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ABSTRACT

STANSFIELD, R. G., and C. W. FRANCIS. 1986. Characterization
plan for the waste holding basin (3513 Impoundment).
ORNL/TM-99569. 0ak Ridge National Laboratory, Oak Ridge,
Tennessee. 56 pp.

U. S. Department of Energy (BOE) facilities are required to comply
fully with all federal and state regulations. In response to this
requirement, ihe Oak Ridge National Laboratory (ORMNL) has established
the remedial action program, to provide comprehensive management of
areas where past research, development, and waste management activities
have been conducted and have resulted in residual contamination of
facilities or the environment. One of the objectives of this program
is to define the extent of contamination at these sites, The intent is
to document the known environmental characteristics of the sites and
identify the additional actions, such as sampling, analytical
measurements, and modeling, necessary to confirm contamination and the
possible migration of contaminants from the sites. One of these sites
is the waste holding basin (3513 impoundment).

The 3513 impoundment is an unlined waste settiing basin
constructed in 1944 for collection of ORNL wastewater before its
discharge into White 0ak Creek. Operation of the facility ceased in
1976 when a new process waste treatment plant came into operation.
Considerable site-specific environmental information has been developed
over the vears relative to the type and quantities of radionuclides and
hazardous substances contained in the pond water and sediment. The

concentrations and patterns of distribution for many of the

ix



radionuclides in the aquatic biota as well as for the terrestrial
plants growing on the berm of the impoundment have been determined
byDOE ecological studies. Recently, some data were collected that
evaluate the extent of contaminant movement to the groundwater.
Results from these studies are summarized in this report. Also
included in this report is an outline of additional tasks needed to
obtain the necessary information to model the transport and dose

pathways of hazardous substances from the site.



1. INTRODUCTION

U. S. Department of E£nergy (DOL) facilities are required to comply
fully with all federal and state requlations. In response to an
application to the U. S. Environmental Protection Agency (USEPA) by the
Oak Ridge Mational iLaboratory (ORNL; for a permit to operate a
nazardous waste storage facility, the USEPA has required ORNL to comply
with the 3004 (u) provision of the 1984 Hazardous and Solid Waste
Amendment of the reauthorization of the Resource Conservation and
Recovery Act (RCRA). Under these regulations the Permittee is required
to identify and characterize all solid waste management units currently
or previcusly located within ORNL's boundary. The intent of this
regulation is 1o determine whether a prior or continuing release of
hazardous waste or hazardous constituents have occurred and/or to
characterize the nature and extent of the releases.

Gne of the facilities that may pose an undue risk to health,
safety, and environmeni as a result of the migration of hazardous
substances to groundwater is the 01d Hydrofacture Facility (OHF). This
report documents the existing environmental information on the 3513
impoundment and defines additional actions, such as the installation of
monitoring wells, collection of samples, and analytical measurements,
required to confirm contamination and the possible migration of
contaminanis from the site. Also included are descriptions and
estimated costs of activities required to collect additional geologic

and hydrologic information necessary to model the site performance.
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2. DESCRIPTION OF THE FACILITY

The 3513 impoundment at ORNL is located on the north side of
westward-flowing White Oak Creek between Building 3544 on the west and
two smaller impoundments, 3539 and 3540, on the east (see Fig. 1). On
the north side lies Basin 3524 which, like the two smaller impoundments
on the east side, is a part of the ORNL process waste system. Figure 2
is a photograph looking northward from south of White O0ak Creek, with
the 3513 impoundment in the center, the 3539 and 3540 basins on the
right, and the 3524 basin in the upper left portion of the figure.
Groundwater monitoring wells were installed in January 1985 for the
3513 impoundment and in the fall of 1985 for the other three
facilities. [Impoundment 3513 is positioned such that groundwater at

this facility might well be influenced by the other three impoundments.

2.1. IMPDUNDMENT CONSTRUCTION

The unlined impoundmeni was constructed in 1944 {o serve as a
settling basin for laboratory wastewater before its discharge into
adjacent White Oak Creek. The impoundment was constructed by
excavating into the clay soil overlying the limestone bedrock at the
site. No lining was added to the facility. Dimensions of the
impoundment at normal water-level elevation [237 m (778 ft)] are
approximately 67 x 67 m (220 x 220 ft), sloping to 61 x 61 m
(200 x 200 ft) at the bottom. The bottom elevation of the north end of
the impoundment [approximately 235 m (772 ft)] is approximately 0.3 m
(1 ft) lower than the south end (Stansfield and Francis 1986). Inflow

to the impoundment was by five waste lines emptying into the north
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Fig. 1. Location of 3513 impoundment within ORNL.
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Fig. 2. Photograph taken looking northward with 3513 impoundment in
the center and White Oak Creek visible in the lower left.
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side, while outflow was through a like number of lines on the south
side. Employing the above dimensions and water level, a normal storage
capacity of approximately 7.1 x 103 m3 (1,880,000 gal) of water and
sediment has been calculated for the impoundment (Stansfield and

Francis 1986).

2.2. IMPOUNDMENT OPERATION

Operation of the facility ceased in 1976 when a new process waste
treatment plant came into operation. From 1944 until 1949, the
impoundment received supernatant from the Gunite tanks in which most of
the radioactive chemical waste at ORNL was collected. Fly ash and soda
1ime were added to the impoundment water to precipitate the major
portion of radionuclides before releasing the water to White Oak
Creek. Other waste streams routed to the impoundment during its
service years consisted of wastes from laboratory floor and sink
drains, chemical process cells, and shield and cooling water from the
graphite reactor.

In 1977, the depth of waste sediment at the south end of the
impoundment averaged 0.76 m (2.5 ft) and at the north end 1.2 m
(3.8 ft) (J. R. Horton, ORNL, personal communication). It appears that
the sludge may have consolidated somewhat since the cessation of
activities because the average depths measured in 1985 (Stansfield and

Francis 1986) were 0.49 m (1.6 ft) and 0.8 m (2.8 ft), respectively.
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3. CURRENT STATUS OF INFORMATION ON SITE

Considerable site-specific environmental information on the
facility exists in published reports (Stockdale 1951; Tamura et al.
1977; Stansfield and Francis 1986). Unpublished data of S. F. Huang
(ORNL) on radiological and chemical studies of the impounded sediment
were used extensively throughout this report and are referenced to

Huang, personal communication.

3.1. CONTAMINANT INVENTORY

3.1.7. 3513 Impoundment Water

Stansfield and Francis (1986) sampled the 3513 impoundment water
in May of 1985 and analyzed it for heavy metals, herbicides/pesticides,
PCBs, and radionuclides. The pH of the pond water was slightly
alkaline (pH of 8.0), with a specific conductance of 160 uS/cm.

Counts for coliform bacteria (12 counts/100 mL) were in excess of the
1imit (1 count/100 mL) established by the National Interim Primary
Drinking Water Standard (NIPDWS), probably due to the wildlife that
inhabit the area (see the Section 3.4 on Ecology). The pond water was
analyzed for metal content using inductively coupled plasma (ICP)
spectroscopy and its 1imit of detection for some metals exceeded
NIPDWS. For example, the detection limit for silver was in excess of
the maximum allowable NIPDWS (see Table 1). Concentrations of
chromium, lead, and selenium in unfiltered pond water were observed to
be in excess of the limits. However, levels of As, Ba, Cd, F, Hg, and
nitrate, as well as levels of pesticides and herbicides, were below the

maximum allowable Timits (Tables 1 and 2). The concentration of total
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Table 1. Concentration and inventory of metals and
anions in 3513 pond waterd

Constituent Concentration {(mg/L) Inventory
Pond NIPDWS (kg)
Metals
Antimony <0.3 ND <1.4
Arsenic <0.001 0.05 <0.1
Barium 0.0636 1.0 0.3
Beryllium 0.0029 ND <0.1
Boron <0 ND <0.5
Cadmium <0.001 0.0 <0.1
Calcium 75.3 ND 359
Chromium 0.07 0.05 0.3
Cobalt <0.02 ND <0.1
Copper 0.352 ND 1.7
Iron 1.38 ND 5.6
Lead 0.15 0.05 0.7
Lithium <0.2 ND <1.0
Magnesium 14.3 ND 68.2
Manganese 0.46 ND 2.2
Mercury 0.003 0.002 <0.1
Molybdenum <0.02 NO <0.1
Nickel <0.G06 ND <0.1
Potassium 2.4 ND 11.4
Selenium 0.015% 0.0 0.1
Silver <0.07 0.05 <0.3
Sodium <0.5 ND <2.4
Strontium 0.099 ND 0.5
Titanium <0.02 ND <0.1
Vanadium <0.002 ND <0
Zinc 0.118 ND 0.6
Anions
Chloride 9 ND 42.9
Fluoride 1 1.2-2.4 4.8
Nitrate-N <1 10 <4.8
Phosphate 1.64 ND 7.8
Sulfate 21 ND 129

aTaken from Stansfield and Francis (1985%' Inventory
based on pond water volume of 4.77 x 103 m3.
ND = level not defined by National Interim Primary
Drinking Water Standard {NIPDWS).
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Table 2. Concentration and inventory of organic

chemicals in 3513 pond waterd

Constituent Concentration (mg/L) Inventory
Pond NIPDWS (kg)

Herbicides and pesticides

Endrin <0.0001 0.002 <0.0005

Lindane <0.0001 0.004 <0.0005

Methoxychlor <0.0002 0.1 <0.0010

Toxaphene <0.0002 0.005 <0.0010
Organic compoundsb

PCB 0.0006 ND 0.003

Phenols <0.00 ND <0.005

T0C 14.7 ND 70

TOX 0.67 ND 3.2

4Taken from Stansfield and Francis (1986
based on pond water volume of 4.77 x 10

. Inventor
} 3 y

bpcg = polychlorinated biphenyls; TOC = total organic

carbon; TOX = total organic halides;

ND = limit not

defined by National Interim Primary Drinking Water

Standard (NIPDWS).
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organic halides was relatively high (0.67 mg/L) and a detectable
concentration (0.0006 mg/L) of PCBs was observed. Total organic carbon
content, however, was relatively low (15 mg/L).

The major contaminants are radionuclides (Table 3). The bulk of
the activity is from ]37Cs and 9OSr, measuring 290 and 420 Bqg/L
(7.9 and 11 pCi/mL), respectively. Gross beta activity appears to be

90

predominately from 903r and “Y decay [i.e., gross beta (910 Bg/L

or 25 pCi/mbL) is slightly more than twice the 905r activity]. Huang

(personal communication) measured 430 Bg/L (11 pCi/mL) of 137(:5 and

300 Bq/L (8 pCi/m) of 20

Sr in the pond water in September of 1983,
values quite similar to those measucred in 1985 by Stansfield and
Francis (1985).

ross alpha activity in the pond water is less than 2% of the
gross beta and ]37Cs activity combined, according to measurements
made by Stansfield and Francis (1986). Huang (personal communication)
did not measure concentrations of transuranics in 3513 pond water. of
collecting contaminated particulate material. The inventories of both

radioactive and nonradioactive contaminants in pond water of the 3513

impoundment are presented in Tables 1, 2, and 3.

3.1.2. Impoundment Sediment

Inventories of potential contaminants in the sediment contained in
the 3513 impoundment were conducted in 1977 (Tamura et al. 1977), in
1984 (Huang, personal communication), and most recently in 1985
(Stansfield and francis 1986). The initial study, taken immediately

after the discontinued use of the impoundment as a waste-receiving
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Table 3. Concentration and inventory of
radionuclides in 3513 pond water

Radionuclide Concentration Inventory?d
(Bq/L) (MBg)
Gross alpha 16 76.3
Gross beta 310 4300
Americium-241 3.4 16.2
Cesium-137 290 1400
Cobalt-60 5.2 24.8
Curijum-244 2.6 12.4
Plutonium-238 0.15 0.7
Plutonium-239 4.1 19.6
Radium-226 0.12 0.6
Strontium-90 420 2000
Uranium-234 1.6 1.6
Uranium-235 0.16 0.8
Uranium-238 0.61 2.9

aTaken from Stansfield and Francis (1986%. Inventory
based on pond water volume of 4.77 x 103 m3.
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pond, addressed the guantities of radionuclides measured in the
sediment. The quantity of plutonium isotopes in the sediment was of
principal concern because decisions had been made on how the
impoundment could be decommissioned based on the inventory of
transuranics (Tamura et al. 1977). Trabalka et al. (in press) made

monthly measurements of 238U. 239Pu, 24]Am, and 24

4Cm in the 3513 pond
water from March 1977 to May 1982 (concentrations the first two years
are reported in Auerbach et al. 1980). Water samples taken near the
center of the pond "just under the surface" and "from a depth of 1 m"
were filtered through a 0.22~-um membrane filter before analysis.

Water samples taken by Stansfield and Francis (1986) were also taken
near the center of the pond using a stainless steel, bottom-loading
bailer at both the lower and the upper depths; however, these samples
were not filtered as were those collected by Trabalka et al. (in

38

press). Measurements of 2 U by Stansfield and Francis (1986) are

very similar to those by Trabalka et al. (in press) (i.e.,
concentrations on the order of 0.5 to 1.0 Bg/L). ©n the other hand,

measurements of 241Am, 244Cm, and 239

Pu by Stansfield and Francis
(1986) tended to be 10 to 100 times higher than those reported by
Trabalka et al. (in press). The higher values by Stansfield and
Francis (1986) are likely due to the analyses of unfiltered samples
taken at greater water depths, increasing the risk Using core samples
taken from each of the fifteen 12- by 15-m grid sections established
for sampling the pond, an inventory of approximately 7300, 1100, and

200 GBg (200, 30, and 5 Ci), respectively, of ]3705, 9OSr, and

239’240Pu was determined. The core samples were taken by driving a
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3.5-cm-diam (1.4-in.) aluminum tube "into the sediment until the hard
bottom of the original floor was reached." A similar technique was
used to take five core sampies from the sediment of the impoundment in
September of 1983 (Huang, personal communication). Four of the cores
were taken from the center of the four quadranis making up the pond,
whereas the fifth core was taken from approximately the middle of the

impoundment. They estimated the inventory of ]37Cs and 20

Sr to be
on the crder of 4800 and 730 GBg (130 and 20 Ci), respectively. The
inventory of transuranics was estimated to he 140 GBg (3.7 Ci), of

which approximately 80% was 239Pua Measurable quantities of 238Pu,

241 134c, were also detected. Table 4

Am, and 244Cm as well as
contains a summary of the radionuclide inventories in pond sediment of
the 2513 impoundment as reported by the two studies.

Sediment samples taken by Stansfield and Francis (1986) were not
analvzed for radionuclides. The major objective in this study was to
ascertain the status of this sediment using the protocol promulgated
under the Resource Conservation and Recovery Act (RCRA, federal
regulation 40 CFR 261) to determine whether the impoundment sediment
would be classified as a hazardous or nonhazardous waste. Requlation
40 CFR 261 specifies that a solid waste i1s a hazardous waste if it
exhibits any of the defined characteristics of ignitability,
corrosivity, reactivity, or extraction procedurs (EP) toxicity.

The EP toxicity was of primary concern because the inherent
physical and chemical characteristics of the sediment ruled out
classification as a hazardous waste hased on ignitability or

reactivity, and the pH of the sediment slurry (7.2) eliminated

corrosivity as defined by 40 CFR 261. The EP toxicity characteristic
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Table 4. Estimated inventory of radionuclides
in sediment of 3513 impoundment

Radionuclides Tamura et al. (1977) Huang (pers. commun.)
[6Bq(Ci) ]

Cesium-137 7300 (200) 4800 (130)

Strontium-90 1100 (30) 730 (20)

Transuranics 200 (5) 140 (4)
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is based on measured concentrations of eight elements of the NIPDWS and
six herbicides and pesticides in the filirate of a 24-h solid waste
extraction test (USEPA 1980). 1If Jevels of these constituents exczaad
established maximum permissible concentrations, that waste is
considered hazardous.

The sediment from the 3513 impoundmeni was found to be hazardous
on the basis of mercury concentrations in the £P extracts. For example,
four of the five sediment sampies extracted by the £P contained mercury
concentrations in excess of the 0.2 wmg/L maximum allowable
concentration (mean concentration from the five samples was 3.0 mg/L).
No other RCRA-regulated constituent was observed to be in excess of the
maximum allowable concentration. The single exception might be
selenium as the level of analytical detection (approximately 2.4 wg/L)
was greater than the maximum allowable concentration (1.0 mg/Ll). The
concentrations of RCRA-requlated herbicides and pesticides in the
EP extracts were well below their maximum allowable concentrations.
Concentrations of organic compounds in the EP extract, as measured by
the TTO (total toxic organic compounds, a screenina summation for
113 of the 115 organic compounds listed by EPA as priority pallutants),
were quite low (concentrations less than 0.01 mg/L). The EP extiacts
were not analyzed for concentrations of PCBs, although detectable
concentrations were measured in the sediments.

The total concentrations of certain nonradioactive contaminants in
the impoundment sediment varied considerably between Huang (personal
communication) and the Stansfield and Francis (1986) study. For

example, mean concentrations of copper, lead, and zinc measured in the
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sediment by Stansfield and Francis were on the order of 4 to 6 times
higher than those measured by Huang (personal communication) (see
Table 5). Concentrations for cadmium, chromium, and PCBs varied by
factors of less than 3 between the fwo studies. However, unlike the
heavy metal contaminants, the PCB measurements made by Huang (personal
communication) were higher than those determined by Stansfield and
Francis. Mean concentrations from both studies were based on analyses
of five sample cores.

The inventories of contaminants in the sediment were based on
slightly different volumes of sediment as well as different physical
characteristics. Huang (personal communication) estimated the volume
of sediment to be 2.0 x 103 m3, withk a wet bulk density of 1.1 kg/L
and a moisture content of 80% (on a wet basis). Stansfield and
Francis, on the other hand, estimated the sediment volume to be
stightly larger (2.35 x 103 ma), having a bulk density of 1.2 kg/L
and a moisture content of 83% (on a wet basis). There was relatively
good agreement between the two estimates for the finventory of cadmium
and PCBs (3.2 and 6.1 kg for cadmium and 7.0 and 3.2 for PCBs). The
major difference in inventory estimates between the two studies was the
estimate for lead. Stansfield and Francis estimated the lead inventory
to be slightly greater than 1 Mg (1 metric ton), whereas Huang
(personal communication) estimated the lead inventory to be 185 kg.
The inventory of mercury, the heavy metal that resulted in
classification of the sediment as a toxic hazardous waste according to
the RCRA extraction protocol (EP), was estimated by Huang (personal

communication) to be 25 kg.
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Table 5. Concentrations and estimated inventories of nonradiocactive
contaminants in sediment of 3513 impoundment?d

Stansfield and Francis (1986) Huang (pers. commun.)
Concentration Inventoryb Concentration Inventory®
Contaminant {mg/kg) (kg) (mg/kg) (kq)
Ag 48 22 n.r.d n.r.
As <79 <317 2 0.9
Ba 378 1171 n.r. n.r.
cd 13.1 6.1 7.2 3.2
Cr 1100 520 440 194
Cu 826 388 150 66
Hg n.r. n.r. 56 25
Pb 2800 1310 420 185
Se 156 13.2 2.8 1.2
in 632 291 130 51
PC8 6.9 3.2 16 7.0

dMean concentration from five core analyses on dry weight basis.

bsediment volume estimated to be 2.35 x 103 m3, with a bulk
density of 1.2 kg/L and a moisture content of 83% (wet basis).

CSediment volume estimated to be 2.0 x 103 m3, bulk density
of 1.1 kg/L and a moisture content of 80% (wet basis).

dn.r. = not reported.
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3.1.3. Groundwater

The recent jnvestigation by Stansfield and Francis (1986) was the
first dedicated effort to determine the status of the groundwater
quality around the 3513 impoundment and to address the past and
possible future impacts of the impoundment on groundwater quality.
Five monitoring wells ranging in depth from 3.6 to 7.6 m (12 to 25 ft)
were installed around the 3513 impoundment at the locations illustrated
in Fig. 3. The methods used to drill the borings, the installation,
and a detailed description of the 5.1-cm (2-in.) diam stainless steel
well screen and casing, as well as the boring logs, for each of the
wells are presented in Stansfield and Francis (1986). Two of the
monitoring wells (MW-1 and MW-1A) were located at positions thought to
be upgradient of the impoundment in an attempt to provide groundwater
samples that were not affected by potential contamination from the
3513 impoundment. The locations of the other three monitoring wells
were selected to determine if contaminants from the impoundment were
migrating into the groundwater. A description of monitoring well
locations, pertinent construction data, and water levels during the
first, second, and third gquarters of 1985 are presented in Table 6.

The primary goal in analyzing groundwater samples taken from the
monitoring wells was to determine if the groundwater had been
contaminated. To do this, the samples were analyzed for the
30 constituents promulgated under RCRA regulations (USEPA 1980). In
addition, groundwater samples were analyzed by inductively coupled
plasma (ICP) spectroscopy. This technique provides general information

on concentrations of nearly 30 additional elements in one analysis.
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Table 6. Summary of monitoring well location, construction data,
and water levels at 3513 impoundmentd
(1st, 2d, 3d quarter 198%)

Well Number MW-1 MW--T1A MW -2 MW-~3 MiW-4
(ft)b

North grid 21463.30 214672.19 21180.43 21180.33 21287.89

coordinate

tast grid 31157.39 31155.27 31141.45% 31009.21 30970.03

coordinate

Top of wetl 786.61 7186.31 185.96 785.24 7183.25

casing elevation

Height of casing 3.0 2.9 3.0 3.0 2.5

above ground

Ground surface 783.6 783.5 783.0 782.2 780.8

elevation

Top of well 117.8 769.2 776.2 766.1 774.2

screen elevation

Bottom of well 775.8 762.2 769.2 769.1 767.2
screen elevation

Top of sand 118.6 769.6 778.0 111.2 7175.8
pack elevation

Bottom of well 775.6 7158.5 769.2 769.0 767.1
hole elevation

Water level 7119.56 780.05 176.68 773.81 116.79
elevation, 2-6-85

Water level 779.10 779.22 176.45 773.30 776.39
elevation, 4-8-85

Water level 778.21 1719.22 7176.25 773.13 776.56
elevation, 4-16-85

Water level 718.87 719,12 176.1717 773.43 715.93
elevation, 6-16-85

Water level 778.97 719.15 776.45 773.20 716.18
elevation, 7-1-85

aA11 wells are 5-cm-diam (2.0-in.-diam) stainless steel pipes and screens.
Width of screen opening is 0.025-cm (0.01 in).

by £t = 0.3048 m.
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Many of these are not RCRA regulatory elements, but their
concentrations in groundwater are useful in evaluating general
groundwater quality. For instance, concentrations of copper, nickel,
and zinc in groundwater samples were determined using this technique.
Stansfield and Francis (1986) reported concentrations in
groundwater samples taken from the five monitoring wells during
February and April of 1985. A summary of the concentrations of
selected groundwater parameters from the downgradient monitoring wells
samples collected during the first two guarters of 1985 is presented in
Table 7. The major contaminants in the groundwater appeared to be
radionuclides; for example, gross alpha and gross beta concentrations
exceeded NIPDWS concentrations in upgradient as well as in downgradient
wells. 1In the downgradient wells, the concentrations of chromium and
lead occasionally exceeded NIPDWS. Because there was no general trend
in the concentrations of either of these elements in the downgradient
wells, the investigators felt that further sampling would be required
to establish if these measurements reflected "real" contamination. The
EP extracts from the 3513 sediment contained concentrations of mercury
in excess of the RCRA permissible limits, classifying the sediment as a
hazardous waste. On the other hand, levels of mercury in the
groundwater samples were not in excess of NIPOWS. At some sampling
dates, counts of coliform bacteria in groundwater taken from wells
upgradient as well as downgradient of the pond were in excess of the
NIPDWS. These counts may have resulted from the wildlife habitat such
as waterfowl and terrestrial animals known to be in the area. At the

same time, the counts may have been propagated by leakage from ruptured
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Summary of selected groundwater concentrations from

downgradient wells at 3513 impoundment?@

Maximum levelb

MeasuredDb.c

National Interim Primary Drinking Water Standards (NIPDWS)

Arsenic 0.05
Barium 1
Cadmium 0.01
Chromium 0.05
Fluoride 1.4-2.4
Lead 0.05
Mercury. 0.002
Nitrate-N 10
Selenium 0.01
Silver 0.05
Endrin 0.0002
Lindane 0.004
Methoxychlor 0.
Toxaphene 0.005
2,4-D 0.1
2,4,5-TP Silvex 0.0
Radium-226 (Bq/L) 0.19
Gross alpha (Bg/L) 0.556
Gross beta (mR/year) 4

Coliform bacteria (counts/100 mL)
Parameters establishing groundwater quality

Chloride
Iron
Manganese
Phenols
Sodium
Sulfate

NDE
ND
ND
ND
ND
ND

<0.0018
0.2472
<0.0018
0.3388
<1
0.244
0.0002
3.5
<0.005
<0.07
<0.001
<0.0002
<0.0002
<0.002
<0.0057
<0.0058
<0.0463
1.47

19.92d
0.5

17.7
19.8
3.73
<0.0025
30.2
<12.8

Parameters used as indicators of groundwater contamination

pH
Specific conductance (uS/cm)
Total organic carbon

Total organic halogen

Nonregulated parameters

PCBs

Tritium (Bg/L)
Cesium-137 (Bg/L)
Strontium-90 (Bq/L)

ND
ND
ND
ND

ND
ND

ND

6.5
592
5.98
0.0485

0.0001
2100
0.39
10.6

qTaken from Stansfield and Francis (1986).

bConcentrations are in mg/L unless otherwise stated.

c . . . .
Measured concentrations are mean values of six determinations.

dMeasured concentration of gross beta is expressed in Bg/L rather

than mR/year (1 Bg = 27 pCi).
END = not defined.
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underground sewage lines that service buildings upgradient of the
impoundment. A similar pattern, elevated concentrations in upgradient
as well as downgradient wells, was evident for total organic carbon
(T0C), total organic halides (TOX), PCBs, and radionuclides, indicating
that the upgradient wells were affected by the transport of contaminants
from other sources, perhaps seepage from the 3524 waste impoundment or
leakage from underground waste lines. Differences in groundwater
concentrations between downgradient and upgradient samplings will be
tested statistically after the third and fourth quarter samples are

taken.

3.2. GEOLOGY AND SOILS

3.2.1. Regional Geology

O0ak Ridge National Laboratory lies in the Ridge and Valley
Physiographic Province. In Tennessee, the province consists of
northeast-southwest striking rock strata of limestone, sandstone, and
shale extending from the Georgia-Alabama border on the south to the
Virginia border on the north. The strata are tilted from the
horizontal 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.

3.2.2. Site Geology
3.2.2.1. Bedrock

Impoundment 3513 lies in Bethel valley approximately
213 m (700 ft) northwest of the Copper Creek fault. As shown on the

geologic map (Fig. 4), the site is underlain by unit "G" of the
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Chickamauga Group, a hard, mostiy thin-bedded Timestone with shaly
partings (Stockdale 1951). Locations of several core holes driiled for
the Stockdaie {1951) study in the vicinity of the 3513 impoundment are
shown in Fig. 5. Thin-bedded Timestone crops out in the bottom of
White Oak Creek immediately adjacent to the south side of the
impoundment. The limestone stratum beneath the impoundment dips to the
southeast at an angle of approximately 35 degrees from the horizontal,
and the beds strike approximately 58 degrees to the northeast. The
bedding plane strike direction is approximately parallel with the
section of White Dak Creek adjacent to the impoundment. With regard to
bedrock units "G" and "H", Stockdale (1951) reports "small secondary
openings in the rock brought about by solution through ground waters
exist in minor amounts as revealed hy core drilling." However, the log
of core hole No. 1 of that study (drilled from the south side and
directed beneath the impoundment at a 55 degree angle from the
horizontal) shows only two solution openings of approximately 1.3 cm
(0.5 in.) each, and they were at the inclined depth of between 65.6 to
65.8 m (215-216 ft). A geologic section through the impoundment

(Stansfield and Francis 1986) is shown in Fig. 6.

3.2.2.2. Soil

The soil depth around the impoundment is approximately 3.7 m (12 ft)
and consists mostly of material that would classify as clays under the
Unitied Soil Classification System. For the most part, these soils are
likely to consist of colluvium overlying residuum derived from the
underlying bedrock, but the area adjacent to White Oak Creek appears to

be of alluvial and fil1l origin. During the construction of one of the
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monitoring wells at this impoundment in 1985, a clayey sand with some
gravel was encountered, but is likely backfill material placed for an
abandoned 21-cm-diam (8-in.) discharge line that exits into White Oak
Creek near the location of the well. Logs of borings for existing
monitoring wells and details of well construction are included in

Stansfield and Francis (1986).

3.3. HYDROLOGY

From 1948 through 1983, the mean annual precipitation at Oak Ridge
was 139 cm (55 in.). 1In 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 Atlas of the United States"
(U.S. Department of Commerce 1979), mean annual lake evaporation in the
OQak Ridge area is 89 cm (33 in.). Thus, it can be estimated that
yearly an average of approximately 55 cm (22 in.) of precipitation that
falls directly into the impoundment is not lost to evaporation.
Multiplying this amount by the surface area of the impoundment yields
an average yearly retained precipitation contribution of approximately
93 m3 (24,500 gal). The level of the pond is generally held at an
elevation of 237.2 m (778 ft) which is the elevation of the effluent
drain Tines on the south side of the impoundment. Qutflow from these
lines goes to a sump from which it is pumped to the 3524 impoundment

and processed. In the fall and winter of 1984, the water level in the
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impoundment was allowed to rise to a maximum elevation of approximately
237.9 m (780.5 ft). No measurement is made of the guantity of water

pumped from the 3513 impoundment.

3.3.1. Groundwater Movement

Two water-table maps are shown in Figs. 5 and 7. Figure 5 is from
a report by Stockdale (1951} and depicts the water table for a large
portion of ORNL, based on well data available when the two impoundments
now located just east of 3513 impoundment did not exist. Figure 7 is
based on water-level observations from the five monitoring wells
constructed in 1985 and is limited to the immediate site of the 3513
impoundment., Water-level observations, on which Fig. 7 is based, and
monitoring well data are provided in Table 6. Both Figs. 5 and 7 show
the hydraulic gradient to be generally toward White Oak Creek, with a
lesser component to the west which is the downstream direction of White
Qak Creek. As previously described in the section on bedrock, White
O0ak Creek flows in the direction of geologic strike on top of the
limestone along the south boundary of the impoundment. 1In a
homogeneous material, groundwater movement is in a direction normal to
the water-table contours. However, studies on the ORNL reservation
(Webster 1976; Davis et al. 1984) support the fact that the direction
of groundwater movement in the bedrock is greatly affected by the
directional permeability of the strata. Therefore, the overall
groundwater flow through the bedrock is commonly in a direction at some
acute angle to the groundwater contours. Such movement would not

normally be expected to be in a straight line of flow but rather would
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follow irregular pathways along joints and bedding planes because the
bedrock strata has insignificant primary permeability. At the site, a
particular groundwater pathway could extend a distance wesiward in the
form of a bedding plane joint (direction of geologic strike) before
intersecting another fracture sloping in a steeper downgradient
direction toward the creek. 1In addition to the lateral movement of
groundwater at the 3513 site, the monitoring wells constructed in 1985
indicate the existence of a slight upward vertical gradient from the

underlying bedrock to the overlying soil.

3.3.2. Uppermost Aquifer

The soil overlying the limestone bedrock aquifer (Chickamauga
Group) consists of material that has been visually classified as clay
(according to the Unified Soils Classification System) which
categorically has a low hydraulic conductivity. One of the monitoring
wells at the 3513 impoundment is constructed entirely in clay soil and
to date produces water in a quantity adequate for sampling purposes.
However, for most water uses, the clay would provide an insufficient
quantity and would not be considered an aquifer. The two units are
hydraulically connected as the clay immediately overlies the limestone

bedrock.

3.4. ECOLOGY

The diverse assemblage of aquatic invertebrates in the 3513 pond
water and sediment indicates that any residual toxic effects from
nonradiological constituents of former waste effluent are small. For

example, over 30 taxa of insects, including two caddis fly and one
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mayfly species, have been identified (see Table 8 for a general
classification and trophic status of aquatic invertebrates). The pond
may be characterized as eutrophic with a mixed phytoplankton
(Hutchinson 1967). Benthic filamentous algae and submerged macrophytes
are seasonally abundant, and before cutting in 1982, an approximately

1-m-wide strip of dense emergent vegetation (Iypha, Juncus, and

Eleocharis) fringed the pond.
The vertebrate fauna are generally limited to frogs (Rana

catesbejana and Rana palustris), some snapping turtles, and an

occasional transient duck. 1In the spring of 1977, juvenile fish

(goldfish, Carassius auratus; channel catfish, Ictalurus punctatus;

bluegill, Lepomis macrochirus) were introduced into the pond

(Table 8). 1In recent years, Canada geese have been sighted frequently
on the pond. For example, in 1985 a pair of geese nested in the area.

Over the years, the pond has been useful as a radioecological
research site to study the behavior of actinides and fission products
in freshwater ecosystems. Concentrations and distribution patterns of
actinides among aquatic biota and between shoreline plants and the soil
were reported by Garten (1981) and {Garten et al. 1982). Similar

137Cs and 6DC0 in particular levels of the

studies relative to the
aquatic environment were conducted by 8. G. Blaylock (perscnal

communication). Woodchucks (Marmota monax), muskrats (Ondatra

zibethicus), and cotton rats (Sigmodon hispidus) have also been

collected from the area and counted for radioactivity (Kaye and Dunaway

1962; Garten 1979).
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Table 8. Classification and trophic status of aquatic
invertebrates sampled from 3513 impoundment

Genus Common name Trophic status
Burrowers/sprawlers
Erythemis Dragonfly naiad Carnivore
Plathenis Dragonfly naiad Carnivore
Glyptotendipes?® Midge larva Herbivore-detritivore
Pentaneura? Midge larva Herbivore-detritivore
Tabanus Horsefly larva Carnivore
Tipula Cranefly larva Herbivore-detritivore

Sprawlers/climbers

Physa Snail
Callibaetis® Mayfly nymph

iramea Dragonfly naiad
Enochrus@ Hydrophilid beetle larva

Climbers/swimmers

Anax Dragonfly naiad
Enallagma Damselfly naiad
Belostoma Giant water bug
Ranatra Water scorpion
Peltodvies? Haliplid beetle larva

Swimmers/plankters

Dineutus Gyrinid beetle adult
Notonecta Backswimmer

Daphnia? Cladoceran
Simocephalus® Cladoceran

Herbivore-detritivore
Bivore-detritivore
Carnivore
Herbivore-detritivore

Carnivore
Carnivore
Carnivore
Carnivore
Herbivore

Carnivore-scavenger
at surface film
Carnivore
Herbivore-detritivore
Herbivore-detritivore

AUncleared gastrointestinal tract samples only.
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Table 9. Classification and trophic status of aquatic plants and
vertebrates sampled from 3513 impoundment

Genus Common name Trophic status
Spirogyra Filamentous alga Primary producer
Hydrodictyon Filamentous alga Primary producer

Potamogeto

Rana catesbeiana

Carassius auratus

Ictalurus punctatus

Lepomis macrochirus

Rooted macrophyte
Bulifrog tadpole
Goldfish

Channel catfish

Bluegill

Primary producer
Herbivore-detritivore
Herbivore-detritivore
Omnivore

Carnivore-~invertebrates
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4. ADDITIONAL INFORMATION NEEDED

In future phases of the ORNL remedial action program, the intent
is to evaluate the transport and dose pathways for hazardous substances
from each of the facilities considered to pose an undue risk to health,
safety and environmeni using standard as well as “"state-of-the-art"
mathematical models to provide adequate assessment of the site
conditions. This pertains especially to the assessment of potential
impacts on groundwater guality that are difficult to determine using
conventional analytical procedures. One purpose of this report is to
identify the necessary data requirements to be used as input to drive
sich models. This pathway analysis assessment will then be used to
determine the proper course of action required for future remedial

actions.

4.7. INVENTORY

The studies conducted by Tamura et al. (1977), Huang (personal
communication), and Stansfield and Francis (1986) provided an adequate
data base to determine the inventory of both radionuclides and
nonradioactive contaminants for the pond water and sediment. However,
additional samples of subsurface soils need to be taken from the berm
as well as from under the impoundment to determine the extent of
contamination, in terms of both concentration and soil depth. Also, if
the modeling predictions associated with remedial action are truly
dependent on being able to model the extent of contamination under
existing conditions, then leaching studies on the sediment from the
3513 impoundment need to be conducted. The leaching should be conducted

with pond water from the impoundment, and any subsequent attenuation of
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the transport of leached contaminants by the soil underlying the

impoundment and subsurface surrounding soils should also be determined.

4.2. GEOLOGY AND SOILS

4.2.1. Site Geology

The extent of vertical contamirnation will be determined by taking
core borings from below the impoundment. This will be done by angle
corings upgradient and downgradient of the impoundment to depths
approximately 33 m (100 ft) directly under the impoundment. Sections
of coring will be taken from these corings and analyzed for
radioactivity and RCRA contaminants (using the RCRA EP leaching test).
If contamination is confirmed, the same borings will be used to observe
bedding plane characteristics and frequency in the limestone aquifer
for use in modeling the movement of contaminants into this limestone
bedrock.

To aid in model verification, a dye-tracer study will be conducted
if contamination in the bedrock is confirmed. The objective of these
studies is to determine if there are solution cavities in the limestone
bedrock that have the potential of providing migration pathways for
contaminants from the 3513 impoundment to surface drainage ways such as
White Oak Creek and First Creek. Because past exploration (Stockdale
1951; Stansfield and Francis 19¢,) indicates that the bedrock surface
underlying the soil overburden is only very slightly weathered, these
analyses and tests will be made on essentially nonweathered rock.

Also, a short-lived radionuclide tracer (82 Br) will be placed in the
pond water in an attempt to detect leakage through either the bedrock

or soil and backfill around the pond.
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4.2.2. Soils

In addition to the sampling of soils from the berm of the
3513 impoundment to determine the extent of contamination, sediment
sampies need to be taken to ensure that any engineering approaches to
the remedial actions, such as stabilizing the sediment, can be
completed. Soil samplies also need to be taken so that the
sorption/descrption of known contaminants in the pond water and
sediment on the subsoils below and around the impoundment can be
determined. To validate modeling of existing conditions, detailed

spatial concentrations in soils near-field of the pond will be needed.

4.3. HYDROLOGY

The results of analyses and groundwater-level measurements from
the monitoring wells constructed in the fall of 1985 at the adjacent
impoundments (3524, 3539, and 3540) need to be evaluated in concert
with those from the monitoring wells at the 3513 impoundment.
Furthermore, several piezometer wells are scheduled for complietion in
the area around these four impoundments in 1986 as part of the
comprehensive sitewide groundwater characterization activities. A
potentiometric map for the area of the four impoundments will be

prepared by using data from all wells.

4.3.1. Surface Water

To model the impoundment, inflow (from active pipelines) and
outflow (to the adjacent 3524 pond) will be measured. Streamflow
measurements will be made in White Oak Creek upstream and downstream of

the 3513 impoundment to provide information on the effluent or influent
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characteristics of the stream for one year. Also, chemical analyses of

the stream water from these same locations will be made.

4.3.2. Groundwater

Groundwater samples were taken and analyzed four times from
February to September 1985. These results will be evaluated to
determine whether contaminants other than radionuclides from the 3513
have significantly affected the groundwater. Pollution from chemical
hazardous waste is assumed if an analysis by a statistical procedure,
such as Cochran's Approximation to the Behrens-Fisher Student's t-test,
indicates a significant increase (decrease in the case of pH) in the
water quality parameters listed in Table 7 between the upgradient and
downgradient wells.

If contamination is verified deep into the limestone bedrock by
the deep cores taken below the impoundment (see Section 4.2.1),
additional data on the aquifer properties (hydraulic conductivity,
effective porosity, and degree of anis ‘tropism) will be needed for
constructing models of the groundwater flow system and contaminant
transport. Hydraulic conductivity tests, using slug-test procedures,
will be conducted and analyzed for the existing monitoring wells at the
impoundment. A pump test with several observation wells will be
necessary to study the anisotropic nature of the hydraulic conductivity
and transmissivity. The well to be pumped in the test will need to be
at least 10 c¢cm in diameter so that a submersible pump can be

installed. Because of this relatively large diameter, normal well
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drilling methods will be used rather than coring techniques. The
strata in the well will be examined and logged using a down-the-hole
camera.

Additional shallow groundwater-monitoring wells will be needed on
the west side of the 3513 impoundment to define the limits of
contamination. Wells will have to be sufficient in number and depth to
determine the lateral extent of the contamination. Also, if
contamination is verified by the deep cores taken below the
impoundment, the extent of contamination and vertical flow will be
determined by installing a deep groundwater-monitoring well and a deep
piezometer to compare the water-level measurements with those in

existing shallow wells.

4.4. ECOLOGY

The impoundment has served as a valuable radioecology study area
for over 20 years [Kaye and Dunaway 1962, Garten et al. (1982), and
Trabalka et al. (in press)]}. Over that time, considerable information
relative to the movement and distribution of radionuclides in the biota
of the impoundment has been characterized. The removal of the pond
water and stabilization of the sediment will decimate most of the
present biota. No future studies appear to be necessary to

characterize the existing or future ecological impacts.
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5. MONITORING AND TESTING PLAN

5.1. RECOMMENDED TASKS

(V) Analyze groundwater monitoring data. Using an adequate

statistical analysis procedure, evaluate four quarters of groundwater
sampling data for parameters established by the Environmental
Protection Agency (EPA) as indicators of significant groundwater
contamination by chemical hazardous waste.

(2) Conduct sediment leaching and soil attenuation studies.

Leach contaminated sediment with pond water to determine existing leach
rates in conjunction with sorption/desorption studies of the Tleached
contaminants on berm soils. To determine the extent of near-field
migration of impoundment contaminants through the adjacent soils,
additional sampling, chemical and radiolegical analyses, and data
interpretation will be required.

(3) Determine leakage to groundwater. 1Install inflow and outflow

measuring devices at the 3513 impourdment so that leakage into the
groundwater can be calculated (after taking into consideration input
from precipitation and losses via evaporation).

(4) Characterize input to White Oak Creek. Conduct tracer

studies, by adding short-lived radicisotopes and/or dyes to the
impoundment, to determine input to White Oak Creek. Also at three
locations on White Oak Creek, quarterly flow measurements and samples
for analyses will be taken. The locations will be immediately upstream
of the 3513 impoundment, immediately downstream of the impoundment, and

in the range of 60 m downstream of the impoundment. Samples will be
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analyzed for gross alpha, gross beta, 9OSr, and 3H. in addition,

if the statistical analyses of groundwater indicator parameters show
significant contamination, the samples from White Oak Creek will also
be analyzed for the four indicators of groundwater pollution (pH,
specific conductance, total organic carbon, and total organic halogen).

(5) Construct monitoring wells to determine lateral

contamination. Construct four additional shallow-monitoring wells to

the top of bedrock to determine the lateral limits of contamination.
The wells will be 5 cm (2 in.) in diameter and their construction shall
be the same as that for the existing monitoring wells at the facility
(Stansfield and Francis 1986). Thie wells will bhe constructed on the
west side of the impoundment.

(6) Drill corings to determine vertical contamination. Two

corings at depths to 33 m will be used to determine if the bedrock
under the impoundment has been contaminated. Tentatively, the corings
are planned at the northeast and southwest corners of the impoundment
and will be angled to sample bedrock directly under the impoundment.
Sections of these cores will be analyzed for contamination by
radionuclides and RCRA constituents (using the EP Jeach test). If the
bedrock is found to be contaminated, these cores will be used to
determine bedding plane characteristics.

(7) Construct wells to monitor deep groundwater. A deep (33 m or

more) monitoring well (tentatively located at the southwestern corner
of the impoundment) will be constructed to monitor deep groundwater.
Also to bhe constructed is a muitistage deep piezometer to measure

vertical flow.
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(8) Collect and analyze data from new monitoring wells. Sample

and analyze the new wells for gross alpha, gross beta, gOSr, and

3

H. Also, if the statistical analyses described earlier indicate
significant pollution by chemical waste, groundwater from the wells
will be analyzed for all RCRA-regulated constituents.

(9) Conduct single-well hydraulic conductivity tests. Conduct

single-well hydraulic conductivity tests (slug tests) in all monitoring
wells and calculate the hydraulic conductivities of the bedrock and
soil.

(10) Preparation of pathways analysis. Using the data currently

available and those proposed in this plan, a pathways analysis of the
migration of contaminants from the impoundment will be completed.

(11) Manage project and prepare repert. Coordination of the above

actions, and the documentation of the information obtained in a report

will be required.



ORNL/TM-9969 42

6. REFERENCES

Auerbach, S. I. 1980. Environmental Sciences Division Annual Progress
Report, for Period Ending September 30, 1979. ORNL-5620. 0ak Ridge
National Laboratory, Oak Ridge, Tennessee.

Davis, €. C., W. J. Boegly, Jr., E. R. Rothschild, 8. P. Spalding,
N. D. Vaughan, C. S. Haase, D. D. Huff, S. Y. Lee, E. C. Walls,
J. D. Bold, and E. D. Smith. 1984. Site Characterization
Techniques Used at a Low-level Waste Shallow Land Burial Field
Demonstration Facility. ORNL/TM-9146. 0Oak Ridge National
Laboratory, 0Oak Ridge, Tennessee.

Garten, C. T., Jr. 1979. Radiocesium uptake by a population of cotton
rats (Sigmedon hispidus) inhabiting the hanks of a radioactive
1iguid waste pond. Health Phys. 36:39-45.

Garten, C. T., Jr. 1981. Comparative uptake by plants and rats from
the shoreline of a radioactive pond. J. Environ. Qual.
10(4):487-491.

Garten, C. T., Jr., J. R. Trabalka, and M. A. Boyle.| 1982.
Comparative food chain behaviour and distribution of actinide
elements in and around a contaminated fresh-water pond.
pp. 299-312. In Environmental Migration of Long-lLived
Radionuclides. International Atomic Energy Agency, Vienna.

Hutchinson, G. E. 1967. A Treatise on Limnology, Vol. 2, Introduction
to Lake Biology and the Limnopiankton. John Wiley and Sons,
New York. ‘

Kaye, S. V., and P. B. Dunaway. 1962. B8ioaccumulation of radiocactive
isotopes by herbivorous small mammals. Health Phys. 7:205-217.

McMaster, W. M., and H. D. Waller. 1965. Geology and Soils of White
Oak Creek Basin, Temnessee. ORNL/TH-1708. Oak Ridge National
Laboratory, Oak Ridge, Tennessee.

Stansfield, R. G., and C. W. Francis. 1986. Characterijzation of the
3513 Impoundment. ORNL/TM 9936. Oak Ridge National Laboratory, Oak
Ridge, Tennessee.

Stockdale, P. B. 1951. Geologic Conditions at the Oak Ridge National
Laboratory (X-10) Area Relevant to the Disposal of Radioactive
Waste. ORO-58. Qak Ridge Operations, U.S. Department of Energy,
Oak Ridge, Tennessee.

Tamura, T., 0. M. Sealand, and J. 0. Duguyid. 1977. Preliminary
Inventory of 239,240Pu, 905r, and 137Cs in Waste Pond No. 2
(3513). ORNL/TM-5802. Oak Ridge National Laboratory, Dak Ridge,
Tennessee.



43 ORNL/TM-~9969

Trabalka, J. R., M. A. Bogle, E. A. Bondietti, and 7. G. Scott.
Actinide behavior in a freshwater pond. IN J. E. Pinder III,
J. J. Alberts, K. W. Mc Cloud, and R. G. Schreckhise (eds.),
Symposium on Environmental Res=zarch for Actinide Elements.
November 7-11, 1984, Hilton Head, South Carolina (in press).

U.S. Department of Commerce. 1979. (Climatic Atlas of the United
States. Washington, D.C.

U.S. Environmental Protection Agency (USEPA). 1980. Identification
and Listing of Hazardous Waste. 1In Environmental Protection Agency
Hazardous Waste Management System. 40 CFR 261.24. Mashington, D.C.

U.S. Department of Energy (USDOE). 1985. Comprehensive Environmental
Response, Compensation, and Liability Act Program. DOE Order
5480.14. Washington, D.C.

Webster, D. A. 1976. A Review of Hydrologic and Geologic Conditions
Related to the Radicactive Sol'd Waste Burial Grounds at Dak Ridge
National Laboratory, Tennessee. U.S. Geological Survey, Open-File
Report No. 76~727. USGS, Reston, Virginia.






8

83.

84.

85,

86 .

87.
88 .
89.

90.

45

ORNL/TM-9969

INTERNAL DISTRIBUTION

T. L. Ashwood 35. W. W. Pitt

T. W. Burwinkle 36. D. E. Reichle

R. B. Clapp 37. €. R. Richmond

N. H. Cutshall 38. T. H. Row

£. C. Davis 39, E. D. Smith

L. R. Dole 40. D. K. Solomon

L. D. Eyman 41. B. P. Spalding

C. W. Francis 42-46. R. G. Stansfield

C. S. Haase 47. S. H. Stow

S. 6. Hildebrand 48-57. L. E. Stratton

F. J. Homan 58. J. Switek

C. G. Jones 59. T. Tamura

R. 6. Jordan 60. G. T. Yeh

R. H. Ketelle 61. H. E. Zitte]l

I. L. Larsen 62. Central Research Library
L. €. Lasher 63-77. ESD Library

T. E. Myrick 18-79. Laboratory Records Dept.
T. W. Oakes 80. Laboratory Records, ORNL-RC
C. R. Olsen B81. ORWNL Patent Section

B. D. Patton B2. ORNL Y-12 Technical Library
F. G. Pin

EXTERNAL DISTRIBUTION

M. Barainca, Program Manager, Low-Level Waste Management
Program, U.S. Department of Energy, 550 Second Street,

Idaho Falls, ID 83401

J. J. Blakeslee, Program Manager, Nuclear Waste Processing,
Rocky Flats Plant, Rockwell Internaticnal, P.0. Box 464,
Golden, CO 80401

T. €. Chee, R&D and Byproducts Division, DP-123 (GTN),

U.S. Department of Energy, Washington, 0C 20545

A. T, Clark, Jr., Advanced Fuel and Spent Fuel Licensing
Branch, Division of Fuel Cycling and Material Safety, 396-SS,
U.S. Nuclear Regulatory Commission, 7915 Eastern Avenue,
Silver Spring, MD 20910

Peter Colombo, Group Leader, Nuclear Waste Research, Brookhaven
National Laboratory, Bldg. 701, Upton, NY 11973

E. F. Conti, Office of Nuclear Regulatory Research, Nuclear
Regulatory Commission, MS-1130-SS, Washington, DC 20555

J. E. Dieckhoner, Acting Director, Operations and Traffic
Division, DP-122 (GTN), U.S. Department of Energy,
Washington, DC 20545

Carl Gertz, Director, Radioactive Waste Technology Division,
Idaho Operations Office, U.S. Department of Energy, 550 Second
Street, Idaho Falls, ID 83401



ORNL/TM-9969 46

91.
92.
93.
94,
95.
96.

97.
98.

99-125,

R. J. Stern, Director, Office of Environmental Compliance,

MS PE-25, FORRESTAL, U.S. Department of Energy,

1000 Independence Avenue, SW, Washington, DC 20585

M. T. Stewart, University of South Florida, Tampa, FL 33620

J. A. Stone, Savannah River Laboratory, E. I. DuPont de Nemours
and Company, Bidg. 773-A, Room E-112, Aiken, SC 29808

S. B. Upchurch, University of South Florida, Tampa, FL 33620
Leonard H. Weinstein, Program Director of Environmental
Biology, Cornell University, Boyce Thompson Institute for Plant
Research, Ithaca, NY 14853

Frank J. Wobber, Ecological Research Division, Office of Health
and Environmental Research, Office of Energy Research, MS-E201,
Department of Energy, Washington, DC 20545

M. Gordon Wolman, The Johns Hopkins University, Department of
Gecgraphy and Environmental Engineering, Baltimore, MD 21218
Office of Assistant Manager for Energy Research and
Development, Oak Ridge Operations, P. 0. Box E, U.S. Department
of Energy, Oak Ridge, TN 37831

Technical Information Center, Oak Ridge, TN 37831

YT U.S. GOVERNMENT PRINTING OFFICE 1986-631-056/40053



