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CONVERSION FACTORS AND ABBREVIATIONS

The following factors may be used to convert the metric (International System) units in this report to

inch-pound units, unless noted otherwise.

Multiply metric unit By To obtain inch-pound unit
Length
millimeter (mm) 0.03937 inch (in.)
meter (m) 3.281 foot (ft)
kilometer (km) .6214 mile (mi)
Area
hectare (ha) 2.471 acre
square meter (m®) 10.76 square foot (ft*)
square meter (m?) 0002471 acre
square kilometer (km?) 3861 square mile (mi%)
Volume
liter (L) 2642 gallon (gal)
cubic meter (m?) 35.31 cubic foot (ft%)
Mass
gram (g) 03537 ounce, avoirdupois {0z)
gram (g) .002205 pound, avoirdupois (Ib)
kilogram (kg) 2.205 pound, avoirdupois (lb)
megagram (Mg) 1.102 ton, short
Mass per unit area
megagram per hectare (Mg/ha) .4464 ton (short) per acre (ton/acre)

square meter per gram (m>/g)

gram per cubic centimeter (glem®)
kilogram per cubic meter (kg/m®)

meter per second (m/s)
meter per second (m/s)
meter per day (m/d)

cubic meter per second (m’/s)

centimeter per second {cm/s)
meter per second (m/s)
meter per day (m/d)

meter per year (m/yr)

pascal (Pa)
pascal (Pa)
kilopascal (kPa)
kilopascal (kPa)

Area per unit mass
304.2

Mass per unit volume

.00006244
06244
Velocity
3.281
2.237
3.281
Flow
35.31

Hydraulic conductivity

328.1

3.281

3,281

3.281

Pressure
.0002953
.0075006
2953

10.00

square foot per ounce, avoirdupois
(ft*/oz)

pound per cubic foot (Ib/ft’)
pound per cubic foot (Ib/ft?)

foot per second (ft/s)
mile per hour (mi/h)
foot per day (ft/d)

cubic foot per second (ft*/s)

foot per second (ft/s)
foot per second (ft/s)
foot per day (ft/d)
foot per year (ft/yr)

inch of mercury (in. Hg)
Torr

inch of mercury (in. Hg)
millibar (mbar)

Energy per unit area time

watt per square meter (W/m?)

.0005920

British thermal unit per square foot
per minute (Btu/ft2'min)
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Multiply metric unit By To obtain inch-pound unit

Chemical concentration
microgram per liter (ug/L) 1.000 part per billion (ppb)
milligram per liter (mg/L) 1.000 part per million (ppm)
milligrams per liter (mg/L) X F1 = milliequivalents per liter (meq/L);
milligrams per liter (mg/L) X F2 = millimoles per liter (mmol/L)

Fl F2
Bicarbonate (HCO;) 0.01639 0.01639
Calcium (Ca™ ™) .04990 .02495
Chloride (C17) .02821 .02821
Iron (Fe™ "7* ") — 01791
Magnesium (Mg* ™) .08229 04114
Silica (Si0O,) — .01664
Sodium (Na™) .04350 04350
Strontium (Sr* ™) .02283 01141
Sulfate (SO, ) .02082 .01041
Zinc (Zn™") - 03059 01530
Specific conductance
microsiemens per centimeter at 25 °C 1.00 micromhos per centimeter at 25 °C
(WS/cm) (pmho/cm)
Radiometric concentration'
becquerel per gram (Bqg/g) 02702 nanocuries per gram (nCi/g)
becquerel per liter (Bq/L) .02702 nanocuries per liter (nCi/L)

! Because there are no commonly used inch-pound units for radiometric concentration, a
conversion factor for nanocuries has been included.

TEMPERATURE

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the formula
°F=[1.8(°C)]+32.

NOTATION FOR SELECTED RADIONUCLIDES

Notation Jsotope Radioactive half-life
H tritium (hydrogen-3) 12.43 years
He carbon-14 5,370 years
2°Rn radon-222 3.82 days
226Ra radium-226 1,600 years
#0Th thorium-230 77,000 years
B33y uranium-233 161,500 years
35y uranjum-235 711,841,000 years
23%py plutonium-239 24,400 years

ALTITUDE DATUM
Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929

(NGVD of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets
of both the United States and Canada, formerly called Sea Level Datum of 1929.
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Results of Hydrologic Research at a Low-Level
Radioactive-Waste Disposal Site Near

Sheffield, lllinois

By Barbara J. Ryan

Abstract

Ten years of hydrologic research
have been conducted by the U.S.
Geological Survey at a commercial
low-level radioactive-waste disposal
site near Sheffield, Ill. Research
included studies of microclimate,
evapotranspiration, and tritium re-
lease by plants; runoff and land mod-
ification; water movement through
a trench cover; water and tritium
movement in the unsaturated zone;
gases in the unsaturated zone; water
and tritium movement in the satu-
rated zone; and water chemistry.
Implications specific to each research
topic and those based on overlapping
research topics are summarized as to
their potential effect on the selection,
characterization, design, operation,
and decommissioning processes of
future low-level radioactive-waste dis-
posal sites.

Unconsolidated deposits at the
site are diverse in lithologic character
and are spatially and stratigraphically
complex. Thickness of these Quater-
nary deposits ranges from 3 to 27 m
and averages 17 m. The unconsoli-
dated deposits overlie 140 m of Penn-
sylvanian shale, mudstone, siltstone,
and coal.

Approximately 90,500 m® of
waste was buried from August 1967
through August 1978, in 21 trenches
that were constructed in glacial mate-

Manuscript approved for publication April
27, 1988.

rials by using a cut-and-fill process.
Trenches generally were constructed
below grade and ranged from 11 to
180 m in length, 2.4 to 21 m in width,
and 2.4 to about 7.9 m in depth.

Research on microclimate and
evapotranspiration at the site was
conducted from July 1982 through
June 1984. Continuous measurements
were made of precipitation, incoming
and reflected solar (shortwave) radia-
tion, incoming and emitted terrestrial
(longwave) radiation, horizontal
windspeed and direction, wet- and
dry-bulb air temperature, barometric
pressure, soil-heat fluxes, and soil
temperature. Soii-moisture content,
for this research phase, was meas-
ured approximately biweekly. Evapo-
transpiration rates were estimated by
using three techniques—energy bud-
get (or Bowen ratio), aerodynamic
profile, and water budget. Although
monthly totals for each method dif-
fered, estimated annual evapotranspi-
ration averages ranged from 630 to
693 mm or about 70 percent of pre-
cipitation.

Tritium concentrations in leaf
water from on-site plants were deter-
mined for 125 vegetation samples col-
lected during the summers of 1982
through 1986. Concentrations varied
significantly among some locations
and plant types. Tritium concentra-
tions ranged from the detection limit
of 0.2 to 1,330 nCi/L, with alfalfa (Med-
icago sativa) having the highest con-
centrations, followed by brome grass

(Bromus inermis), and then red clover
(Trifoleum pratense); these variations
in concentration are most likely a
result of root depth.

Runoff and sediment transport
were measured from July 1982
through December 1985 in four
basins—three covering almost two-
thirds of the 8.1-ha site and one con-
sisting of a 1.4-ha undisturbed area.
Volumes and equivalent weights of
collapses were estimated from
records of site surficial conditions
from October 1978 through Decem-
ber 1985. Runoff showed a direct rela-
tion to degree of land modification;
lowest mean yields were measured at
the undisturbed area, and highest
mean yields were measured from the
basin composed wholly of trench and
intertrench areas. Sediment yield
measured on-site averaged 3.4 Mg/ha.
A total of 315 collapse cavities, corre-
sponding to a cumulative volume of
about 500 m?, was documented. Most
collapses were recorded after periods
of rainfall or snowmelt when soil
moisture was near maximum. Almost
two-thirds of the collapses, corre-
sponding to 63 percent of the cumu-
lative cavity volume, occurred during
February through April.

Data for the study of water
movement through a trench cover
were collected from July 1982 through
fune 1984. Pressure-head data were
collected at four different clusters at
depths ranging from 50 to 1,850 mm
within a selected trench cover. Soil-
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moisture content for this research phase was measured
weekly with a gamma-attenuation moisture probe. The
amount of water stored within the trench cover fluctuated
in an annual cycle. Moisture contents were greatest in late
March or early April, decreased steadily from late spring
through the summer, reached a minimum in late August
or early September, and then increased gradually from
midfall through the winter. Depths of wetting-front move-
ments were a function of initial soil-moisture content and
total storm precipitation. Seepage to the trench was esti-
mated by use of four different methods: the Darcy
method, the zero-flux-phase method, the surface-based
water-budget method, and the ground-water-based water-
budget method. Estimates by the different methods dif-
fered considerably.

Investigation of the unsaturated zone at the site
began in 1981 and is ongoing (1991). Water movement was
measured along a generalized vertical section through
four trenches. A 120-m-long, 2-m-diameter horizontal tun-
nel provided access below the trenches. The timing of
water movement varied temporally and spatially. Vertical
flow was inhibited at contacts between lithologic units of
contrasting hydraulic conductivities. Data also indicate
that water movement through the sand of the Toulon
Member of the Glasford Formation occurs along localized,
partially saturated to saturated flow paths. Average veloc-
ities of water movement through the extent of the unsat-
urated zone, as estimated by a saturation-tracking
method, ranged from 0.04 to 0.34 m/d.

Tritium concentrations in the unsaturated zone var-
ied spatially, reflecting the heterogeneity of wastes in the
overlying trenches and local hydrogeologic conditions.
Tritium concentrations at all lysimeter locations increased
with time; however, the increases usually were of small
magnitude. Tritium concentrations increased abruptly,
from five to nine times previous concentrations, at only 3
of 14 locations.

Gas samples were collected from a network of soil-
gas piezometers located in the undisturbed unsaturated
zone near a waste trench at approximately 70-day intervals
during 1984-86. Relative proportions of nitrogen, oxygen
plus argon, carbon dioxide, methane, ethane, propane,
butane, tritiated water vapor, '‘carbon dioxide, and
#?radon were converted to partial pressures, based on a
mean atmospheric pressure of 98.6 kPa. Methane and
"carbon dioxide were identified as originating in the
waste and having mean partial pressures that generally
decreased with horizontal distance from the trench and
with vertical distance to the land surface. Partial-pressure
gradients for other radioactive gases were not detected in
the gas-sampling network; definable gradients may occur
much nearer to the waste source.

Ground-water flow has been studied at the site since
1976. The spatial, stratigraphic, and lithologic complexity
of the unconsolidated deposits that compose the shallow
aquifer results in the free water surface intersecting nine
different lithologic units at the site. Saturated hydraulic
conductivities of these units range from about 4x10™"* to
8x107® cm/s. Three ground-water basins were defined
within the shallow aquifer, with flow generally from west

to east. Ground-water velocities are highly variable. A
tracer test conducted in a pebbly-sand unit resulted in
velocities in the range of 640 to 770 m/yr. Estimated
velocities for the other units ranged from 2 to 490 m/yr.

Tritium was detected in observation wells on-site in
1976 and off-site in 1982. Concentrations ranged from the
analytical detection limit of 0.2 to more than 300 nCi/L.
Seasonal variations in tritium concentrations were
observed in most wells, and dilution caused by infiltrating
rainfall was observed.

Water-chemistry research included the collection
and analysis of precipitation, geologic materials, and
unsaturated- and saturated-zone water, both on-site and
off-site, and in all geologic units, during 1978 to 1984.
Precipitation was a calcium-zinc-sulfate type water. Cal-
cium and bicarbonate were the most abundant cation and
anion, respectively, in the geologic materials. Mean dis-
solved organic carbon and tritium concentrations (45 mg/L
and 290 nCi/L, respectively) were greater in samples from
six lysimeters located directly below waste trenches and
one located within a trench than in samples from all other
lysimeters (8.4 mg/L and 17 nCi/L, respectively). Water in
the saturated zone was generally a magnesium-
bicarbonate type. Tritium was the only radionuclide
detected in the saturated zone.

INTRODUCTION

Shallow burial has been the predominant means of
disposing of low-level radioactive wastes in the United
States. Low-level radioactive wastes generated by the
Federal Government have been disposed of at seven major
and numerous minor Department of Energy sites; wastes
from private sources have been buried at six commercial
repositories (fig. 1). As a result of the Low-Level Radio-
active Waste Policy Act (hereafter referred to as “the Act”)
(Public Law 96-573 —December 22, 1980) and the Low-
Level Radioactive Waste Policy Amendments Act of 1985
(Public Law 99-240—January 15, 1986), each State is
responsible for the disposal of wastes generated within its
borders. In order to comply with the Act, most States have
entered into compacts with neighboring States. These com-
pacts allow low-level radioactive wastes from all States
within the compact region to be disposed of at one site.

The term “low-level radioactive waste” has, over the
years, been assigned a variable and imprecise definition.
Currently (1991), low-level radioactive waste is defined in
terms of what it is not. It is not high-level waste,' spent

! High-level waste is the liquid waste resulting from the operation of
the first cycle solvent extraction system, or equivalent, and the concen-
trated waste from subsequent extraction cycles, or equivalent, in a facility
for reprocessing irradiated reactor fuel, and solids into which such liquid
waste has been converted. High-level waste is intensely radioactive,
generates much heat through the decay of fission products, and is
potentially the most dangerous type of nuclear waste.

2 Results of Hydrologic Research at a Low-Level Radioactive-Waste Disposal Site Near Sheffield, lllinois
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Figure 1. Location of principal low-level radioactive-waste disposal sites in the United States.

fuel,” transuranic waste,> or uranium mill tailings.* It
includes a variety of radioactive materials, some of which
are very radioactive, and may include significant quantities
of fission products having half-lives in excess of 25 years.
Low-level radioactive wastes consist of a wide variety of
materials, including sludges, ion-exchange resins, clothing,
tools, animal carcasses, instruments, glassware, piping,
valves, paper, sweepings, and general trash.

? Spent fuel is the irradiated nuclear fuel removed from a commer-
cial reactor or special fuels from a research reactor. Spent fuel is intensely
radioactive and generates much heat. It contains all of the fission products
present in high-level waste, plus the unused uranium and plutonium that
would be recovered by reprocessing, plus the gaseous radionuclides that
are released by reprocessing.

3 Transuranic (TRU) waste is waste contaminated with alpha-
emitting radionuclides having an atomic number greater than 92 and
half-lives greater than 20 years in concentrations greater than 100 nCi/g.
Transuranic waste is generated primarily by defense activities during the
reprocessing of irradiated materials and the fabrication of nuclear weapons
by using plutonium.

* Uranium mill tailings are the residues remaining after the milling
of uranium ore. They are produced in large volumes and contain low
concentrations of naturally occurring long-lived radionuclides, including
thorium-230 and radium-226, which decay into the radioactive gas
radon-222.

Purpose and Scope

The purpose of this report is to present results and
implications of approximately 10 years of hydrologic
research conducted by the U.S. Geological Survey at a
commercial low-level radioactive-waste disposal site.

Hydrologic research at the site, located near Shef-
field, IlI., has included studies of microclimate, evapotran-
spiration, and tritium release by plants; runoff and land
modification; water movement through a trench cover;
water and trittum movement in the unsaturated zone; gases
in the unsaturated zone; water and tritium movement in the
saturated zone; and water chemistry.

The 10 years of research at the Sheffield site were
conducted in increments; individual investigations were not
necessarily conducted in the order in which they are
presented in this report. The order in which the investiga-
tions are presented, however, encourages a process-oriented
view of the research that approximates the manner in which
water moves through the hydrologic cycle. Each investiga-
tion’s primary objectives were as follows:

Microclimate,  evapotranspiration, and  tritium
release by plants.—To quantify microclimatic parameters
as they relate to estimating evapotranspiration rates; to
estimate evapotranspiration rates; to compare actual
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evapotranspiration to potential evapotranspiration; and to
ascertain whether evapotranspiration is a mechanism for
release of tritium.

Runoff and land modification. —To describe types
and rates of short-term (measured in months or years)
changes in the land surface; to develop a data base through
which future changes in the land surface may be evaluated;
and to describe the precipitation-runoff component of the
hydrologic cycle.

Water movement through a trench cover.—To study
the movement of water and factors that affect the movement
within a selected trench cover.

Water and tritium movement in the unsaturated
zone.—To characterize water and tritium movement in the
unsaturated zone by identifying the timing, quantity, loca-
tion, and rates of movement and the factors that influence
movement.

Gases in the unsaturated zone.—To describe the
spatial and temporal distributions of waste-produced gases
in undisturbed, unsaturated geologic deposits near buried
wastes; to identify interactions of waste-produced gases
with water and sediments; and to estimate the effects of
those interactions on the transport of the gases from the
waste source.

Water and tritium movement in the saturated
zone.—To determine directions and rates of water and
tritium movement in the shallow saturated zone and factors
that affect this movement.

Water chemistry. —To describe the chemistry of pre-
cipitation, geologic materials, and water in the unsaturated
and saturated zones; to identify techniques useful for
obtaining representative samples of water from the unsat-
urated zone; to support, through statistical analyses and
geochemical modeling, the identification of naturally occur-
ring geochemical reactions; and to investigate the effect of
wastes on water chemistry.

Implications specific to each research topic are pre-
sented along with results of investigations. These specific
implications and implications based on overlapping
research topics also are summarized at the end of the report
as to their potential effect on the selection, characterization,
design, operation, and decommissioning of future low-level
radioactive-waste disposal sites. Although some of the
implications appear obvious after 10 years of research, the
value of presenting them cannot be underestimated.
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SETTING AND HISTORY OF THE SITE

Physical Setting

Geography

The Sheffield low-level radioactive-waste disposal
site (hereafter referred to as “‘the site”) is located on about 8
ha of rolling terrain in Bureau County, Ill. The closest town
1s Sheffield, located about 5 km northeast of the site
(fig. 2).

Bureau County is approximately 2,250 km? in area.
In 1980, the county’s population was approximately
39,100, of whom 13,200 lived in urban areas and 25,900
lived in rural areas (U.S. Department of Commerce, 1983,
table B, p. 130-143). Sheffield has a population of approx-
imately 1,000. The area is sparsely populated with 17
residences within 3 km of the site (Foster, Erickson, and
Healy, 1984, p. 4).

The site is located in the Upper Mississippi River
Basin. Three small intermittent streams, the headwater
tributaries of Lawson Creek, drain the site. Lawson Creek,
located approximately 1.6 km east of the site, has a
drainage area of 15.9 km”.

Ground water at the site is contained in both bedrock
and shallow, unconsolidated glacial deposits. Ground-water
divides for the shallow, unconsolidated deposits generally
correspond to the topographic drainage divides of the three
intermittent streams (Foster, Erickson, and Healy, 1984,
p. 15).

Land use near the site is agricultural, predominantly
grazing. Some strip-mined land to the northeast, north, and
west remains unreclaimed from the early 1950’s. An
operating hazardous-waste disposal facility is located adja-
cent to the northwest corner of the site, and a closed facility
is located north of the low-level radioactive-waste site.

The site is located in the Galesburg Plain Division of
the Till Plains Province. Although area landforms generally
are of glacial origin, pronounced ridges and valleys are
present as a result of surface-mining operations (Garklavs
and Healy, 1986, p. 3). Many of the valleys and last or final
cuts of the coal-mining operations now are lakes; one
last-cut lake (the strip-mine lake) is located about 300 m
northeast of the site.

Vegetative cover at the site primarily is brome grass
(Bromus inermis) and red clover (Trifoleum pratense).
Alfalfa (Medicago sativa) and timothy (Phleum pratense)
are present to a lesser extent (Healy and others, 1987,
p. 11).

4 Results of Hydrologic Research at a Low-Level Radioactive-Waste Disposal Site Near Sheffield, 1llinois
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Figure 2. Location of Sheffield low-level radioactive-waste disposal site.

Climate

The climate at the site is continental. Annual precip-
itation at three nearby National Oceanic and Atmospheric
Administration (NOAA) weather stations (Kewanee, 16 km
to the southwest; Tiskilwa, 23 km to the east; and Walnut,
31 km to the northeast) ranged from 646 to 1,330 mm and
averaged 890 mm (U.S. Department of Commerce,
1939-84). About 56 percent of annual precipitation falls
during the period May through September—June, the

wettest month, averages 116 mm, and February, the driest
month, averages 33 mm. Most precipitation during the
winter months (December through February) occurs as
snow, Average annual snowfall for the three weather
stations is 850 mm, and snow is on the ground an average
of 53 days each year.

The mean annual temperature is 10.3 °C. January,
generally the coldest month of the year, averages —6.5 °C,
whereas July, the warmest month of the year, averages 23.7
°C. Daily windspeed measured at Moline Airport (68 km

Setting and History of the Site 5



west of the site) for the period June 1, 1981, through
December 31, 1983, averaged 4.7 m/s (Healy and others,
1987, p. 4). The predominant wind directions were south-
southwest and west-northwest. Average relative humidity at
Moline for the above-mentioned period was 71 percent and
fluctuated little throughout the year.

Yearly average pan evaporation for April through
October, from 1963 through 1983, at a NOAA station at the
Hennepin, Ill., powerplant (39 km east of the site), was
1,140 mm. The month having the highest average pan
evaporation was July. A more detailed and site-specific
presentation of meteorological parameters is presented in
the section entitled “Microclimate, evapotranspiration, and
tritium release by plants.”

Geologic Setting

Geology at the site consists of Cambrian sandstones;
Ordovician and Silurian limestones and dolomites; and
Pennsylvanian shale, mudstone, siltstone, and coal overlain
by unconsolidated Quaternary deposits. It is assumed that
the 140-m-thick Pennsylvanian shale hydraulically sepa-
rates the surficial Quaternary deposits from the lower
aquifers. Therefore, the sandstones, limestones, and dolo-
mites will not be described in this report. The Quaternary
deposits, predominantly Pleistocene glacial sediments,
range from 3 to 27 m in thickness and have an average
thickness of about 17 m (Foster, Erickson, and Healy,
1984, p. 12). These deposits are thinnest near bedrock highs
and thickest in bedrock valleys. They are diverse in litho-
logic character and are both spatially and stratigraphically
complex. The stratigraphic nomenclature of the Glasford
Formation used in this report follows the usage of Willman
and Frye (1970, p. 52) and does not necessarily follow the
usage of the U.S. Geological Survey. The glacial sediments
were correlated by texture and mineralogy with units in the
rock-stratigraphic classification system of the 1llinois State
Geological Survey (Willman and Frye, 1970, p. 12).
Time-stratigraphic and lithostratigraphic units found at the
site are presented in figure 3. Bedrock and unconsolidated
deposits at the site are described from oldest unit to
youngest unit; descriptions were taken from Foster, Erick-
son, and Healy (1984, p. 12-15). Locations of geologic
sections and spatial complexity of unconsolidated deposits
are shown in figures 4, 5, and 6.

Bedrock

Bedrock at the site is part of the Carbondale Forma-
tion of the Desmoinesian Series in the Pennsylvanian. Rock
samples from a test hole drilled by the first site operator
show that the Pennsylvanian rocks are predominantly fos-
siliferous shales and mudstones (H.W. Smith, llinois State
Geological Survey, sample description for observation well
B-2, unpublished data on file in office of Illinois State

Geological Survey). Samples of the weathered shale ranged
from a silty clay to a clayey silt. Bedrock topography at the
site is shown in figure 7.

Unconsolidated Deposits

Duncan Mills Member of the Glasford Formation

The oldest Pleistocene sediments at the site are a thick
sequence of lacustrine-rhythmite sediments of the Duncan
Mills Member of the Glasford Formation (fig. 3). The
Duncan Mills Member consists of silty clay interbedded
with silt, clayey silt, and a few pebbly, sandy silt layers.
The lower part of the deposit consists of clayey-silt beds, 25
to 450 mm thick, with interbedded coarse, pebbly layers.
The upper part consists of finely laminated silts and siity
clays.

The Duncan Mills Member thickens toward the north-
east corner of the site where a bedrock valley deepens (fig.
7). At one observation well, the unit is approximately 17 m
thick.

Hulick Till Member of the Glasford Formation

On the basis of its grain-size distribution, the Hulick
Till Member (fig. 3) is predominantly a sand-silt-clay. Sand
content in the Hulick Till Member ranges from 16 to 33
percent. Clay content averages 30 percent, of which 43
percent is illite, 30 percent is montmorillonite, and 27
percent is kaolinite and chlorite (C.A. Peters, written
commun., 1987).

Some areas within the Hulick Till Member show
decreased illite and sand content; this decrease has been
attributed to the glacier incorporating the lacustrine sedi-
ments of the Duncan Mills Member into the till (W.H.
Johnson, University of Illinois, written commun., 1979).
Another compositional variation in the Hulick Till Member
is seen in the higher illite content of the clay-sized fractions
of samples from cores from two boreholes (74 and 75
percent), probably representing a zone in the till containing
a higher percentage of shale bedrock.

Most of the site is underlain by the Hulick Till
Member except for a few small, isolated areas. Till thick-
ness measured in drilling cores ranged from 0.08 to 5.0 m
and averaged 2.0 m.

Toulon Member of the Glasford Formation

The Toulon Member of the Glasford Formation is
composed of two units—a channel-like outwash deposit and
a lacustrine deposit. The channel-like outwash of the
Toulon Member underlies approximately 70 percent of the
site. The outwash sediments grade from a well-sorted
pebbly sand in the eastern half of the site into a moderately
sorted pebbly-silty sand to the west. The pebbly-sand unit

6  Results of Hydrologic Research at a Low-Level Radioactive-Waste Disposal Site Near Sheffield, Hlinois
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Figure 3. Time-stratigraphic and lithostratigraphic units at the site (modified from

Willman and Frye, 1970).

ranges from O to about 8 m in thickness (P.C. Mills, written
commun., 1987) and averages 4.5 m (fig. 8).

A structure-contour map (fig. 9) of the upper surface
of the pebbly-sand unit shows it dipping to the northeast
from near the southwestern corner of the site. The pebbly
sand probably covered all or most of the site up to an
altitude of at least 232 m at one time. The present upper
surface of the pebbly sand developed during an erosional
period prior to the deposition of the younger Pleistocene
deposits overlying the unit. The pebbly sand apparently is
absent in the northwest and much of the southeast area of
the site. A lacustrine deposit of the Duncan Mills Member
was used as a marker bed to establish the base of pebbly

sand on the western side of the site and also in correlating
the pebbly-sand unit across the site. The pebbly sand is
generally overlain by the lacustrine deposit of the Toulon
Member on the western side of the site and by the Radnor
Till Member on the eastern side. The absence of the Toulon
Member (lacustrine deposit) and Radnor Till Member near
the northeastern corner makes it difficult to ascertain if the
pebbly-sand outwash here was deposited contemporane-
ously with the outwash on the southern half of the site,
although the data indicate that the deposits are continuous.

The lacustrine deposit of the Toulon Member is
fossiliferous and consists of silt, clayey silt, sand-silt-clay,
sandy silt, and marl. The deposit covers most of the

Setting and History of the Site 7
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southwestern quarter of the site and ranges in thickness
from 0.6 to 1.8 m.

Radnor Till Member of the Glasford Formation

The Radnor Till Member of the Glasford Formation
consists of clayey silt and sand-silt-clay ranging in thickness
from 1 to 6 m. It also contains a few sand and silt lenses. It
is distinguished from the Hulick Till Member by differences
in sand content and clay mineralogy. Sand content of the
Radnor Till Member ranges from 6 to 46 percent, and the
clay minerals average 42 and 44 percent illite and montmo-
rillonite, respectively. There are isolated occurrences of the
Radnor Till in the southern half of the site and to the
northeast of the site near the strip-mine lake. The Radnor
Till Member was used as a key marker bed in correlating the
pebbly-sand unit of the Toulon Member.

-~ INTERMITTENT STREAM

Berry Clay Member of the Glasford Formation

The Berry Clay Member of the Glasford Formation is
an accretion-gley deposit, typical of the intrazonal soil
profile of the Sangamon Soil (Willman and Frye, 1970, p.
85-86). A gley soil develops in an area having poor
drainage. The condition results in the presence of reduced
iron and other elements that mottle the soil. There was an
extended erosional period after the retreat of the Illinoian
glaciers during which time the Sangamon Soil was devel-
oped. The Sangamon Soil occurs as two distinct soil types
in two upland areas of the site. One soil, developed by
weathering of the Radnor Till Member, is present near the
southeast corner of the site; the other soil, in the Berry Clay
Member, is present in the west-central and southwest parts
of the site. In cores from test wells, the Sangamon Soil
ranged in thickness from 0.4 to 3.6 m.

8  Results of Hydrologic Research at a Low-Level Radioactive-Waste Disposal Site Near Sheffield, illinois
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Roxana Silt and Peoria Loess

During the Wisconsinan Stage, ice did not cover the
Sheffield site, but eolian silts and sands were deposited on
the site. The silts originated from lake deposits along the
Mississippi River (Willman and Frye, 1970, p. 36), and the
sands from nearby outwash deposits.

Lower Wisconsinan eolian silts are assigned to the
Roxana Silt (fig. 3). The Roxana Silt is largely loess but
contains layers of clayey silt and sand-silt-clay. The Roxana
Silt is present in isolated occurrences in the southern half of
the site. The thickness of Roxana Silt in cores ranges from
0.4 t0 2.2 m.

Middle to upper Wisconsinan eolian silts are assigned
to the Peoria Loess. The Peoria Loess covers the entire site

and ranges in thickness from 0.6 to 9 m; the thicker
accumulations are found near the north and west
boundaries.

Cahokia Alluvium

The Cahokia Alluvium is present near the northeast-
ern comner of the site. Approximately 0.6 m of sandy silt
was penetrated in the drilling of a single observation well.

Modern Soil

The present soil cover is developed in the upper part
of the Peoria Loess and assigned to the Modern soil
(Willman and Frye, 1970, p. 89). This soil is predominantly

Setting and History of the Site 11
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clayey silt and, where present, ranges in thickness from 0.6
to 2.7 m. In many areas of the site, the soil has been either
removed or covered by fill.

Fill

Fill, consisting of reworked geologic deposits, is the
youngest unit on the site. It consists of clayey silt to silt and
has been used to build trench caps and to raise the land
surface in low areas. Cores from wells indicate fill ranges in
thickness from 0.6 to 7.1 m.

Site Development

History

In 1963, the Illinois legislature passed the Illinois
Radioactive Waste Act, which gave the Illinois Department
of Public Health (IDPH) authority to accept title to property
for establishing a low-level radioactive-waste disposal site.
In March 1965, the IDPH developed criteria for establishing
a site and invited companies involved in radioactive-waste
disposal to propose potential sites. One company purchased
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27 ha of land near Sheffield of which 8.1 ha were deeded to
the State for radioactive-waste disposal. In August 1967,
burial of low-level radioactive wastes began at the site. In
March 1968, the company’s interest in the disposal site was
purchased by another company that continued to bury waste
until April 1978. In October 1981, all State responsibilities
for supervision of the site were transferred from the IDPH to
the newly formed Illinois Department of Nuclear Safety
(IDNS). In 1987, the U.S. Nuclear Regulatory Commission
(the Federal agency responsible for site supervision) granted
IDNS regulatory responsibility for the site (Agreement
between the United States Nuclear Regulatory Commission
and the State of Illinois for Discontinuance of Certain
Commission Regulatory Authority and Responsibility
within the State pursuant to Section 274 of the Atomic
Energy Act of 1954, as amended, May 18, 1987, effective
June 1, 1987).

Waste Trenches

Low-level radioactive wastes are buried in 21
trenches at the site (fig. 10) that were constructed in
unconsolidated glacial materials. Trench dimensions ranged
from 11 to 180 m in length, from 2.4 to 21 m in width, and
from 2.4 to about 7.9 m in depth. Nineteen of the trenches
were constructed at or below the natural grade of the land
surface. By late 1976, all available space meeting an IDNS
requirement that at least 3.1 m separate the base of a trench
and the top of the saturated zone had been exhausted. Two
trenches were subsequently constructed partly above the
existing land surface to allow for the 3.1-m separation.
Walls for the above-grade trenches were constructed by
importing clayey-silt fill from nearby surface deposits and
compacting the material layer upon layer.

A typical trench has sloped walls (fig. 11), a
lengthwise-sloping floor, and a 0.6-m by 0.6-m rock-filled
French drain connected to a sump at the low end of the
trench. A pipe extends from the sump to land surface to
allow for monitoring access and leachate removal. Some
trenches were covered with a compacted layer of clayey silt
from nearby surface deposits; all trenches were capped by a
mound of clayey silt and silt. Swales exist between adjacent
trench covers.

Although records are incomplete, it is estimated that
a total of about 90,500 m> of wasie was buried including
about 60,000 Ci of byproduct material, 13.6 kg of
plutonium-239, 0.002 kg of uranium-233, 41 kg of
uranium-235, and 270,845 kg of source material (Illinois
Department of Nuclear Safety, written commun., 1979).
Buried wastes are contained in steel drums, wooden crates,
miscellaneous plastic containers, concrete casks, and card-
board cartons. Contents of the containers include such items
as scintillation liquids (generally solidified), ion-exchange
resins, decontamination solutions, contaminated and acti-
vated metals, laboratory supplies from hospitals, glassware,

building materials, experimental animal carcasses, protec-
tive clothing, tools, and paper.

Arrangement of containers in the trenches varied
from orderly placement to random disposal. Records of the
arrangement methodology are limited. Figure 12 illustrates
variations of container arrangement; relative trench dimen-
sions also are evident. Waste-burial records compiled by
Kahle and Rowlands (1981) indicate that the ratio of waste
volume to trench volume ranges from 36 to 67 percent. The
filled trenches at the site contain numerous voids that result
from the use of a wide variety of waste containers and burial
arrangements, incomplete backfilling, and collapse of waste
containers.

Management Practices

For the purpose of this paper, site-management prac-
tices can be divided into two categories. The first category,
routine maintenance, includes periodic visual inspections,
mowing of vegetation, and inspecting for water in trench
sumps. The second category, remedial measures, generally
pertains to reducing erosion and includes filling collapse
holes, rills, and gullies and maintaining slope stability by
planting grasses and laying geotechnical fabric where
needed.

HYDROLOGIC RESEARCH

In 1976, the U.S. Geological Survey began a study of
the mechanisms and pathways by which radionuclides
might move at the Sheffield low-level radioactive-waste
site. Because it was anticipated that water would play a
primary role in mobilizing and transporting radionuclides
from the trenches, the following aspects of the hydrologic
environment were investigated in the ensuing years: micro-
climate and evapotranspiration, surface hydrology,
unsaturated-zone hydrology, saturated-zone hydrology, and
water chemistry. As previously mentioned, these research
topics were not investigated in the order presented in this
paper. The order of presentation, however, approximates
the manner in which water moves through the hydrologic
cycle and, therefore, encourages a process-oriented view of
radionuclide transport.

Three additional topics—tritium release by plants,
water movement through a trench cover, and gases in the
unsaturated zone —represent research that was conducted in
the later phases of the U.S. Geological Survey’s involve-
ment at the site. The results and implications of each of
these research topics need to be considered in the selection,
characterization, design, operation, and eventual decom-
missioning processes of future low-level radioactive-waste
disposal sites.

Hydrologic Research 13
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