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I. ABSTRACT

Since the beginning of operations at the Oak Ridge National Laboratory
(ORNL) in 1943, shallow land burial has been used for the disposal of solid
low-level radioactive waste. These wastes have originated from nearly
every operating facility, and from 1955 to 1963, ORNL's solid waste
storage areas were designated by the Atomic Energy Commission (AEC) as the
Southern Regional Burial Ground. During this period, about one million
cubic feet of solid waste from various off-site installations were buried
in solid waste storage areas (SWSAs) 4 and 5. Six SWSAs have been used
since land burial operations began at ORNL in early 1944, The solid waste
storage areas were numbered consecutively in the order in which they were
first used. During burial operations, different problems have arisen at
the SWSAs depending on the physical characteristics of the area in which
they were sited and the methods of operation at the sites during different
time periods.

ORNL has generated liquid radiocactive waste since the separation of
plutonium began in 1944, The majority of these wastes are classified as
process (low-level) waste and are derived from evaporator condensate and
cooling water from process vessels, and from building drains and surface
drainage from contaminated areas. Process wastes are monitored at sampling
stations located strategicially throughout the plant, and for nearly 15
years (1944-57) they were discharged directly into White Oak Creek without
being treated chemically to remove radionuclides.

A smaller quantity of intermediate-level wastes (ILW) originate from
the radiochemical separation process and from test reactors. The

collection, treatment, and methods of disposal of ILW from the years
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1943-1981 are described. Over this period of time there was a great deal
of variation im the amounts and types of radioactive 1liquid wastes
generated. Attitudes also changed concerning what constituted safe and
economical disposal. These changing attitudes have been reflected in the
evolution of new regulations and methods of management of radioactive
wastes at ORNL.

Disposal methods for solid wastes which reguire special handling

[transuranic (TRU) wastes and 235

U wastes] are described for the period
begining in the 1940's and continuing to 1981. Prior to 1970 TRU and 235U
wastes were buried in a non-retrievable manner. In 1970, AEC imposed a
restriction against ground disposal of waste containing more than 10 nCi/g
of TRU material. TRU wastes above this limit are stored in a manner to
allow retrievability for 20 years. 235U wastes continue to be buried in
either unlined earthen trenches or auger holes based upon the 235U quantity
or concentrations as well as geometry.

Various groups including ORNL, U. S. Geological Survey, the Tennessee
Valley Authority and Edgerton, Germenhausen and Greer (EG&G) have conducted
radiological surveys on the White 0Oak Creek Watershed, White 0Oak Lake and
the Clinch River to determine the impact and extent of releases of
radioactive effluent from ORNL. These surveys have included analysis of
water samples, air samples, sediment samples, vegetation taken from the
beds of the lake and river, and game living in or near White Oak Lake and
the Clinch River. The animals were studied as part of an on-going project
to analyze biological pathways of radiation to man. Calculations based on

these releases show that the maximum potential radiation dose to

individuals and population groups in uncontrolled areas is well within the



guidelines of DOE Manual Chapter 0524 on radiation protection standards for

external and internal exposure.



IT. INTRODUCTION

A. Purpose and Scope

Ground disposal of radioactive waste materials at the Oak Ridge
National Laboratory (ORNL) has occurred at a number of locations over a
period of nearly four decades. During this period many reports have been
written on various aspects of disposal operations including the factors
that affect leaching of radionuclides from buried wastes and their
subsequent transport to uncontrolled areas. Some of the reports are
reviews and they have been very‘ helpful to the authors of the present
report, who have as their goal the preparation of a comprehensive,
up-to-date {(current to October 1, 1981) review of all aspects of the ground
disposal of solid and liquid radioactive wastes at ORNL during its entire
history. This report is a compilation of the documents and information
from personal communications made available to the authors. Included 1in
this report are a brief consideration of the operations at the laboratory
that have affected the quantity and type of wastes; available data on
quantities and types of wastes kburied and their burial '‘locations; the
evolving recognition of the limitations of ground disposal for long-term
retention of radionuclides in the controlled érea; and discussion of the
inadequacies of the earlier disposal techniques and of‘ the need for
remedial actions. Mdnitoring of the movement of radionuclides from burial
sites, including information on their dispersion outside the controlled
area, is considered to be pertinent to the purpose of this report. Data
obtained by monitoring surface water from Bethel Valley is of interest here
only to the extent that it helps to determine the fraction of the
radioactivity being discharged from White Oak Dam that comes from ground
disposal operations and to determne ORNL's compliance. Since process waste
disposal has also contributed to ground contahination, a brief review of
process waste management history is included in the report.

Specifically excluded from the scope of this report is all information
on the direct release of solid or gaseous radionuclides to the atmosphere,
except for consideration of the possibility of such release occurring
during or subsequent to ground disposal of waste materials.



B. History of the Oak Ridge National Laboratory

1. 0Oak Ridge Reservation

The 0ak Ridge National Laboratory (ORNL) 1is located on the Dak Ridge
Reservation. Because radioactive waste disposal was not a consideration in
the site selection criteria, a brief history of why the Reservation was
chosen 1is appropriate. The site was selected on September 19, 1942 by
Colonel (later Major General) Lesiie Groves as the location for the
“"Manhattan Project," the project that produced the atomic bomb, after
several other possible sites had been considered. (Jo81) Its location in
Tennessee is shown in the insert, Fig. II-1. Among the considerations that
led to the choice of this East Tennessee location for the project are:
ample and cheap land available for all the originally proposed plant
facilities (pile for plutonium production; electromagnetic, gaseous

diffusion, and thermal diffusion plants for 235

U separation); availability
of electric power and water of good quality from the Tennesse Valley
Authority (TVA); accessibility to rail and motor transportation; and the
relatively isolated, inland location that minimized public awareness of the
project's existence and provided safety from enemy attack. The thermal
diffusion method of separating uranium isotopes was abandoned early, but
large plants were built to produce enriched uranium-235 by gaseous
diffusion (K-25) and electromagnetic separation (Y-12). One of the
advantages of the 0Oak Ridge Reservation is the terrain which allows
segregation of the plants in separate valleys: one or more ridges separate
the three plants. The position of the plants in relation to Oak Ridge and
area streams is shown in Fig. II-1.

2. 0Oak Ridge National Laboratory

The ORNL (X-10) site on the QOak Ridge Reservation (Fig. II-1) was
originally selected as the location of the graphite reactor (or pile, as it
was referred to initially) that was to serve as the prototype for the
Hanford plutonium production reactors. The "Hot Pilot Plant," now Building
3019, was constructed to dissolve irradiated fuel elements and to separate
plutonium from the solution using the bismuth phosphate precipitation
method. The graphite reactor, the world's first uranium chain reactor with
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production potential, went critical on November 4, 1943 and weighable
quantities of plutonium were soon produced in these facilties.

Large quantities of fission-product and uranium-waste solutions
resulted from the plutonium production work. These liquid waste materials
were stored at first in 1large, underground concrete (Gunite) tanks.
(Brow49)

From the completion of the ORNL plant until July 1, 1945, it was
operated by the Metallurgical Laboratory of the University of Chicago.
Monsanto Chemical Company then operated the X-10 facilities until February
1948 when the present operator, Union Carbide Corporation, took over.

Although it was expected that the mission of the X-10 site would be
completed in one year, it was soon realized that the operations at this
location needed to be extended. There have been many changes in the scope
and direction of programs at ORNL over the years but the most important,
from the standpoint of radioactive waste management, include continuation
and expansion of fuel processing research, large scale production of
radioactive isotopes, and operation of a variety of reactors in addition to
the graphite reactor. These include the Low Intensity Test Reactor, the
Bulk Shielding Facility, the Tower Shielding Facility, the Homogeneous
Reactors, the Aircraft Reactor Experiment, the Molten Salt Reactor
Experiment, the Health Physics Research Reactor, the 0Oak Ridge Research
Reactor, and the High Flux Isotope Reactor. Several of these were
experimental reactors that operated for varying lengths of time and were
removed from service. The Experimental Gas-Cooled Reactor was never
operated and, consequently, did not produce radioactive waste. The High
Flux Isotope Reactor and its companion TRU processing plant produce an
important part of the ORNL radiocactive waste materials that are classified
as transuranium (TRU) wastes.

A number of changes in the initial waste management plans have
occurred that affected storage and eventual discharge of radioactive waste
materials into uncontrolled areas. Such changes include: precipitation of
uranium and plutonium plus part of the fission products in storage tanks,
followed by decantation of the supernatant liquid which was subsequently
diluted with process waste water prior to disposal in White 0Oak Creek;
creation of a process waste settling basin of 5,625,000 liters (1,500,000



gallons) capacity in July 1944; concentration of highly active liquid waste
in a pot-type evapokator from June, 1949 to June, 1954; construction and
operation of open pits and covered trenches for ground disposal of
intermediate~level liquid waste from 1951 to 1965; operation of the Metal
- Recovery Facility (Building 3505) from 1952 to 1957 for the reclamation of
approximately 130 tons of uranium from stored waste; draining of White Oak
Lake  in 1955; completion in 1957 of a waste water treatment plant
(Tow-level 1liquid waste) and a multicurie fission product pilot plant for

the recovery of 9OSr, 137

Cs and other isotopes from irradiated fuel
elements which added significantly to the quantity of radiodctive wastes to
be disposed; and introduction of an automatic diversion valve in January,
1959, to divert protess water flow to the treatment plant whenever the
level of radioactivity exceeded a preestablished value. White Oak Dam,
which is located 2.7 km (1.7 miles) downstream of the Laboratory and 1.0 km
(0.6 mile) from the confluence of the creek with the Clinch River and its
associated lake, represents the last point of control for release of
radioisotopes to the river.

More recent changes include the installation of two 10 gpm evaporators
in Building 2531 in 1965, initiation of hydrofracturing in 1965 for deep
underground disposal of intermediate-level wastes, and the beginning of

operation of the new process waste treatment plant in March 1976.

C. Regional Characteristics

1.  Location and Demography

The Oak Ridge Reservation, as shown in Fig. II-1, is located in East
Tennessee, in the portion of the Tennessee Valley and Ridge physiographic
province which is characterized by a series of long, narrow ridges and
broader intervening valleys, all having a northeast-southwest orientation.
The reservation is bounded on the northeast, southeast, and southwest by
the Clinch River and on the northwest by Black Oak Ridge. (ERDA77)

The area surrounding the reservation is generally rural to urban with
the largest population center, Knoxville, located to the east. Other area
population centers include Oak Ridge {1980 population approximately
27,000}, the smaller towns of Clinton (northeast), Kingston (southwest),



and Harriman (west), and several smaller communities in Anderson and Roane
counties (ERDA77). The population distribution is shown in Table II-1 as a
function of distance and direction from ORNL. (ERDA77)

2. Geology

The Oak Ridge area is marked by a series of overthrust faults along
which large blocks of rock roughly 3 km (2 miles) thick have been broken,
tilted, and moved a number of kilometers to the northwest, overriding the
similar sheet of rock to the northwest of it and, in turn, having been
overridden by the sheet to the southeast. (ERDA77) The four principal
geologic units of interest are the Knox, Conasauga, Rome and Chickamauga.
(Fig. 1I-2) The oldest is the Rome Sandstone, of lower Cambrian age. It
is overlain by the six formations of the Conasauga Group, which is about
610 meters (2000 ft) thick. The Pumpkin Valley shale, the lowermost member
of the Conasauga Group is a dense, very thinly bedded, argillaceous shale
about 91 km (300 ft) thick. The other formations in the Consauga Group
are, in ascending order above the Pumpkin Valley Shale: Rutledge Limestone,
Rogersville Shale, Maryville Limestone, Nolichucky Shale, and Maynardville
Limestone. Because of the above mentioned overriding effect, different
formations occur at the surface within relatively short distances.

3. Hydrology

As shown in Fig. II-1, streams in the vicinity of Oak Ridge National
Laboratory drain into the Clinch River which, 1in turn, empties into the
Tennessee River near Kingston. (ERDA77) A detailed study of the
hydrology of the Oak Ridge area has been reported by McMaster. (McM67)
The average flow rate of the Clinch River at Melton Hill Dam (Clinch River
Mile 23.1) is about 4600 cubic feet per second. Flow in the Clinch River
in this area is controlled by Norris, Melton Hill and Watts Bar Dams.
There are no public water supplies taking water from the Clinch River
between the discharge of White 0Oak Creek and the point where the Clinch
River empties into the Tennessee River. However, the 0Oak Ridge Gaseous
Diffusion Plant has a water intake at Clinch River Mile 14.5. The drainage
area of this river is 11,430 hectares (4413 square miles). (Stru67)



Table II-1. Incremental Population Data for ORNL Site* (ERDA77)

Distance {Miles)

Direction 0-1 1-2 2-3 3-4 4-5 5-10 10-20  20-30 30-40 40-50- - 50-60 60-70

N 0 0 0 0 1,490 5,578 2,177 1,441 2,223 4,509 13,686 7,314
NNE 0 0O o0 0 1,461 13,783 4,362 11,189 12,674 6,119 7,978 17,980
NE 0 O 0 0 0 9,713 12,479 7,167 4,392 7,476 21,097 8,781
ENE 0 0O 0 0 0 0 27,462 74,686 18,723 13,872 23,240 31,800
£ 0 0 0 0 0 3,059 44,883 100,488 11,793 12,900 8,965 21,468
ESE 0 0 0 0 0 6,096 5,363 36,015 4,132 6,880 346 0
SE 0 0O 0 O 0 1,167 4,304 15,010 46 0 0 0
SSE 0 0O 0 0 1,374 7,277 1,200  4.091 469 0 0 0
S 0 0 0 0 0 943 8,742 7,309 6,560 1,222 4,101 2,055
SSW 0 O 0 0 0 721 2,055  7.897 21,582 10,527 17,018 34,253
SW 0 O 0 0 0 733 1,840 1,909 3,962 8,578 10,312 21,909
WSW 0 0o 0 © 0 622 9,862 3,495 4,562 4,206 5,894 2,799
W 0 0 0 0 0 666 13,099 4,595 9,038 7,318 4,129 14,856
WNW 0 o 0 0 0 587 2,971 1,543 0 4,151 5,055 29,862
NW 0 0 0 0 0 1,073 4,804 1,538 1,896 7,552 2,396 9,358
NNW 0 o 0 0 0 1,495 0 1,152 4.559  4.676 2,097 8,030
TOTAL 0 0O 0 0 4,325 53,518 145,673 279,525 106,611 99,433 126,314 210,465

_*Based on the 1970 United States Census
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4, Climate

The climate of the (Oak Ridge area has been described as humid and
subtropical, but humid and temperate may be a more accurate description.
(Sto51) The average annual rainfall for the Oak Ridge area, measured for
the period January 1951 through December 1971, is 136 cm (53.5 inches) and
the average annual snowfall is 26 cm (10.3 inches). The annual mean
temperature for this period is 14.4°C (57.9° F). Table 1I-2 gives the
average monthly data for this period. (ATDL72) Although the data show
wide variations in normal monthly rainfall and between maximum and minimum
values for individual months, rainfall is distributed rather evenly
throughout the year. Table 1I-2 also shows that the average minimum
temperature is below freezing for the period December through February.
The average maximum temperature for these three months ranges from 8.3 to
10.5% (46 to 51°F). The limited below freezing period indicated by these
data results in minimal freezing of the surface soil.

The average wind speed in the Oak Ridge area is reported to be 7.2 km
(4.4 miles) per hour. (ATDL72) The peak gust of record is 95 km (59
miles) per hour. Storm tracks' travel northwest to southeast. High
intensity rainfall (77.6 cm or 3 inches per hour) is rare in the Oak Ridge
area and tornado-velocity winds did not occur during the report period.
(ATDL72) '

5. Ecology

The Oak Ridge Reservation is typical of the landscape and of the
ecological systems of the Appalachian Region. Five Appalachian forest
types are found naturally in the reservation. The oak-hickory type shares
equal prominence with the yellow pine-hardwood type. Core hardwoods are
found interspersed between the dissected ridge systems and northern
hardwoods occur 1in sheltered areas with a northern exposure. The white
pine, which is of minor importance, is found along the northern boundary of
the property. Large open areas were planted in pine between 1947 and 1956,
creating a sixth forest type. (ERDA77) A 1list of plants which are rare,
threatened, or of special concern was compiled by the Oak Ridge National
Laboratory combining the candidate species included on lists made by: U.S.



Table 1I-2.

Area

Monthly Climatic Summary for the Qak Ridge
Based on a Twenty Year Record (ATDL72)

Temperature (°F) Precipitation (in.)*

Month Mean Maximum Minimum Rain Snow
January 37.9 47.0 28.8 5.3 3.4
February 40.9 51.2 30.6 5.3 2.6
March 47.5 58.7 36.3 5.6 1.3
April 59.0 71.1 46.9 4.4 0.01
May 66.8 79.1 54 .5 3.6 0
June 74.0 85.2 62.7 4.0 0
July 76.9 87.3 66.4 5.6 0
August 76.0 86.7 65.2 3.8 0
September 70.1 81.5 58.7 3.3 0
October 59.3 71.3 47.2 2.7 0
November 46 .9 57.8 35.9 4.2 0.5
December 39.7 48.8 30.6 5.7 2.5
Annual 57.9 53.5 10.3

*The average annual precipitation in the 0ak Ridge area ranges from more
than 58 inches in the northwestern part of the area to about 46 in the

northeastern part. (McM67) The annual precipitation for the Oak Ridge
National Laboratory averages about 2 inches less than the Air Resources
Atmospheric Turbulence and Diffusion Laboratory (ATDL) 1972 area report.

01
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Department of Agriculture - Soil Conservation Service, U.S. Department of
the Interior - Federal Register, Tennessee Committee for Rare Plants, and
A.J. Sharp of the University of Tennessee. Eleven plants in this list are
found on the Oak Ridge Reservation and are provided protection. These are:
Bugbane, Tall Larkspur, Large Fothergilla, Goldenseal, Canada Lily,
Ginseng, Sharp's Mock-Orange, Carey's Saxifrage, Lesser Ladies' Tresses,
Nodding. Mandarin, and Purple Coneflower. (Pa79, personal communication, P.
Parr, ORNL, Dec. 1981)

Over 65 separate species of birds were observed in one survey.
Typical species of mammals include mice, shrews, oppossums, raccoons,
woodchucks, rabbits, foxes, groundhogs, skunks, and white-tail deer.
(ERDA77)

6. Seismology

A seismic risk map of the United States (McC70) shows that the areas
of high risk nearest to Oak Ridge are about 640 km (400 miles) away, to the
southeast around Charleston, South Carolina, and to the west in the
Mississippi Valley. The most recent earthquake experienced in this area
(November 30, 1973) had an estimated intensity at ORNL of IV on the
Modified Mercalli scale. It produced no observable damage.

D. Radioactive Waste Disposal at ORNL

The need for ground disposal of solid waéte materials was recogniied
during early operations at ORNL. The first two solid waste storage aréas
(SWSAs) are 1ocatedkin Bethel Valley, close to the sources in the main
plant area. These burial grounds were operated during the period 1944 to
1946. Waste materials were p1a¢ed in unlined trenches and covered with
approximately 60 cm (2 ft.) of soil. These two burial grounds covered an
area of 2.0 hectares (5.0 acres). There are no records of the amount or
type of radionuclides buried here. (Du75) After closure, most of the
waste in SWSA 2 was'removed and buried in SWSA 3. Stainless steel drums
containing tiquid plutonium waste were removed intact, but black iron drums
containing beta-gamma solid waste had deteriorated to the extent that when
they were removed, the surrounding earth also had to be removed for burial.
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(0a77) SWSA 3, also Tocated in Bethel Valley but west of the main plant
area, was operated from 1946 to 1951 in the same manner as SWSAs 1 and 2,
except that numerous items of equipment were stored above ground within the
fenced area. About 2.8 hectares (7 acres) were used. This area was
underlain with rock, making excavations difficult. As in the case of SWSAs
1 and 2, there is little information available on the volume or character
of materials buried there. Results of an investigation of radioactive
release from this burial ground have been published. (Stu81)

Results of a geological survey of the ORNL area, conducted in 1951
under the direction of P.B. Stockdale, showed that the Melton Valley is
preferable to Bethel V¥Yalley for radioactive waste disposal because the
former 1is underlain by relatively impervious Conasauga shale. (Sto51)
Consequently, SWSA 4 was opened in Melton Valley in 1951 and was operated
until 1959. However, detailed geologic and hydrologic studies did not
precede the selection of this site and it was found that the water table is
close to the surface in some parts of the site. A panel of the National
Academy of Sciences concluded in 1976 that this site was unacceptable and
that remedial action would be desirable. (NAS76)

Beginning in 1951 with Chemical Waste Pit 1, pits and trenches were
constructed near SWSA 4 for the disposal of intermediate level liquid waste
(ILW). Pit 1 had 1limited use, apparently because of its 1location and
relatively small size. Large quantities of ILW were discharged into pit 2
beginning in 1952. Other open pits or covered trenches, with their opening
dates are: Pit 3, 1955; Pit 4, 1956; Trench 5, 1960; Trench 6, 1961 (short
90 137Cs); Trench 7, 1962. The
last trench was taken out of service in 1965 when hydrofracture was used

operation because of breakthrough of “~Sr and
for the routine disposal of ILW. During operation of these pits and
trenches, approximately 160 million liters (42 million gallons) of waste
containing more than one million curies of mixed fission products were
disposed of. The radionuclides of major significance in the waste were
Dsy (190,000 ci), 37cs (630,000 ci), and 1%%Ru (245,000 Ci). (Tabulated
from the ORNL Radioactive Waste Disposal Operation Reports) Lesser amounts

of trivalent rare earths (TRE) and 60

Co were also released into the pits
and trenches. A study of migration of radionuclides from this area has

been reported. (Du75)
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SWSA 5 was opened in 1959 and closed to routine burial operations in
1973. A part of this burial ground, which covers 13.4 hectares (33 acres),
continues to be used to provide retrievable storage for TRU wastes. Duguid
(Du75) reported the presence of radioisotopes in water samples from the

routine burial area, including 244

Cm. Measures have been taken to reduce
water leaching of buried wastes and they have been at least partially
successful.

SWSA 6, covering an area of 27.5 hectares (68 acres), was opened in
1973 and is currently used for routine burial of low-activity-level solid
radioactive wastes and storage of fissiie non-alpha (235U) wastes. Like
SWSA 5, it has a problem with leaching of buried Tow-level wastes due to
high water table levels, particularly during the late winter-early spring
rains.
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ITI. CHARACTERISTICS OF BURIAL SITES

A. Topography, Geology, and Soils

In the ORNL area, the succession of ridges and valleys from southeast
to northwest is Copper Ridge, Melton Valley, Haw Ridge, Bethel Valley, and
Chestnut Ridge. Bethel Valley, the site of the principal buildings of ORNL
and of the first three burial grounds, has been described as a portion of
an elongated, northeast-southwest trending trough drained by several small
streams that are tributaries to the Clinch River. (Sto51) It is underlain
by non-resistant limestones and shaley Tlimestones of the Chickamauga
Formation. The trough is bounded on the southeast by Haw Ridge, made up of
resistant sandstone of the Rome Formation, and on the other side by
Chestnut Ridge with cherty dolomite of the Knox Formation. The floor of
the trough has an average width of about 300 meters (1000 ft). The lowest
elevation of the Bethel Valley floor is 235 meters (770 ft) where White Oak
Creek passes through Haw Gap. The highest points on Haw Ridge have an
elevation of approximately 317 meters (1040 ft). Melton Valley, between
Haw Ridge and Copper Ridge, is underlain by members of the Conasauga Group
which have a total thickness of approximately 457 meters (1500 ft). (Sto51)
The base of this layer, referred to as the Pumpkin Valley unit, is the
formation into which radioactive waste 1is injected by hydrofracture.
(ERDA77) Because all of the geologic units dip to the southeast, each
formation tends to outcrop in a long linear band; to the southeast of its
outcrop area, Pumpkin Valley shale underlies other formations at
increasingly greater depths. (personal communication, D. Webster, USGS,
Dec. 1981) For example, the Pumpkin Valley Shale occurs at the surface in
SWSA 4 but, in the vicinity of the hydrofracture facility, data obtained
from examination of the core from the Joy Test Well indicated that this
formation extends from 211 meters (692 ft) to 305.4 meters (1002 ft) below
the surface. (deL68)  Within SWSAs 5 and 6, two or more formations,
including the Maryville Limestone, may occur at the surface. Therefore,
the early conclusion that the surface in this area 1is underlain by
"relatively impervious Conasauga Shale" has not been confirmed by later
observations and operating experience. It would be more accurate to say
that the area is underlain by the Conasauga Group which consists of a
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number of interbedded shale, siltstone, and limestone units having varying
degrees of permeability.

Webster (We76) summarizes results of geological studies of the ORNL
area. (Sto51, Bab4, del56, deL58, Lo6l, Co6l, McM63, McM65, Lob65) The
Chickamuaga Limestone which underlies Bethel Valley and SWSAs 1, 2, and 3
(Fig. I1I-1) is composed primarily of limestone, but shales, siltstones and
bedded chert are also present. Fractures and solution openings between
beds of the Chickamauga Limestone result in uncertainty in regard to ground
water movement and this makes radionuclide monitoring difficult. As a
result, this formation is regarded as undesirable for waste disposal. The
lithologic character of the Conasauga Group that underlies Melton Valley is
variable, both along strike and in superposition, as was mentioned above.
In the waste disposal areas, the unit contains shale, siltstone, and
limestone. A1l the formations in the ORNL area strike northeast at about
56° and have an overall dip of about 30° to 40° southeast.

Soils in the ORNL area have been characterized as silty, with
considerable amounts of clay present, and with a pH ranging from 4.5 to
5.7. (Cobl) The weathered zone in the areas underlain by the Chickamauga
Limestone 1is thin, generally 1less than 3 meters (10 ft). In areas
underlain by the Conasauga Group, the depth of weathering is related to
topography: thin in low-lying areas and thicker on the ridges. At SWSA 4,
the weatnhered zone ranges from 1.2 to 4.9 meters (4 to 16 ft) (Lo6l); at
SWSA 5, up to 12 meters (from "a few feet" to 40 ft) (Cobl); at SWSA 6,
generally, 1.5 meters or less to 12 meters (5 to 40 ft). (Lo65) The
principal minerals in the weathered Conasauga Group are illite and
vermiculite. The sorptive properties of each of the clay minerals vary for
specific radionuclides. (We76)

B. Hydrology

1. Surface Water

An early study of hydrologic features of the ORNL site was made by

DeBuchananne.  (Sto51) He states that the section of Bethel Valley in
which the main part of ORNL is located, is drained by White 0Oak Creek and
its tributaries (Fig. 1II-1). As was mentioned in Section III.A above,
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White Oak Creek flows out of Bethel Valley through Haw Gap at an elevation
of 235 meters (770 ft). After passing through the gap, it is joined by
Melton Branch and then flows south-southwest into the Clinch River,
approximately 3.3 kilometers (2.0 miles) away. Flow to the Clinch River is
controlled by White Oak Dam, located approximately 1.0 km (0.6 mile) from
the mouth of the creek, which forms White Oak Lake.

A later study of the hydrology of the Oak Ridge area provides data on
runoff in area streams. (McM67) The seasonal variation in runoff,
averaged for the water years 1961-1964 and adjusted to the 1936-60 water
years, 1is as follows 1in terms of percentage of annual runoff:
October-December, 17%; January-March, 49%; April-Jdune, 23%; July-September,
11%. McMaster states that a large part of the runoff is derived from
discharge of stored ground water. The periods of maximum and minimum
runoff correspond to the variations in rainfall. These data represent
averages for the 0Oak Ridge area but they presumably apply to the burial
ground Sites. ‘

Climatic conditions can havé a significant effect on the near surface
disposal of radioactive wastes. Richardson (Ri63) pointed out that climate
is a pfimary factor affecting wéste disposal at 0Oak Ridge. Richardson
states:

“The relatively large amount of rainfall at Oak Ridge
has several effects. It causes the water table to
occur at shallow depths and 1is responsible for
seasonally large stream flow; it contributes to the
development of a high drainage density, thereby
reducing the distance between points of ground-water
recharge and discharge and the length of time of
ground water residence; it lowers soil pH and
influences the development of clay minerals that can
control or modify the migration of radiocactive ions;
and in a Tless direct fashion 1t governs the
composition of the natural biological community.
Thus, the ultimate behavior and safety of the burial
grounds are related to climate." (Ri63)

Webster has summarized geologic and hydrologic information that affect
movement of radionuclides from waste disposal sites at ORNL. {We76)
According to Webster (We76), White Oak Creek is both the natural drainage
and an integral part of the laboratory's waste distribution system,
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conveying contaminants from various parts of the ORNL complex to points
beyond the Reservation. He also pointed out that the natural flow of water
into the creek 1is augmented by water piped into ORNL from outside the
drainage basin and subsequently discharged to the creek as treated process
waste water, laundry water, sanitary sewage, and reactor cooling water
effluent. During prolonged periods of dry weather, the discharge from
these sources often comprises a major fraction of creek flow.

2. Ground Water

Data on the ground water table in Bethel Valley were reported by
DeBuchananne (Sto51) but the more recent studies in the Melton Valley cited
by Webster (We76) are of greater interest because this 1is the area
currently in use. Fig. III-2 shows the water table for Burial Ground 5
during December 1959 while Fig. III-3 gives less detailed data for the
White Qak Creek drainage basin during March 1963. The maps show that the
water table is a subdued replica of the topographic surface. The depth to
the water table varies seasonally and is generally greatest during
September and October and least during the period January through March.
For Melton Valley, water has been found at a depth of less than one foot
near drainages and as deep as 67 feet beneath the line of low hills along
the northwest side of the valley. (We76)

McMaster says that the residual material over the Conasauga is less
compact and the water-bearing openings are larger than unweathered bedrock.
(McM67) As a consequence, the residuum bears most of the ground water in
the Conasauga Group outcrop belt. The thickness of the residuum in these
belts is less than 10 meters (30 ft) in most places. Consequently, the
volume of ground water storage is small and is nearly depleted by September
or October, He also states that annual water loss by evaporation and
transpiration amounts to about 76 cm (30 inches), which is about 55% of the
annual rainfall. During the July-September quarter at least 80% of the
rainfall 1is returned to the atmosphere. Rainfall averages 29 cm (11.5
inches) and runoff, partly from ground water storage, averages only 5.8 cm
(2.3 inches).
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Webster points out that water table contour maps, such as that shown
in Fig. 11I-2, can be useful 1n‘predicting the direction of ground water
flow, indicating the areal hydraulic gradient from which the overall trend
in movement can often be inferred. (We76)  The influence is restricted to
the residuum because the direction of movement in the underlying limestone
and interbedded strata 1is influenced more strongly by directional
differences in permeability. He further states that inspection of the maps
in the above-mentioned figures indicates that water flow in the residuum in
mapped areas is toward White Oak Creek or its tributaries, except in a
small area in and west of SWSA 3. Webster recommended that detailed water
maps be prepared for all existing and future burial grounds. Data on the
water level in wells around three of the burial grounds for the period
1975-1979 are avai]éb]e, and data on the fourth is in press. (We8la,
We8lb, WeBlc)

Webster (We76) summarized and interpreted the results of four separate
studies of fluid movement in the Conasauga Group of Melton Valley. (Mo54,
Strubb5, del58, Cobl, Lo64, and Lq67) He suggests that a composite picture
of flow in the Conasauga Group through the total column of saturated
material would show

1) a zone at and immediately below the water table
where the largest component of flow corresponds to
the direction of hydraulic gradient, especially
during the spring when the water table is high. The
probability of this zone being present decreases as
the depth to the water table increases;

2) an underlying transitional zone where significant
components of flow are oriented parallel to both
strike and hydraulic gradient; and

3) a thick zone in the fractured rock where the major
component of fiow parallels the strike.

Thus, according to Webster, the available evidence suggests that those
factors controlling ground water movement in the Conasauga Group change
with depth.

Measurements of the rate of ground water movement in the Conasauga
Group have been made by monitoring the movement of tracers from injection
wells to observation wells. Measurement of the velocity of fluid movement
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along strike from Chemical Waste Pits 2 and 3, under a steep hydraulic
gradient, gave values ranging from .6 to 1.8 meters (2 to 6 ft) per day and
from Chemical Waste Pit 4, 3 to 9 meters (10 to 30 ft) per day. (delL58)
Movement across strike was found to range from 0.12 to 0.24 meters (0.4 to
0.8 ft) per day from Pits 2 and 3, and from 0.03 to 0.46 meters (0.1 to 1.5
ft) per day from Pit 4. (B1a57) A tracer study made three to four years
after pit operation terminated, when it is presumed that the water table
had receded to approximately its natural position, indicated a velocity of
0.17 meters (0.56 ft) per day along strike for the first 1.5 meters (5 ft)

and only slightly less out to a distance of 3.05 meters (10 ft). (Lo67)
Upward movement of contaminated ground water can occur. Where the
water table is shallow, evaporation of water into the atmosphere can be
expected but, as Webster points out, the only radionuclide expected to
migrate to any extent by this process is tritium. Studies near the waste
pits (Au58) showed that 106
trees and deposited on the ground in fallen leaf litter. Other studies at
ORNL (Stru62) showed that %Oco, 137 0

ground water by this mechanism.

Ru had been accumulated from ground water by

Cs and Sr can be translocated from

C. Climate

Climatic conditions in the ORNL area are not likely to be sufficiently
different from those discussed in Section 1I.B.4 for the Qak Ridge area to
warrant a separate discussion.

D. Ecology
1. Flora

The natural flora typical of the 0Oak Ridge Reservation (see Section
I1.C.5) that was probably originally present in the various areas used for
waste disposal was removed prior to their use for burial of solid wastes or
disposal of liquid wastes. In general, the growth of deep-rooted plants in
these areas is discouraged both during use and after closure. The ground
is seeded with a mixture of grass accompanied by application of lime and
fertilizer in order to minimize erosion. (Ros81) An exception to the
above general statement may be noted in the case of SWSA 3 where trees were
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allowed to grow unhindered for a number of years after its closure in 1951.
However, the trees were removed, along with items of contaminated equipment
that were stored on the surface, in 1979. (WeB8la) The area was seeded with

grass after it was cleared.

2. Fauna

The animal populations captured or observed on the QOak Ridge Reser-
vation include small mammals {mice, chipmunks, and land shrews) and large
mammals (squirrels, opossums, rats, muskrats, foxes, weasels, bobcats,
groundhogs, skunks, and deer). Mamma]ian species inhabiting old field or
disturbed areas are reported to be quite similar, whether the vegetative
cover is grass or tree seedlings and shrubs. {Ki76) Small mammals trapped
in a one-hectare study of such an area included rats, mice and shrews.
Since an effort is made to keep the grass cut in seeded areas, this would
tend to discourage the intrusion of deer but they do occasionally enter the
area.
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IV. DISPOSAL OF LOW-LEVEL RADIOACTIVE WASTE

A. Solid Wastes

1.  Background

Oak Ridge National Laboratory (ORNL) 1is one of the oldest nuclear
centers in the United States, having its origin in the Manhattan Project
during World War II. Solid, liquid, and gaseous radioactive wastes have
been produced at ORNL for nearly four decades and have been disposed of in
a manner which is safe to its employees and the public. (We79) Over the
years, a variety of liquid-waste treatment and disposal processes have been
used at ORNL.

Shallow land burial has been used for disposal of solid low-level
radioactive waste since the beginning of waste management operations at the
Oak Ridge National Laboratory. (Du76a, Browb9, Ab55) These wastes have
been routinely buried in shallow unlined trenches in the vicinity of the
Laboratory and covered with soil, or concrete followed by soil. (Du75,
We79)

The initial suggestion for burying waste appears in a memorandum dated
January 5, 1943*, by Dr. S. T. Cantril of the Medical Department of the
Central Safety Committee shortly after the graphite reactor attained
criticality in late 1943 and plutonium separations began. (We79) Dr.
Cantril stated:

"It would seem that provision has not been made for
the disposal of actively contaminated-broken
glassware or materials not sufficiently clean to be
used in other work. I am suggesting that a metal
trash can with cover, with red lettering on the can,
be provided for the disposal of such material as can
be placed in the trash can. Mr. Schwertfeger has
suggested that a suitable location for the burying
of this material could be provided over on the
burning ground. A suitable pit with enclosed fence
could be made."

*The date of this memorandum appears to have been a "turn-of-the-year"
typographical error. Because the Laboratory did not become operational
until the late fall of 1943, it seems probable that the correct date of the
document is January 5, 1944,
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This suggestion was accepted by the committee and solid waste storage
area 1 was subsequently opened in early 1944. {We76) Therefore, it
appears that the shallow land burial process began as a carryover from the
method of disposing of municipal waste by burial in a sanitary landfill.
(We79)

2. Operations Producing Waste {On- and Off-site)

Solid waste at ORNL originates from nearly every operating facility.
The sources that contribute the bulk of the solid radiocactive waste
generated at ORNL are (GC80, 1977 Intralaboratory Correspondence from J.0.
Duguid et al. to Distribution):
0 Reactors

0 Radioisotope operations

o Particle accelerators

o Hot cell operations

o Physical, chemical, and biological research
0 Analytical laboratories

From 1955 to 1963, ORNL's solid waste storage areas were designated by
the Atomic Energy Commission (AEC) as the Southern Regional Burial Ground.
About one million cubic feet of solid waste from various off-site
installations were buried in solid waste storage areas (SWSAs) 4 and 5.
(1960 Intra]aboratory Correspondence from E.G. Struxness to Distribution)
During this period, ORNL served as a major disposal site for wastes from
such facilities as Argonne National Laboratory, Knolls Atomic Power
Laboratory, Mound Laboratories, Battelle Memorial Institute, General
Electric Company in Evendale, Ohio, and about 50 other off-site
installations. Among the other off-site sources were AEC installations,
small contractors, research institutions, and numerous private and public
isotope users. (Stra64)

Today, the ORNL burial grounds serve as disposal and storage areas for
packaged and unpackaged solid radioactive wastes from operations at Oak
Ridge. In addition, small amounts of off-site low-level solid wastes are
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buried or stored (at ORNL) in special circumstances when the Department of
Energy directs the Laboratory to do so. (1960 Intralaboratory Corres-
pondence from E.G. Struxness to Distribution, personal communication, E.
King, Oct. 1981)

3. Types of Wastes

a. Background

As mentioned earlier, a variety of radioactive wastes have been
generated and disposed of at ORNL since waste disposal operations began in
early 1944, The bulkiest and least contaminated wastes generated on-site
have been 1laboratory refuse. These wastes consist mainly of paper,
glassware, scrap metal, dirt, various filter media and frames, lumber,
oils, powder, wire, depleted uranium, animal carcasses used for biological
experiments, and experimental equipment that cannot be economically
decontaminated. (GC80, NAS76, B165, Brow59) An additional source, but
lesser volume of waste, comes from a variety of chemical and physical
research and development activities. Worn out contaminated equipment and
concrete flooring and building materials contaminated by spills or leaks
has also been buried. (NAS76)

The variety, character, and exact amount of wastes which came
from off-site installation during the period from 1955 to 1963, when ORNL
served as the Southern Regional Burial Ground, is not known, but it is
estimated that about 50% of the burial space in SWSA 4 was used during this
period. (Brow59, Lo6l, NAS76) A summary of the waste disposed for 1957
and 1958 in SWSA 4 is shown in Table IV-1. (Lo61) The volumes of solid
low-level non-TRU radioactive wastes buried in SWSAs 5 and 6 from 1970
through 1978 are given in Table IV-2. (Ga79)

b. Methods of Collection, Treatment, and Conditioning

The prime considerations in collecting contaminated solid wastes
at ORNL have been personnel safety and the prevention of the spread of
contamination., Galvanized garbage cans, painted yellow and marked with a
radiation symbol, have been used as solid waste collectors. These cans are
leak-proof and fitted with a plastic liner and a suitable cover to prevent
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Table IV-1. Solid-Waste Burials for 1957 and 1958 (Lo61)

1957 1958
Volume Volume
Agency Percentage Percentage
(ft3 x 10°) (ft3 x 10%)
ORNL 142 55.7 158 47.0
Y-12 10 3.9 15 4.4
U.T. Agricultural
Experimental Station 4 1.6 4 1.3
ORINS 1 0.4 1 0.3
Oak Ridge Processing Co. 6 2.3 16 4.8
Knoxville Iron Co. 4 1.6 11 3.2
K-25 4 1.6
0ff-Site Shippers
KAPL 25 9.8 52 15.5
ANL 29 11.4 34 10.1
GE 7 2.7 19 5.6
Mound Laboratory 14 5.5 11 3.3
Radiological Service Co. 4 1.6 4 1.2
BMI 4 1.2
Others 5 1.9 2.1

Totals 255 100 336 100
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Summary of Volumes of Solid Low-Level Non-TRU Radwastes

Buried and Burial Space used from 1970 through 1978 and Forcasted

Burial Land Requirements from 1979 through 1985 at ORNL

(Ga79)

Vo1umea

Burial Space at Areas 5 and 6

b

(x1000) ft3 Used and Forecasted, acres

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979-1985
TOTAL

163 0.8°
134 0.8¢
122 0.6°
103 d
116 d
108 d
119 d
76 d
82 d

80/year 0.85/year

11.9

Reterence:  personal commpnicalion trom Julttan R, Gissel, UCC-0ORNL, becember

{
.

29, 1978, and Julian Gisse! and Cdward King, YCC-ORNL, January ¢6, 1479,

“Radwaste quantities include solid heta-qamd radwaste and relatively minor
anounts of uranium contaminated materials. These volumes do not include
TRY radwastes which are bLeing retrievably stored at the Solid Waste Storage
Area 5. Yolumes include radwastes generated during routine DAY activities,
i.e., modifications to existrag structures and Yaboratories. Heainning in
1979 and continuing througnh 1961, there are planned DAD activities that
could considerably incresse the tarecasted radwaste volumes «t (OREL
although actus! estimatys for nonroutine D&D activities are not available,
The estimated BU,000 tt " /yr includes routiae 08D volumes, but docs not take
into account potential nonroutline DRI activities.

b . .
This acreaqe s lacated i the Solid Waste Storage Area S and 6, amd
includes lost space doe Lo roads, wpace between trenches, ete. It does not
include unuseble, aorcaae due to terraing, shallow water tab'e eto,

CRadwastes for these years were huried in Arca 5; thereafter, Aread § was
closed except fur retricvable storage of TRU contaminated radwastes.

dFor this six yedr period (1973 through 19/8), non-TRU radwastes were huried
in Ares b, and a tute! cumulative burial space of 5.9 acres wes used.
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the spread of contamination during handling. Larger volume wastes are
placed in Dempster Dumpsters which are located outside certain buildings.
Personnel who handle radiocactive solid wastes are provided with protective
coveralls, shoes or boots, and cloth or rubber covered gloves, as required.

The only current treatment of solid low-level waste is segregation and
compaction. Solid, low-level noncompactible waste is collected in yellow
Dempster Dumpsters located at about 20 points within the laboratory and
transported to solid waste storage area 6 for disposal. (GC80) Solid,
low~-level compactible waste (<200 mR/hr}) is placed in plastic bags and
collected in yellow walk-in dumpsters. When these dumpsters are full,
wastes are transported to the compactor facility where they are compacted
before burial. (personal communication, E. King, ORNL, Oct. 1981)

A Consolidated Baling Company compactor is used to compact waste and
produces bales in rectangular cardboard boxes about 0.50 x 0.76 x 1 meters
( 0.4 m3 or 15 ft3) weighing 300 kg (670 1bs). Use of the'compactor began
in July 1978. Presently, about 17% of ORNL's solid low-level waste is
compacted. (GC80, personal communication, E. King, Oct. 1981) Before
compaction, about 90% of the solid low-level waste has a radiation level of
less than 10 mR/hr while the remaining 10 percent ranges from 10 to 200
mR/hr. (GC80) Current operations are achieving a compaction ratio of
about 9 to 1 (Fig. IV-1).

C. Modes of Disposal

The methods used in the beginning and throughout the ensuing
period of shallow land burial oberations at ORNL are not significantly
different than present methods.: Present burial methods are somewhat
similar to sanitary landfill operations, but the areas require a greater
amount of surveiilance and maintenance because of the radiocactivity of the
contents. Waste had been ptaced in unlined trenches and covered with about
60 cm (2 ft.) of soil to provide shielding against direct exposure. (Du75)
Currently the waste is covered with about 90 cm (3 ft.) of soil. (personal
communication, T. Grizzard, ORNL, Oct. 1981) In some areas, trenches
containing alpha contamination have been covered with concrete prior to
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ORNL PHOTO 3773-78

Fig. IV-1. Compactor.
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back filling with soil. Higher-level solid waste was disposed of in auger
holes in such a way as to assure criticality control.

4., Specific Storage Areas

a. Background
Six solid waste storage areas (SWSA) have been used since 1944.
(1972 Intralaboratory Correspondence from W.0. Burch et al. to

Distribution, 0a79c, Du76a) These burial grounds were numbered
consecutively in the order in which they were first used (Table IV-3).

The 0ak Ridge SWSAs are located in either Bethel or Melton Valley
and are separated by Haw Ridge. SWSAs 1, 2, and 3 are sited in Bethel

Valley while 4, 5, and 6 are located in Melton Valley. (0a79¢c) During the
operational periods of SWSAs 1, 2, and 3, wastes were placed into trenches

and backfilled. However, few historical records are available for these
burial areas, and records which were kept for SWSAs 3, 4 and part of SWSA 5

were accidentally destroyed by fire 1in 1961. (1972 Intralaboratory
Correspondence from W.D. Burch et al. to Distribution, NAS76)

b. Site Selection

ORNL was intended to be a temporary facility, as was the burial
of radioactive wastes generated during its operation. (We79) The first
three SWSAs were located primarily for convenience, with very Tlittle
geologic or hydrologic considerations given to site selections. (We76) As
the volume of waste at ORNL increased and the quantity and variety of
solids from off-site agencies expanded when ORNL was the Southern Regional
Burial Ground, greater attention was given to the selection of sites for
burial areas. (Co6l, 1977 Intralaboratory Correspondence from J.0. Duguid
et al. to Distribution, 0a79¢) The following criteria are currently used
in selecting burial sites: ‘“representative" hydrogeological properties,
accessibility, available space, and approval by the Operations Division.
(Cu80)
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Table IV-3
Operational Status OF ORNL Solid Waste Disposal Areas (GC80)

Site Operating Dates Status Acreage Notes

1 1944 Closed 1.5 No geologic
or hydrologic

2 1944-1946 Closed 3.5 exploration

3 1946 - 1951 Closed 7

4 1951 - 1959 Closed 23 Shale

5 1959 - 1973 Closed except 33 3.5 acres

for TRU waste available for

retrievable
storage

6 1969 - Present Operating 68
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C. SWSA 1

SWSA 1 is a 0.6 hectare (1.5 acre) site located on the north side
and at the foot of the Haw Ridge and southeast of White 0ak Creek in Bethel
Valley. It appears that the specific location was selected primarily on
the basis of its proximity to the laboratory with no consideration of the
potential of waste leaking into nearby water systems. (0a79c, We76)

The earliest record of burials is contained in a memorandum from
0.H. Greayer to M.F. Acken-J.B. Sutton on April 28, 1944. On that date,
cans with red tops were placed in the 706-A Building for the collection of
waste materials that could not be disposed of through the drains, such as
Lusteroid bottoms and cloths used to wipe up minor spills. According to
one oral account (reported in We76), the first cans were dumped in a long,
curving ravine at the foot