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Low-Level Radioactive-Waste Burial at

the Palos Forest Preserve, lllinois:
Geology and Hydrology of the Glacial Drift,
as Related to the Migration of Tritium

By Julio C. Olimpio

Abstract

A low-level radioactive-waste burial site is located
in Palos Forest Preserve, about 22 kilometers southwest
of Chicago, lllinois. Between 1943 and 1949 the site,
named Plot M, was filled with radioactive waste from the
first Argonne National Laboratory and from the Univer-
sity of Chicago Metallurgical Laboratory. Since 1973,
tritium concentration levels up to 14 nanocuries per liter
have been measured in water samples collected from a
well 360 meters from the burial site.

The U.S. Geological Survey is studying the
geologic, hydrologic, and geochemical properties of the
glacial drift and underlying bedrock at the Plot M site to
determine the factors that control the movement of
radionuclides. Test wells were drilled into the drift to
collect water and core samples for laboratory analysis, to
gather geologic and hydrologic data, and to conduct
geophysical surveys.

Plot M is located in drift that ranges in thickness
from 25 to 45 meters. The drift is a stratified sequence of
clay- and silt-rich sediments that contain thin, inter-
stratified sand layers. The silt content of the drift in-
creases with depth. The permeability of the drift, as indi-
cated by field and laboratory hydraulic conductivity tests,
ranges from 1.0 x 107° to 1.0 x 10~ centimeters per
second.

A tritium plume, the contaminated zone in the drift
in  which tritium concentration levels exceed 10
nanocuries per liter of water, extends horizontally north-
ward from Plot M at least 50 meters and vertically down-
ward to bedrock. The center of the plume, where tritium
concentration levels are as high as 50,000 nanocuries per
liter, is approximately 15 meters beneath the burial site.
The size, shape, and “bull’s-eye” concentration pattern
indicate that the plume is a single slug and that the site
no longer releases tritium into the drift. The leading
edge, or front, of the plume (the 10 nanocuries per liter
boundary) left the burial site in either the late 1940’s or
the early 1950’s and intersected the underlying bedrock
surface before 1973. The calculated movement rate of
the front is 6.3 x 10~° centimeters per second.

Several key factors that control both the concentra-
tion level and the extent of migration of tritium in the
drift at Plot M are

1. The limited amount of tritiated waste buried at Plot M.

2. The long period of time that has elapsed since the
waste was buried (30-35 years) relative to the
radioactive half-life of tritium (12.3 years).

3. The great thickness and low permeability of the glacial
drift at the site.

INTRODUCTION

In early 1943, the U.S. Army Corps of Engineers
leased land from the Cook County Forest Preserve District
to build a radioisotope research facility. The facility
formed part of the Metallurgical Laboratory operated by
the University of Chicago for the Manhattan Engineer
District (the Manhattan Project). The facility, known as
Site A, housed three of the world’s first nuclear reactors.
Plot M was the burial site for the low-level radioactive
waste derived from Metallurgical Laboratory operations
(fig. 1).

From 1943 to 1948, radioactive waste delivered to
Plot M was placed in simple 2.5-m-deep trenches. Soil
was used to cover the waste and to reduce the level of
radiation. During 194849, waste was put in steel bins,
which, in turn, were placed in trenches and covered with
soil. In June 1949, the bins were removed and burial oper-
ations were discontinued. Work at Plot M ended in 1956
with the construction of an inverted concrete box that
covered the entire burial site.

The Argonne National Laboratory (ANL) has con-
ducted a radiological monitoring program at Plot M since
1948. In 1954, at the request of ANL, the U.S. Geologi-
cal Survey studied the geologic, hydrologic, and chemical
characteristics of the glacial drift at Plot M (W. J.
Drescher, written commun., 1954) and advised ANL on
its environmental monitoring program. In 1973, tritium
was detected in water from a dolomite bedrock well at the
Red Gate Woods picnic area, and the ANL monitoring
program was expanded to include the Red Gate Woods
well and other nearby forest preserve wells.

The study of ground-water flow and tritium migra-
tion at Plot M described in this paper began in 1978. Re-
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Figure 1. Location of Plot M in the Palos Forest Preserve, Cook County, lil.

sults of the study described below represent data gathered
and conclusions drawn after 2 years of investigation.

PROBLEMS AND OBJECTIVES

The study attempts to answer several questions that
arose after the discovery of tritium in the water at the Red
Gate Woods well.  Assuming that Plot M is the source,
how does tritium migrate from Plot M to the Red Gate
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Woods well? Does it move with ground water along path-
ways entirely within the glacial drift, or along pathways
through both the drift and the underlying bedrock? What
is the rate and extent of tritium migration in the drift and
the bedrock? Do surface and subsurface conditions at the
site encourage migration? Are there conditions that work
to retard migration? Frequent use of the land and water in
the forest preserve at Plot M year-around emphasizes the
need for answers to these questions.



The main objectives of this study are to determine
the geologic, hydrologic, and geochemical properties of
the drift that control the migration of tritium from the bu-
rial site to the underlying bedrock and to determine the
present extent of tritium in the drift. A third objective is
to determine the rate and direction of tritium movement in
water in the bedrock. The results of the study are needed
by the U.S. Department of Energy to evaluate the need for
remedial action at the Plot M site.

GENERAL METHOD OF INVESTIGATION

The method of investigation was based initially on
the following information:

1. The results of preliminary numerical ground-water
flow models.

2. Simplified assumptions concerning the movement of
ground water and tritium in drift and in dolomite
bedrock.

Because model results showed that anisotropic
geologic and hydraulic properties of the drift significantly
affected ground-water flow, detailed geologic and hydro-
logic information from the drift was needed. Drilling at
each site was accompanied by continuous split-spoon sam-
pling of the drift to determine small-scale lithologic prop-
erties. Cores and samples were logged in the field and
were sealed for laboratory analysis. In addition to field
observations of the lithology, texture, color, structure, and
sedimentological features exhibited by each sample, the
samples also were analyzed for the following properties:
mineralogy, grain-size distribution, density, porosity, hy-
draulic conductivity, moisture content, and tritium con-
tent.

ACKNOWLEDGMENTS

This investigation relied heavily on the Plot M en-
vironmental surveillance program conducted by the ANL.
Especially helpful have been J. Sedlet, N. W. Golchert,
and H. C. Svoboda of the Health Safety Section of the
ANL, who have provided administrative and technical as-
sistance throughout the project.

DESCRIPTION OF THE PLOT M SITE

Location and Geographic Setting

The Palos Forest Preserve is a wedge-shaped area in
the southwestern corner of Cook County, Ill. (fig. 1). The
area is hilly and lies southeast of the Illinois and Michigan
Canal, the Chicago Sanitary and Ship Canal, and the Des
Plaines River and north of the Calumet Sag Channel. The

low-lying glacial Lake Michigan plain borders the east
side of the forest preserve. In this paper, Plot M and the
adjacent forest preserve land are referred to as the Plot M
site.

Plot M is rectangular, about 40 m north-south by 44
m cast-west (fig. 2). It is an open, grassy area on an east-
ward-sloping hill. The site is drained by two intermittent
streams. A large stream flows through a ravine that skirts
the south and east sides of the site, and a smaller stream
flows in a ditch that parallels the west side of the site and
swings eastward to join the large stream at a point 65 m
north of Plot M. The site is approximately 215 m above
sea level.

History

When the burial site was in use, a high fence topped
with barbed wire prohibited animal, pedestrian, and veh-
icular traffic from crossing the area. A concrete wall ex-
tending 2.5 m below grade around the fenced area pre-
vented burrowing animals from entering the site. Early re-
cords give very poor descriptions of the burial procedures
used and of the identity and quantity of waste material
buried. Records indicate that waste was buried in 2.5 by
2.5 by 12 m trenches; each trench, therefore, could hold
roughly 75 m> of waste material. Eventually, 41 trenches
were constructed; each was numbered and marked with a
steel post and a brass tag. Spacing between the trenches
ranged from 1 to 3 m. In 1956, a protective concrete cap
was installed over the trenches. The cap resembles an
open inverted box with vertical sides 2.6 m deep. Upon
completion of the cap, the fence was removed and the en-
tire area was covered with soil nearly 1 m thick. The cor-
ners of the site are marked; however, the individual
trenches are not marked.

An ANL environmental monitoring program for Plot
M was established in 1954 with the assistance of the Sur-
vey. Samples of surface water, surface soil, and augered
soil core samples were collected for analyses. Samples
collected through 1961 contained normal radioactivity for
the Chicago area. During the period 1963—69, abnormally
high alpha and beta activity was detected in surface soil
samples collected 17 m northwest of the site (Golchert and
Sedlet, 1978).

The first indication of subsurface movement of
radionuclides was in 1973, when tritium concentration
levels higher than background lgvels were detected in the
water in the bedrock well at the Red Gate Woods picnic
area. Since then the water in the well has been sampled
periodically and analyzed for tritium and other radionuc-
lides. Tritium concentration levels range from 0.25
nanocuries per liter of water (nCi/L) to 14 nCi/L (fig. 3).
The pattern of fluctuating tritium concentration levels,
highest during the winter and lowest during the summer,
has been observed since 1973.

Description of the Plot M Site 3
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test well locations, and lines of cross-sec-
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Table 1. Test-well construction data and lithologic description of cores of test well 26 at Plot M

COMPLETION DATE:
LOCATION:

October 9, 1979

Altitude of land surface~---==-==-===--————oooeu—u—u
Altitude of measuring point (top of casing)---------
Depth of bottom of piezometer from land surface-----

Type of piezometer:

10 m northeast of the northeast corner of Plot M
SITE~ AND WELL-CONSTRUCTION DATA (Values are in meters):

1.22-m slotted PVC-pipe, 5.08-cm diameter

Depth
Unit Sample interval Blow Recovery
No. No. (m) counts (cm) Description

1-----798221----~---- 0- 0.46 8-12-15 15.2 Brown stony clay soil

]=m=e- 798222~~--- 0.46- .91 11-10-18 15.2 Brown clayey soil, root tubes, plant fragments

j-—v-- 798223 --~-~ 0.91- 1.37 20-20-24 25.4 Brown clayey soil with stones, plant fragments; 2.5-
cm dry yellow sand layer at 1.16 m

1-==— 798224 ----- 1.37- 1.83 13-18-21 25.4 Yellow-brown silty clay with pebbles, mottled, hard,
dry, flaky, brittle

T 798225----- 1.83- 2.29 23-25-29 25.4 Yellow-brown silty clay with pebbles (large variety),
flaky, brittle; plant fragments, Fe oxidation,
pyrite; 45° fracture at 1.83 m

leeee- 7958226 ~---~ 2.29- 2.74 14-20-25 61.0 Yellow-brown silty clay with pebbles (large variety);
vertical fracture (25.4 cm) oxidized with plant
debris

l----- 795227 -~--- 2.74- 3.20 14-20-26 45.7 Brown silty clay with pebbles, hard, dry

1= 798228 --~-~ 3.20~- 3.66 20-21-25 40.6 Brown silty clay with pebbles, hard, dry; wet spot at
2.35 m; moist vertical fracture at 3.5l m

lewem- 795229 ----- 3.66- 4.12 9-11-15 35.6 Brown silty clay with pebbles, soft, moist, mottled;
Fe oxidation

l====- 7958230-—--- 4.12- 4.57 7- 7-10 35.6 Brown silty clay with pebbles, soft, moist, mottled;
Fe oxidation

1-—=m 798231-----4.57- 5.03 11-13-13 30.5 Brown silty clay, soft, moist, mottled

1-——---798232—--—- 5.03- 5.49 9-13-18 50.8 Brown silty clay, soft, moist

l-==-= 796233 ~———- 5.49- 5.94 24~-27-27 50.8 Brown silty clay, soft, moist; 5.1 cm water-bearing
sand layer at 5.94 m

1-----798234-----5.94- 6.40 13-19-50 35.6 Brown silty clay; 30.5 cm water-bearing sand layer
with stones at 6.10 m

1-~—-- 798235---——6.40~ 6.86 19-15-16 45.7 Watery sand to 6.55 m; contact with brown silty clay
with pebbles and stones

1-——-- 795236 ---—-6.86- 7.32 37-32-27 40.6 Brown clayey silt with pebbles and stones

1-—--- 798237 ----- 7.32- 7.77 9-12-17 45.7 Brown clayey silt grading to brown-gray clayey silt
with pebbles, mottled

2~~~ 795238 -——-- 7.77- 8.23 18-20-18 35.6 Brown-gray clayey silt with numerous pebbles and
stones, moist; Fe oxidation

2-~--—-795239---—-8.23- 8.69 11-13-18 30.5 Brown-gray clayey silt with pebbles, gritty

2-—---798240-----8.69~ 9.14 35-40-18 -- -—

2-=-=—= 798241 —---- 9.14- 9.60 25-18-18 30.5 Brown-gray clayey silt with pebbles, gritty

2-m——— 795242-----9.60-10.06 12-13-16 40.6 Brown-gray clayey silt to 9.75 m; contact with dark
gray clayey silt with pebbles, dry, hard, dense

2--—-- 795243----10.06-10.52 10-15-19 30.5 Dark gray silt to 10.2] m; contact with brown silt
with pebbles

2-——-= 795244----10,52-10.97 12-15-17 40.6 Brown silt with few pebbles, gritty, clean

2---—- 798245----10.97-11.43 39-25-23 30.5 Brown silt with few pebbles, gritty, moist, dense

2= 798246----11,43-11.89 9-12-16 40.6 Brown clayey silt with pebbles, gritty; 5.1 cm oxi-
dized zone at 11.43 m

2-—==- 795247----11.89-12.34 12-11-13 25.4 Gray-brown clayey silt with pebbles, gritty, moist,
soft

pJ— 795248----12.,34-12.80 18-48-12 15.2 Gray-brown clayey silt

2-----795249----12.80-13.26 10-12-45 20.3 Wet, gravelly, clayey silt with pebbles

2-~=—798250----13,26-13.72 7- 8-11 40.6 Wet, gravelly, clayey silt grading to brown-gray

6 Low-Level Radioactive-Waste Burial, Palos Forest Preserve, Ill.
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Table 1. Test-well construction data and lithologic description of cores of test well 26 at Plot M— Continued

Depth
Unit Sample interval Blow Recovery
No. No. (m) counts (cm) Description
2----- 795251 =---~13.72-14.17 6-11-13 30.5 Brown-gray clay grading to pink-brown silt, moist,
clean
2-----798252----14.17-14.63 5- 7-24 35.6 Pink-brown silt with stones, pebbles, clean
2-----7958253----14.63-15.09 18-11-23 20.3 Pink-brown silt to 14.69 m; contact with brown silt;
graded layers of silt and sand
2---—- 795254----15.09-15.,55 10-14-26 40.6 Brown clayey silt with pebbles, gritty, moist, soft
3-----798255----15.55-16.00 26-22-22 40.6 Brown clayey silt grading to brown-gray clayey silt
3---— 7958256 ----16.00-16.46 10-20-21 35.6 Brown-gray clayey silt grading to gray-brown clayey
silt with pebbles
3 795257----16.46-16.92 15-24-50/4 35.6 Gray-brown clayey silt grading to silt with pebbles,
rocks, soft, moist
3 795258----16.92-17.37 26-20-20 - Rocks
3----- 795259----17.37-17.83 12-16-17 15.2 Gray-brown clayey silt with pebbles, mottled
3--——- 795260----17,83-18.29 19-15-16 30.5 Brown-gray clayey silt grading to gray clayey silt
with pebbles, gritty, moist, soft
EOB 19.81 m

lThe 18-in. metal sample tube is driven into the ground to collect a sample.

The number of hits or blows

it takes to drive the sampler each 6 in. into the ground is always recorded as a measure of the hardness of

the material.

DRILLING AND SUBSURFACE
EXPLORATION PROGRAM

Under Survey supervision, the ANL began construc-
tion of a network of monitoring piezometers in the drift in
1976. Ten piezometers were installed in test wells that
were constructed to a maximum depth of 12 m (test wells
1-10, fig. 2). Core samples were collected from two test
wells (wells 22, 23, fig. 2) drilled through the concrete
cap of the burial site in 1977. In late 1977 and early 1978,
nested piezometers were installed at wells 11 and 24.
Well-completion data, length of core recovered, and the
geologic log of each test well are given by Olimpio
(1982). As an example, the log of test well 26 is given
in table 1. Table 2 gives the well-completion information
for four bedrock test wells (DH1-DH4, fig. 1) drilled near
Plot M in 1976. A complete description of the techniques
used to drill the pre-1979 wells, together with the results
of the radionuclide analyses of all the core samples col-
lected, is given by Golchert and Sedlet (1978).

All the test wells drilled before 1979 were either
next to or downgradient from Plot M between the two in-
termittent streams that drain the site. Furthermore, all but
a few of the piezometers were located in the upper 10-15
m of the drift. In September 1979 and June 1980, the Sur-
vey drilled 15 additional wells in an effort to expand and
deepen the downgradient ground-water-monitoring net-
work. A piezometer was installed in each test well (loca-
tions 25-30, 33-37, fig. 2, table 1). The 15 new

piezometers, together with the pre-1979 piezometers, pro-
vide a monitoring grid delineated by two east-west lines
(A-A’, B-B', fig. 2) and three north-south lines (C—C’,
D-D', E-FE', fig. 2).

The geologic and hydrologic data obtained from the
15 new test wells were used to define the lithologic and
stratigraphic characteristics of the drift, to locate the ap-
proximate position of the water table, and to determine the
hydraulic head distribution of the saturated zone in the
drift.

Three types of borehole geophysical logs were run
on each test well: natural-gamma, gamma-gamma, and
neutron-epithermal neutron (fig. 4). The logs, which qual-
itatively identify lithology, indicate borehole and casing
conditions, and aid stratigraphic correlation, were used as
follows:

1. The natural-gamma logs were used to aid identification
of less-radioactive sand layers in the clay- and silt-
rich drift. Log identification of sand layers made it
possible to correlate sandy strata (and also silty or
gravelly strata) from well to well and thus played an
important role in determining drift stratigraphy at the
site.

2. The gamma-gamma logs measured the drift’s capacity
to reduce and attenuate induced radiation. Bulk de-
nsity decreases to the right on the logs shown in fig-
ure 4; therefore, the response to a layer of sand is
opposite to that of the natural-gamma log. Although
the gamma-gamma logs did not accurately measure

Drilling and Subsurface Exploration Program 7



Table 2.

Site and well-construction data of bedrock wells

in the forest preserve near Plot M

WELL DHI

COMPLETION DATE:

LOCATION:

September 17, 1976

Site A, at the top of the ridge in the Palos
Forest Preserve

SITE AND WELL-CONSTRUCTION DATA (Values are in meters):

Altitude
Altitude
Depth to
Depth to
Depth to

Type of casing:

of land surface------------———---—ou-o 226.46
of measuring point (top of casing)----- 227.06
bedrock from land surface-------------- 51.81
bottom of casing from land surface----—- 53.34
bottom of borehole from land surface--- 65.53

black steel, 12.7-cm diameter

WELL DH2

COMPLETION DATE:

LOCATION:

September 20, 1976

160 m south of Plot M on the north side of
the forest preserve road; near well 21

SITE AND WELL-CONSTRUCTION DATA (Values are in meters):

Altitude
Altitude
Depth to
Depth to
Depth to

Type of casing:

of land surface-—--------—---—-c-——-—- 219.79
of measuring point (top of casing)----- 220.39
bedrock from land surface---------—---- 46.93

bottom of casing from land surface----- 48.77
bottom of borehole from land surface---

black steel, 12.7-cm diameter

WELL DH3

COMPLETION DATE:

LOCATION:

September 23, 1976

30 m north-northwest of the northeast corner
of Plot M; near well 4

SITE AND WELL-CONSTRUCTION DATA (Values are in meters):

Altitude
Altitude
Depth to
Depth to
Depth to

Type of casing:

of land surface---------—---—---————--—o 207.08
of measuring point (top of casing)----- 207.68

bedrock from land surface------=---—--- 37.18
bottom of casing from land surface----- 39.01
bottom of borehole from land surface--- 52.73

black steel, 12.7-cm diameter

WELL DH4

COMPLETION DATE:

LOCATION:

September 28, 1976

Approximately 200 m north of Plot M next to
forest preserve road

SITE AND WELL-CONSTRUCTION DATA (Values are in meters):

Altitude
Altitude
Depth to
Depth to
Depth to

Type of casing:

of land surface--------—-----—---=——---= 205.64
of measuring point (top of casing)----- 206.24

bedrock from land surface-------------- 33.22
bottom of casing from land surface----- 35.35
bottom of borehole from land surface--- 85.34

black steel, 12.7-cm diameter

8 Low-Level Radioactive-Waste Burial, Palos Forest Preserve, lll.

the thickness of the sand layers, because the radius
of detection of the nuclear probe was greater than all
but the thickest sand layers, they were useful in
identifying the location of sand layers and determin-
ing the thickness of clay-silt units.

3. The neutron and gamma logs were used together to
distinguish between free water occupying pore
spaces in the drift and chemically bound water.

REGIONAL GEOLOGY

The preglacial bedrock surface in northern Illinois
ranges in age from Ordovician to Silurian. The study area
(fig. 1) is underlain by Silurian dolomite that crops out
along the Des Plaines River valley and the ‘Calumet Sag
Channel.

The Plot M site is located in the rough, irregular ter-
rain of the Wheaton Morainal Country; the site is under-
lain by two till sheets of Wisconsinan age, the Wadsworth
Till and the Malden Till (Lineback, 1979).

In this paper the term “drift” refers to the ice-laid
mixture of clay, silt, sand, and coarse debris constituting
the till sheets beneath the site.

DRIFT AT PLOTM
Geology

The Plot M site is situated on an end moraine and
is directly underlain by 25-30 m of clayey silt. This de-
posit, the Wadsworth Till Member of the Wedron Forma-
tion, contains thin lenses and layers of sand and gravel
and overlies sandy silt and gravel of the Malden Till
Member of the Wedron Formation (Willman and Frye,
1970). The total thickness of the glacial drift beneath the
site varies from 25 to 45 m.

The core samples indicate that the physical proper-
ties of the drift are uniform horizontally over the site.
However, vertical variations of properties, in particular,
variations in lithology, grain-size distribution, and color,
were observed within both the Wadsworth and Malden
Tills. Moreover, these small-scale vertical changes in the
character of the drift were observed consistently at all test
wells.

Therefore, for convenience in describing the small-
scale characteristics of the drift, the vertical variations in
lithology, grain-size distribution, and color within each till
sheet were used to subdivide the drift into seven lithos-
tratigraphic units. The units are referred to, from the sur-
face downward, as Units 1 through 7 (table 3). Units 1-5
represent the Wadsworth Till Member, and Units 6 and 7,
the Malden Till Member.
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Lithology and Mineralogy

In general, the drift beneath the site is composed
primarily of clay and silt, with smaller amounts of sand
and gravel. The drift is an unsorted, mixed sediment in
Unit 1; it becomes progressively better sorted, or layered,

with increasing depth, particularly in Units 5-7. The color
of the drift ranges from yellow-brown to light gray. Grain
size ranges from clay-size to rocks as large as 8 cm in di-
ameter.

Grain-size distribution of samples of the drift, as
determined by hydrometer and sieve analyses, is shown in

Drift at Plot M 9



Table 3. Geologic time-stratigraphic classification, rock stratigraphic classification, and general description of the drift

at the Plot M site

Unit Thick-
(this Depth  ness

System Series Stage Substage  Formation Member  report) (m) (m) Description

Yellow-brown silty clay
containing pebbles;
wide variety of mineral

1 5 5 and rock fragments,
oxidized fractures,
discontinuous sand
layers

Alternating sequence of
brown and gray-brown
clayey silts containing

2 10 5 pebbles and rocks;
mostly dolomite and
black shale graims,
discontinuous sand and
gravel layers

Alternating sequence of
brown and gray-brown
clayey silts containing

Wadsworth pebbles; mostly dolo-

Quater- Pleisto- Wiscon- Woodford-  Wedron
nary cene sonian ian

Tilll 3 15 5 mit? and blac% shale
grains, relatively low
density, easy to drill
and sample

Alternating sequence of
gray and gray-brown
silts, few or no peb-

4 20 5 les; very dry and hard,
relatively high den-
sity, difficult to
drill and sample

Gray and light gray
silt and sand, no peb-

5 25 5 bles, dry, stiff, brit-
tle, extremely hard,
difficult to drill and
sample

Gray-brown gravelly
6 30 5 sandy silt, moist, all

grains are dolomite

Dark brown gravelly,

Malden clayey silt containing

ri1n! 7 35 5-7

pebbles, moist; en-
countered only in test
well 36

Silurian  Niagaran

40 50

1willman and Frye, 1970.

table 4. The samples were collected in the upper 35 m of
the drift, corresponding with Units 1-6. The data in table
4 are arranged in order of descending altitude, or increas-
ing depth. The average grain-size distribution for glacial
moraines (undifferentiated) in the Wadsworth Till Member
is shown for comparison.

10 Low-Level Radioactive-Waste Burial, Palos Forest Preserve, Ill.

The data show that each unit contains a distinct dis-
tribution of clay, silt, and sand. Unit 1 is relatively fine
grained and is composed of more than 75 percent clay and
silt. Units 2 and 3 are also composed chiefly of clay and
silt; however, the proportion of silt increases with respect
to clay, and the sand content is lower than that in Unit 1.



Table 4. Grain-size and composition data from samples of glacial drift at Plot M

Clay mineralsl

Altitude Particle-size (<0.004 mm fraction)
interval distribution Expand-
Unit  Well Sample (m) (percentage of total amount) able Chlorite/
No. No. No. Top Bottom Sand2 Silt Clay Gravel clays Illite Kaolinite
1---=-- 27 --——- 795111----210.92 210.46 18 52 30 0 - - -=
1= 25-===- 795212----210.16 209.70 - - -— - 7 69 24
l-=-ee- 27-=-=-- 79s5113----210.01 209.55 65 25 10 10 -- -- --
[ 26----2795227----208.03  207.57 11 48 45 0 18 62 20
] 26----- 798227----208.03 207.57 10 58 32 0 18 62 20
1= 28-———- 7982 ----207.78 207,32 -- -- -= - 17 59 23
1--v-—- 28 ~——=- 7983 ----207.32 206.88 - -- -- - 13 58 29
le====- 27-----798110----206.81 206.35 25 40 35 0 - -- -
1----= 29~----7985 ----206.41 205.95 - -- -- - 14 72 14
l=meee- 26~---- 798233----205.28 204 .82 17 53 30 -- 4 74 22
1-—--- 27~---- 7958125----204.52 204.06 15 62 23 0 - -= -
l-==-—- 29----- 79859 ----203.60 203.15 25 50 25 14 - -- --
l---==-28-----79512 ----203.21 202.75 -- -— - - 5 75 20
l-=v=- 25-=-—- 798217----202.38 201.93 9 72 19 4 -= - --
2--=m=- 27-----79S132----201.32 200.86 16 34 50 0 - -- -=
Y 27----379.5133----200.86 200.41 15 58 26 9 — -- --
y — 27---—- 795133----200.86 200.41 27 50 23 0 -- -- -
2 27w 795243----200.71 200.25 20 51 28 2 2 70 28
P 29----379566 ----200.40 199.95 13 46 41 3 -- -- --
T 29----=79566 ----200.40 199.95 26 47 27 0 -- - -
y SR 28----- 79519 ----199.64 199.18 13 45 42 0 -- - -
y J— 29-----79569 ----199.03 198.57 28 49 23 0 - - -
2w e 27 === 795138----198. 58 198.12 - -- - - 7 65 28
PR by S— 798141----197.21 196.75 3 70 27 0 42 32 26
2=mmmem 26— 795251----197.05 196.60 - - - - 7 66 27
p TR 28----- 79525 ----196.90 196 .44 23 39 38 0 - -- --
2-=mmn 30----3798175----196 .44 195.99 30 53 17 16 - - —
PR 30----~ 795175----196.44 195.99 31 47 22 - - - -
y S 30----- 795176----195.99 195.53 - -- - - 47 20 33
2emmmmm py TR 798144----195.84 195.38 43 46 11 8 - - -
2=mmmmm 29-----79879 ----194.46 194.00 8 31 61 0 - - -
TR 28--mm- 79534 ----192.78 192.32 18 48 3 0 -- - --
; P 26— m- 795256----194.77 194.31 15 46 39 0 - - —
3emmem 29-----79882 ----193.09 192.63 16 59 25 3 3 69 28
;T py S 795151----192.63 192.18 8 78 13 3 - - -
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Table4. Grain-size and composition data from samples of glacial drift at Plot M—Continued

Clay minerals1

Altitude Particle-size (€0.004 mm fraction)
interval distribution Expand-
Unit  Well Sample (m) (percentage of total amount) able Chlorite/
No. No. No. Top Bottom Sand2 Silt Clay Gravel clays Illite Kaolinite
3---- 27----—- 79837 ----191.41 190.95 8 47 45 0] -~ ~-- -
3-wm—-- 29 —---79887 ----190.80 190.35 -- - -- -- 20 55 25
3--mm- 29 —-—-—- 79588 ----190.35 189.89 11 61 28 0 -= -= --
3-——--- 27----- 798156----190.35 189 .89 13 66 21 0 -- ~-= --
3--====30----- 795188----190.20 189.74 11 61 28 0 - -- -
3= 36----- 808235---~190.05 189.59 3 63 36 0 - -- ~--
3-———-= 30----- 798189----189.74 189.28 -= -= -= -= 27 45 28
3----—- 30----- 795190----189.28 188.82 9 40 51 0 3 69 28
3-—-—- 28-----79542 ----189.12 188.67 5 40 55 0 - - -=
3-—---- 28-——-- 79844 ----188.21 187.75 15 29 56 0 -- - -
3-—mmm- 29----379596 ----186.69  186.23 20 62 18 0 -- - --
3= 29-—---- 79896 ----186.69 186.23 11 71 16 11 - -- -
R 36----— 808239----188.21 187.76 11 33 56 0 -- - --
4=~ 30----- 798195----187.,00 186.54 - -- -- - 6 67 27
b--r—-=29 ————- 798103----183.49 183.03 12 70 18 0 6 67 27
4= 30----- 795203----183.34 182.88 2 81 17 0 - -= --
[ 30----- 795205----182.43 181.97 4 76 20 0 -- -- --
4=—----30----- 798207----181.24 181.05 i 83 16 0 10 61 29
[ kb 30~----798209~----180.60 180. 14 4 73 23 0 3 74 23
S5=~—=-= 36-~---- 808253----181.81 181.36 4 76 20 0 -- -- -=
§mmmmmm 35--—-- 805202--—-181,64 181.15 6 79 19 0 - - --
5-mmmmm 35---mm 805204----180.72 180.27 3 71 26 0 -- -- -
e 36-----805259----179.07 178.61 1 84 15 0 - -- -
R - yu— 805268----174.96 174.50 23 55 22 0 - - -
b= 36-----805269----174 .50 174.04 2 52 2 0 -- - --
Wadsworth- Till Member of the Wedron Fm.4 16 27 57 -- - - --

lIdeniified by qualitative X-ray analyses.

2Hydrometet and sieve analysis: silt-clay boundary 0.004 mm, sand-silt boundary 0.062 mm.

3Duplicate analyses by separate laboratories.

4From Willman and Frye (1970, p. 168); data are percentages of whole sample; gravel is included in the sand

determination.

12 Low-Level Radioactive—Waste Burial, Palos Forest Preserve, lil.



Units 4 and 5 are composed chiefly of silt; very low sand
content is an important characteristic of both units. Unit
6 is identified by approximately equal amounts of sand
and clay mixed with silt.

Although sand layers within each unit account for
only a small portion of the total volume of the drift, they
are distinctive lithologically. The sand and gravel content
of sample 79S113 (table 4) from a sand layer in Unit 1
exceeds 65 percent. Similarly, the sand and gravel content
of sample 795144 in Unit 2 is greater than 50 percent.

The predominant clay mineral in the drift is illite; it
is accompanied by minor amounts of chlorite and expand-
able clays, notably montmorillonite, which were not de-
tected clearly by X-ray analysis. These data agree with the
analyses of Willman, Glass, and Frye (1963), who have
shown that the illite-bearing late-Wisconsinan-age glacial
deposits contain less than 5 percent montmorillonite.

The composition of grains in the drift larger than sand
size is highly variable. In Unit 1, for example, a wide variety
of highly weathered clastic, carbonate, and crystalline peb-
bles occurs in a clay-rich matrix. Petrographic analyses of
drift thin sections have identified many detrital minerals, in-
cluding quartz, biotite, muscovite, chlorite, plagioclase
feldspar, K-feldspar, calcite, dolomite, pyrite, and several
opaque minerals. Rock fragments in Unit 1 include quartzite,
dolomite, black and green shale, and weathered igneous and
(or) metamorphic rock.

Below Unit 1, the composition of the pebbles and
rocks in the drift is less variable. Dolomite, black and
gteen shale, and quartzite grains are most common. Pyrite
occurs in the drift in Units 1-4.

Lithostratigraphy

The lithostratigraphic sequence within the drift was
determined chiefly from the geologic properties of the
drift described above. Interstratified sand layers and lenses
were used to identify individual units and, in places, to
mark the contacts between units.

Natural-gamma logs distinguished sand layers with-
in the clay- and silt-rich units and also indicated sandy and
gravelly zones within the drift. The logs further aided
lithologic correlation of units between test wells. A cross
section through well sites 4, 5, and 11 (fig. 5) demon-
strates the use of the logs for correlation purposes by
showing the identification and correlation of sand layers in
Units 1, 2, and 3. The logs support the geological data in
several ways:

1. Correlation of low-intensity (sand) peaks, in the middle
of Unit 2, for example, indicates that the units (and
thus the till sheets) are not horizontal, but dip
slightly to the north and west.

2. Highest radiation intensity (the highest clay content) is
measured in Unit 1, and this agrees with the grain-
size-distribution data. Clay content of the drift de-

creases with increasing depth in Unit 1 and seems to

be relatively constant throughout Unit 2.

3. The natural-gamma logs show that the sand layers are
variable in thickness and in some places are discon-
tinuous from well to well. For example, in test well
S, the response of the log to a prominent sand layer
in the middle of Unit 2 is much less, and of slightly
lower intensity, than the response of the log of test
well 4 to the same layer. The log of test well 11 in-
dicates that the same sand layer extends at least as
far south as well 11; however, the geologic log of
the well is incomplete, and thus the presence of the
sand layer cannot be confirmed. Several low-inten-
sity peaks in Unit 2 indicate sandy zones in the clay-
silt sediment.

4. The logs are an indication of the degree of sorting of
the sediments making up the drift. In Unit 1, the
small, uniform peaks on the log (test well 11) indi-
cate the uniform distribution of natural-gamma emit-
ters, as represented by the clay content in the drift.
Conversely, the log of Unit 2 is less uniform and
displays three prominent low-intensity peaks. The
log reflects geologic data indicating that the sedi-
ments in Unit 2 are better sorted and contain less
clay than the sediments in Unit 1.

The stratigraphy of the drift beneath Plot M is illus-
trated in five geologic sections shown in figures 6, 7, 8,
9, and 10. As indicated in figure 2, there are three north-
south sections: (1) section E-E’ (fig. 6) is east of the bu-
rial ground, (2) section D-D’ (fig. 7) passes through the
burial ground, and (3) section C-C’ (fig. 8) is west of the
burial ground. There are two east-west cross sections: (1)
section B—B’ (fig. 9) is several meters north of the burial
ground, and (2) section A-A’ (fig. 10) is approximately 50
m north of the burial ground.

In the following discussion the specific lithostratig-
raphical, sedimentological, and structural characteristics
of the Wadsworth and Malden Till Members of the Wed-
ron Formation are described in detail. The purposes of the
detailed description are to summarize the geologic data
given in table 1 and to emphasize those characteristics of
the drift that were most useful in subdividing the till mem-
bers into Units 1-7.

Unit 1 is a yellow-brown silty clay that contains
pebbles. The unit is approximately 5 m thick and is
covered by 10-30 cm of topsoil. Samples of the clay are
relatively dry and hard and display color mottling owing
to oxidation. A water-bearing sand layer, ranging in thick-
ness from 6 to 30 cm, is located in the middle of the unit
in the area containing test wells 4, 26, 28, 29, 34, 35, 36,
and 37. Thin, less continuous sand layers are present both
above and below the large sand layer in the middle of
Unit 1. Vertical and inclined fractures occur in the drift;
however, only a small number of fractures were encoun-
tered. Sand and plant debris commonly fill the fractures,

Drift at Plot M 13
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Figure 5. Correlation of natural-gamma logs from test wells 4, 5, and 11.

and oxidation of the adjacent drift is typical. Single frac-
tures predominate in most 100-cm samples; frequency and
spacing of fractures could not be determined by the verti-
cal drilling method. The Unit 1/Unit 2 boundary is marked
by a change from brown, sandy, silty clay to gray-brown
clayey silt.

An alternating sequence of thin brown silts and
gray-brown clayey silts 5 m thick constitutes Unit 2. The
clayey silts contain numerous pebbles and rocks. Three
lithologic layers within the unit are distinctive: (1) a dark-

14 Low-Level Radioactive-Waste Burial, Palos Forest Preserve, lll.

gray silty clay layer ranging in thickness from 6 to 20 cm
approximately 2—3 m below the Unit 1/Unit 2 contact; (2)
a gravelly, sandy silt layer ranging in thickness from 2 to
30 cm near the middle of the unit; and (3) a unique pin-
kish-brown layer ranging in thickness from 10 to 25 cm
located 1-2 m below the gravel layer. These three layers
occur beneath most of the Plot M site. The Unit 2/Unit 3
boundary is gradational; however, it is most often marked
by the contact between a soft, brown gravelly silt and a
gray-brown clayey silt.
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Unit 3 is an alternating sequence of brown and gray-
brown clayey silts; it closely resembles Unit 2, but Unit
3 is more silty. Unit 3 is 4-5 m thick. It contains a few
pebbles, and sand layers and thin sand partings are numer-
ous. Gamma-gamma logs indicate that the sediments in
Unit 3 are less dense than those in either the overlying or
the underlying units. The Unit 3/Unit 4 boundary is

silt containing a few pebbles.

marked by a transition from soft, brown silt to gray-brown

Gamma-gamma logs of Unit 4 show an increase in
density and a decrease in porosity relative to Unit 3. Unit
4 is dense, hard, brittle, gray and gray-brown silt that con-
tains few dolomite and black shale pebbles and only a
small number of thin sand partings. Gamma-gamma logs
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show that the lower part of Unit 4 is the densest section
of drift beneath the Plot M site. This 5-m-thick section of
drift is a hard, dry silt that was very difficult to drill and
sample.

Unit 5 is 45 m of gray and light-gray silt and does
not contain pebbles. Core samples are hard, dry, and brit-
tle. The Unit 5/Unit 6 boundary (the Wadsworth Till
Member/Malden Till Member boundary) is marked by a
distinctive black clayey silt (soil?) layer found in test

wells 34 (by drilling only) and 36 and by a sharp change
from light-gray silt to gray-brown gravelly silt.

Unit 6 bears little resemblance to the silt-rich sedi-
ments immediately overlying it. It is a gray-brown
gravelly silt that ranges from 3 to 5 m in thickness and
contains only dolomite pebbles. Samples are relatively
soft, moist, and unconsolidated. Unit 7, encountered only
as a thin zone in test well 36, is a dark-brown clayey silt
also containing dolomite pebbles plus fragments of fresh
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Figure 7. Geologic section D-D’ of the Plot M site.
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Figure 8. Geologic section C-C’ of the Plot M site.

dolomite bedrock and layers of fine-grained dolomite
sand.

Hydrogeology
Sources of Water

The amount and movement rate of water infiltrating
the glacial drift depend largely on the number of water
sources and their cumulative impact on the ground-water
system. Water that comes in contact with the Plot M site

derives from three main sources: (1) precipitation, (2) sur-
face runoff from the surrounding hillsidzs, and (3) hori-
zontal ground-water flow in the drift. The impact on the
ground-water system from each of these sources is de-
scribed below.

Precipitation
Precipitation data are available from the ANL, 6 km

west of the forest preserve, and from Chicago’s Midway
Airport, 14 km northeast. The average annual precipita-
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Figure 9. Geologic section B-B’ of the Plot M site.

tion at Midway is approximately 85 cm. From 1950 to
1964, the average at the ANL was 80 cm; more recently
(1970-80) this average increased to 93 cm. Precipitation
at the ANL during the period 1976-80 is shown in figure
11.
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Droughts are fairly common in the Upper Midwest.
The 1976-77 drought was ranked in some midwestern
States as one of the four worst since precipitation records
were begun at the turn of the century (Matthai, 1979). In
Illinois, the drought was somewhat less severe than in the



surrounding States. Precipitation at the ANL in 1976 to-
taled 77 cm, 83 percent of the annual average. Below-nor-
mal precipitation, streamflow, and ground-water levels
persisted in Illinois from early 1976 to mid-1977 (Matthai,
1979).

Most of the precipitation at the forest preserve falls
from April to September, during thunderstorms. Records

show that 3040 thunderstorm days occur annually and
that on these days rainfall averages 3-5 cm. Snowfall av-
erages 80 cm a year; however, accumulation of more than
a few centimeters of snow at one time is rare. Neverthe-
less, the winters of 1977-78 and 1978-79 were the worst
on record, bringing more than 200 cm of snowfall to the
Chicago area each season.
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Figure 10. Geologic section A-A’ of the Plot M site.
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The Plot M site is particularly vulnerable to water
infiltration from precipitation in several ways:

1. It is an elevated open area resting against the side of
a hill. Runoff from the higher hills to the west and
south of the site is directed toward the open area.
Severe storm runoff is directed to the site by a slop-
ing access road.

2. Protective vegetation over the burial site consists of
only a thin grass cover. Traffic over the site, particu-
larly vehicular traffic, has periodically torn up the
grass cover. Vandals have torn sod, made tire ruts,
and burned the grass, all of which have contributed
to accelerated erosion of the sod cover.

3. A deep ravine skirts the south and east sides of the
site. The steep slopes are susceptible to channeling
and erosion during heavy rainfall. Moreover, bur-
rowing animals have taken advantage of the slopes
to construct large open holes that slant toward the
burial trenches.

Evapotranspiration

Evapotranspiration is the largest single component
of water loss from the drift. It is the major factor that
compensates for the effects of infiltration from precipita-
tion and runoff directed toward the site. Evapotranspira-
tion in the forest preserve is relatively high owing to the
large area of dense vegetation, numerous swamps and
wetlands, and the high average summer temperatures
(20.0° to 22.8°C June to August, 1941-70, Midway Air-
port). In the forest preserve area, the average annual po-
tential evapotranspiration is about 68 cm (Bloyd, 1975).

Local Runoff

Surface-water runoff from the burial site occurs only
during periods of heavy rainfall. Erosion channels occa-
sionally develop in the soil cover, especially where it has
been rutted. The ravine on the east side and the ditch on
the northwest side serve to drain storm runoff away from
the Plot M site.

Ground-Water Flow

The abundance of water-bearing sand layers near the
surface, the presence of inclined, stratified glacial de-
posits, and the occurrence of fractures may favor horizon-
tal ground-water flow in the drift. At present, there is no
direct evidence that lateral flow is transmitting water
through the drift to the Plot M site; however, the hydraulic
head data suggest that there is horizontal flow (see discus-
sion below). Several sand layers and partings in Unit 1
underlie the burial trenches and appear to extend to the
ravine east of the site and to the area north of the site,
where the intermittent streams join. If the sand layers ex-
tend to the sides of the ravine upgradient from the site,

surface water may infiltrate the soil cover and enter the
layers.

Ground Water

The Unsaturated Zone

Neutron log data and moisture analyses of core sam-
ples show that the drift near the land surface is nearly, but
not completely, saturated. Pore space in the clay-rich sedi-
ment is filled largely with water and to a smaller extent
with air. This condition of the drift is termed either par-
tially saturated or unsaturated.

In simple terms, the zone between the land surface
and the water table is the unsaturated zone. The water
table is the boundary between the unsaturated zone and
the deeper saturated zone. Often, the ground-water system
is more complex because of the occurrence of a capillary
fringe above the water table. Thick capillary fringes are
common in fine-grained sediments like those at Plot M.

At the midpoint of this study, few data have been
compiled concerning the hydraulic properties of the un-
saturated zone. The thickness and extent of the capillary
fringe are unknown. Consequently, only a brief and gen-
eral description of the characteristics of the unsaturated
zone beneath Plot M is given here.

The unsaturated zone approximately corresponds to
Unit 1. Laboratory analyses of the silty clay samples col-
lected from Unit 1 show that moisture content ranges from
9 to 19 percent (cubic centimeter per cubic centimeter).
The moisture content of fully saturated Unit 1 sediment
samples is about 30 percent (tables 5, 6). Thus, the
analyses show that Unit 1 is 30-60 percent saturated.
These data clearly indicate the poor drainage characteris-
tics of these tight clay-rich sediments. Moreover, these es-
timates are conservative because they do not take into ac-
count natural moisture loss during sample handling and
laboratory testing.

Water table data were compiled primarily from dril-
ling information gathered during construction of the well-
monitoring network. The location of the water table was
revealed by the level at which water was observed stand-
ing in the open borehole when first encountered during
drilling. These data show that the Unit 1/Unit 2 boundary
marks the average annual position of the water table. Fur-
thermore, these data, together with information on annual
variation of the drift, indicate that the average annual
depth from the land surface to the water wable ranges from
3to 6 m.

The Saturated Zone

The saturated zone includes Units 2 through 7. In
the upper part of the zone, all the piezometers in Units 2
and 3 (piezometers 1, 2, 3, 4, 5,6, 7, 8, and 11; fig. 11)
record seasonal water-level changes; the levels are highest
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Table 5. Hydraulic conductivity of glacial drift at Plot M

A. PERMEAMETER DETERMINATIONS

Altitude
interval Hydraulic
Unit Well Sample (m) conductivity Average Total
No. No. No. Top Bot tom (cm/s) Direction (<:m/s)1 porosity

R 28 7983 ———-mm 207.41 206.97 5.07 x 1077 Vertical 0.33
[mmm———— 28=mmmmm 7984 ——=mm- 206.97 206. 50 2.01 x 1077 Vertical 2.02 x 1077 .46
1.83 x 10_7 Vertical .43

2.23 x 107 Vertical .42

JP— ) J— TE R — 206.04 205.58 4.96 x 1077 Vertical .41
l-mm—=—=28-~~=- 7987 ——==-- 205.58 205.12 2.01 x 107° Vertical 1.61 x 107° .36
1.22 x 1078 Vertical .32

P Py I— 795122-===-- 205.89 205.43 1.12 x 1078 Vertical .28
— ) - 79810 ------204.21 203.75 5.64 x 107 Vertical .33
lmmmmmmm 28 === 79811 -=-=== 203.75 203.30 6.3 x 1077 Vertical 8.84 x 107° .34
1.13 x 1078 Vertical .32

Jommmmmm 26-=-===795237 ===-= 203.45 203.00 7.37 x 1078 Vertical .33
JP— Y P— TC Y] Uo— 202.38 201.93 2.13 x 107° Vertical 2.27 x 107° .3
2.40 x 107° Vertical .37

.46 x 1070 Horizontal .37

lmmmmmmm 30-=-=m- 798163 ------ 201.93 201.47 2.38 x 1078 Vertical .32
1.12 x 1078 Horizontal .31

29=mmmmm 79863 ~==-—- 201.78 201.32 8.72 x 1077 Vertical .37
7 TR Py S— 795127 === 203.61 203.15 5.91 x 1077 Vertical 9.66 x 107/ .29
1.3% x 1078 Vertical .32

5.36 x 10—6 Horizontal .34

y J— 36---—=- 805223-=--—- 201.93 201.48 1.3 x 1078 Vertical 1.23 x 1078 .29
1.12 x 1078 Vertical .29

2mmmmm e 26-=-=-=- 798242 ~==-=- 201.17 200.71 1.26 x 10°° Vertical .30
2mmmmmmm 28--—--- 79817 —=—-—- 200. 55 200.10 2.35 x 1077 Horizontal .45
R 27 === 795134 -=——-= 200.41 199.95 7.46 x 1077 Vertical .32
e 27 mmmmmm 795138 --~--- 198.58 198.12 3.33 x 1078 Vertical 4.41 x 1078 .3
5.48 x 10-6 Vertical .34

- Py — 795139 --~-=- 198.12 197.66 3.20 x 107° Vertical 2.92 x 1078 .30
2.64 x 10"6 Vertical .31

2=mmmmmm 26~~~ 798250~~~ 197.51 197.05 7.99 x 1077 Vertical 9.10 x 107’ .32
1.02 x 1076 Vertical .31

P T 29-=mmmm 79873 —=mmmm 197.20 196.75 6.13 x 1077 Vertical 7.50 x 1077 .3
8.87 x 10-7 Vertical .32

Pmmmmmem 30-=-==- 79830 —----- 195.99 195.53 2.74 x 1078 Horizontal .33
e 30-~==== 798176 -=--=- 195.99 195.53 2.74 x 107° Horizontal .33
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Table 5. Hydraulic conductivity of glacial drift at Plot M— Continued

A. PERMEAMETER DETERMINATIONS--Continued
Altitude
interval Hydraulic

Unit Well Sample (m) conductivity Average Total
No. No. No. Top. Bottom (cm/s) Direction (cm/s)l porosity

e 30--~--- 798177----—= 195.53 195.07 1.95 x 1078 Vertical 1.89 x 107° .29

1.82 x 107° Vertical .30

T 28-—--—- 79827 ——=mm- 195.98 195.53 1.53 x 107° Vertical .35

P Y P 79528 ~~--en 195.53 195.07 4.60 x 1078 Vertical .36

2-~—mm- 28 -~~~ 79529 -—---- 195.07 194.61 4.79 x 107° Vertical 5.89 x 107° .30

6.98 x 10—6 Vertical .37

J— 36---=- 805227----—~ 195.84 195. 38 7.36 x 107° Horizontal .33

2--mmm- 28-—--=- 79830 ------ 194.61 194.15 1.78 x 107° Vertical 1.99 x 107° .32

2.43 x IO—6 Vertical .27

1.73 x 1078 Vertical .36

1.55 x 10°° Horizontal  1.67 x 107° .32

1.79 x 10—6 Horizontal .31

R 28--—--= 79831 —----- 194,15 193.69 1.92 x 107° Vertical 2.14 x 1078 .32

2.35 x 107° Vertical .31

2-m-e- 28mmmmam 79832 —=-mm- 193.69 193.24 1.16 x 107° Vertical 1.45 x 1078 -

1.74 x 10_6 Vertical -~

p— Y I 79533 —=--- 193.24 192.78 1.04 x 107° Vertical .32

3o 35-mmmam 805181 ---=-- 191.24 190.78 1.02 x 1078 Vertical .29

Jommmm - 36---==~ 805234 ------190. 50 190.05 1.47 x 107° Vertical 1.29 x 107® .30

¢ P— Y P— 79592 ~=---- 188.52 188.06 2.61 x 107° Vertical 3.05 x 107° .33

3.49 x 1078 Vertical .32

2.74 x 107° Horizontal  3.50 x 107° .32

4,26 x 10"6 Horizontal .31

; P— Y, p— 79593 ~—--—- 188.06 187.60 2.19 x 1078 Vertical .3

3mmmmmm 29--=—~- 79594 ~=—=m- 187.60 187.15 1.19 x 1078 Vertical .33

6.3 x 1077 Horizontal .33

1.11 x 10—6 Vertical .29

R 35-mmmam 805186-—--—- 188.95 188.49 1.09 x 107° Vertical .30

2.51 x 1078 Horizontal .28

foemnems 36-=mmm 805238---==- 188.67 188.21 5.19 x 107 Vertical 6.% x 10°° .37

7.49 x 10_6 Vertical -

fmmmmm e 36-=--—-- 805254 ---=—- 185.47 185.01 2.07 x 107° Vertical .31

T 36---—-- 808246-—~~~~ 185.01 184.56 3.75 x 107° Vertical 3.72 x 1078 .29

3.69 x 10_6 Vertical .31

I 36--——-- 805247 --=~—- 184.56 184.10 1.36 x 107° Vertical .31
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Table 5. Hydraulic conductivity of glacial drift at Plot M—Continued

A. PERMEAMETER DETERMINATIONS--Continued

Altitude
interval Hydraulic
Unit Well Sample (m) conductivity Average Total
No. No. No. Top Bot tom (cm/s) Direction (cm/s)l porosity
fomm e 29------79899 -——--—- 185.32 184.86 2.3 x 107° Vertical 2.07 x 1078 .29
1.79 x 10_6 Vertical .32
8.78 x 107/ Vertical .31
fommmmmm 35-———-- 808194 ~---—= 185.49 184.84 7.90 x 1077 Vertical .26
fmmmmm e 36-——==- 805294 ————-- 183.64 183.19 3.03 x 1078 Vertical .30
fmmm e [ — 808251 ~————= 182.73 182.27 4.75 x 1070 Vertical .33
5.20 x 10—6 Horizontal .32
fommmmmm 35——~——- 808197 183.92 183.47 1.97 x 1078 Vertical 2.15 x 107° .30
2.32 x 107° Vertical .31
§mmmmm 35——-mm- 805198 183.47 183.01 8.74 x 1078 Vertical .32
T 35------805205 180.27 179.81 1.10 x 10°° Horizontal .31
B. PRESSURE PULSE DECAY DETERMINATION
Altitude
interval Hydraulic
Unit Well Sample (m) conductivity
No. No. No. Top Bottom (cm/s)
 P—— Y T DT T PP —— 210.16 209.7 2.20 x 1078
| 27 == mmmm e e 798120-=—=mmmmmmmmm e 206 .81 206.35 1.66 x 1077
R et 29-———mmm e 79859 ——m=—m——mmmm—— e 203.60 203.15 1.38 x 1078
P Y T 79860 ~mmmmmmmmmmmmmm 203.15 202.69 3.48 x 1070
e 27 ——mmm e 798156 -———=————=—=~—=~ 190. 35 189.88 1.05 x 1077
fommm e 29———mmmmmm e 795103 ——==———~mwmmmm— = 183.49 183.03 4.99 x 1078
R e || EEE 798204 ——=====mm === e 182.88 182.43 2.88 x 107/
C. FIELD BAILER TESTS OF PIEZOMETERS
Hydraulic conductivity
Unit No. Mean Median Range
No. of tests (cm/s) (cm/s) (cm/s)
2mmmmmmmmmmmm o R 1.060 x 1078 2.050 x 107/ 1.274 x 1078 to 3.207 x 107°
Fommmmm R e 1.040 x 1077 6.1¢0 x 1077 1.933 x 107 to 1.887 x 107/

]Duplicate and triplicate analyses were performed on many (but not all) samples.
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Table 6. Total porosity, bulk density, specific gravity, and surface-area data of samples of glacial drift at Plot M

Total
Altitude porosity
interval (percentage Bulk Specific Surface
Unit Well Sample (m) of density gravity area
No. No. No. Top Bot tom volume) (gm/cm3) (gm/cm3) (mz/gm)
Py B 795111-=——=—- 210.92  210.45 26.9 2.20 2.72 40.6
b3 T— 795212 -~m———- 210.16  209.70 31.9 2.17 2.76 -
R 26--==mm LYy R— 208.03  207.57 33.1 2.11 2.72 55.4
 FS— 7] R— 795227 --————- 208.03  207.57 32.1 2.17 2.77 --
 EE— Py R 1395120 mmae- 206.81  206.35 29.9 2.22 2.77 30.0
PR Py — 795120 -----~ 206.81  206.35 30.9 2.23 2.83 -
PR P J— 79559 ——=—==- 203.60  203.15 27.9 2.26 2.73 --
P 29-momemm 79560 -------203.15  202.69 25.8 2.28 2.73 -
I 29-——-—- 179566 ——---- 200.40  199.95 36.4 2.19 2.7 29.2
P b1 TE— 79566 -----—- 200.40  199.95 26.6 2.30 2.82 --
y TR Py R— R LT EE E— 200.86  200.41 26.7 2.22 2.70 26.3
2mmmmmme 3 R— 795133 --—--—- 200.86  200.41 27.8 2.27 2.80 -
. p1 R 79569 —=-—-=- 199.03  198.57 25.5 2.28 2.75 14.5
J— by R 795142 -—————- 197.21  196.75 27.3 2.24 2.71 -
I, 1) pe— LY b L — 196.47  196.02 26.9 2.26 2.75 2.9
 J—— 1) m— 795175---==- 196.47  196.02 25.7 2.29 2.7% -
;I P L J— 79587 —=---m- 190.80  190.35 27.9 2.28 2.75 14.5
PR by R— LR LT LT S— 190.35  189.88 27.2 2.46 2.72 18.8
; — R 795156 --=-==- 190.35  189.58 27.0 2.2 2.69 -
Jmmmmmmmm p1 79596 —----—- 186.69  186.23 22.2 2.40 2.75 14.4
lmmm e Y P 1968103 --mn- 183.49  183.03 19.8 2.26 2.53 4.6
P pL T— 798103-==--— 183.49  183.03 26.4 2.27 2.73 -
femmmmm e 30-~----- 795203------- 183.34 182.88 24.3 2.31 2.72 14.3
PR 1) pe— 795204---=--- 182.88  182.43 26.4 2.26 2.72 -
fommmmmmm £ — 795207 === 181.24  181.05 25.7 2.11 2.72 55.4

1 . . . .
Duplicate analysis of one sample performed in separate laboratories.

in April and lowest in November and December. Annual
water-level changes in the piezometers range from 0.5 to
5 m. Piezometers 4, 5, and 6 contain the largest amounts
of water and measure the greatest annual fluctuations. The
responses of these piezometers are due chiefly to the vari-
ably saturated condition of the two sand layers nearby in
Units 1 and 2.

Seasonal water-level changes, drainage and recharge
of water during field tests, and annual fluctuations of
tritium content in water in the near-surface piezometers in-

dicate that the clay-rich sediments do indeed transmit
water, but at a slow rate. A zone deeper down in the drift,
approximately 10 m below the water table, seems to trans-
mit water at extremely slow rates. This zone, ranging
from 10 to 12 m thick and observed throughout the area
of the Plot M site, extends from the top of Unit 4 to the
bottom of Unit 5.

The most significant characteristic of Units 4 and 5
is that they do not yield water to wells. All the piezomet-
ers at the Plot M site positioned in the two units (at loca-
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tions 11, 24, 27, 28, 29, 30, 33, 34, and 37) have re-
mained dry since their installation. The absence of water
may be due to the saturated condition of the predomin-
antly silty sediments or to an effect related to the size of
the piezometers. To better understand the hydraulic prop-
erties of this portion of the saturated zone in view of the
present data, it is necessary to examine these alternative
explanations in further detail.

The data show that the degree of saturation of Units
4 and 5 is not significantly less than that in the overlying
and underlying water-yielding drift. Neutron moisture logs
and core sample analyses show no difference in moisture
content between Units 4 and 5 and Units 2, 3, 6, and 7.
The hydraulic conductivity of all units, measured by field
and laboratory techniques (described below; table 5), is
relatively uniform. Furthermore, tritium has migrated into
and through the zone to the underlying drift and bedrock.
When summarized, the present data indicate that Units 4
and S are near saturation, transmit water, and have pres-
sure heads that are close to zero, either positive or nega-
tive.

The absence of water in the piezometers may be at-
tributed either to moisture evaporating as fast as it collects
or to zero-to-slightly-negative pressure head. The large di-
ameter of the piezometers, inaccurate for measurement of
low pressure head, may compound the problem. The
piezometers are carefully sealed from the land surface,
and slug tests confirm that they are not plugged.

Hydraulic Conductivity

The hydraulic conductivity of the saturated drift was
determined by application of two laboratory techniques
(permeameter and pressure pulse decay) and by field tests.
Data from bailer tests of piezometers in Units 2 and 3
were used to calculate horizontal hydraulic conductivity
(table 5C). Six piezometers in Unit 2 yielded values rang-
ing from 1.3x 1078 to 3.2x 107 cr/s (centimeters per
second) and two piezometers in Unit 3 yielded values of
1.9%x107% and 1.9%x10~7 cm/s. The average horizontal
hydraulic conductivity in Units 2 and 3 is 6.1 X 1077 cm/
s; this composite value for the two units includes the ef-
fects of both sand layers and fractures near the piezomet-
ers.

A pressure pulse decay techique was used to deter-
mine the vertical hydraulic conductivity of seven core
samples from Units 1, 3, and 4 (table 5B). This technique
yielded very low values for these units, particularly for
Unit 1. The permeameter data were obtained from sam-

ples of Units 1-5 (table 5A). The tests yielded hydraulic
conductivity values that correspond more closely with the
field-determined values. Moreover, the permeameter
values are uniform. With only a few exceptions, the verti-
cal and horizontal hydraulic conductivity values fall within
the range 1X107% 9x107° cmys.

Summarizing the hydraulic conductivity data, the
pressure pulse method yields values 1 to 2 orders of mag-
nitude lower than field test values. On the other hand, the
permeameter values are slightly higher than the field
values. The pressure pulse decay technique yields errone-
ously low values because the samples are squeezed by a
small confining pressure during the lab test.

Total Head and Ground-Water Flow

The total hydraulic head field along cross-section E—~
E’ is shown in figure 12. The section is parallel to the di-
rection of primary ground-water flow (vertically down-
ward) and to the direction of secondary flow (horizontally
northward). The equipotential head lines are based on
piezometer data gathered in May 1980, and the head gra-
dients and flow directions illustrated in the section are rep-
resentative of the hydraulic properties of the drift that
have prevailed since the beginning of this study.

For the following discussion of flow in the drift, it
is convenient to divide the total head field into two parts,
an upper part characterized by a significant horizontal gra-
dient and a lower part characterized by a vertical gradient.

In the upper part of the field, five piezometers (3,
4, 5, 6, and 11) record a 6-m decrease in total head from
the south side of the site (piezometer 6) to the north side
(piezometer 5). Although ground water moves primarily
downward, a relatively large horizontal gradient occurs at
the base of Unit 1 and throughout Unit 2. The horizontal
gradient is caused by a combination of factors: (1) the
gentle, northward dip of the strata, (2) numerous sand
lenses in the two units, and (3) fracturing of the near-sur-
face drift.

Units 4 and S strongly influence the head distribu-
tion in the lower part of the total head field. Equipotential
head lines are alined parallel to the strata, and ground-
water flow is vertically downward. The near-zero pressure
head in Units 4 and 5 causes (1) low total head and a very
small vertical gradient in both units, and (2) a sharp de-
crease in total head and a large gradient (“bundling”) in
overlying Unit 3. Equipotential lines at the base of the
drift intersect the sloping-bedrock surface at a low angle.

-

Figure 12. Cross-section £’ through the Plot M site showing the vertical hydraulic head distribution and principal

ground-water flow direction—May 1980.
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GROUND WATER IN THE
SILURIAN DOLOMITE

The hydrographs of water level for bedrock wells
DHI1-DH4 (fig. 11) show responses to spring recharge
and summer recession as well as long-term trends as-
sociated with annual precipitation variations. Since 1976,
water levels in these wells have generally risen as the
ground water depleted by the drought of 1976 is re-
plenished. The pattern of water-level fluctuations is simi-
lar in all wells, which indicates that the aquifer responds
to stress in a uniform manner over the forest preserve
area. No data on the hydraulic head distribution of the
aquifer have been compiled.

TRITIUM MIGRATION

Studies at Plot M

Since 1976, the work effort to determine the extent
of tritium migration at the Plot M site had been shared by
the Survey and by the ANL. This study is primarily con-
cerned with the aerial and vertical extent of subsurface
migration in the glacial drift. The ANL performs
radiometric analyses of both soil moisture extracted from
core samples and water collected from wells. A discussion
of the analytical techniques used, as well as a presentation
of the results of the radiometric analyses of all soil and
water samples collected during the period 1976-78, is
given by Golchert and Sedlet (1978).

The Tritium Plume at Plot M

Tritium concentration levels measured in soil mois-
ture from core samples collected up until June 1980 are il-
lustrated on cross-sections E—~E', B-B’, and A-A’ (figs.
13-15). Concentration levels are given in units of
nanocuries per liter of water (nCi/L); lines of equal con-
centration indicate exponential changes in tritium concen-
tration levels. For reference purposes, the lithostratig-
raphic unit boundaries and the positions of the piezomet-
ers are shown. In most areas, the lines of equal concentra-
tion are based on data derived from continuously collected
core samples. In this paper, the contaminated volume, that
is, the volume of the drift where tritium concentration
levels exceed 10 nCi/L, is referred to as the tritium plume.
For purposes of comparison, 3 nCi/L of tritium is the
drinking water limit set by the U.S. Environmental Pro-
tection Agency (1973).

28 Low-Level Radioactive-Waste Burial, Palos Forest Preserve, Ill.

Section F—F

North-south cross-section E—-E’ shows the maximum
lateral and vertical extent of the tritium plume. The plume
extends laterally from the ravine south of the site to the
area north of test well 5 and vertically from the middle of
Unit 1 to bedrock. Also, the plume narrows downward; in
this section it decreases in width from more than 90 m in
Unit 1 to less than 50 m at the bedrock surface.

At test well 11, highest concentration levels, ex-
ceeding 10,000 nCi/L, are measured in a zone extending
from the Unit 1/Unit 2 boundary to the middle of Unit 5.
Between test wells 11 and 35, tritium concentration levels
higher than 1,000 nCi/L are measured in core samples col-
lected from just above the bedrock surface.

The shape of the plume clearly indicates that the
principal direction of tritium migration is vertically down-
ward. Also, the lines of equal concentration bend laterally
northward in several areas, forming several small, distinct
“lobes.” An upper lobe corresponds with the location of
the water-bearing sand layers in the upper part of Unit 2.
A middle lobe corresponds with the sand and gravel layers
at the base of Unit 2, and a lower lobe extends northward
in Unit 4. The upper and middle lobes are most distinctive
and are associated with horizontal movement of tritiated
water along the sand layers in Units 1 and 2.

Section B—B’

Cross-section B—B' shows the east-west extent of
the tritium plume. As along section E-E’, trittum has mig-
rated deeper into the drift than it has either to the east or
to the west. Concentration levels are relatively low on the
east side of the site beneath the ravine and on the west
side beneath test well 25. The zone of highest concentra-
tion levels, exceeding 10,000 nCi/L, is confined to the
area between the ravine and test well 26.

In a few zones in the drift, for example in this sec-
tion at piezometer 2 located at the base of Unit 2, tritium
concentration levels in soil moisture reach as high as
50,000 nCi/L. The geologic data show that the areas of
very high tritium concentration are associated with sand
layers. Conversely, low levels of tritium concentration in
soil moisture east and west of the site are due in part to
the small number of thin, dry sand layers in these areas.

Section A-A’

Cross-section A—A' is near the leading, north edge
of the tritum plume. The cross-sectional area of the
plume is small compared with the area of the plume di-
rectly below Plot M. Also, tritium concentration levels are
significantly lower. The east-west width of the plume in
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section A—A" is 110 m, which is approximately the same
as that in section B—B'. However, the plume is consider-
ably thinner (from top to bottom), and highest tritium con-
centration levels, exceeding 1,000 nCi/L, are located in a
small, thin zone near the surface. This zone underlies
numerous sand layers in Unit 1 near test wells 28 and 29.
Tritium concentration levels diminish to the east at test
well 30 and to the west at test well 27.

The estimated total volume of the tritium plume is
2.56 X 10° m?>, equivalent to a rectangular volume of di-
mensions 80 m X 80 m x40 m. If the average total poros-
ity of the drift is conservatively estimated to be 30 per-
cent, then the total volume of pore space occupied by
tritiated water is 7.68 X 10* m>.

DISCUSSION
The Single Slug Theory

The evolution of the tritium plume from the mid-
1940’s to the present is poorly understood owing to the
lack of pre-1970 subsurface data. There is no knowledge
of the former shape, size, and concentration levels of the
plume because core samples were not collected prior to
1976, because there are no data on the rate of tritium mig-
ration out of the burial trenches, and because the process
that formed the plume is not clearly understood. The fol-
lowing discussion presents a theory of the evolution of the
tritium plume based on the evidence gathered during the
last 4 years.

Before construction of the concrete cap in 1956, in-
filtrating water from precipitation leached tritium to the
ground-water system. The pattern of tritium concentration
in the plume indicates that it is not an accumulation of 13
annual slugs of tritium (1943-56). The single “bull’s-eye”
pattern suggests that the plume resulted from a single
slug—either one large slug due to above-normal recharge
in 1 year or a series of slugs that coalesced over a small
number of years.

Several facts support the single slug theory:

1. The burial trenches were exposed to precipitation until
mid-1956. The concrete cap either stopped the mig-
ration of most of the tritium from the trenches or ef-
fectively stopped the leaching process.

2. Since 1976, when analyses of water samples from the
piezometers began, tritium concentration levels in
water in most of the Unit 2 piezometers (1, 2, 4, 5,
6, and 8) have decreased steadily. On the other
hand, tritium concentration levels in water from the
deepest piezometers in Unit 6 [piezometers 24 (38
m) and 11 (38 m)] have increased. The rate of
change of tritium concentration in the uppermost
piezometers is greater than the rate of concentration
change due to radioactive decay. These data indicate
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that water with increasingly higher tritium content is
entering the piezometers, that is, that the slug is
moving downward to deeper levels of the drift.

3. The seasonal fluctuations of tritium concentration
levels in water at the Red Gate Woods well are a
rough measure of the relative amount of tritium en-
tering the dolomite from the drift. The highest an-
nual tritium concentration levels have been constant
over the last 7 years. If these concentration levels
are adjusted for radioactive decay since 1973,
tritium concentration levels in the water have actu-
ally increased slightly. The increase in tritium con-
centration levels in water at the Red Gate Woods
well supports the conclusions (in item 2 above) that
the center of the plume is moving deeper into the
drift beneath Plot M and that increasingly higher
concentration levels of tritium are entering the dolo-
mite.

Tritium Migration Rate

Although this study has determined that the leading
edge of the plume, or sharp front (the 10 nCi/L bound-
ary), has moved 40 m downward through the drift to the
underlying bedrock surface, the data indicate neither when
the front left the burial site nor when it reached the sur-
face. However, the relatively large surface areas of the
plume-bedrock contact, the near-vertical lines of equal
concentration at the contact, and the elevated levels of
tritium in the center of the plume just above the contact,
considered together, suggest that the front reached the
bedrock surface several years ago. The discovery of
tritiated water in the Red Gate Woods well in 1973 sets
an arrival time as far back as the early 1970’s.

These data yield a limiting value of the bulk vertical
rate of tritium migration in the drift. A movement of the
front 40 m in the maximum amount of time possible
(about 20 years, 1950-70) is equivalent to a rate of
6.3 107° cm/s. Interestingly, this value is well within
the range of hydraulic conductivity values determined by
field and laboratory tests.

Factors Favoring Tritium Migration at
the Plot M Site

The results of the study show that Plot M is con-
structed in tight, low-permeability glacial sediments that
do not permit fast rates of tritium migration along short-
ened flow paths. Few factors favor migration at the site;
the following factors are related in part to several physical
characteristics of the site and in part to the history of the
site.

1. Tritium moves as water. Laboratory analyses to deter-
mine tritium distribution on sediment samples at the



site (D. Sherwood, written commun., 1981) show
that the mobility of tritium is the same as ordinary
water. This agrees with many field studies of similar
sediments (Ames and Rai, 1978). Thus, tritiated
water occupies and flows unrestricted through all
pore spaces in the drift.

2. The fractures in the near-surface drift and the inclined
sand layers in Units 1 and 2 aid infiltration and
cause lateral northward movement of tritiated water.
This movement tends to spread contaminated water
throughout a larger volume of drift, enlarging the
size of the plume.

3. The underlying dolomite bedrock is a significant, al-
though less important, factor favoring migration at
the site. The highly permeable bedrock acts as a
drain for the ground water in the drift. A large verti-
cal total head gradient at the base of the drift induces
downward water movement.

4. Surface water may be channeled into the drift beneath
the burial site (and beneath the vertical concrete
walls) by the numerous slanting animal burrows in
the ravine walls skirting the site and by horizontal
ground-water flow.

Factors Limiting Tritium Migration at
the Plot M Site

Many factors combine to limit the rate and extent of
tritium migration and the amount and concentration level
of tritium in the drift. The most important factors are sum-
marized as follows:

1. The limited volume of tritiated waste and the long
elapsed period of burial relative to the radioactive
half-life of tritium are major limiting factors. Be-
cause of the lack of records, it is impossible to de-
termine accurately the amount of tritium buried at
Plot M. However, the total volume of buried
radioactive waste is small (300 m>), and the amount
of tritiated waste probably represents a much smaller
proportion of the total amount. The short period of
burial operations and the estimated slow rate of
waste accumulation in the burial trenches also lim-
ited the amount of tritium buried. Approximately 2
tritium half-lives have elapsed (24.8 years) since the
concrete cap was installed. Seventy-five percent of
the original amount of tritium has decayed.

2. The drift is thick, dense, and composed chiefly of clay
and silt. The hydraulic conductivity of the drift is
very low, and intergranular flow predominates.
Channelized flow in fractures and in sand lenses and
layers is limited to only a few zones in the upper
part of the drift.

3. The hydraulic properties of the drift limit the extent of
tritium migration. A vertical total head gradient
characterizes most of the drift, directing tritium mig-

ration downward. The tightness, density, and low
total head gradient in Units 4 and 5 act to slow the
rate of vertical migration.

SUMMARY AND CONCLUSIONS

Test wells were drilled into the drift at the Plot M
site to determine the geologic and hydrologic characteris-
tics of the drift, to install a network of piezometers, to
monitor the vertical and horizontal total head gradients
within the ground-water system of the drift, and to deter-
mine the extent of tritium migration in the drift. Core
samples were collected at each test well for determination
of geologic, geochemical, and radiological properties.
Geophysical logs were run on each well to provide addi-
tional qualitative information of the lithology, density, and
moisture content of the drift. Four test wells were drilled
into the underlying dolomite bedrock to monitor ground-
water levels, to collect water samples for radiological
analysis, and to conduct preliminary pump and packer
testing.

The drift at the site is composed of two till sheets:
the surficial Wadsworth Till and the underlying Malden
Till. The till sheets are divided into seven lithologic units
on the basis of such characteristics as mineralogy, color,
density, grain size, and moisture content. With the aid of
geophysical logs, Units 1-7 were correlated between
boreholes to determine drift stratigraphy and structure.

Units 1-6 range in thickness from 3 to 6 m, and the
distribution of sand, silt, and clay varies systematically
with depth. Clay content ranges from 35 to 45 percent in
Unit | sediments to less than 10 percent in Unit 5 sedi-
ments. Unit 6 is composed chiefly of silt and sand, and
Unit 7 contains mostly sand and gravel.

Vertical total head gradients characterize the satu-
rated zone in the drift; thus the primary direction of
ground-water flow is downward. A horizontal gradient in
Units 1 and 2, from the south to the north side of the site,
reflects northward ground-water movement along the dip-
ping sand layers in those units. Field bailer tests of
piezometers and laboratory tests of core samples show that
the hydraulic conductivity of the drift ranges from
1.0x107° to 1.0x 1078 cm/s. Laboratory tests further
show no significant difference between values of horizon-
tal and vertical hydraulic conductivity, either within one
unit or between units.

Radionuclide analyses of moisture extracted from
core samples show that tritium has migrated from the bu-
rial trenches into the drift. The tritium plume, defined to
be the contaminated zone in the drift in which tritium con-
centration levels exceed 10 nCi/L, has migrated horizon-
tally northward at least 50 m and 40 m vertically down-
ward to the bedrock surface. Tritium concentration levels
in core samples collected just above bedrock are higher
than 1,000 nCi/L.
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The diameter of the plume decreases with depth,
and the elongate shape of the plume supports hydrologic
data indicating that the tritiated water moves primarily
downward in the drift. Several small zones, or lobes, of
relatively high tritium concentration protrude northward
from the plume. These lobes correspond with horizontal
tritium movement along inclined sand layers in Units 1
and 2.

At present, the edge, or front, of the plume (the 10
nCi/L. boundary) intersects the underlying bedrock sur-
face. The front moved from Plot M 40 m downward to
bedrock in about 20 years, a rate equivalent to 6.3 x 10~°
cm/s. The center of the plume is 15 m beneath the burial
site. The size, shape, and “bull’s-eye” concentration pat-
tern of the plume indicate that
1. The plume is a single slug that resulted from infiltra-

tion of water either during 1 year or during a small

number of years.

2. The burial site is no longer releasing tritium into the
drift.

3. The plume is moving deeper into the drift, and higher
tritium concentration levels are reaching the deepest
piezometers and the bedrock surface.

4. The near-vertical pathway of tritium migration extends
from the burial site to the bedrock; the data clearly
show that trittum does not move horizontally
through the drift from Plot M to the Red Gate
Woods well.

Fractures and sand layers cause a small amount of
near-surface, horizontal tritium migration which enlarges
the tritium plume. The small amount of tritium in the bu-
rial trenches and in the drift, the age of the tritiated waste,
and the large volume of low-permeability sediments be-
neath Plot M all play an important role in limiting the
amount, direction, and rate of tritium migration.
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