
Design, Construction, And Operations Experience

With The SWSA 6 Tumulus Disposal Demonstration

CONF-881054—21

DE89 001700

S. D. Van Hoesen, Martin Marietta Energy Systems, Inc.*
J. E. Van Cleve, Martin Energy Systems, Inc.

A. N. Wylie, Martin Marietta Energy Systems, Inc.
L. C. Williams, Martin Marietta Energy Systems, Inc.
J. Bolinsky, Martin Marietta Energy Systems, Inc.

I. Abstract

Efforts are underway at the Department of Energy facilities in Oak
Ridge to improve the performance of radioactive waste disposal
facilities. An engineered disposal concept demonstration involving
placement of concrete encased waste on a monitored concrete pad with an
earthen cover is being conducted. The design, construction, and
operations experience with this project, the SWSA 6 Tumulus Disposal
Demonstration, is described.

II. Introduction

A facility to demonstrate the engineered disposal of solid low-level
radioactive wastes (LLW) has been constructed at The Oak Ridge National
Laboratory's (ORNL) Solid Waste Storage Area 6 (SWSA 6). Construction
of the SWSA 6 Tumulus Disposal Demonstration (TDD) was completed in May
1987 and operations were initiated in June 1987.

As indicated in Figure 1, the TDD consists of a steel reinforced
concrete pad with associated drainage and monitoring systems. The
curbed pad is drained through two surface drains to a monitoring
station where continuous flow measurements are recorded and
proportional water samples are obtained. A 30 mil PVC liner under the
concrete pad provides additional containment / leak detection
capability through a drain which is also routed to the monitoring
station. Containerized LLW is placed in concrete vaults, backfilled
with concrete, sealed, and stacked two high on the concrete pad. The
vaults will be covered when loading is complete with a temporary
plastic membrane until a low-permeability earthen cap is constructed.

This paper will review the design, construction, and operating
experience that has been developed to date through the TDD.

Based on work performed at Oak Ridge National Laboratory, operated for
the U. S. Department of Energy under contract DE-AC05-84OR21400 with
Martin Marietta Energy Systems, Inc.
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Figure 1. SWSA 6 Tumulus Disposal Demonstration



III. Design Experience

Facility Design Criteria

Several goals were established for the TDD and are reflected in the
following facility design criteria:

- Disposal facility performance life should be approximately 300
years;

- The pad should be constructed to support up to 16 ft of waste
contained in concrete vaults, soil overburden of up to 6 ft,
concrete cover of up to 2 ft, and earth moving equipment;

- The pad should be constructed with a curbed perimeter and drainage
system to accommodate collection of rainwater during loading
operations and collection of cap infiltration after closure; and,

- The pad should be sized to hold approximately one year's waste
generation.

Concrete Pad Design

A 105 ft by 65 ft concrete pad was designed for the demonstration. A
complex pad foundation was specified. The main feature of the under
pad area was the 30 mil PVC liner and associated protective sand
layers. The liner was to be placed under the entire pad and sealed to
the sides. The liner was to be sloped to the west to the single pad
liner drain, a 3 in line which was to be connected to a monitoring
station.

The concrete pad was to be varied in thickness from 8 in at the center
to 16 in at the thickened footer along the sides. The pad was intended
to be poured with no joints. The pad was designed to minimize the
potential for cracking by the use of a large amount of reinforcing
steel and dense, high strength concrete. Number 6 (3/4 in) epoxy
coated steel reinforcing bars were to be placed in two layers on 6 in
centers. Concrete was specified to have a water cement ratio < 0.4, to
exceed 6000 psi at 21 days, and to have a 1 in slump before the
addition of plasticizer. The pad was to be sloped to the west side (1
% slope) to a gutter containing the two pad surface floor drains. The
drains were to be emptied through 4 in PVC pipes joined into a single 6
in pipe connected to the monitoring station.

Concrete Vault Design

A concrete disposal vault was designed to provide an overpack for the
LLW which was to be placed on the concrete pad. The vault was
primarily designed to provide structural stability for the waste to
reduce the potential for subsidence of the cap. The vaults were also
expected to provide a barrier for infiltration of water into the waste.
The vault was to utilize epoxy coated rebar and wire, and a concrete



mix almost identical to that specified for the pad. The allowable
vault concrete slump was slightly higher to ensure that good filling of
the vault forms would be achieved. The vault concrete was also to
contain a water proofing additive.

The vault cavity was sized to receive a standard 4 ft by 4 ft by 6 ft
metal box and to provide a 4 in annular space. The annular space was
included to provide the capability to backfill concrete around the LLW
container after placement in the vault. After waste loading and
backfilling a pre-cast concrete lid was to be placed on the vault and
sealed with bitumen. The outside dimensions of the vault were to be 5
ft 7 in by 5 ft 5 in by 7 ft 10 in. The vaults were designed to
include forklift slots cast in the bottom for handling.

IV. Construction Experience

The pad was constructed in the period from October 1986 to May 1987.
Several aspects of the construction process were noteworthy.

Concrete Pad

Site preparation was almost complete when a solid month of rain was
experienced in November 1986. The pad excavation was inundated with
water, and the top 6 to 12 in of soil became saturated. In order to
provide a firm construction base this saturated material was removed
and replaced with a compacted gravel base.
The sand layer designed to protect the bottom of the PVC liner was
easily placed on top of the filter fabric covered gravel sub-base. The
liner and succeeding sand, gravel, fabric, and sand layers were placed
and graded to form the pad foundation and the pad forms were erected.
The top sand layer was included to control curing on the underside of
the pad.

The epoxy coated reinforcing steel was placed and tied with little
difficulty. The steel chairs that were planned to be used had a
tendency to sink into the top sand layer and were replaced with small
brick blocks. The elevation of the steel was high in several locations
and underlying sand was removed to lower it. Based on measurements
made after the concrete pour as part of operational testing it appears
that some portions of the steel were still too high even after this
adjustment. The concrete pour was completed as planned on January 15,
1987 with no construction joints. The concrete slump for all ready-mix
trucks was checked at the site, and if acceptable, the plasticizer was
then added. Of the 28 trucks checked, 3 were rejected for slump being
too high. Concrete strength test cylinders were made for each truck,
with all 28 day test results in excess of the 6000 psi minimum. Air
entrainment tests were made on selected trucks and all results were
within the specifications of 5 % to 7 %.

The concrete was moved to the pad via crane and bucket and was vibrated
as it was placed. The concrete was initially very stiff and the amount
of plasticizer added was increased. Concrete workability improved



dramatically. The elevation of the finished concrete was checked by
level and against preset elevations marked on the forms. The concrete
surface was finished by floating and steel troweling and a curing agent
was applied. Plastic covered with burlap was used during the initial
cure. Weather conditions during the cure did not require
implementation of contingency plans for freeze protection.

Approximately 1 month after the concrete pour, minute hairline cracks
appeared at several locations on the pad. The cracks are thought to
result from shrinkage of the concrete during curing. The cracks have
been mapped and monitored since they were first noticed. Some
additional cracks have since developed primarily associated with
elongation of previously noted cracks. No widening of the cracks has
been noted. No association of the cracks with loads imposed on the pad
by the stacked vaults has been noted. In September 1987 a crack
sealant material (SIKA Pronto 19) was applied to the pad. The major
purpose of the sealer was to limit water infiltration into the cracks
to minimize the impact of freeze/thaw on the uncovered pad.

In an attempt to determine if any leakage of water through the cracks
was occurring, pad surface flood tests were conducted in June 1987 and
February 1988. No significant leakage was detected.

Seeral of the cracks appeared to be reflecting the rebar pattern.
Pachometer tests conducted confirmed that the rebar cover was as much
as 0.5 in to 1 in thinner than specified (2 in) at several locations on
the pad. It is felt that this problem resulted from the high rebar
elevations noted previously as opposed to the design concrete thickness
being reduced. Structural calculations performed for the concrete pad
confirmed that adequate structural strength was available to support
the pad loads even if the concrete thickness was reduced. In the
future, measurements will be taken of foundation and rebar elevations
prior to the concrete pour and will be compared to concrete elevations
during finishing operations to ensure that adequate concrete thickness
and cover is maintained.

It is felt that shrinkage of the concrete during curing contributed to
the formation of the hairline cracks. The first cracks noted ran from
the outside edge of the pad inward for several feet and were spaced at
fairly regular intervals, suggesting they were formed to relieve
shrinkage stresses. The high water / cement ratio utilized for the pad
may have produced a "too rich" concrete mix, resulting in the shrinkage
noted. A program to develop an improved concrete mix designed to
minimize cracking potential has been proposed.

Liner

The plastic liner, delivered in a crate with clear unpacking
instructions, was easily spread and centered over the base sand layer.
Layers of filter fabric and drainage mat were placed on both sides of
the perimeter of the liner to provide protection for the liner from the
forms and from gravel in the pad foundation. Another sand layer was
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carefully spread over the liner by a "Bobcat" front end loader before
placement of the upper gravel, fabric, and sand layers. The plastic
liner and protective fabric and drainage mat were trimmed and tacked to
the forms to keep them in place during the concrete pour.

Approximately three months after the concrete pour, water flows were
noted in the liner drain. Investigations have identified several
possible sources of the water as described in the folowing sections.

The pad foundation was placed in an excavation approximately 1 ft to 2
ft deep with no drain. The shale formation in which this excavation
was made is known to have a low permeability and is capable of
collecting water during wet periods. It is hypothesized that heavy
rains during the spring of 1987 flooded this underpad area causing
water elevations to rise and challenge the liner / liner drain seal,
and possibly the liner / surface drain seals, resulting in inflow of
water into the liner. Shallow piezometers were installed in the spring
of 1987 to monitor the elevation of water in the underpad area. Plans
are currently being developed to provide a drain for the gravel
underpad area in conjunction with other liner fixes.

Under liner flood tests were conducted in February 1988 to attempt to
isolate the source of the water noted in the liner drain. Water was
pumped from a tanker truck into the area outside the liner / liner
drain seal at a rate which was high enough to cause the water elevation
to rise and challenge the liner / liner drain seal. At the point when
the water elevation was noted to be at the same elevation as the seal,
flow began in the liner drain. This strongly suggested that the liner
/ liner drain seal was leaking from the outside in. Water was also
pumped through the liner drain to flood the liner and the water
elevation outside the liner was monitored to determine if any leakage
from the seal was occurring. No leakage was noted, although it is
thought that the size of the leak present would not be sufficient to
cause a measurable response in the gravel area under the pad.

Additional tests of the liner / liner drain seal were conducted in May
1988. In conjunction with this test, a flap was cut in the side of the
liner and a small amount of foundation material was removed to provide
access to the liner / liner pad drain seal. During the pad flood test
it was possible to see water leaking in at one of the metal batten
strips which are used to seal the liner to the small concrete pad in
which the liner drain is cast. After the flood test was completed, the
leaking batten strip was removed and the area was inspected. It was
noted that the surface of the liner drain concrete pad was uneven,
resulting in a "gap" under one portion of the batten strip which the
rubber gasket used was unable to seal. Repairs to this seal area are
being developed and will be implemented with the other liner repairs.

The fabric and drainage mat used to protect the perimeter of the liner
were inadvertently brought up along the inside of the forms, instead of
being cut off at the top of the pad foundation. This caused the
outside surface of the pad to have a rough finish, making it difficult



to develop a tight seal where the plastic liner is fastened with a
batten strip to the concrete pad. It appears that there 1s some
potential for rainwater to enter the liner from this seal. A sheet of
PVC has been draped over the pad curb to provide a temporary cover of
this seal to eliminate this source of water inflow. Methods for a more
permanent solution are being investigated.

The two surface drains that were cast into the pad penetrate the side
of the liner to connect with the piping to the monitoring station. A
rubber boot was used to provide the seal between the liner and the
drain pipe. The boot was glued to the side of the liner, and was also
glued to the drain pipe with a hose clamp providing a mechanical seal.
During construction inspection it was noted that one of the boot -
liner joints had failed. The joint was reglued and the area
backfilled. Subsequent investigations revealed that these joints have
failed again and a method of repair is currently being developed.
These seals are not thought to currently be a source of inflow into the
pad.

Concrete Vaults

The vaults are manufactured in metal forms by a local pre-cast concrete
company. The vault is formed upside down and pulled off the form after
its initial cure. The vault cavity is slightly wider at the top than
at the bottom to facilitate removal from the form. Concrete vibrators
are attached to the metal form and activated during the concrete pour
to ensure good form filling.

Vault manufacture experience has been good. The vaults are easily
removed from the form and have been of acceptable uniformity and
quality. The manufacturer notes that some difficulty was initially
encountered in bending the epoxy coated wire to from the vault rebar
cage. This was remedied by the use of additional weights in the brake
used to bend the wire. One manufacturing change was made to improve
the uniformity of the bottom of the vault. This surface is on the top
of the vault during manufacture and was initially hand trowel finished.
This surface is now finished using a bar which produces a much more
uniform surface. One design change was made during manufacture to make
the fork lift slots larger.

V. Operating Experience

The first vault was loaded on the pad at the end of June 1987. As of
September 30, 1988 96 vaults have been loaded onto the pad. Following,
are important highlights of operating experience to date.

Waste Placement in Vaults

Concrete block spacers are placed on the bottom of the vault cavity.
The LLW containers are placed in the concrete vaults via a crane,
centered in the cavity to achieve a uniform annular space around the
waste container, and then backfilled with concrete. During initial
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operations it was noted that the containers would tend to "float" as
the concrete backfill was added. A mechanism «.V5« constructed to hold
the vaults down and only enough concrete was added to fill the vault
approximately 50% full. After a curing period, the waste boxes are
held in place by the concrete backfill and the hold down mechanism can
be removed and the remainder of the concrete backfill can be placed and
finished. The bitumen sealant is placed on the upper vault edge, the
concrete lid is then placed and held in position with steel bands.

Vault Placement

The completed vaults weigh 1 1 - 1 5 tons (average 12 tons). Depending
on the weight, the vaults are moved to the pad by forklift or low-boy
truck. Choker cables are placed around the vault (through the forklift
slots) and the vault is lifted by crane into position on the pad. The
choker cables are removed and the vault is pushed into final position
with the forklift. During these operations it was noted that surface
damage was being developed on the vaults. "Softeners" consisting of
pipe and wood were fabricated to protect the concrete from the choker
cables. Sand is spread on the pad or on the lower vault top to make
the final vault positioning operation easier to perform. Changes are
expected to be made to the vaults.to include chamfered edges to reduce
their tendency to spall concrete when the 90 degree edges of the vault
experience a concentrated point load.

Vault loading to date has created a yjery uniform stack. Most of the
vaults have been stacked with little or no space between them. The
maximum space noted between vaults is about 1 in, and the maximum
difference in the height of the vault stacks is also about 1 in. These
gaps will eventually be filled with small gravel when the cover is
constructed.

Pad Drainage / Monitoring System Operation

The pad drainage / monitoring system has operated with minimal
difficulties. It was noted during instrument calibration that the
ultra sonic sensor for the flow measuring device was located too close
to the water elevation in the stilling well. A spacer was fabricated
and installed to raise the height of the sensor.

During calibration of the monitoring system it was noted that flow
capacity of the drainage system might be exceeded during a large ctorm
event. If the pad was completely loaded, this could result in
overtopping of the pad curb. It was determined that sufficient holdup
capacity to accommodate storm events could be created on the pad by
placing the last row of vaults no closer than 5 ft to 6 ft from the pad
surface drains.

Tumulus Performance Monitoring

Monitoring of tumulus environmental and occupational exposure is
ongoing. Pre-operational monitoring was conducted to develop



information on background levels. Levels of suspended solids and oil
and grease in the pad runoff are increased above pre-operationai levels
and are the result of the handling equipment operated on the pad during
loading operations. Worker exposure monitoring indicates very low
exposures associated with current TDD operations, on the order of 0.5
mr/man/vault. The total exposure was estimated to be 3 to 4
man-mr/vault.

V. Cost Summary

A summary of the cost of the TDD design, construction, and operation is
provided in Table 1. Design costs include Title I and II efforts, as
well as additional documentation on construction experience that was
developed by the demonstration program as a part of Title III design.
Construction costs include the fixed price contract for site
preparation, tumulus pad^ and monitoring station construction, as well
as in-house costs for monitoring instrument procurement and
installation, and utility hookups. The vault costs reflect the fixed
price manufacture contract for the vaults currently being utilized on
the TDD. Operating costs include waste container placement in the
vaults, concrete backfill, vault lid placement and sealing, and vault
placement operations. The cost of. the TDD cover is based on estimates
developed during a conceptual cover design effort conducted during
1987.

It is estimated that the design, construction, operation, and closure
costs for the TDD are approximately $ 62 /ft3 on an "as disposed"
basis. Costs on an "as generated" basis could be much lower, depending
on the degree of waste compaction achieved in waste container loading.
It should be recognized that these costs may change significantly for
future tumuli as a result of site characteristics, technology
evolution, and scale effects.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof nor any of the.r
e m p l o y ^ makes any warranty, express or implied, or assumes any legal hab.l.ty or respons.-
b ^ o T ^ accuracy, completeness, or usefulness of any information, apparatus product or
p S s disclosed, or represents that its use would not infringe privately owned nghts^ Refer-
en^herein to any specific commercial product, process, or serv.ce by trade name, trademark,
manufacturer or otherwise does not necessarily constitute or imply its endorsement recom-
m^ation, or favoring by the United States Government or any agency thereof The v.ews
ZI onions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Table 1

Tumulus Disposal Demonstration Cost Summary

- Design $ 60.000

Title I & II $ 30,000
Title III $ 30,000

- Tumulus Construction $ 180.000

Fixed Price Subcontractor $ 160,000
In-House $ 20,000

- Vault Manufacture S 234.000

260 Vaults @ $900 ea. $ 234,000

- Tumulus Operations, $ 660.000

Vault Loading and Placement $ 660,000
for 260 vaults at $2538 ea.

- Tumulus Closure S 425.000

Total $1,559,000


