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ABSTRACT

A 58 acre low-level radicactive waste disposal facility at the Savannah
River Site, a Department of Energy facility near Aiken, South Caroclina,
requires closure with a RCRA clay cap. A three-foot thick cap requiring
300,000 cubic yards of local Tertiary Kaolin clay with an in-situ
permeability of less than or equal to 1 x 107 centimeters per second is to
be constructed.

The Clay Cap Test Program was conducted to evaluate the source, lab
permeability, in-situ permeability, compaction characteristics,
representative kaolin clays from the Aiken, SC vicinity. Nine large scale
test caps were constructed of Tertiary and Cretaceous age clays. For each
clay cap type a test cap was built at optimum and two percent wet of optimum
moisture content. The clay material was sized using either a shredder or a
mobile recycler, moisture conditioned using a water truck and the recycler,
transported to the test panel with a scraper, graded with a motor grader,
and compacted with a tamping-foot compactor. b

All of the Tertiary kaolin clays installed at 2% wet of optimum and
compacted between 29 and 31 percent are capable of in-situ permeabilities of -
less than 1 x 107 cm/sec. The ratio of field to laboratory permeability for
these compacted clays ranges from 1.1 to 3.4. The Cretaceous Kaolin clay, a
sandier and less plastic clay, was not capable of an in-situ permeability of
less than 1 x 107 cm/sec.
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INTRODUCTION

The Mixed Waste Management Facility (MWMF) is a 58 acre mixed waste
site at the Savannah River Site (SRS), a Department of Energy Facility
near Alken, South Carolina. This site was operated as a radiocactive
waste disposal facility until 1986 when hazardous waste was identified
in the facility. The site is within an on-going radioactive waste
disposal facility. The Resource Conservation and Recovery Act-(RCRA)
Closure will include waste trench consolidation by dynamic compaction
and a low permeability clay cap. This project has an estimated
constructed value of $53 million and is the largest mixed waste site
closure to date at the Savannah River Site.

The multi-layered closure cap will include over 300,000 cubic yards of
clay constructed to a thickness of three feet. The clay must have an
in-situ permeability of less than or equal to 1 x 107 centimeters. per
second. The Clay Cap Test Program was conducted to evaluate the
source, lab permeability, in-situ permeability, compaction
characteristics, constructability, and quality control/quality
assurance requirements of the clay,

This program was subcontracted by E. I. du Pont de Nemours and Co.,
Atomic Energy Division of Charlotte, NC, to Mueser Rutledge Consulting-
Engineers of New York, NY, and Trautwein Soil Testing Equipment Co. of
Houston, - TX, under the technical direction of Chas. T. Main, Inc. of
Charlotte, NC.

SOURCE

Eight potential on-site SRS borrow sites were investigated as possible
clay sources. Two areas were identified where significant relatively
shallow clay deposits are present. The most promising site is about 30
acres where significant clay layers averaging two to ten feet thick are
present underlying typically 10 to 20 feet of. overburden sandy soils.

‘Forty test pits and 72 borings were made to determine the extent of the

clay layers. A combination of the two identified clay sites revealed-
that sufficient quantities of on-site clays were available for the MWMF
closure cap. These clays met laboratory permeability requirements but
were not tested for in-situ permeability. However, due to comnstruction-
and environmental concerns, it was decided by SRS Construction
Management not to pursue on-site clay sources.

Six sources of off-site clay sources were investigated. These include:
Off-site sources similar to on-site clays, Piedmont South Carolina
clays, alluvial clays, coastal clays, soil bentonite, and local kaolin
mines. The most economically feasible source proved to be from the
kaolin mines located 15 to 25 miles from SRS.

About 90% of the U.S. production of commercial kaolin clay comes from
sedimentary deposits along the Fall Line in Georgia and South Carolina.
The Fall Line is the boundary between the Piedmont and Coastal Plain
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Provinces and is approximately 20 miles north and west of SRS. Along
the Fall Line, thick kaolin clay beds from Tertiary and Cretaceous
geologic periods (more than 60 million year ago) are found at
relatively shallow depths. Commercial grade kaolins have a multitude
of uses as an inert filler in the paper and rubber industries and as a
catalyst in oil refining. Kaolin is used to reinforce and stiffen
rubber products such as insulated wire, floor covering and rubber parts
for the automotive industry. It is also used in the manufacture of
other products such as bricks, ceramics, insecticides, fiberglass,
paints, and adhesives. Large quantities of less than commercial
quality clay material is readily available to support large scale SRS
closure projects.

3.0 TEST PROGRAM

The intent of the test program was to determine compaction
characteristics of four representative kaolin clays (three Tertiary and
one Cretaceous age) from the Aiken SC vicinity and to determined if an
in-situ permeability of 1 x 107 cm/sec or less is feasible for these
clays. For each clay, there is a stockpile area, a conditioning area,
and provisions for two test panels. The intent was to construct test
panels for each clay at approximately optimum water content and a few
percent wet of optimum water content, thereby determining if 2 maximum
permeability of 1 x 107 em/sec could be achieved. A ninth test panel
was added which allowed clay to be conditioned -directly on the panel
and then compacted.

Approximately 2,500 tons (about 100 truckloads) of clay from each of
the selected kaolin pits were trucked to the site and stockpiled in
designated areas. Natural water content for the Tertiary clays
generally ranged from 20 to 25 percent. Natural water contents for the
Cretaceous kaolin generally ranged from 25 to 27 percent. To ensure
uniform wetting the blocky clays were broken down to a 1-1/2 inch
maximum clod size initially using a stationary Gleason shredder and
finally using a BROS LSPRM-8A travelling pavement recycler which was
found to be more versatile. .

Wetting of the clays was accomplished by spreading a six to nine inch
thick layer of raw clay in a conditioning area followed by alternating
passes of a water truck and travelling recycler, This method resulted
in excellent mixing of the clay. After conditioning the clay to its
placement water content, the clay was covered with plastic and allowed
to cure overnight. The conditioned clay was then transported to test
panels using a CAT 623E self loading scraper Motor Graders were used
to spread and scarify the clay.

Test panels were compacted using a CAT 815B tamping foot compacted.

The compacted lift thickness was determined by surveying the elevation
of the bottom of imprints after compaction of each 1lift.
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Laboratory and field quality control tests were conducted to elevate
the pre-infiltration test conditions. Laboratory tests included
Laboratory Water Content, Atterberg Limits, Sieve Analysis, Moisture -
Density Relation, and One Point Density. Field Test included Microwave -
Water Content, In-Place Nuclear Density, and In-Place Sand Cone
Density. Undisturbed sample borings were taken by hydraulically
pressing three-inch diameter tubes into the compacted fill through the
bottom three lifts of the test panel fills, These samples were tested
for lab permeability to correlate with field infiltrometer tests.

A Trautwein type, Sealed Double Ring Infiltrometer (SDRI) was installed
to determine in-situ permeabilities in the center _gof each test panel.
These infiltrometers have an "outer ring" constructed of four 12-foot
long panels grouted into the test pad to establish one dimensional
flow. The sealed square "inner ring" is constructed with four, five-
foot long panels grouted into the test pad. The level of water in the
infiltrometer was maintained at approximately 12 inches. - The volume of
water infiltrating through the inner ring was measured periodically by
weighing refillable plastic IV bags to determine the infiltration rate.
Tensiometers were installed in each of the panels at depths of 6, 12,
and 18 .inches below the fill surface to monitor the progress of the
wetting front. Test units were filled with water and covered to
protect from freezing. Tests were conducted for 98 to 158 days to
insure the infiltration rates had stabilized.

Upon stabilization of the infiltrometer rates, a blue methanol dye was
injected into the infiltrometers. The purpose of the dye was to
identify any imperfections or joint structures within a clay test -
panel. In all cases, dye penetrated no more than one-sixteenth of an
inch below the clay fill surface after leaving in place for up to one
month. The test apparatus was removed and additional undisturbed
samples were taken. In all test panels the side walls appeared well
compacted and free of any wvertical cracks.

An additional study was conducted to evaluate a simulated subsidence
repair zone for the clay cap. This study was conducted to demonstrate
a suitable method of clay replacement and compaction for areas where -
the clay cap might eventually experience significant subsidence.
Another study simulated the effects of gravel impregnation into the
clay due to the load of heavy placement equipment.

SUMMARY

Field test results indicated that all the tested Tertiary kaolins are
capable of in-situ permeabilities of less than 1 x 107 cm/sec when
compacted between 29 and 31 percent; 2 and 4 percent wet of optimum.
The average standard Proctor compaction on these panels was between 94
and 100 percent. The Cretaceous kaolin, a significantly sandier and
less plastic clay, was not capable of an in-situ permeability of 1 x
107 cm/sec.
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There is good agreement between infiltrometer results and laboratory
permeability tests on undisturbed samples recovered from the test
panels compacted between 2 and 4 percent wet of optimum. The ratio of
field to laboratory permeability for these compacted clays ranges from
1.1 to 3.4.

The close agreement between laboratory and field permeabilities is
consistent with the manner in which the tests pads were constructed.
Compacted earthen liners or covers tend to have far less preferential
pathways for moisture flow if 1) clods are broken down; 2) moisture
content is uniform and carefully contreolled; 3) the compaction moisture
is near the plastic limit; and 4) soil clods mesh during compaction.

CONSTRUCTION STATUS

Overall closure construction is approximately 30 percent complete at
this writing. Pre-densification of the waste trenches by dynamic
compaction methods is approximately 70 percent complete. Three Lampson
"Thumper” cranes are dropping 20 ton weights from 42 feet high to
compress trench waste six feet below present grade. Clay placement
started in late August, 1989 by specified methods. Clay is placed in
one acre patchwork-type patterns. Clay placement and Closure
completion is projected by December, 1990,

The information contained in this paper was developed and approved for
release under Contract No. WSRC-RP-89-36X with the U.S. Department of
Energy. o
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