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ABSTRACT

STANSFIELD, R. 6., and C. W. FRANCIS. 1986. Characterization
of the Homogeneous Reactor Experiment No. 2 (HRE)
Impoundment. ORNL/TM-10002. Oak Ridge National
Laboratory, Oak Ridge, Tennessee. 118 pp.

A characterization study was conducted on a radioactive waste
impoundment for the Homogeneous Reactor Experiment No.2 (HRE) at the
O0ak Ridge National Laboratory, to provide information necessary for its
proper disposition. The impoundment received low-level radiocactive
wastes from 1957 until 1963. 1In 1970, the pond was backfilled with
clay soil and the impoundment capped with asphaltic concrete, but no
wastes were removed.

The mixed soil fill and sediment, approximately 4.8 m (16 ft)
deep, was sampled using soil boring methods. The samples were analyzed
to determine if the material would classify as a hazardous waste under
regulatory definitions promulgated in accordance with the Resource
Conservation and Recovery Act (RCRA). The impoundment is not regulated
under RCRA because it was a land disposal unit and received no wastes
after November 19, 1980. However, if the soil and sediment mixture
contained RCRA-defined hazardous waste, it would be subject to the
Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA). Chemical analyses indicate that the sampied material does
not contain hazardous chemical constituents above the levels permitted
by RCRA regqulations. The sediment was found to contain an estimated

90

radioactivity inventory of approximately 2700 GBgq (70 Ci) of Sr and

600 GBq (16 Ci) of '3¢s.

xi



The impoundment was excavated in clay soil and weathered
sedimentary rock of the Conasauga Group. Four wells for menitoring the
groundwater were constructed around the perimeter of the impoundment to
depths ranging from 7.6 to 9.7 m (25 to 30 ft). Sampling and analyses
of the groundwater have been completed for the winter and spring
seasons (1985) and will be continued in the future for at least two
more quarters, to account for possibie natural seasonal variation in
groundwater quality. At that time, the effect of the impoundment on
the groundwater quality will be determined. Analyses from the
first-two quarters indicate that radioactivity (gross beta resulting
from predominately 90Sr) of the groundwater exceeds limits allowed by

RCRA regulations.



1. INTRODUCTION

This characterization study of the Homogeneous Reactor Experiment
No. 2 (HRE) impoundment at Oak Ridge National Laboratory (ORNL) has
been conducted under the Surplus Facilities Management Program (SFMP)
to provide information necessary for proper disposition of the
facility. The SFMP at ORNL js part of the Department of Energy's (DOE)
National SFMP, administered by the Richland Operations Office. This
program provides for the management of radiocactively contaminated DOE
facilities from the end of their operating life until final disposition
is completed. The work has been performed with a view towards
obtaining the information in such a format that it would also be useful
in assisting ORNL in fulfilling any obligation that may develop under
the Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA).
1.1 COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION AND

LIABILITY ACT

Disposal impoundments that contain hazardous wastes but that
stopped receiving such wastes prior to November 19, 1980, are regulated
under CERCLA rather than the Resource Conservation and Recovery Act
(RCRA). The subject impoundment last received water from HRE in 1960
and has been Tisted as a possible hazardous waste facility with the
Environmental Protection Agency (EPA) and the Tennessee Division of
Solid Waste Management (TOSWM). Under CERCLA regulations, the original
1isting of the site did not require sampling and analysis of the waste,

but was allowed to be based on “the respondent's belief, recollection
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and examination of available records" (fR Vol. 46, No. 72, April 15,
1981, EPA Notices, p. 22144). Primarily, CERCLA hazardous waste sites
are reaulated by EPA under the National 011 and Contingency Plan of

40 CFR Part 300 (USEPA 1983a). Unlike RCRA regulations, the National
011 and Contingency Plan does not provide specific procedures for
determining whether a waste is hazardous, or for determining any
potential effect on the groundwater at a site. Therefore, RCRA
procedures and requirements generally have been employed as guidelines

for the current characterization study.

1.2 SCOPE OF THE CHARACTERIZATION

A previous study has surveyed the above-qround structures and most
of the facilities at the HRE site, including the soil outside the
perimeter of the soil-filled impoundment (S. F. Huang, Environmental
and Occupational Safety Division, pers. commun.). The current study
commenced in November 1984 and extended through July 1985. The soil
backfill in the impoundment was sampied by soil borings and analyzed to
determine if it would classify as a hazardous waste as defined by RCRA
regulations, and to estimate the radionuclide inventory. The
groundwater hydrology at the site was investigated by a review of the
site's geology along with the construction and sampliing of four

groundwater-monitoring wells.

2. DESCRIPTION OF THE IMPOUNDMENT

The HRE facility is located in Melton Valley, approximately
3000 ft (900 m) southeast of the main ORNL complex, as shown in

Fig. 1. The soil-filled and capped impoundment is approximately 150 ft
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(46 m) south of the several structures related to the resactor
experiment that make up the facility complex, as can be seen in
Fig. 2. A 12,000-gal (45,000-L) storage tank serving as a reservoir
for a radioactivity-decontamination pad is buried less than 50 ft
(15 m) northeast of the filled impoundment.

Also, radiocactively contaminated equipment is buried in stee)
barrels on the southwest side. An unnamed stream, a tributary to
Melton Branch Creek, flows on the northeast and southeast sides of the

impoundment at distances as close as 50 ft (15 m).

2.1 TIMPOUNDMENT CONSTRUCTION

The impoundment was constructed as part of HRE in 1955 by
excavating into a gentle slope for the west portion and placing earth
fi1l for a dike on the east portion. According to W. R. Reed ,
Engineering Division, pers. commun., construction dimensions of the
bottom of the basin are 45 by 50 ft (14 by 15 m), with sides sloping at
1 vertical on 1.5 horizontal. The bottom of the basin was level, and
the maximum height of the lowest portion of the basin perimeter was
10 ft (3-m). Therefore, the maximum capacity of the impoundment was
approximately 310,000 gal (1,200,000 L). Reportedly, the pond was
partially drained at one time and an asphalt membrane sprayed on the
upper slopes of the impoundment. As would be anticipated, no visual
signs of asphalt were seen in the samples from borings that penetrated
the bottom of the soil-filled impoundment. The outline of the bottom

dimensions of the impoundment is shown in Fig. 3.
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2.2 TIMPOUNDMENT OPERATION

The impoundment served as a settling basin for low-level
radioactive waste (less than or egual to 1000 cpm/mL) from the HRE.
During its operational history, the pond received condensate from an
evaporator that was in the process 1iguid waste system (Myrick 1984)
and shield water exposed to the reactor circuits during routine
maintenance. Contaminants were caused to settle in the pond by
flocculation treatments of ferric flocculants, trisodium phosphate, and
diatomaceous earth. Using a floating takeoff, outflow was controlled
through a weir box at the end of the effluent line (W. R. Reed, pers.
commun. ).

DRNL drawing D-36723 shows three influent lines tc the
impoundment. These lines reportedly entered the impoundment from the
northwest side (L. P. Pugh, Operations Division, pers. commun.) and
could transfer wastewaters from the following sources: reactor cell
sump iets, chemical plant cell B and C sump jets, east valve pit sump
jet, reactor heat exchanger blowdown condensate, condensate from the
1000-gal waste condensate tank, and the chemical plant loading pit sump
jet (HRE-2 Design Manual, Chapman 1964). Ouifiow was from the east
corner of the impoundment through an 8-in (20 c¢cm) pipeiine to a weir
pox that discharged directly into the unnpamed tributary of Melton

8ranch.

2.3 BACKFILLING OF THE IMPOUNDMENT

The settiing basin was operated intermittently from 1957 through

1962. In 1970 the impoundment was closed by filling with soil
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{containing shale fragments) from a source on the ORNL Reservation.
Apparently the fill material was dumped and pushed into the impoundment
by bulldozer. The actual depth of the sediment and water in the
impoundment at the time of backfilling is not known. W. R. Reed, pers.
commun., indicates that an observer to the backfilling operation
thought that the impoundment was one-half full of sediment and soil
eroded from the side slopes and that the surface of the backfill was
dry at the end of the operation. Another knowledgeable source estimated
that the pond had accumulated hetween 1 and 2 ft (0.3 and 0.6 m) of
sediment at the time of fil1ling. Approximately 1100 1b (500 kg) of
sodjum borate weed killer was added to the soil, presumably to the top
of the fill. The filled impoundment was then capped with crushed
1imestone and asphaltic concrete.

Around the perimeter of the cap were driven eight perforated,
steel casings that were closed on the bottom end with a pointed drive
shoe. Presumably these were to serve as observation devices. An
additional device was also driven into the center of the filled
impoundment. The approximate locations are shown in Fig. 3.
Photographs (ORNL Nos. 1259-71 and 126C0-71) of the casings indicate
that the perforations were more than 1 in. (2.5 c¢cm) in diameter and
spaced several feet (more than a meter) apart in two rows along the
Tength of the casing. Because of their design and construciion, the
devices are not adequate for use as sampliing or observation wells at

the present time.
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3. MIXED IMPOUNDMENT FILL AND SEDIMENT WASTE
3.1 SAMPLING PROCEDURES FOR MIXED IMPOUNDMENT FILL AND SEDIMENT WASTE

Sampling of the soil-filled impoundment, mixed with sediment
waste, was accomplished with a Mobile Model B-33 drilling machine using
B-in. (20.3-cm) in diam. hollow-stem augers and scil-sampling tubes.
The locations of the sampling borings are shown in Fig. 3, and record
logs of the borings (SP-1 through SP-4) and are provided in
Appendix B. Except at the location of boring SP~18, one boring was
conducted at each location. The first two borings drilied at the site,
SP-1 and SP-1A, were drilled within 3 ft (1 m) of the location of SP-1B
shown in Fig. 3. The depths of the borings ranged from 16 to 17 ft
(4.9 to 5.2 m) and bottomed in bedrock at an approximate elevation of
802 ft (244 m). The augers were washed between the drilling of each
hole, and the sampling tocls were washed in detergent and rinsed with
potable water between each sampling event. A1l drill cuttings and
excess samples were placed in barrels for proper disposal as low-level,
radioactive waste.

Borings SP-1 and SP-1A were sampled with a split-tube sampler
holding a sample with maximum dimensions of 1-1/4 in. (3.2 cm) in
diameter and 24 in. (61 c¢cm) in length. This sampler was driven through
the hollow-stem auger for either 1- or 2-ft (0.3~ or 0.6-m) intervals.
The auger was then advanced to the sampled depth and the process
continued. In an attempt to increase the percentage of sample
recovered, a continuous sampler, manufactured by Central Mining

Equipment, Inc. (CME), was employed during the rest of the drilling at
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the site. However, the sampler reguired that the boring be advanced to
a depth of 5 ft (1.5 m) before it could be inserted within the
hollow-stem auger. Above a depth of 5 ft (1.5 m), samples of
subsurface materials were obtained from the hit of the auger.
Continuous sampiing of soil and highly weathered bedrock was paossible
with this device during penetration by the auger. The sampler was
retrieved, and the 2.25-in. (5.7-cm) diam. sample removed every 5 ft
(1.5 m) of drill depth.

A1Y soil samples and drill cuttings were monitored with a
Geiger-Mueller (G/M) meter, and the maximum radicactivity measured for
each sample is shown in the record logs of borings (Appendix B). The
highest activity measured with the G/M meter was approximately 100 mR/h
at a depth of &6 ft (1.8 m) 1in boring SP-2. For the most part, the
activity measured by the G/M meter was less than 5 mR/h.

Samples obtained in the CHE sampler employed in borings SP-18, 2,
3, and 4 were quartered longitudinally in the field, and a full length
quarter from each sample was saved in plastic containers. Samples
within each of the above four borings were composited for analysis in
the laboratory of the Amalytical Chemistry Division, except samples 1
and 2 from borings SP-2 and SP-18, respectively. These two samples
were analyzed separately at a facility that handles materials of
elevated levels of radiocactivity.

Radioactivity was not measurable with a G/M meter on any drill
cuttings or samples from above a depth of 5 ft (1.5 m). From this, it
appears that in the backfilliing of the pond, the waste sediment was not

mixed into the upper portion of the fil11. Therefore, only the lower
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two-thirds of the fill is presumed to be contaminated for inventory
calculation purposes.
3.2 SELECTION OF CONSTITUENTS FOR ANALYSES OF MIXED IMPOUNDMENT

FILL AND SEDIMENT WASTE

The purpose of the sampling was to determine if the backfill plus
sediment of the HRE impoundment would be classified as a hazardous
waste under CERCLA or RCRA regulations. Federal regulation 40 CFR 261,
promulgated under RCRA, specifies that a solid waste is a hazardous
waste if it exhibits any of the defined characteristics of
ignitability, corrosivity, reactivity, or extraction procedure (EP)
toxicity. The EP toxicity is of primary concern, as the inherent
physical and chemical characteristics of the mixed fil1/sediment rule
out classification as a hazardous waste based on ignitability or
reactivity. The EP toxicity characteristic is based on measured
concentrations of eight elements of the National Interim Primary
Drinking Water Standard (NIPDWS) and six herbicides and pesticides in
the filtrate of a 24-h solid waste extraction test (USEPA 1980). If
levels of these constituents exceed establiished maximum permissible
concentrations as shown in Table 1, then that waste is considered
hazardous.

As supplementary information, concentrations of nonregqulatory
elements were also reported for EP extracts. These concentrations
resulted from analysis of the EP extracts by the multi-elemental
analysis technique, Inductively Coupled Plasma (ICP) spectroscopy.

These elements, such as Fe, Ca, Na, P, Cu, and Ni, although not
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Table 1. Contaminants that determine EP toxicity
(From FR Vol. 45, No. 98, May 19, 1980, p 33122)

Note: Waste is classified as hazardous if concentration of any listed
constituent equals or exceeds these maximum concentrations.

EPA Max imum
hazardous concentration
waste (milligrams
number Contaminant per liter)
D004 Arsenic 5.0
DOOS Barium 100.0
D006 Cadmium 1.0
D007 Chromium 5.0
0008 l.ead 5.0
D009 Mercury 0.2
D010 Selenium 1.0
N0 Silver 5.0
D012 Endrin (1,2,3,4,10,10-hexochloro-1,7-epoxy- 0.02

1,4,4a3,5,6,7,8,8a-octahydro-1,4-endo, endo-
5,8-dimethano naphthalene)

D013 Lindane (1,2,3,4,5,6-nexachlorocyclohexane 0.4
gamuna isomer)

0014 Methoxychlor (1,1,1-Trichloro-2,2-bis 10.0
[p-methoxyphenyl]ethane)

D015 Toxaphene (CqygHyClg, Technical 0.5
chlorinated camphene, 67-69 percent
chiorine)

p016 2,4-D,(2,4-Dichlorophenoxyacetic acid) 10.0

poV? 2,4,5-TP Silvex (2,4,5-Trichlorophenoxy- 1.0

propionic acid)
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regulated by CERCLA or RCRA, are significant in determining the overal)
Teaching characteristic of the mixed fill/sediment material.

An estimate of total elemental analyses of the HRE impoundment
mixed fill/sediment was conducted, and the total concentration of
polychlorinated biphenyls (PCBs) was also determined. Analyses of this
nature are useful in evaluating remedial action alternatives and are
necessary to determine inventories of chemical constituents in the
mixed fill/sediment.

The concentrations of certain radionuclides were also determined
in the mixed fil1/sediment of the HRE impoundment. These included
gross alpha and gross beta analyses as well as specific alpha; beta;

and gamma-emitting isotopes. Of major concern were 9OSr, ]3705,

6000, 24]Am, as well as the plutonium and the uranium isotopes. A
recent internal report (S. F. Huang, pers. Commun.) also reported
measurements of these radionuclides.
3.3 CHEMICAL METHODS USED FOR ANALYSES OF MIXED IMPOUNDMENT

FILL AND SEDIMENT WASTE

Chemical analyses used to characterize the mixed fill/sediment
were performed by the ORNL Analytical Chemistry Division. The methods

used are predominately those described in Test Methods for Evaluating

Solid Waste, Physical/Chemical Methods, SW-846, second edition,

published July 1982 by the USEPA Office of Solid Waste and Emergency

Response, Washington, DC (USEPA 1982) and Methods for Chemical Analysis

of Water and Wastes, EPA-600/4-79-020, revised March 1983, published by

USEPA Environmental Monitoring and Support Laboratory, Office of

Research and Development, Cincinnati, Ohio (USEPA 1983b).
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For the mixed fill/sediment material, the EP toxicity test was
conducted as outlined by EPA method 1310 (USEPA 1982). The
concentrations of metals in the EP extract were determined by EPA
methods 7061, 7081, 7131, 7191, 7421, 7470, 7741, and 7761 in USEPA
(1982) and inductively coupled plasma (ICP) spectroscopy, method 200.7
in USEPA (1983b). The concentrations of pesticides and herbicides in
the EP extracts were determined by method 8080 {USEPA 1982), except
that the analyses were by Tiquid chromatography instead of gas
chromatography.

Total elemental concentrations in the mixed fill/sediment at the
HRE impoundment were determined by digesting a 1-g sample (dry weight
at 110°% overnight) with a 1:1 mixture of concentrated nitric acid
and concenirated hydrofluoric acid. After being brought to dryness,
the residue was taken up in 12% nitric acid, and elemental
concentrations were determined by ICP spectroscopy. Thus, this
digestion procedure precludes the analysis for mercury because the
element would have been Tost on volatilization. The total
concentration of PCBs in the impoundment mixed fill/sediment was
determined using method 8080 (USEPA 1982).

3.4 RESULTS AND DISCUSSION OF CHEMICAL AMALYSES OF MIXED

IMPOUNDMENT FILL AND SEOIMENT WASTE

As stated earlier, the primary interest in the chemical
characterization of the HRE impoundment mixed fill/sediment is the
classification of the material as a hazardous or nonhazardous waste.
The pH of the fil1 slurry was found to be 5.6; thus the waste does not

have the characteristic of corrosivity as defined by EPA. The
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controlling test for classification is the EP toxicity characteristic.
Concentrations of RCRA regulatory constituents in EP extracts from a
composite sample of mixed fill/sediment material taken at various
locations within the HRE pond are presented in Table 2. Those
constituents measured in the EP extract, but not regulated under RCRA,
are presented in Table 1A in Appendix A. The concentrations in tables
of Appendix A prefixed by a minus sign are the detection limit for the
element or compound for that analysis.

Concentrations of RCRA-regulated constituents in the EP extracts
of the composite samples taken from the HRE impoundment mixed
fill/sediment are well below maximum allowable RCRA limits, implying
that the material would not be considered a hazardous waste based on
its EP toxicity characteristic. Concentrations of copper, nickel, and
zinc in the EP extracts (Table 1A) are also well below the maximum
1imit for water in the recently issued "Hazardous Substance Guidelines"
(see Table 3) by the state of Tennessee (L. W. Gregory, pers.
commun.). Concentrations of radionuclides or PCBs were not measured in
the EP extracts.

The elemental concentrations measured in the mixed fill/sediment
at the HRE impoundment are listed in Table 2A of Appendix A. Also
included are the total concentrations of PCBs measured in the
material. The average concentration of PCBs in the four samplie borings
(SP-1,-2,-3, and -4) was slightly less then 0.2 mg/kg. Lower
concentrations were observed in borings SP-3 and SP-4 than in borings
at SP-1 and SP-2. Regulatory levels do not presently exist governing

total concentrations of inorganic or organic constituents in sediments
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Table 2. Concentrations of RCRA requlated constituents
in EP extracts from HRE impoundment fill/sediment

Maximum Measured

allowable concentration
Constituent Unit concentration Location Sample date mean
As mg/L 5.0 Composite  03/06/85 -0.0007
Ba mg/L 100.0 Composite 03/06/85 0.6800
Cd mg/L 1.0 Composite 03/06/85 0.0650
Cr mg/L 5.0 Composite 03/06/85 0.0360
Pb mg/L 5.0 Composite  03/06/85 -0.0001
Hg mg /L 0.2 Composite  03/06/85 0.0061
Se mg/L 1.0 Composite  03/06/85 ~-0.000
Ag mg/L 5.0 Composite  03/06/85 -0.0001
Endrin mg/L 0.02 Composite  03/06/85 -0.0001
Lindane mg /1 0.04 Composite 03/06/85% -0.0001
Methoxychlor  mg/L 10.0 Composite 03/06/85 -0.00017
Toxaphene mg/L 0.5 Cemposite  03/06/85 -0.0001
2,4-D mg/i 10.0 Composite  03/06/85 -0.0001
2,4,5-1Tp mg/L 1.0 Composite 03/06/85 >0.0001
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Hazardous substance guidelines
Tennessee Division of Solid Waste Management - Superfund

Maximum Timit,

Maximum 1imit,

water soi] Water
Compound ppm or mg/L ppm or mg/kg reference

Benzene 0.025 2.5 6
Ethylbenzene 1.4 140 1
Toluene 14.3 1430 1
Carbon tetrachloride 0.025 2.5 )
Chloroform 0.002 0.2 1
1,2-Dichloroethane 0.26 26 6
1,1-Dichioroethylene 0.35 35 6
Methylene chloride 0.15 15 2
Tetrachloroethylene 0.085 8.5 6
Trichloroethylene 0.26 26.0 6
1,1,1-Trichlorethane 1.0 100 6
Acetone 20 2,000 1
Ethylacetate 400 40,000 4
Xylenes 0.62 62 2
Methyl ethyl ketone 0.75 15 5
Methyl isobutyl ketone 100 10,000 4
Vinyl chloride 0.06 6.0 6
Naphthalene 0.025 2.0 1
Di-n-butyl phthalate 0.034 3.4 1
Pentachlorophenol 1.01% 101 1
Cyanide 0.2 10 3,8
Phenol 0.3 30 1,8
Copper 1 100 3
Zinc 5 500 3,8
Nickel 0.2 20 3,8
Mercury 0.002 0.2 3,8
Arsenic 0.05 5 3,8
Cadmium 0.01 1.0 3,8
Chromium 0.05 5 3,8
Silver 0.05 5 3,8
Lead 0.05 5 3,8
PAHs 0.000028 0.0028 1
PCBs 0.00000079 0.000079

Water 1imits, clarified by MED 8/28/84:

Nitrates(N) - 10 ppm
Sulfates - 250 ppm

Phosphate - should be set below 50 ppm in water (gives renal damage in
rats, is 10 times dietary, adequate nutritional level for rats)

References:

1. Federal Register, 45:231, Nov.

2. Long-term SNARL

3. Interim Orinking Water Standard

4,

5. 10-day SNARL

6. Federal Register, 49:114, 24338, June 1984
7. Flash point concentration

8.

1980

Dangerous Properties of Industrial Materials, N. Irving Sax

E.P. Toxicity Limit or suggested level (phenol, cyanide, nickel)
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or such fill materials. The concentration of PCBs, however, exceeds
the maximum soil 1imit listed by the Tennessee Hazardous Substance
Guidelines. Concentrations of chromium also exceed the suggested
guideline for soil; that is, the average concentration in the four
borings was slightly greater than 90 mg/kg as compared with the
recommended guideline of 5 mg/kg. Two of the borings {(SP-1 and 5P-2)
contained approximately 3 mg/kg of cadmium, while analysis of the other
two borings, (SP-3 and SP-4) cadmium was not detected at 0.0007 mg/kg.
The guideline for cadmium in soil is 5 mg/kg. It is not presently
clear why the SP-1 and SP-2 borings contained the elevated levels of
cadimium as compared with the SP-3 and SP-4 borings. This pattern was
not evident with respect to the distribution of the other elements.

OSr, discussed in

However, the concentration of 137Cs and 8
Sect. 3.6 later, did show a similar distribution pattern. The
concentration of nickel (average concenlration of approximately
40 mg/kg) in the fill/sediment mixture also exceeded the soil maximum
1imit (20 mg/kg) outiined in the Tennessee Hazardous Substance
Guidelines. However, concentrations of arsenic, copper, lead, and zinc
in the fi11 material were well below the soil limits (compare
concentrations in Table 2A in Appendix A to those listed in Table 3).
The total concentration of mercury in the fill/sediment mixture was not
determined.

The total inventory in the fill/sediment mixture was determined
using an average concentration of each element or compound from the

four borings. The measured bulk density of this material was quite

nigh (2.1 kg/L). The average water content, on a wet weight basis, was
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determined to be 21% for the four borings. The total volume of mixed
fi11/sediment was estimated to be 2.1 x 106 L. Using these
parameters, the total inventory of each of the measured constituents
was determined (see Table 3A in Appendix A). Total PCBs in the waste

was estimated to be less than 1 kg.
3.5 RADIOACTIVITY ANALYTICAL METHODS

Concentrations of radionuclides in the HRE impoundment mixed
fill/sediment were determined using solid state alpha and beta
detectors following dissolution of the sample by concentrated nitric
and hydrofluoric acids as described above. Strontium-90 was separated
from the other cations by precipitation as the oxalate salt and then '
counted on a beta proportional counting system. Gross alpha and gross
beta measurements were performed by counting on Tennelec LB5100
Series II equipment. This automated system is programmed to convert
raw data to activity units as well as to utilize material weights or
volume to produce activity per unit (weight or volume). Analyses of
gamma-emitting radionuclides were conducted directly (without chemical
dissolution) using high-resolution germanium detectors. The detectors
were shielded from extraneous background and were calibrated for the
respective sample geometries using certified mixtures of gamma-emitting
radionuclide standard solutions from the National Bureau of Standards
(NBS). Calibration procedures and assessment have been described

elsewhere (Larsen and Cutshall 1981).
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3.6 RESULTS AND DISCUSSION OF RADIOACTIVITY ANALYSES OF THE
HRE IMPOUNDMEMNT FILL AND SEDIMENT WASTE

The radioactivity in the mixed fill/sediment waste was
predominantly that of 9OSr and ]37Cs (see Table 4A in Appendix A).
For this sampiing, borings SP-1B and SP-2 were subsampled at two
depths. These subsamplings were conducted based on G/M meter
readings. The samples SP-1BH and SP-2H showed much higher
radioactivity, and thus these subsamples were analyzed separately from
the remainder of the same boring. The subsample SP-1BH represented
approximately 20% of the total core, while SP-1B constituted the
remaining 80%. With respect to the SP-2 boring, the SP-2H subsample
represented approximately 40% of the core and the subsamplie SP-2,
approximately 60%. Table 4A illustrates the much higher activify of

905r and ]37Cs in the SP-1BH and SP-2H samplies. Also note the much

higher concentrations of 905r and 13765 in the SP-1B and SP-2

borings as compared with the SP-3 and SP-4 borings. A similar
distribution pattern was noted for cadmium in these borings (see

Sect. 3.4). Very low concentrations of alpha-emitting radionuclides
were detected in this waste (note the low concentration of gross alpha
as well as individual measurements of plutonium and uranium isotopes).
The highest levels of activity were found in samples SP-1BH and SP-2H.
It is unclear why the level of gross beta in sample SP-1BH was low
compared with the level of 905r determined in the same sample. The
opposite relationship was observed in the SP-2H sample; the gross beta
was 20 times the 905r concentration. In fact, across all of the

soil/sediment samples counted, the ratios of gross beta to 903r
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Table 4. Inventory of radionuclides
in HRE impoundment fill/sediment

Constituent Total inventory
GBg CI
Gross—alpha <0.001 <0.001
Gross-beta 27600 150
137¢s 604 16
234y 0.123 0.003
235y 0.017 <0.001
238py <0.001 <0.002
238y 0.079 0.002
239py 0.005 <0.002
241 am 0.001 <0.001
60¢co 0.062 0.002

605y 2750 75
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ranged from 0.48 to 27. The error associated with the direct counting
of solid samples for gross beta is considerable compared with the

determination for 9OSr. For example, the 90

Sr determinations were
carried out following dissolution of the samples with a 1:1 mixture of
concentrated nitric acid and concentrated hydrofluoric acid. Strontium
was separated from the matrix elements of the sample by precipitation
of the oxalate salt and then counted on a beta proportional counting
system. Gross beta determinations, however, were made directly on the
solid or on the residuail following dissolution by acid digestion, which
introduces considerable error with regard to self-adsorption, etc. For
this reason, the measurements for gross beta are not considered to be

as accurate as those for 905r. Analyses of the fill/sediment mixture

for ]34Cs and ]54Eu were below the detection level of 0.0001 Beg/g
(these data are not included in Table 4A).

The inventory of radionuciides in the fill/sediment mix was
determined using the same input parameters for determining the total
inventory of inorganic and organic constituents (2.1 kg/L bulk density,
21% water, and 2.1 x 106 L total volume). However, in this case, a
weighted mean conceniration based on the previously described volume
distribution of the subsamples in each of the cores was used for
borings SP-1B and SP-2. The inventory (Table 4) showed a preponderance

of 905r and ]37Cs over alpha-emitting radionuclides.
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4. SUBSURFACE EXPLORATION AND MONITORING WELLS

4.1 DRILLING AND SAMPLING

Five borings ranging in depth from 10 to 30 ft (3 to 9 m) were
drilled for four monitoring wells with a Mobile Model B-33 drilling
machine using 8-in. (20.3-cm) diam. hollow-stem augers. The augers
were washed between the drilling of each hole, and the sampling tools
were washed between each sampling event.

Samples were taken with the CME sampler. When the drill could no
longer advance the auger by employing the sampling device, the sampler
was removed and replaced by the center section of the auger bit, which
allowed the drilling to continue in firm rock. Al1 soil samples and
driil cuttings were monitored with a G/M meter. At a depth of 8.5 ft
(2.6 m) boring MW-4 measured 1000 cpm on the G/M (approximately
0.3 mR/h). The boring was terminated at that depth to prevent the
possibility of radioactive groundwater being brought to the surface.
Boring MW-4A was drilled within 3 ft (0.9 m) of MW-4, and was completed
as monitoring well 4, Boring MW-4 was left open and diked during the
drilling of MW-4A so that it would receive any groundwater brought up
by the auger from boring MW-4A. Orill cuttings from borings MW-4 and
MW-4A were placed in barrels and disposed of as Jow-level radioactive
waste. Descriptive records of all borings are provided in the boring
logs in Appendix B. Locations of the borings (as monitoring wells) are

shown in Fig. 3.
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4.2 MONITORING WELL CONSTRUCTION

A groundwater monitoring well was constructed in each of the
borings, except boring MW-4, using 3-in. (7.56-cm) diam. fiberglass well
screen and casing. The entrance areas of the well screens consisted of
two rows of slots with 0.01-in. (0.25-mm) wide openinags. The screens
were 10 ft (3 m) long and were surrounded by a sand pack of
medium-grained quartz sand that extended a minimum height of 1 ft
(30.5 cm) above the top of the well screen. A bentonite {clay) seal of
at least 1 ft (30.5 m) minimum thickness was placed at the top of the
sand pack. The remainder of the boring was backfilled with portland
cement concrete from the top of the seal to the top of the boring. A
4~in. (10.16-cm) diam. protective casing, 5 ft (1.52 m) long, was
installed around the well-riser pipe, with both the pipe and casing
extending approximately 3 ft (0.91 m) above the ground surface. The
top of the riser pipe is closed by a removable, plastic cap.
Construction detatls of each of the wells are provided in Appendix C.

A summary of construction details and measured groundwater elevations,

as well as surveyed locations and elevations, is provided in Table 5.

4.3 MCNITORING WELL LOCATIONS

The location for monitoring well 1 (MW-1) was selected in an
attempt to provide a groundwater sampling point located upgradient
(i.e., in the direction of increasing static head of the groundwater
table) of the impoundment from which representative samples of the

groundwater that will move through the impoundment site could be
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Table 5. Summary of monitoring well location, construction data,

and water levels at the HRE impoundment

Parameter MW-1 MW-2 MW-3 MW-4
North grid coordinate (ft) 18634.87 18581.39 18518.64 18515.45
fast grid coordinate (ft) 31422.87 31533.62 31525.86 31444.65
Top of well casing el. (ft) 827.03 815.71 810.81 816.10
Height of casing aboveground (ft) 3.8 2.3 2.7 3.0
Ground surface el. (ft) 823.2 813.4 808.1 813.1
Top of well screen el. (ft) 807.0 800.7 795.8 804.4
Bottom of well screen el. (ft) 797.0 790.7 785.8 794 .4
Top of sand pack el. (ft) 815.2 805.4 800.1 805.1
Bottom of well hole el. (ft) 793.5 788.5 783.4 7188.4
Diameter of well pipe/screen (in.) 3.0 3.0 3.0 3.0
Type material of pipe/screen fiber fiber fiber fiber
glass glass glass glass
Width of screen opening (in.) 0.01 0.01 0.0 0.01
Water level el. (ft) 4-8-85 B14.79 808.20 803.95 805.34
Water level el. (ft) 5-23-85 813.58 807.44 803.40 805.50
Water Tlevel el. (ft) 6-4-85 813.64 806.97 803.26 805.35
Water level el. (ft) 7-1-85 815.32 808.10 803.95 805.37
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obtained. Also, the upgradient well should not be affected by
potential contamination from the monitored facility. The location of
MW~1 was restricted by buried radioactively contaminated materials on
the southwesi, and above- and below-ground structures on the west.

The Tocations of the other three monitoring wells were selected to
determine if contaminants from the impoundment are migrating into the
groundwater. Further, no well was located within the area enclosed by
the asphaltic-pavement cap, as reports indicate that accurate
boundaries of the eroded slopes of the impoundment are not known.
Therefore, the limits of the cap wers considered to be the limits of
the impoundment. As CERCLA does not provide specific requirements for
monitoring well locations, these wells compiy with regulations
promulgated in accordance with RCRA which specify that there be at
least three hydraulically downgradient (i.e., in the direction of
decreasing static head of the groundwater table) wells. These
downgradient wells are required to he at the boundary of the
impoundment facility, which, as described in RCRA Permit Writer's
Manual Groundwater Protection 40 CFR, Part 264, Subpart £, Draft
(USEPA 1983¢), EPA interprets to be no more distant than the outside
toe of any containment dike that may exist, plus 30 ft (%9.14 m) for
physically selecting an appropriate drill site.

Monitoring well 2 is located approximately along the regional
geologic strike of the bedrock sirata between the filled impoundment
and the southeast section of the adjacent stream. Relative to the
impoundment, monitoring wells 3 and 4 are located down-dip of the

regional geologic strike of the bedrock strata. They are also betiween
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the impoundment and the south- and southwest-flowing sections of the

adjacent stream.

4.4 SURFACE GEOPHYSICAL SURVEY

An electromagnetic (EM) conductivity survey, using a model EM-34
instrument manufactured by Geonics Ltd., was conducted around the
perimeter of the HRE impoundment. This geophysical method provides a
rapid site reconnaissance that can detect contaminant plumes of high
jonic strength. The technique measures the apparent electrical
conductivity of the subsurface using self-contained dipole transmitter
and receiver coils held in the horizontal dipole confiquration and
separated by a horizontal distance of 20 ft (6.1 m). In this
configuration, the instrument senses to approximately 0.75 of the
intercoil spacing (Geonics 1983). Therefore, the apparent conductivity
was measured in units of millimhos per meter (mwhos/m) to an
approximate depth of 15 ft (4.6 m) at each station. Readings in
mmhos/m at each measurement station around the HRE impoundment are
shown in Fig 4. The magnitude of the variations does not seem to
indicate major conductivity anomalies that would be attributable to

contamination plumes from the impoundment.

5. GEOLOGY

5.1 REGIONAL GEOLOGY

Oak Ridge National Laboratory lies in the Ridge and valley
Physiographic Province. In Tennessee, the province consists of

northeast-southwest striking rock strata of Timestone, sandstone, and
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shale extending from the Georgia-Alabama border on the south to the
Virginia border on the north. The strata is tilted to angles of 30
degrees and greater throughout its length, resulting in the
erosion-resistant beds forming parallel ridges, and those less

resistant beds becoming intervening valley floors.

5.2 Site Geology

5.2.1 Bedrock

The HRE impoundment lies in Melton Valley approximately 2000 ft
(600 m) southeast of the Copper Creek fault. As shown on the geologic
map of Fig. 5, the site is underlain by unit "Ccb" of the Conasauga
Group. The lithology of this unit is described by McMaster and Waller
(1965) as follows:

Variable 1ithology, ranging from shale and siltstone to
limestone. Limestone is characteristically pebble
conglomerate or edgewise conglomerate having irregular
bedding surfaces coated with thin film of dark grey clay
and marked by abundant ropy 'worm trails'. Limestone
occurs in zones of shale and siltstone. Siltstone in this
unit is commonly calcareous and white or light grey when
fresh. Shale is thinly bedded, colored brown, olive, and
tan, and locally maroon. In places the unit is deformed
by very small, sharp folds and faults of small
displacement.

They describe the residual material as:

Unit weathers to a bedded shale appearance, leaving little
or no indication of original calcareous nature. Limestone
weathers to porous brown siltstone or to a light
orange-yellow i1litic clay. Residuum is generally light
tan to yellow-brown but local variations include maroon
and green bands. Black manganese oxide stains common on
joint surfaces.
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The HRE impoundment was constructed in the lower beds of the Ccb
unit and less than 100 ft (30 m) from the surface expression of the
contact of units Ccb and Cca, as mapped by McMaster and Waller (1965).
The strike of this contact, as measured from the geologic map shown in
Fig. 5, is approximately north, 60 degrees east.

From later work in the area (Haase, Zucker, and Stow 1985;
Rothschild et al. 1984) it appears that the lower strata in unit Ccb,
as mapped by McMaster and Waller (1965), likely consists of, in
ascending order, the Rutledge Limestone and Rogersviile Shale
formations.

A geologic section through the impoundment is shown in Fig. 6.
The sideslopes of the filled impoundment shown in this figure are
theoretical slopes based on the design slope of 1 vertical on 1.5
horizontal. Due to reported erosion during the operating life of the
impoundment, it is likely that the actual slopes deviate from the

configuration shown in Fig. 6.

5.2.2 Soil

The so0il thickness encountered in the borings for the monitoring
wells ranged from less than 1 ft (0.3 m) for MW-1 and -4, to as much as
5and 9 ft (1.5 and 2.7 m) for MW-2 and -3, respectively. Some of the
soil may be material that was excavated from the impoundment during
construction and used as fill. As indicated by the boring records in
Appendix B, the soil consists of material which would classify as clay
under the Unified Soil Classification System. According to McMaster
and Waller (1965), soils derived from the Conasauga Group contain

illite and vermiculite as the predominant clay minerals.
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6. HYDROLOGY

From 1948 through 1983, the mean annual precipitation at Dak Ridge
was 54.61 in (138.71 cm). In this region, the heaviest precipitation
normally occurs during winter and early spring, with the monthly
maximum normally occurring during the period January to March.

However, during some years the monthly maximum has occurred in July
because of thunderstorms. September and October are usually the driest
months. According to the "Climatic Atias of the United States"

(U.S. Department of Commerce, 1979), mean annual lake evaporation in
the Oak Ridge area is 33 in. (88.9 cm).

After cessation of cperation of the pond in 1962, and prior to its
fi11ling with soil in 1970, it is uncertain how to account for the
22 in. (56 cm) of net annual precipitation input to the pond. If there
were no releases, it would have been added to the groundwater through
infiltration from the pond. One person recalls seeing very little
water in the pond after operations ceased, and cattails growing in the

bottom.

6.1 GROUNDWATER MOVEMENT

A water-table map of the site is shown in Fig. 7. The map is
based on water-level observations from the four monitoring wells
constructed during this study (Table 5), on water levels encountered in
the borings conducted for the purpose of sampling the soil/sediment
(Appendix B), and on measurements made in September 1985 by the oild
observation devices shown in Ffig. 3. The water-level measurements made

in the old observation devices have to be used with a good deal of
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judgment as they may not be representative of the piezometric surface
due to their construction (Sect. 2). The map shows the hydraulic
gradient at the impoundment to be generally towards the creek that
partially encircles the impoundment.

As shown in the geologic section (Fig. 6) through the pond, and
the water-table map (Fig. 7), the water table is fairly uniform across
the filled impoundment and is approximately 10 ft (3 m) above the
bottom elevation.

Studies on the ORNL reservation ( Webster 1976, Davis et al. 1984,
and Rothschild et al. 1984) result in the observation that in the
bedrock the direction of groundwater movement is greatly affected by
the directional permeability of the strata. The Conasauga strata is
anisotropic in respect to hydraulic conductivity, with conductivities
parallel to the direction of geologic strike being reported as 3 to
20 higher than in a direction normal to strike. Therefore, the overall
groundwater movement through the bedrock is often in a direction at
some acute angle to the groundwater contours. Such movement would not
normally be expected to be in a straight Tine of flow, but rather would
follow irregular pathways along joints and bedding planes because the

bedrock strata has insignificant primary permeability.

6.2 UPPERMOST AQUIFER

The soil at the impoundment consists of material that has been
visually classified as clay (according to the Unified Soils
Classification System), which categorically has low hydraulic

conductivities. The uppermost aquifer at the site is the "Ccb" unit
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(possibly either the Rutledge or Rogersville formations). Davis et al.
(1984) conducted hydraulic conductivity tests in 36 monitoring wells in
the Maryville Limestone of the Conasauga Group. Conductivities ranged

K
> to 238 x 10 ~ cm/s, with a geometrical mean of

from 1 x 10
5.31 x 10“5 cm/s, and the effective porosity was estimated to be
0.03. Rothschild et al. (1984), at a site approximately 3500 ft
(1000 m) distant along geologic strike, tested the conductivity in
12 wells in the Conasauga. The geometric mean of these tests was
2.57 x 10"5. These aquifer parameters are believed to be

representative of the HRE site.
5.3 GROUNDWATER SAMPLING METHODS

Water levels were measured with an electric tape prior to purging
and sampling each well, and the immersed portion of the tape was rinsed
with distilled water between wells. The wells were sampled with bottom
loading, stainless steel bailers that were disassembled for thorough
cleaning before use. The bailers were washed with hot water and
detergent, and rinsed with distilled water. In addition, during the
first round of sampling, the bailers were also rinsed with dilute
nitric acid followed by distilled water. During the second round, to
avoid rusting of the steel, the dilute acid rinse was replaced with
alcohol. A new nylon 1ine was attached to the bailer for each well.

No water was introduced into the wells during drilling, and the
first round of samples was taken without purging the wells. A1l the
wells were sampled within one to seven days after completion of

drilling. This step was taken because there was no adjacent, open
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impoundment to which water obtained from the purging operation could be
returned (as is customary); and facilities were not immediately
available to dispose of the water properly otherwise. Prior to taking
a sample during the second round of sampling, the well was purged by
removing a volume of water equal to at least three times the volume
contained within the well screen and casing. This amounts to a volume
of 1.1 gal/ft (4.2 L/0.3 m) of water depth in the well. The water
removed for purging purposes was measured in 5-gal (19-L) containers
and collected in 55-gal (210-L) barrels. In total, 400 gal (1500 L)
was purged from the wells and trucked to the process waste system for

disposal.

6.4. SAMPLE COLLECTION AND PRESERVATION

Groundwater samples to be analyzed by the Analytical Chemistry
Division (ACD) were poured directly from the stainless steel bailer
into new glass, 1-gqt (0.95-L) containers (previously rinsed with
distilled water) with Teflon-lined caps. Four such samples were
collected from each well during February (March for MW-4) and May 1985,
and two of the samples from each were acidified with nitric acid to a
pH of 2. These samples were either delivered to the Analytical
Chemistry Division within 1 h after collection, where they were
refrigerated, or were stored overnight in a refrigerator for next-day
delivery to ACD. 1In addition, in February and May, 1-L samples were
collected from each well and placed in plastic containers for gamma
radiation analysis by Environmental Sciences Division's Low-Level

Gamma-Ray Spectrometry Laboratory using a high-resolution,
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Tithium-drifted germanium [Ge(Li)] detector. These samples required no
preservation. Specific conductivity and pH were measured at the well

site at the time of sampling.

6.5 CHAIN OF CUSTODY

A record was completed for all samples collected which contains
the following information: name of collector, identifying list of
samples, date and location where collected, inclusive dates that
samples were in the coliector's custody, and the date that samples wer
transferred to the laboratory for analyses. A copy of this record

accompanied the samples to the laboratory.

6.6 SELECTION OF CONSTITUENTS FOR ANALYSIS IN GROUNDWATER

The principal goal in analyzing groundwater was to determine if
the groundwater had been contaminated. To do this the groundwater was
analyzed for those 30 constituents promulgated under RCRA regulations,
as shown in Table 6. For active hazardous waste facilities (those that
receive wastes after November 19, 1980), RCRA regulations require that
each groundwater monitoring well be sampled and analyzed for these
constituents at least four times during the first year to ascertain any
seasonal variations in groundwater quality. Sampling for this report
was conducted in February (March for MW-4) and May 1985.

In addition to those 30 constituents listed in Table 6, groundwater
samples were analyzed by ICP spectroscopy. This technique provides
general information on concentrations of nearly 30 elements in one

analysis. Many of these are not RCRA regulatory elements, but their
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Table 6. RCRA - 40 CFR 265.92 - Groundwater monitoring parameters

£PA Interim Primary Drinking Water Standards

Parameter Maximum level {(mg/L)
Arsenic 0.05
Barium 1.0
Cadmium 0.01
Chromium 0.05
Fluoride 1.4-2.4
Lead G.05
Mercury 0.002
Nitrate (as N) 10.
Selenium 0.0
Silver 0.05
Endrin 0.0002
Lindane 0.004
Methoxychlor 0.1
Toxaphene 0.005
2,4-D 0.1
2,4,5-TP Silvex 0.01
Rad ium 5 pCi/L
Gross Alpha 15 pCi/L
Gross Beta 4mR/y
Coliform Bacteria 1/100mL

Parameters establishing groundwater quality:

Chloride
Iron
Manganese
Phenols
Sodium
Sulfate

Parameters used as indicators of groundwater contamination:

pH

Specific Conductance
Total Organic Carbon
Total Organic Halogen
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concentrations in groundwater are useful in evaluating general
groundwater quality. For instance, the concentrations of copper,
nickel, and zinc were determined in groundwater samples using this
technique. These elements are included in the 1ist of compounds and
elements listed in the recently issued "Hazardous Substance Guidelines"
by the State of Tennessee (L. W. Gregory, pers. commun.). Groundwater

samples were also analyzed for PCBs and the radioisotopes QOSF,

]37Cs, and tritium.

6.7 CHEMICAL METHODS USED FOR ANALYSIS OF GROUNDWATER

The methods used to analyze groundwater are those described in
USEPA (1982 and 1983b). For elemental concentrations of the NIPDWS, it
was necessary to use atomic absorption methods to reach the reqguired
detection levels. The recommended USEPA methods are 7061, 7081, 7131,
1191, 7421, 7470, 77141, and 7763} for As, Ba, Cd, Cr, Pb, Hg, Se, and
Ag, respectively. ICP spectroscopy (method 200.7 in USEPA 1983b) was
also used to determine concentrations of nonregulatory elements. The
concentrations of pesticides and herbicides, as well as the PCBs in the
groundwater, were determined by methoed 8080 (USEPA 1982), except that
the analyses were by 1iquid chromatography instead of gas chromatography.
The total toxic organics (TT0) wevre determined using method 624 (USEPA
1983b) or pentane extraction for the volatile organic compounds and
method 1625 (USEPA 1982) for the semivolatile compounds. Celiform
bacteria were determined by method 405.1 (USEPA 1983h). Concentrations
of fluoride, chloride, nitrate, and sulfate were determined using

methods 340.2 and 300.0 as described in USEPA (1983b). Phenol
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concentration was determined by method 420.1 {USEPA 1983b). Total
organic carbon (TOC) and total organic halides (T0X) were determined
using methods 9060 and 9020, respectively (USEPA 1982).

The radionuciide concentrations were determined using the same
detectors as those described for the radionuclide analyses of the mixed
fill/sediment. Aliquots of groundwater were taken to dryness on
planchets and counted for gross alpha and gross beta activity. The
activities of specific alpha emitters were determined following aqueous
to nonaqueous separation into phencltrifloroacetone, plating, and
counting using high-resolution alpha-spectrometers. Tritium was
determined in groundwater using established liquid-scintillation
counting procedures. Strontium-90 in groundwater was separated from
the other cations by precipitation as the oxalate salt and then counted

on a beta proportional counting system.

6.8 RESULTS AND DISCUSSION OF CHEMICAL ANALYSES OF GROUNDWATER

Groundwater concentrations measured in the four monitoring wells
in March and May are presented in Tables 5A and 6A of Appendix A. The
constituents presented in Table 5A are those requlated by RCRA
(principally those listed in the NIPDWS) as well as those constituents
that have been determined to be parameters establishing groundwater
quality (chloride, iron, manganese, phenols, sodium, and sulfate) and
those that USEPA has determined to be indicators of groundwater
contamination (pH, specific conductance, total organic carbon, and
total organic halogens). Also included in Table 5A are the

concentrations of PCBs, the beta-emitting radionuclides tritium and
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30 137

Sr, and the gamma-emitter Cs. Listed in Table 6A are the
concentrations of elements determined in groundwater samples by ICP
spectroscopy.

Table 7 is a summary of measured concentrations of constituents of
all analyses from all downgradient wells listed in Table 5A, Appendix A.
As can be seen in Tables 7 and 5A, the maximum permitted level for
beta-emitting radionuclides is presented as a dose rate of 4 mR per
year. However, the gross beta concentrations in Tables 7 and 5A are
presented in the commonly accepted manner as activity units (Bg/L).
EPA specifies that the dose rate for drinking water be calculated as
the total body or organ dose that & person would receive by drinking
one liter of the water, daily, for one year (USEPA 1976). According to
EPA (USEPA 1976), the activity in drinking water of the beta emitters

905r that results in a dose rate of 4 mR/year are

tritium and
20,000 pCi/L (740 Bg/L) and 8 pCi/L (0.3 Bg/l), respectively.

Major contaminants in groundwater at the HRE impoundment appear to
be radionuclides (e.g., gross alpha and gross beta concentrations
exceed NIPDWS concentrations in upgradient as well as downgradient
wells). The concentration of gross alpha in the groundwater is rather
surprising in light of the guite small levels of transuranics
(concentrations generally less than 0.1 Bg/g) in the mixed
fill/sediment (see Table 4A, Appendix A). The concentration of gross
alpha in groundwater samples appears to vary considerably in wells 3
and 4 between the first and second sampling dates. For example,

concentrations in the wells in the June samplings were 10 to 100 times

lower than the first sampling dates in either late February or early
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Table 7. Concentration of selected groundwater parameters
from downgradient wells at the HRE pond summary
across all sampling dates

Max imum Measured concentration
allowable

Constituent Unit concentration Mean N Min Ma x %CV

Ag mg/L 0.05 0.0001 6 0.000 0.0001 0.0
As mg/L 0.05 0.0034 6 0.0001 0.0160 187.3
Ba mg/L 1.0 0.9853 6 0.1050 2.7000 100.5
Cd mg/L 0.01 0.0012 &8 0.0001 0.0035 142.4
Chloride mg/L not def 65.3333 b6 4.0000 13.0000 53.5
Coliform Co/100mL  1/100miL 6.3334 ) 0.0001 30.0000 186.7
Cr mg/L 0.05 0.0134 6 0.0001 0.0591 1171.7
Endrin mg/L 0.0002 0.0002 6 0.0001 0.0008 131.9
F mg/L 1.4-2.4 0.00017 5 0.0001 0.0001 0.0
Fe mg/L not def 32.33617 6 2.8800 83.0000 94 .4
Gross-A Bg/L 0.556 6.1333 & 0.1000 24.0000 149.2
Gross-B Bq/L 4mR/y 467.9333 © 3.6000 950.0000 93.7
Hg mg/L 0.002 0.0001 6 0.0001 0.0001 0.0
Lindane mg/L 0.004 0.0001 3 0.0001 0.0001 0.0
Methoxychlor mg/L 0.1 0.0011 b 0.0001 0.0032 134.5
Mn mg/L not def 6.4698 6 0.1800 22.0000 126.9
Nitrate-N mg/tL 10.0 1.1667 & 0.0001 5.0000 174.9
Na mg/L not def 13.3500 3 5.6500 21.7000 60.3
Pb mg/L 0.05 0.0259 6 0.0001 0.0900 136.1
PCB mg/L not def 0.0001 3 0.0001 0.0001 23.2
pH mg/L not def 6.6733 15 65.4000 6.9000 1.7
Phenol mg/L not def 0.0004 6 0.0001 0.0020 186.2
226RA Bq/L 0.19 0.0634 6 0.0001 0.3300 208.4
Se mg/L 0.01 0.0001 ) 0.0001 0.0001 0.0
Sulfate mg/L not def 48.0000 6 34.0000 75.0000 3.1
Sp.Cond. uS/cm not def 555.2000 15 272.0000 725.0000 32.6
Toc mg/L not def 65.0260 15 2.0800 8.4000 31.2
Tox mg/L not def 0.1732 6 0.0060 0.4100 107.6
Toxaphene mg/L not def 0.0014 6 0.0001 0.0052 152.1
Tritium Bq/L not def 203.5000 2 37.0000 370.0000 115.7
137¢s Bq/L not def 0.4824 6 0.0001 2.0799  165.2
2,4-D mg/L 0.1 0.0001 ) 0.0001 0.0001 0.0
2,4,5-TP mg/L 0.01 0.0001 ) 0.0001 0.0001 0.0
9oSr Bq/L not def 180.6267 3 0.5800 540.0000 172.3
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March (Table 5A, Appendix A). Further sampling should clarify the
extent of variation.

Two wells, numbers 3 and 4 sampled in late February and early
March, showed concentrations of barium in groundwater that were in
excess of the NIPDWS maximum level (Table 5A, Appendix A). The source
of barium in the groundwater is not clear. The concentration of barium
in the EP extract of the mixed fill/sediment was < 1 mg/lL (approximately
100 times lower than the maximum allowable EP concentration), and the
total barium concentration of the material was observed to be between
300 and 400 mg/kg (see Table 2A)-not greatly different than many
soils. For example, soil solutions from the same soil type as that
used as the fill contain concentirations of barium approaching 1 mg/L.
Again, further sampling will be required to determine a definitive
trend. One groundwater sample {taken from well 4 in June of 1985)
showed a chromium concentration of 0.059 mg/L which is eguivalent to
the maximum allowahle NIPDWS concentration (0.05 mg/L). However, all
other groundwater samples were near detection levels (0.0001 mg/L),
indicating that the elevated chromium measurement is likely a
statistical outlier or a faulty measurement. Lead measured in the
groundwater also exceeded the maximum allowable NIPDWS concentration on
two sampling dates: one was in an upgradient well (sampled in late
Fehruary), and the other in well 3, also sampled in late February.
Further sampling will allow statistical comparisons between upgradient
and downgradient wells to confirm lead contamination of groundwater.
The mean lead concentration in downgradient wells sampled to date is
0.0259 mg/L (see Table 7), well below the NIPDWS maximum allowable

1imit (0.05 mg/L).
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Counts of coliform bacteria in groundwater upgradient as well as
downgradient were in excess of the NIPDWS. These counts may result
from wildlife habitat such as waterfowl and terrestrial animals known
to be in the area. These also may represent sampling and analytical
variations. Additional monitoring will indicate a trend over time.
The concentrations of total organic carbon {TOCL) and total organic
halides (TOX) in groundwater samples appear to be relatively constant
regardless of the monitoring well sampled, upgradient or downgradient
the HRE impoundment. Detectable concentrations of PCBs were measured
in the downgradient monitoring wells (0.0001 mg/L) whereas in the
single sampling date (May, 21, 1985) in the upgradient well, its
concentration could not be detected.

Concentrations of silver, arsenic, cadmium, mercury, and selenium
in groundwater sampled to date are all well below the maximum NIPDS
limits. Also, evidence of potential contamination by barium, chromium,
and lead will be determined through continued sampling. To date,
however, it appears that the groundwater contamination is limited to

30 137C

radionuclides, principally " Sr, s, and tritium.
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7. TIMPOUNDMENT CLOSURE

7.1 CURRENT CONCEPT FOR POND-CLOSURE

The current technical plan for closure of the impoundment is by

entombment and is summarized by Myrick (1984) as follows:

The first phase of pond stabilization would involve removal of
55-gal drums that are buried adjacent to the pond. These drums
would be excavated and sent to the ORNL burial grounds as LLW.
Formation of the grout curtain surrounding the pond would then
follow, utilizing high pressure injection pumps. Grout sheets
would then be formed above and below the contaminated pond
sediments in order to isolate the contaminated materials from
groundwater flows. Once the pond is stabilized, the asphalt
concrete cap would be resurfaced, sealed, and permanentiy marked.

7.2 CHARACTERIZATION RESULTS TO BL CONSIDERED

The groundwater table is approximately 10 ft (3 m) above the
bottom of the soil-filled impoundment. This is probably several feet
higher than when the pond was in operation and is higher than generally
estimated when remedial techniques were considered for decommissioning
the impoundment (W. R. Reed, pers. commun.). In 1ight of the high
water table, the current technical plan for decommissioning needs
additional consideration. It is questionable whether the grouting as
indicated by Myrick (1984) would assure isolation of the mixed soil and
sediment waste from the groundwater.

The sampling borings (SP-1 through SP-2, Appendix B) conducted in
the soil-filled impoundment indicate that the sediment is mixed with
the soil and does not cover just the bottom of the impoundment.
Considering the method of filling (the impoundment), the ratio of the

waste to soil mixture is expected to be very heterogeneous.
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8. ADDITIONAL DATA NEEDS

8.1 GROUNDWATER SAMPLING

Monitoring wells at the HRE impoundment will be sampled at least
twice more so that four quarters of data on RCRA-regulated constituents
(see Table 6) will be available. For impoundments active after
November 19, 1980, RCRA regulations require that at the end of the
first year of sampling, statistical analyses be performed on the data
from the four quarters to determine whether the groundwater is polluted
by the impoundment. Pollution is assumed if the analysis (Cochran's
Approximation to the Behrens-Fisher Student's t test or an approved
similar test) indicates a significant increase {(decrease in the case of
pH) 1in the water quality parameters listed in Table 6 between the
upgradient and downgradient wells. This procedure for determining
pollution will be considered for the HRE impoundment after four

quarters of sampling and analyses have been completed.

8.2 POTENTIAL SUBSURFACE EXPLORATION

If results of continued sampling confirm that the HRE impoundment
has significantly contaminated the groundwater, then additional
exploration or monitoring wells will be considered in the appropriate
areas to assist in determining the extent and contaminate

concentrations of the plume.
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APPENDIX A

ANALYTICAL TABLES:
1A through 6A

Notes for all Tables:
1. The Y-" (minus) symbol is used to represent
the detection level
2. Detection 1imit for the same constituent
varied among the analyses due to sample
dilution and matrix effects.
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APPENDIX B

DRILLING LOGS OF BORINGS:
SP-1 through 5P-4,
and
MW-1 through MW-4






B-3 ORNL/TM-10002

Heole Neo. SP-1
VisHOK TNSTALLA " “‘i? l
DRILLING LOG  {Environmental Sciences Oak Ridge National Laboratory jor 1| smaxrs
VARGIEET w. uixmo Ty or Y 1 172 SPIIt Spoon
1-Filled Pond E -
¥s, MSL
Q gb‘ 12 MANUPACTURER S OdManATiOn OF BRILL
ing Rivision T TOTAL .;:5:‘3;’..;:.‘ HATURSEO Tonisronse
&z‘lﬁ. (Ag avown e drawing tie Sp_l WIRORN ! ¢ { ¢ ] 8 Jars
S HARE OF BRIV 14 TOTAL NMUMBER CORK 2OXES
P E more 1% ELEVATION GROUND WATEN
e SRKETION OF WOLE IGERC TRowscatin
(vennican (T]mcuingn DKE. FROM VERT, '8 OATE i 8 1 ‘/]4/85 :.]/15/85
- 17. SLEvaTioN Tor or mort 318' approximately
7. THICKNEIS OF QVERBURDEN ]S’GI 18 TOTAL CORE RUCOVERY FOR DORING .
0. ORFTH DMILLEG NTO Ao (). ] T HGNATURE OF TWIPECTOR
s. ToTAL OEPTM OF NOLE 15 7! R. G. Stansfield
aLevanion| cerry fLeaeno CLASHFICATION OF NATYNIALS bR iy (Deitting l-:‘::“:au. topan of
{ ) (fe) . |Visual clas”shl’ﬁ.c':gion only b "o i 4
818.0 AsphaTt Toncrete uger [No  |Boring and sampling -
3 8.2 Sampldconducted by driving -
g17.0| 13 g{:ihfaitgﬂe & clay 1.0 L1J1 172" x 24" split-tube [
. -~ ITC sampler. -
- Medium, moist P .
4 Red-yellowish brown 90% War 1 -
2~ ; —
] with mudstone fragments
o 3.11 -
3 Samples and drill —
- cuttings checked with —
4 705 par 2 [B/M meter. —
5 -] - e I S S :Tz_*%»—-dar 3 (Sample measured §—
b CLAY (CL) FILL *1 1 10 mrad) -
3 Medium to soft, No reading in excess of }-
6 -] wet, 40% Dar 4 |2 rrad was measured- -
- gray with some brown Samples Jars 4 through 9.§C
-~ pottling 7.1 o
7 —] : —
. No —
. 0% bample -
P _—:: 8.1 -
= 50% Jar 5 [
— 9.1' -
9 Water encountered during T
- drilling at approximate-
0 - 50% Jar 6 | 1y 5' depth. -
b Pccasional black staining | Excess material placed |-
. b from 10.0' down 1.1 in cans for disposal. |-
E 80% [Jar 7 -
2 "‘E 12.1 -
| — 802 |[Jar 8 E—
e 14,1 .
3 BOZ ljar g|Boring filled with sand [
= 15.0 and capped with concrete {
15 - ) on 3/6/85. [
0.4 - 15.6'] 42% 15.7° -
[ & Uy o [~
: — T SHALE -
802.5 36 —] greenish-gray . "
] 15.7 —
7 Botgom—o;hole E_
] split-spoon refusal -
PROJECT ] “§bf ro



ORNL/TH~-10002

Hale Ma- SP-1A
E« 1500 1957 ALLATION A HERT 1
DRILLING LOG | nvironmental Sciences Oak Ridge Mational Laboratory or 1 onzavs

b FRAOINCY

SEMP-HRE _SoileFilled. Pond

W, WET AMOD TYER OF MY 8" A r '
mwmnmm;ﬁﬂrm&ail*s—‘—u >

L LOCATION (Foardnaana o2 Statianl

[Within 3’ of SP-1B)

TL #ARUPACTURER 1 DANGHATION OF DMILL

AL iNG AGENCY P
piant & quipment Divisiun

Mobile B-33

o MDLI %Q. (da 2hown »n downg ll"eﬂ
send St rsmisacd

SP-1A

1 8 TQTAI. nd. Af O

VR ‘ola'rua-lo
LRDEH SAMPLAES TAREHM

4

T UMD BTURDTD

Jags

B HM( Of DAILLER

P. E. Moare

14. TOT AL HUMBER CORE 8033

15, BLEYATION GRQUNMD WATEA

. DIALCTION OF XOLE

E:]'l(ivu: s Tjimcummeo

OEA. FROM YERT.

19, BAYR WOLE ‘l"f715785 Icﬁﬂ‘ﬁnf'ﬁ

17. ELEVATION TOP OF MOLE 518' approximately
7, THMWCRWEDS OF OVEREBUMDEW ‘ﬁ ll
13, TOY AL CORE RECHOVEARY FOR ROMNG
9. DRPYW OMILLED 1HTO ROEK - . HGNATURE OF INSAECTOR
5. TOTAL DEATH OF HOLE 16.1° R. G. Stansfield
tLEvaTion| ogeta lLEGEND CLAZSIFICATION OF MATERIALS :::é’é'vl- :si;ﬁ (Dritisng v e e, Ao ot
N ste., it )
6] (f¥) e Nisual classification pnly . ' P
816.0 : fspha_l‘?c ‘°’!5f,2“’v— """ ~| Auger{No 11/2" x 24" split- -
1 B Sampl¢ tube sampler driven =
817.0{1 -4 Lrushed Stoned Clay 1.0 through hollow-stem .
. CLAY (CL) FILL auger in drives as -
- Medium, moist shown. Auger was -
2 1 Red-yellowish browm 50% par 1| advanced after each -
- ¥ith mudstone fragments drive to depth of 115' I~
— 30 when augering was -
3 - 12:¥ | terminated as it was -
- starting to bring up [
] _;: 259 contaminated water. 1
) Water encountered -
- during drilling at —
[ Rt approximately 5', color L ar 2 approximate depth of [
. rhanges to brown; ar 5'. -
- tonsistency to medium to -
6 —I poft; and moisture to wet 101 Drill cuttings and [
. excess sampla were -
- placed in cans for -
7 A disposal. -
E 7L‘ Sanples and cuttings E
8 - checked with G/M meter B
3 during drilling; no -
- 10% readings in excess of |~
9 ] approximately 2 nraa W
- 9.5{W were measuyred. (
ho — Boring backfilled with {—
m 13% sand and capped with -
i , |Jar 3] concrete . -
- 11.0 -
1 — —
- 10% -
] 12.0° -
12— [
. 57% -
3 — -
= T 13.4° -
. . -
14— f7% ar 4 —
5 - —
= N5.5" -
aon.a e —L L . 16.10ax . 6.1 -
. plit spoon refusal -
» bottom of hole —
7 — —
:E% EE—
eIl E
PROJECT HOLE 20,

SP-1A
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Hole No.  SP-18

R T@ITALLATION THERT |
BRILLING LOG  |tnvirgnmental Sciences Dak Ridge National Laboratory L- 1 sumevs
N ROIRCT 10. HIL AND TVIE OF BT 37 Auaer
SFMP-HRE Soil-Filled Pond 1 OATY oS -
. LOCATION (Caestinatos v Jiatimm
118600.49; £31486.19 Y mnurn}cfuntg‘; DEHGNATION BF SRILL
. DRIL LING AGENCY. . Mobile B~
Mane 4 ﬁzmpment Division T TeTAL Wo ar BV TSEToR RS TORGITUR SRS
4 HOLE MO (A ahemns wn o uwing iia] SURDEN JAMPLES TAREN ! © ¢ Jape
red file Aeend ud : SP-]B
mLL!‘ - 14. TOT AL MUNSER CONE SOXES
re 18, ELAVATION GROUND SATER
5. OIRECTIONM OF BOLE " "TLIYID !CWLIVCD
lvamrican [Tiwcuinan o€ *aowm vERT. 16 DATE woLE 9/1/85 i 3/1/85
17 RLEVATION TOP OF NOLE 318.26'
7. THICKNESS OF GVERBURDEN 16 7'
16, TOT AL CORE RECOVERY FOR BORING LY
8. OLPYN DRILLED INTO ROCK 0.3 V8. TIGNATURK OF INSPECTOR
9. TOTAL DEFTM OF HOLE 17.07 R. G. Stansfield
fLEvaTION) DEPTH [LEGEND . u‘”"“,‘,‘,‘:f::uf*‘""“ :z:ga‘svf gfs;t‘l (Drilling .-::;-«::7'::‘-« dowrh of
(ft) (i) < |Visual classification only A v €
818.3 - Asphaltic Pavement 0.4'] A ugered to 5.0' depth and{”
- [rushed Limestone & Clay U btained sample Jar #1 —
817.3) 1 ~J oL} 6 rom bit. -l
- CLAY (CL) FILL £ -
-~ with occasional R ater encountered during I~
2 shale & limestone £ rilling at depth of [
- fragments up to D pproximately 5°'. -
- at least 2 1/2" size -
3 ] nstalled CME sampler at .
=1 .0' depth with end of -
-~ 5.0' pampler protruding 0.3' ¢
4 ar low auger bit. .
b 1 =
n 5.0' b.5 mrlPrill cuttings and excess|—
5 -] . sample placed in cans forf—
] ar 2 @isposal. -
6 _— Lolor is brown to 5.0' 20 mR ampies and drill [
- depth.  Below 5.0', color uttings checked with -
=1 is borwn with zones and /M meter and measure- -
7 - inclusions of gray , fents recorded in —
T 50% 75" Fol. "f* in mR. -
. > Jar 3 -
8 5mR -
-~ Boring backfilled with [
9 -] pand and capped with -
. Foncrete on 3/6/85. -~
7 10.0' {10.0" -
no — -
(R -
(- -
= 26% Jar 4 -
— 1 mR -
13 — —
- —
] 15.0' |15.0" -
5 —d "
s 0.1 m -
- 20% Jar 5 [~
6 —I -
E 16.7' 16.7¢ [
e et 11 TR - -
e — Bottom of hole -
E =
E -
E 3
1 PROLECT HOLE NO.

SP-18
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B-6

Hole Me. SP-2
DIVIBION TMATALLATION INBET |
DRILLING LOG nvironmental Sciences a idge National Laboratory or LML TS
L i 1 Sci Qak Ridge Nati 1 Laborat 1
T FRGIECT 13, 1T 2uD TYPL OF BIY q" Auger
SFMP-HRE Soil-Filled pond TERTGE FOR -
LOCATIGH (Caoed o oy Jimtien) MSL
mBS‘M. 34, .ﬂql G.éSQ.‘S? A HANUF ACTURTA S GENGRATION GF DATLL )
T BRALLING AGERLT Mobile B-33
sk b ulenent gl an IR en Ty ey L
amd 110 ensactreed Sp-2 3 Jars
N AWE OF ORILLER 14 TOT AL BUMGTR CORE BORES
P E mo'.e 18, ELEVATION GROLMD WATHR
N uu;uc‘r-mn or ®oLk | STARYRD !caua\.lvia
Fvermear [Checumao . ons. 7ROM vEAT. 18 DATE HOLE | 3/4/85 3/4/85
17. ELEVATION TOF OF MOLR 819.21"
7. THICNNESS OF QVERSUAOEN 16.7° 19, TOTAL CORE AECOVERY FOR BORING
A DTPTH DRILLID IMTO ROCK 0-6: 5. GMATURE OF INIPRCTOR
9. YOTAL ORPTH OF HOLE 17.3 R, G. Stansfield
CLAZSIFICATION OF wATTAIALS CONRE |80X oA REMARKD Y
uw#,sm D(!:g)" e isual cl;s(gﬁ'?'}’éﬁ'fion only "‘%3% ":"?-“ “’;ﬁg;x;;:j,':;':_,;ﬁ, )
819.¢2 - Asphaltic Pavement  0.4'} A Water encountered -
- Krushed Limestone & Clay 1.0 U during drilling at -
a18.2 | 1.7 L G depth of approximately Y-
3 CLAY (L) FILL E R =
- \Wwith occasional shale and . -
2 -] I N £ CME sampler installed I—
] e mgetseto |5 | e gethor
= 5.0' with end of sampleri—
3.1 protruding 0.3' below L
- auger bit. Each sample [
-~ checked with a G/M —
4.7 meter. -
3 At 6' depth, a very ~
571 Color is brown to 5.0° 5.01.15.0! ) Tocallized portion of thd—
] depth. Below 5.0', color is Samp}e ;-ead approxi- -
0 brown with zones and mately 100 uR a? -
6 — tincludions of gray surveyed by Health [
— Physics at the time of [
] 60% jJar 1| sampling. -
- 100 all
= mR The next highest radio- .
- activity reading was .
8...] 5 mR at a depth of 9*. | —
. Drill cuttings and ::'
9.7 excess sample were L
= placed in cans for [
. disposal. -
10 — 10.3' |10.3" ) . |
- 0.3 0.3 Boring backfilled with [T
. sand and capped with [~
11 -3 concrete on 3/6/85. L
12 -
13 .5 60% jJar 2 "
: 5 mR -
14 ] -
15 ] 153" 15.3" | -
16 — 80%  War 3 =
| 3 mR -
1 — ' -
302.2 N7 e b o _—— e - . ) . [
2.2 T H%hrs s .
Bottom of hale -
18 - -
l - PROJECT

{ HOLE MO

spP-2
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Meie Na.  P-3

VIR TRITALLATION BRRRT
ORILLING LOC  Environmental Sciences  [Oak Ridge National Laboratory [ou 1 suenvs
. PROJECT 10. IR AND TYPRE OF T 254 Auger
SFMP-HRE S0i1-Filled Pond 8 -
COCATION rMa«uh-«eﬂ T MSL
k31485602 [T WANUP ACTURRR 3 DUNGNATION OF BRIGL
ﬁ%imnt Division Hobile 8-33
. 1L TOTAL NO. OF OVER- {ovaTURB KD P uNnoIITUR B RD
W HOLK MO. (Ae shown on drawing (tife] BURDEN SAMPLES TAREN | 4 Jars :
ot Bte mambas) Sp-1 :
km " 14 TOT AL NUNMSER CORE SORES
P L_MQOY'G 18 GLAVATION GAOUND RATRR
8. oml‘cno.n OF uous 8T amT RS lcommLuvuo
gvamrican CJrmcrino o Faom vunr. |4 PATE HOLE i 3/5/85 i 3/5/3%
Y. THICKNELS OF OVERSUADEN 15.0" [, SLEvaTion ToF of nave 318.01
0 7| . TOV AL CORE NMECOVERY FOR SORING A
. DEPYH ORILLED INTO ROCK Ib. > 1. SIGNATURE OF INSPECTOR
9. ToTaL oerTe oF woLL . ‘R. G. Stansfield
CLEVATION| DEPTH |LEGEND| A o A Y ERI ALY h:ioé."" :Aoest-l (D-mm‘:‘-::::?;:ll-u. doseh ot
{ft)e (f%) < Nisual classification only . ' . =
818.0 . CPHALTIC PAVEMENT L3I T A WATET encountered quring-
- CRUSHED LIMESTONE AND U drilling at depth of -
817 0 1= CLAY 1.0" G approximately 4°', -
. ] R A -
- CLAY (CL) FILL R k(0.2 mR ] =
7] with fragments of SHALE £ CME sampler 1nsta]1ed'|n -
~ and LIMESTONE up to at D auger at depth of 5.0 -
hy least 2.5" in size with end of sampler -
- protruding 0.3° -
3= below auger bit. [
] ) . o
.. pampie and drill cutting §-~
4 3-0"thecked with G/M meter [
- Jar \ End measurement recorded }-
1 1 in Col. "f" in mR. -
- Color is brown to 5.0 depth. 0.2 mR -
7 Below 5.0', color is brown -
6] with zones and inclusions of -l
] gray [
7] -
-y -~
= s41 | Jar 2 -
8] -l
] 0.2 -
9= mR -l
16— 10.3' =
-3 —
= =
13— 302 |Jar 3 .
(Lo mR -
VooTbo b 15.0' | 15,3 -
803.0 - SHALE, CALCAREQUS g ; - Jar 4 1 btad d~—
: Gra; 15.7° N b Jar 4 sample obtainedf”
302.3 ~ 7 T r mgy“E“ from bit of auger —
16— Bottom of hole 0 mR. -
" Boring backfilled with |-
e sand and capped with -
b concrete on 3/6/85. [~
. -
3 -
PROJECT HOLE NO.

sP-3
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Holo ¥o.  SP-4

Uill”]l;ll{\illlﬂi:

Giviaian THET ALL ATION ERT |
ORILLING LOG ; ral Sciences i oF MBS
1. 9HNUEi WM. NIK 200 TYME QF WY "
SFMP-HRE Soil-Filled Pond T BAYUS 'MKWTWT!@MM:
LOCATION (4 2.
N18574. 08, EITaEd BT A AT ORI T SRR TGR B BRI
DR, LIS .\Mlm:*r. L Mﬂbi ]e B‘33
t & Fayipment Division 15, TOTAL nQ. OF OYER- BETURGED TURD S TUR DED
2 HOLE MO. (An shwno o6 Srawang Helol HUADEN SAMPLED nnqn‘ 4 Jars :
=t RPe moxhas) SP-4 -
14 TOT A4 MUMEER COAL BONAS
* 'W'E".” wore 18 ELEVAFiON GROUKD WATRAA
g IRICTION CF wOLK W OATE MOLE |27 AmT 4O !:oum..gvxn
@vanrien (Jimcimen oEe. Fanm YRET. | 1/6/85% P 3/6435%
17. ELRYATIGH TP OF WOLR 818.52"
7. TMISHMNASS OF OVEAGURDIAN 16.3! ]
21 19, TGT AL CONE RICOVEAY 7OR ROAINE
2 paPTH ORILLED 1TO ROCK 0 - TR ORE 67 THAFECTOR
0. ToTAL oEPTH OF MOLE 16.5"' R, G, Stapnsfield
gLaEvATIoN 0EPTH |LEGEND CLARIFICATION OF JATERIALS a‘l{sogv! ;:s;g (Pratiing :u:::—‘;:‘v:f.-q dwprn ot
(fe) 1.°8) « Nisual classification only . ' iy
818.5 — ASPHALTIL PAVEMEUT 0.3° Water encountered during [~
- CRUSHED LIMESTONE AND oA drilling at depth of -
g17.5| 1~ LAY T U approximately 4'. -
I CLAY (CL) FILL with SHALE G A E
- and LIMESTONE fragments up E CHE sampler installed in i~
2 — to at least 2 1/2" size R auger at depth of 5.0 -
- £ with end of sampie -
D protruding 0.3' below -
3.7 auger bit. -
a4 5 0 E~
. Color is brown to 5.0' a,; =
I depth. Below 5.0', color 5.0 par '\"’ 0.3 mR -
5 -] is brown with zones and | 7L5;(7 -
] inclusions of gray *Y |Each sample and drill -
- cuttings checked with -
6 — G/W meter and measure- [
- ment recorded ia Col."f" |~
: ] in mR. -
3 Sample in Jar 3 obtained _:_
8 _Z 30% | Jar 3 from auger cuttings. .
. <0.2 [
9 mR -
10— 10,3 )10.3" =
7] -
N ..
1 ] 0 -
7 Jar 3 -
-1 R -
12— £ 0.z -
i ] C mR -
-1 0 [
13— v -
. £ -
- R -
e R =
i — -
15 -] 15.3" | i5.3"
g 16 5 : 16.3" a2% |Jar 8l 0.3 mR
08t T SHALE, CALCAREOUS -1
- = 16.5" 16.5' Boring backfilled with
-] Bottom of hole sand and capped with
% concrete on 3/6/85.
—
3
l PROLECT |n0l—§ﬁ"_%
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Hele Mo, MW-1

Division ’
DRILLING LOG [Environmental Sciences 5:11"1{‘1'52;%' National Laboratory l::“z' snexrs
1. PROJECY w
SFIP-HRE 5011-Filled Pond o MAle Kol W1

Ve, U -

i ‘ﬁfgé ff’f‘tm?z"ﬂ,"’ Tm%mﬁﬁmm‘ .

Plant & Equipment Division Mobile B-33

weathered, JQO%_“ Jar 3thammer falling 30 inches

gray-brown , 10.4" for a 100 blow count.

damp

-

At approximately 12.0',
12 action of drill indicated

TE::‘:O._(::‘#--' - daving ritie] " {3:3&-"%..?:&‘{'7'&:" f;:,::;n jumoisTURSND
< HAME OF ORILLER -] T4 TOT AL MUMBEN CORE SOXES
P. E. Moore 15, HLEVATION OROUND WATHR
. HAECTION OF HOL K : sTAATED lcosumrLatRD
Xy vanrican Jincuinxn OXS. FROM vERT. '6. DAY noLE 2/21/8% 12722765
7. THICKNESS O ovEnsunoen (WEA LHETEd SHITE)—]!7- ELAVATION TOP OF uOLE $23.2° -
6. OXPTH ORILLED NTO ROCK  Jg 7+ :: :-::::::;:T:::.c.r;:m hnidodd A
8. ToTAL DEPYXH OF HOLE 29.77 R. G. Stansfiel
lLl(\lfA:Y)lal ?zf-{)u uaxuoﬁsu:]“‘:’l'; 'S:{SAD:;I'f:(:'C?I t:" ';:1"‘0"‘:']*’ :::g%:v'. ::?5;?..: (Drsiting lh::;:_‘l.-;l,oca. dopth of
'y y o 3 .'
3237 - [ASPHALTTC PAVEMENT 073" Satiples and cuttings
7 CRUSHED L [MESTONE AND checked with G/M meter.
392 5 | 1 CLAY 1.0' No readings above
. = SHALE background.
7 intensely weathered, :
2] brown, Jar 1 sample from bit of
- damp j— auger,
— f
13- Jar |
hus 3.0
4.7}
E ‘/\Jar 2|dar 2 sample from bit of
5 ] L~ {auger.
b 5.0
~ Each sample and drill
6] cuttings checked with a
- G/M meter; no measure-
— ment above background.
7-3
3_T]
9.7 Jar samples Nos. 3
3 through 6 were obtained
— 10.0° by driving a split-tuce
10....‘:‘ SHALE : sampler with 140 1b.

HH}HIl{ll”lIHWH{Y]THT]HH]HH;HHIJIH‘HHU]H!HH;IHT{HH]HH[HH{!II!IHH{HH

’E approximately 0.2' Timestone.
Fragments later brought up
1371 dauqger were nard, gray, fine-
-1 grained 1imestone
147
3 Free water first noted
151 CALCAREQUS SHALE 15.0"' jon sampler for Jar 4,
T Rust-stained fractures, _100% 4g._a»r'_g_appr‘oymmtely at 19.0°'.
= gray 15.4°
16 ]
17
137
197
" 3
803.2 | 5,y -
PROIECT ]«on.: Q.
-1



ORNL/TM-10002

B-1

0

H

Mole Me. MW-1
2iv 310N 3T SLLATION IMERT
DRILLIMG LOG Fnvironmental Sciences OQak Ridge Mational Laboratory lo' 2 smanTs
t. PROIECT 19. SIZL AMOD TVRE QF BT 3
SAIP-HRE Soil-Filled Pond b GRTY ket
[TLOCATION (Comrdmmon oo Semtnnd
T WARUF AL TURER 3 OANGWATION OF BRI
T DRILLING AGEMLCY
13. TOT AL ®O. OF QvaA- Imlrunnnv L UnGtITUA BSED
4. HOLE NG, (da ohoon e g ) 1 PUNOAM TANPLED TARRM | :
S WRRE OF GRILCTEN = 14 TOTAL AUMBEA CONE BAXKS
18 ELEVATION GROUND TATER
8. DIRZCTION OF HOLE | sV anTRO !:om';lv:o
Clvanviea, (Jiscuimnn oKe. TRON VAT, " DATE novk l :
5 THICKMRES OF SYIRDURDEN 17 guavarion To7 or Ml
o LD 5. TOT AL CORE RECOVEAY FOR BORING 1
y M DAILLED WTO Rock 15. SIGNATURE OF MIFLCTORN
2. ToTAL DEPTH OF nOLE
eLavaTion] geeTw |Leceun] | CLAMIFICATION 0F WAT ERIALS YL x| (s REwARES
{fr) ?fg) 20e Nisual clas’?l?sCﬁTﬁon only AR P "N'M'::' ety
503.2 ] 8 FALCAREOUS SHALE T00% [Jar 5 -
p pray., N PP -
. hon-weathered, 20.4 =
2174 koft, -
» platey -
2271 -
237 -
24— -
- 25.0° =
- 1007 1dar 6 =
= 254" =
267 [
(e =
28 -
97 r —
/ —
793.5 ~ L R _29.1° R thrl 100 blows; no advance. [~
71 30-4 Bottom of hole LIMESTONE fragment -
: = (1" size) recovered, -
hard, fine-grained. -
- —
] -
= =
4 -
- -
- -
i -
—_— L
A | -
9 -
— -
- -
- —
oE |
1 L1
PRQIECT 1»101.! RES
MW-1
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Hale Mo, My.2
DIVISIGN 83T ALLATION Ian(lr T
ORILLING LOG Enviroomental Sciences Qak Ridge Mational |abgratary or 2 wuurs
V. PROINET V0. NIK AMD TYIE OF @it 3" Auger
3 HRE SoilaFilled Pond Site ' " -
LOCATION (Camuiinatas se Ttettan) MSL
N18581.39; E£31,533.62 i nnuuvmru«(u:auncnnuon SF OAILL
A (NG RaENCY Mobile 8-13
4. HOLE WO. (As shown un aEmm ‘:("I“S[]Qn 1. :3;3‘:‘:&3&:; TAREN 2.3\‘-..° {unoraTumes
et 10 CMW-2 ars
5. wAME OF DRILLER : 14, TOTAL MUMSER CONEK SOXKES
P E- HOOI"E 1o KLEVATION GROUMD WATER
CH Dll‘lchoﬂ AF HOLK aTanTM CEOMPALET RO
mv(ntucn. {OJemcrimen 0gA. RO YERT. '8 DATR noL& 2/25/'35 2/26/05
17. BLEVATION TOP OF nOoLE 513_ 4!
7. THICANESS OF OVERBUAOEN 5.0
1957 10. TGY AL CORE RECAVERY FOR GORING ‘
9. DEPYH DRILLED WTO ROCK . 1. SIGRATURE Q¥ INAPECTON
8. tavAL OKPTH OF HOLE Y . G. Stansfie
KLavATIoN| DERTH [LeceNo _cLassiricarion g T ERIALS ALCOM | RAUSLE|  Dritiing rimes b oo, depth ot
(ft] (§t)| ., ¥isual classit{gatran only W A Sibems
513.4 » CLAY (CL) A -
— medium, U -
1] moist, G -
=1 brown, 3 -
- with shale fragments R -
2~ £ -l
] ) -
3 -
R 5.0 | Sample in Jar 1 taken -
~ | Z—— from bottom of auger. }-
- 5.0° ar 1 -
J.
808.4 | ST G R N vE sarolor | E
I extremely weathered CME sampler installed in }~
6] from 5.0°-9.5", aug:r a; d?‘pth o]f 5.0 -
= : B} with end of sampler oy
- highly fractured and platey 80% Par 2 protruding 0.3 below =
. - 7.0' | auger bit. -
7 Each sample checked E
- with G/!f meter; no —
8“: measurement above -
~ background. -
] -
91 , | Removed CME sampler at
5039 B 2.5 | 9.5 [13.4" due to —
U3, n CLAY () 10.0° Par 3 | termination of advance; §C
10— medium to soft, g0 continued with auger. -
-] moist, -
" ] greenish gray 11.0" E_
] 1.5 grst -
401.9 3 SHALE ~ T T 38y -
127 highly weathered, Y —
3 brown, ] -
. » highly fractured Dar 2 -
= 13.4° -
. I -
- —
14 [
157 -
3 =
16 e
17 7 -
18 .
19 3 ——
793.4 ioqg —
L -3,
PROECT i fﬂ-Z
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Haln Ma. 1W-2
ORILLING LOG l%lr::/‘%%nmental Sciences '”dé&‘h‘x'd‘é‘é Hational Laboratory ‘:’;‘Z' m‘i“

T FAQIRCT
SFMP-HRE Soil-Filled Pond

. LOATION (Cosdmaras or Jeaminn)

1. BAYU

wW. NAR AND TYPE oF 84T

£ P iag

B DRMLING sa8NTY

VX GAMUFACTURER 3 DEANGNATION OF ORILL

1A TOTAL 0. OF O¥AA- ‘mnu--tu UMM ATUM 98D
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APPENDIX C

GROUNDWATER MONITORING WELL REPORTS:
MW-1 through MW-4
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GROUND WATER OBSERVATION WELL REPORT

Elevation top of well riser pipe = 827.03'

PROJECT 2[MP_Ponds.

LOCATION __HRE Pond: N18,634.87; E31422-87 Wetl No. -1

Date Complered _2/25/85 Original Depth 262 Aquiter UPpermost
surface (Water table)

I=ﬁote:

KIT daptng and
heights are referenced
to ground surface

(See log of boring
M-1, HRE Pond)

¢ Height of riser pipe
i above ground surface

Height of t0p of surface casing.
pipe above ground surfoce.

Depth of surface seol below ground
surfoce

Type of surfoce seals___CoOncrete

LD. of surfoce casing.

Type of surface cosing:. > ¢!

Depth of surface casing below ground

LD. of riser pipe:
Type of riser pipe: Liberalass

Diometer of borehole
Depth of bdorshole

Concrete

1

1
A

Type of dackfill:
depth top of seol

Type of seal: Bentonite

depth o seol.
Typn:of”:and :,:: gﬂﬂﬂ“%ﬁ&"ed

Depth of top of sond pack.
depth fop of screened section.

Conasauga Group

Genergiized Siretigrophy

Type of screened section: _Fiberglass

Discribe openings Slotted, 2 sides,
0.01" at 1" intervals

LD. of screened section.

s

'tfl“ll]'lt!l
s Eij L.

e G2 PTH DOTtOM of screened section

depth bottom of sond column.
i observation
Type o(mbgﬁkﬁll beiow observ.

l

pipe. ace drill cuttings

depth of hole

oy
-

3.8°

2.0'

N

4.0"

3.0'
3.0"

29.7'

l

6.0

l

8.0'

I

8.0'

Fl

3.0

l

26.2°

l

28.0°

29.7"

I
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GROUND WATER OBSERVATION WELL REPORT

PROJELT SFMP_Ponds
LOCATION HRF Pond: N18581.39; E31533.62 wall Ne.
Date Comgiated . 2[26/85 ... Origingl Gepin 22,1 below Aquiter

ground surface

Uppermast
(Water table)

M2

depth of hote.

Y
4

Elevation top of well riser pipe 315.71¢
Note: A1l depths and heights ,
are referenced to 2.3
ground surface q «—— Helight of riser pipe e
. above ground surface
Meight of o 8! surfece <oning. 2.0
pipe odove ground surfocs .
Depth of surfoce seal Delow ground 3.0"
syrface X SO
Type of awisce seols Concrete
. 4.0"
LD. of surface coting. Steel e
Typs of surface CO8ing: . oo
. Depth of surfoce cosing delow ground SR Y .
I| L 0. of riser pipe: SRR ¢ K
Type of riser piper..Fiherglass
. 8' "
(See Tog of boring Dismeter of borehole ._____.,-9_:____...
M-2, HRE Pond) Depih of ?ornm SEYZ % SIS,
Type of bckfithCONCIEe ‘o
depth twop of seal ;
Type of saclh Beptonite 8.0'
Jepth buttem “Néﬁ’“lmmgrained PRS0,
§ - Type of sand pock...silica-saad
% = Depth of top of sond pack. S - 1 L—
3 —1 gepid top of screened saciion. 12.7°
o R .
& = Type of screened section: 2
Conasauga Group = Dis«fibe'cpmin« Slotted, 2 sides,
g g 0.01" <)ogs at 1" intervals
= pe LD. of screened section. SRV O « LA
o
i
- 22.7"
PU— L screengd SECtION e
- depih Dottom of sond columa. A WU M.
Pe Type of dackfill below observetion
pipe. In-place, drill cuttiag
L 24.9°
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GROUND WATER OBSERVATION WELL REPORT

PROJECT SFMP Ponds

LOCATION HRE :0;;1;8;”8518.64‘. E£31525.86 — weil No. M-3
Oate Compieted 2/ Origingl Depth = o Aquiter _Uppermost

ground surface (Water table)

Elaevation top of well riser pipe = §10.81°

lNote: A1l depths and heights

are referenced to .
ground surface § ¢— Height of riser pipe 2.7
above ground surface

l

Height of top of surface cosing.

pipe adove ground surfoce »...........__.._2'5‘
Depth of surface seal deiow ground .
surfoce : —2.34
Type of surfoce sech__Concrete
LD. of surfoce tasing Steel .__ﬁ_..._.._.
Type of surface cosing: e
2.5
Depth of surface cosing below ground R —
R 3.0"
(See log of boring || LD. of riser pipe: . P S,
MW-3, HRE Pond) Type of riser piper_| Der91ass
8.0"
Diometer of borehole e ————————
Depth of borehole PR Vi A,
Type of backfill:....Soncrete 6o
depth 10p of seol PR
Type of seal: 8.0"
* -
i'depth bottom %m_gragne d —
g Type of sond pack silica 2an
-4 - j Depih of top of sand pack. SRR - N SO,
s e depth top of scrnmdF _sgctk{n. 12.3
= = Type of screened sec “"'&'IEIS"?T:';"—‘
3 = 3
Discribe nings g{%tm St
» 0.01" dots at 1" intervals u
5 Conasauga Group LD. of scraened section. 3.0

¢ depth Doftom of screened section w223

3.0'
depth bottom of sand columa. 23.0

Type of backfill below observation
pipe. N-place, drill cyttings

24.7'
L “ depth of hole P ——

O
X
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GROUND WATER OBSERVATION WELL REPORT

PROEST

SFMP Ponds

LOLATION HBE Fond:

N18a15. 45,

£31444.65

Dote Completed .. (4480 ... Origing! Depid

Elevation top of well riser pipe = 816.10'

ground surface

Wall We. JH-4 e
Aguifer lRpsmast.......
(Water taglgl

Note:
are referenced to
ground surface

Mi-4, HRE Pond)

Conasauga Group

Hanorsiized Siretigrashy

(See log of boring e

A1l depths and heights

WD

Hl

|

T

HINHN

§
-

,_____.i

R a— Height of riser pipe

above ground surface

Height of top of surisce cosing.
pips chove ground surfsce

Depth of surface seal below ground
surfoce

Type of mwface sesls toncrete

LD. of surface casing.

Type of surisce cosing:...2ieel

Depth of surfoce cosing delow grouad

LD. of riser pipe.

Type of riser pipe: Fiberglass
Diameter of borehole

Depin of borehols

Type of bockfill: Cancrete.

depth top of secl
Type of segl: Bentonite

-grained

{‘Bepin Botiom o ?’
silica fand

Type ef sand pock

mmh of tap of sond pack.

depth top of screened anﬁ_oﬁ.
Type of scresned uct%om )
Disciibe openings Slotted 2 sides;

0.0%* siots at 1" intervals

LD. of 3craaned section.

oo $8 PR DOTIOM 0F screened section

e rereees. S8R DOttOm of sand colump.

Type of backfili below observation

pipe. In-place drill cuttinge
depth of hole

3.0'

2.2!

3.0"

8.0"

8.0!
8.7'

24,7
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