid method of presenting the results of 
the analyses performed during this investigation. 

Trace Metals 

Total-recoverable mercury concentrations 
significantly exceeding 2.0 micrograms per liter 
(kg/L), the maximum contaminant level for 
drinking water specified by both the Tennessee 
Department of Health and Environment (1985) 
and the U.S. Environmental Protection Agency 
(1986), were found in samples collected from site 
1 well An:D-3 and site 2 wells An:D-9 and 10 
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during first-round preliminary and comprehen- 
sive contaminant analyses (tables 5 and 6). 
Second-round preliminary samples collected 
from these three wells did not contain concentra- 
tions of total-recoverable mercury exceeding 2.0 
kg/L except in the samples from wells An:D-3 
and 10 that were analyzed by the ORAU labora- 
tory (table 5). Concentrations of total- 
recoverable mercury equal to or slightly exceed- 
ing 2.0 **g/L were found during comprehensive 
contaminant analyses of samples from site 1 
wells An:D-1,4,5, and 6; site 3 well An:D-12; site 
5 wellAn:E-1; site 6 well An:D-14; and site 7 well 
An:E-2 (table 6). All water samples collected 
during this investigation and analyzed for dis- 
solved mercury contained concentrations below 
the 2.0 kg/L maximum contaminant level. 

During comprehensive contaminant 
analyses, samples from several of the study area 
wells were found to contain a few other trace me- 
tals in total and (or) total-recoverable concentra- 
tions that exceeded their respective drinking- 
water standards. Concentrations of total 
antimony in water samples from site 1 wells 
An:D-1,4, and 5 (table 6) exceeded the 10 kg/L 
maximum contaminant level for drinking water 
specified by the USEPA (1986). Concentrations 
of total-recoverable chromium in water from site 
1 well An:D-3 and in one of the triplicate samples 
collected from site 2 well An:D-9 (table 6), ex- 
ceeded both the TDHE (1985) and the USEPA 
(1986) 50 pg/L maximum contaminant level for 
this element. Total-recoverable lead concentra- 
tion in the sample from site 2 well An:D-9 (table 
6) also exceeded both the TDHE (1985) and the 
USEPA (1986) maximum contaminant level of 
50 kg/L for lead. The concentration of total 
selenium in water from site 2 well An:D-10 
(table 6) exceeded both the TDHE (1985) and 
USEPA (1986) maximum contaminant level of 
10 r.g/L. All dissolved concentrations of the 
above metals were below their respective analyti- 
cal detection limits. Furthermore, total or total- 
recoverable and dissolved concentrations of all 
other trace metals for which determinations 

were performed during the comprehensive con- 
taminant analyses and having TDHE and (or) 
USEPA-specified drinking-water standards 
were found below their respective criteria. 

Although no maximum contaminant level 
for drinking water has been established for uran- 
ium, during comprehensive contaminant 
analyses both total and dissolved concentrations 
of this element were found to exceed the K-25 
laboratory’s 1.0 kg/L analytical detection limit in 
samples from nearly 70percent of the wells in the 
flood-plain section of the study area (table 6). 
Only dissolved uranium concentrations in water 
from site 1 well An:D-6 and site 2 well An:D- 11, 
and total and dissolved uranium concentrations 
in water from site 2 well An:D-7 and site 6 well 
An:D-14were below the 1.0 &Ldetection limit. 
The highest concentrations of both total and dis- 
solved uranium (408 and 350 kg/L, respectively) 
were found in water samples from site 2 well 
An:D-9 (table 6). In general, dissolved uranium 
concentrations in the samples were lower than 
total concentrations. However, nearly all 
samples containing total uranium concentra- 
tions greater than or equal to 3.0 *g/L were also 
found to contain dissolved concentrations ex- 
ceeding the 1.0 kg/L analytical detection limit. 

Organic Compounds 

Organic compounds detected by GC/FID 
methods during preliminary water-quality deter- 
minations were not specificahy identified. Only 
estimated concentration ranges of the detected 
compounds were reported by the Geological Sur- 
vey laboratory in Ocala (table 5). Nearly 90 per- 
cent of the first-round preliminary samples 
showed either no detectable organic compounds 
or estimated concentrations less than or equal to 
the 1 to 5 kg/L analytical detection limit for most 
compounds. However, the first-round prelimi- 
nary sample from site 1 well An:D-3 contained 
an estimated 30 to 50 kg/L concentration of some 
unknown organic compound, and both first and 
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second-round preliminary samples collected 
from site 2 well An:D-8 (vandalized well) con- 
tained relatively high estimated concentrations 
of some unknown compound(s) (table 5). 

During comprehensive contaminant analy- 
ses, concentrations of a few volatile and semi- 
volatile organic compounds were estimated by 
the ITC laboratory to occur below their respec- 
tive analytical detection limits in samples col- 
lected from a few of the study area wells (table 
6). No drinking-water standards exist for those 
compounds whose sample concentrations were 
estimated. However, the sample from site 5 well 
An:E-1 contained 8 kg/L of trans-1,2-dichloro- 
ethene, a concentration slightly exceeding the 
ITC laboratory’s 5.0 kg/L analytical detection 
limit, and a 37 kg/L concentration of trichloro- 
ethene, significantly exceeding the 5.0 kg/L max- 
imum contaminant level for drinking water 
specified by the USEPA (U.S. Environmental 
Protection Agency, 1987). 

Other organic compounds found to exceed 
their respective analytical detection limits dur- 
ing comprehensive contaminant analyses were 
Arochlor 1260 in the sample from site 1 well 
An:D-3, and concentrations of total cyanide 
(ranging from 2.0 to 40 kg/L) in samples from all 
of the study area wells except site 1 well An:D-6, 
site 5 well An:E-1, and site 6 well An:D-14, and 
in well Kn:G-1 at the Ten Mile Creek back- 
ground site (table 6). Inaddition, concentrations 
of total phenols (ranging from 2.0 to 47 kg/L) ex- 
ceeding the 1.0 kg/L maximum contaminant 
level for drinking water specified by the USEPA 
(1986) were found in samples from all wells ex- 
cept site 3 well An:D-12 and well Kn:G-1 at the 
Ten Mile Creek background site. 

Although acetone was reported to occur in 
samples from several wells in the study area in 
concentrations as high as 36 kg/L during com- 
prehensive contaminant analyses (table 6), it was 
also found in concentrations as high as 35 kg/L 
in the sampling-trip blanks (laboratory water) 

stored and carried with the samples throughout 
sampling and analysis. Because acetone is a com- 
mon laboratory solvent, the ITC laboratory con- 
siders this compound to be present in water 
samples only when its concentration is greater 
than 10 times that found in the laboratory or trip 
blanks (M. Miller, K-25 Analytical Chemistry 
Department, written commun., 1987). How- 
ever, whether the trip blanks were contaminated 
before or after they were taken to the field is un- 
known. Therefore, it is impossible to determine 
if acetone was present in the samples when col- 
lected. 

Radionuclides 

During comprehensive contaminant 
analyses, strontium-90 was found in samples col- 
lected from all wells in the flood-plain section of 
the study area (table 6). Concentrations of 
strontium-90 in the samples from these wells 
ranged from 7.53 to 90.64 picocuries per liter 
(pCi/L), exceeding the USEPA (1986) 10 pCi/L 
maximum contaminant level for drinking water 
in samples from all wells in the flood plain except 
site 1 wells An:D-4 and 5, and site 6 and site 7 
wells An:D-14 and E-2, respectively. Radium- 
226, 228 was also identified in water from site 2 
wells An:D-9 and 11, and site 6 well An:D-14, but 
was below the USEPA 5.0 pCi/L maximum con- 
taminant level. Thorium-230 concentration in 
the sample from site 1 well An:D-3 was 3.1 pCi/L; 
however, no drinking-water standard for this 
radionuclide has been established. Only samples 
from site 3 well An:D-12 and site 4 well An:D-13 
located at the “low-level” sites near the Oak 
Ridge Civic Center, and well Kn:G-1 at the Ten 
Mile Creek background site contained no detec- 
table radionuclides. 

DISCUSSION OF RESULTS 

The results of water-quality determina- 
tions performed during this investigation suggest 
that mercury and other trace metals are present 

45 



in the shallow ground water near East Fork Pop- 
lar Creek. However, comparison of the results 
of total and (or) total-recoverable trace-metal 
determinations with those from the dissolved 
determinations indicates that the identified 
trace metals were associated principally with 
sediment in suspension in the water samples and 
not with the water itself. The suspended sedi- 
ment consisted of clay and silt aquifer materials 
and was present in all samples as a result of low 
permeability of the shallow aquifer and the surg- 
ing action of the bailer during sample collection. 
Because clay and silt have a high sorptive capac- 
ity for metals, and because removal of these 
materials from the samples by filtration signifi- 
cantly reduced nearly all trace-metal concentra- 
tions, it appears that most of the mercury and 
other trace-metal contaminants are sorbed to 
sediment composing the shallow-aquifer matrix 
rather than dissolved in the water moving 
through the aquifer. The exception to this state- 
ment is evident when the results of total and dis- 
solved uranium determinations are compared 
(table 6). These data indicate that dissolved 
uranium composed an average of greater than 75 
percent of the total concentration in more than 
80 percent of the samples where both total and 
dissolved concentrations were detected. The 
reason for this is not known but may be due to 
the occurrence of uranium in a highly soluble 
oxidation state in the flood-plain soils. Thus, on 
the basis of the results of this investigation, ex- 
cept for uranium, water in the shallow aquifer 
near East Fork Poplar Creek does not appear to 
contain trace metals in concentrations that ex- 
ceed TDHE and (or) USEPA drinking-water 
standards. Furthermore, although samples col- 
lected for organic-compound and radionuclide 
de terminations were not filtered, where 
detected, at least some of these substances also 
may have been attached to suspended sediment 
in the samples. Additional sample collection 
and analysis is needed to confirm this hypothesis. 

The preceeding discussion indicates that 
the wells that yielded samples containing ele- 

vated concentrations of total and (or) total- 
recoverable trace-metals (and presumably or- 
ganic compounds and radionuclides) (tables 5 
and 6) were most likely contaminated during 
installation primarily by fine, contaminated sedi- 
ment, capable of being transported in suspension 
through the sand packs and into the wells during 
sampling. At site 2 wells An:D-8 and D-9 and 
site 5 well AXE-1, this most likely resulted from 
incomplete sealing of the contaminated zone by 
the surface casing and subsequent transport of 
contaminants down the 6-inch boreholes as the 
wells were drilled (figs. 9b, 10, and 15). The 
presence of contaminated sediment in the other 
wells also may have been the result of sediment 
in the upper soil zone at each location being 
transported down the borehole as the well was 
drilled. However, the depth to which surface 
casing was installed in most of these wells should 
have provided an effective seal between the zone 
of highest contamination and the screened inter- 
val in each well (figs. 6, 7, 8, 9a, 11, 12, 16, and 
17). 

A few additional factors may have affected 
the results of water-quality analyses performed 
during this investigation. For organic- 
compound determinations, (1) matrix effects be- 
tween sample constituents could have resulted in 
lower concentrations being detected in the 
samples than actually occur in the water, (2) rela- 
tively high pH values measured in samples from 
a few of the wells (tables 4 and S), which may have 
resulted from incomplete bentonite-seal 
development between cement and sand packs, 
could have influenced the speciation, sorption, 
and solubility of pH-sensitive constituents, and 
(3) the relatively high detection limits (com- 
pared to those of the Geological Survey’s 
laboratory) for many of the organic compounds 
analyzed for during comprehensive con- 
taminant analyses (table 3) could have resulted 
in extremely low organic-compound concentra- 
tions in the samples being undetected. For 
trace-metal determinations, any delay in filtra- 
tion and preservation of dissolved samples could 
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have caused precipitation of metals from solu- 
tion, followed by their removal during filtration. 
This could have resulted in lower concentrations 
of dissolved trace metals being detected in the 
samples than actually occur in the water, there- 
fore biasing the results of total and (or) total- 
recoverable versus dissolved determinations. 

SUMMARY 

Sixteen shallow observation wells were in- 
stalled at seven sites in and near the flood plain 
of East Fork Poplar Creek at Oak Ridge, Ten- 
nessee. Water-quality samples were collected 
from each well to determine if water in the shal- 
low (above bedrock) aquifer contains mercury 
and other contaminants that presently occur in 
the flood-plain soils and fill materials as a result 
of loss of these substances from the Y-12 Plant. 
Two shallow wells were also installed at separate 
sites in the flood plains of small streams in the 
greater Knoxville, Tennessee area, and samples 
were collected from one of the wells for back- 
ground water-quality information. 

The shallow aquifer in the East Fork Pop- 
lar Creek flood plain consists primarily of al- 
luvial silt and clay with lesser amounts of sand 
and gravel. Thickness of the shallow aquifer 
ranges from essentially zero where bedrock is ex- 
posed at land surface to as much as 20 feet where 
fill materials have been placed above the flood- 
plain deposits. A silty-clay glei horizon is pres- 
ent between the base of the alluvium and top of 
bedrock at most flood-plain locations and, where 
present, likely impedes downward ground-water 
movement. 

Water in the shallow aquifer near East 
Fork Poplar Creek occurs under water-table con- 
ditions. Recharge to the shallow aquifer is prin- 
cipally from precipitation, and discharge is 
through springs and seeps to East Fork Poplar 
Creek and its tributaries. During spring, sum- 

mer, and fall, water in storage in the shallow 
aquifer is also lost to evapotranspiration. 

Water levels in the shallow aquifer fluc- 
tuate seasonally in response to variations in 
recharge and evapotranspiration. During the in- 
vestigation, the depth to water in the observation 
wells generally ranged from about 1 to 4 feet 
below land surface in late winter, and from about 
2 to 7 feet below land surface in late fall. During 
extremely dry periods, the water table recedes 
below the top of bedrock in some flood-plain 
areas, possibly causing East Fork Poplar Creek 
to lose water to the shallow aquifer along some 
reaches. 

Water samples collected from the observa- 
tion wells were analyzed for a wide range of sub- 
stances included on the USEPA’s Priority 
Pollutant and Superfund Contract Laboratory 
Hazardous Substance Lists. Unfiltered samples 
collected from several of the wells in the East 
Fork Poplar Creek flood plain contained total 
and (or) total-recoverable concentrations of 
antimony, chromium, lead, mercury, selenium, 
total phenols, and (or) strontium-90 that ex- 
ceeded drinking-water standards specified by the 
TDHE and (or) the USEPA. Water from one 
well in the East Fork Poplar Creek flood plain at 
a contaminated fill site contained a 37 kg/L con- 
centration of trichloroethene, significantly ex- 
ceeding the 5.0 kg/L maximum contaminant 
level for drinkingwater specified by the USEPA, 
and 8 &Lof trans-1,2-dichloroethene, for which 
no drinking-water standard has been estab- 
lished. Other organic compounds that were 
identified in low concentrations in water samples 
from a few of the wells in the East Fork Poplar 
Creek flood plain include benzo(a)anthracene, 
benzo(b)fluoranthene, chrysene, 3,3’- 
dichlorobenzidine, di-n-butylphthalate, N- 
nitrosodiphenylamine, and pyrene. 

Although no maximum contaminant level 
for drinking water has been established for ura- 
nium, both total and dissolved concentrations of 
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this element exceeded 1.0 kg/L in samples from 
nearly 70 percent of the wells in the East Fork 
Poplar Creek flood plain. Comparison of the 
results of total and dissolved uranium determina- 
tions indicates that dissolved uranium composed 
an average of greater than 75 percent of the total 
concentration in more than 80 percent of the 
samples where both total and dissolved con- 
centrations were detected. 

Comparison of the results of total and (or) 
total-recoverable trace-metal determinations 
with those from the dissolved determinations in- 
dicates that, except for uranium, all trace metals 
identified in the samples were associated prin- 
cipally with silt and clay aquifer materials 
suspended in the water samples and not with the 
water itself. Therefore, on the basis of the results 
of this investigation, except of uranium, water in 
the shallow aquifer near East Fork Poplar Creek 
does not appear to contain trace metals in con- 
centrations that exceed TDHE and (or) USEPA 

drinking-water standards. Additional sample 
collection and analysis is needed to define the 
relation between suspended sediment and con- 
centrations of organic compounds and radio- 
nuclides in the samples. 

Elevated concentrations of total and (or) 
total-recoverable trace-metals (and presumably 
organic compounds and radionuclides) in water 
samples from several wells are suspected to be 
the result of borehole contamination during well 
installation. Additional factors that may have 
affected the results of water-quality analyses per- 
formed during this investigation include: matrix 
effects between sample constituents, relatively 
high pH values measured in water samples from 
a few of the wells, relatively high laboratory 
detection limits for many of the organic com- 
pounds specifically analyzed for, and any delay in 
filtration and preservation of dissolved trace- 
metal samples. 
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