S

SERATA GEOMECHANICS CORPORATION
Automatic Stress/Property Measurement for Earthwork Optimization

CATEGORY 3 INNOVATION AND VERIFICATION OF SST
 Failure and Success in Underground Storage of High-Level Nuclear Waste 

Serata Geomechanics Corporation
4160 Technology Drive · Fremont · California · 94538 USA
Tel: (510) 659-8630

E-mail: serata@serata.com

http://www.serata.com

Copyright 2005 Serata Geomechanics Corporation. All right reserved.

Failure and Success in Underground Storage of High-Level Nuclear Waste
Shosei Serata
Serata Geomechanics Corporation
Field verification of Serata Stress Technology (SST) is best demonstrated by successful
rehabilitation of the Sifto Salt mine in Ontario, Canada and by operations that ignored SST
recommendations at high-level nuclear waste disposal programs in the United States. The
latter programs, WIPP a military waste project in New Mexico and YMP a civilian waste
project in Nevada have failed to meet their goals in spite of the major national effort
extended over the past 35 years with total spending exceeding $100 billion. It has been
difficult to pinpoint the technical reasons for the failures because of political implications.
However, the failures are now considered as a blessing in disguise. All the wastes, that
failed to be disposed of permanently, have become a precious plutonium raw material
source for new energy resources. If SST technology had been accepted for the projects,
this “blessing” would not exist. At any rate, the real blessing for us is that the SST
predicted failure of the national program can be openly disclosed for technical evaluation.
1.

Analysis of WIPP Failure

The first major failure, by Department of Energy (DOE) in WIPP, did not recognize the
importance of the in situ optimization design, achieved by SST at the start of WIPP
repository design in 1982. The WIPP ground failure was caused by the replacement of the
SST design, especially developed and field verified for WIPP, with the conventional room &
pillar mining design because SST was not widely used elsewhere. This casual
replacement of the SST design by DOE led to the SST-predicted massive WIPP ground
failure in 1991 that resulted in the permanent abandonment of the WIPP project.
The conventional design adopted to replace the SST design is shown in Fig. 3-1. The
predicted aging process was apparent from the earlier ground deformation record of the
WIPP openings as shown in Fig. 3-2. The SST-predicted massive roof failure occurred in
early 1991 as shown in Fig.3-3. SST underground tests conducted for field verification of
the WIPP design are presented below as the ultimate field proof of the SST design safety.
2.

Underground Stress Testing of WIPP Repository Design

The safe WIPP design was initially developed by SST several years prior to the start of
WIPP excavation by evaluation of the failing Sifto Salt mine at Goderich, Ontario. The
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mine was utilized as a proving ground for the design and its location is shown by Fig. 3-4.
This SST development work was carried out in cooperation with Sandia National
Laboratories and Bechtel Corporation for DOE.
The SST computer model of the ground is shown in Fig. 3-5. This model enabled us to
compare the failing conventional design of the mine with the permanently stabilized WIPP
design in the Sifto underground as illustrated in Fig. 3-6. The upper diagram illustrates
high stress concentration around the failing openings, while the lower diagram illustrates
natural relief of the damaging roof stress, positively achieving a permanent stability of the
whole underground opening by the formation of a large global stress envelope. The
stabilized model is actually validated by in situ stress measurement with SST in the
underground as shown in Fig. 3-7. The stress measurement operation is shown in the
picture of the test site (Fig. 3-8).
3.

Recovery of Failing Mine

The WIPP testing demonstrated that the failing Sifto mine opening could be permanently
stabilized by virtual elimination of the immediate roof expansion (creep deterioration) as
shown in Fig. 3-9. Observing this SST achievement, the company was very quick to utilize
the WIPP design for salvation of the mine. This adoption of SST not only saved the mine
from serious difficulties but also immediately revitalized the mining operation because of a
total layout change to the WIPP design shown in Fig. 3-10. The conventional room & pillar
mining areas are totally collapsed and abandoned while the permanently SST-stabilized
areas are secured, making the Sifto mine one of the safest and most productive salt mines
in the world.
4.

Comparison of WIPP and Sifto

The process of converting failing ground into permanently stable ground is graphically
presented by the relation of room closure rate vs. time of aging as shown in Fig. 3-11. By
using this diagram, the time stability of WIPP ground in Carlsbad, New Mexico is compared
with the Sifto case, illustrating how the WIPP failure could have been avoided. Both DOE
and Sandia National Laboratories failed to avoid imminent failure, because they were
victims of the conventional wisdom that did not appreciate the underground Stress Control
achieved by SST. Serata’s repeated attempts to avoid the imminent failure were in vain
and the SST-predicted WIPP catastrophe occurred eight years later in the spring of 1991.
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5.

Yucca Mt. Project (YMP)

After the failure of the WIPP program, YMP became the sole site of underground storage
for all high-level nuclear reactor waste in US. DOE with Sandia National laboratories
started the Yucca Mt. Program (YMP) in a tuff formation at Yucca Mt. in Nevada. Over the
past 20 years of development work, infiltration of surface water into the underground
repository has threatened the safety of the waste storage operation and caused
postponement of the scheduled opening of the storage operation during the late 1990s with
no hope in sight for the start of the storage operation.
It is clear that the YMP fiasco could have been avoided, before it was started in the early
1990s, if the extreme ground anomalies disclosed by SST had not been completely ignored.
Fig. 3-12 is a collection of the raw SST data obtained in the YMP underground in 1989 that
clearly discloses the highly irregular nature of the ground. Figure 3-13 shows the extreme
irregularity of property distribution that permits formation of underground seepage channels
for rainwater to migrate through the repository ground. The SST investigation indicated
that this is one of the worst possible sites that could be selected for waste storage. This
SST work was completely rejected by the DOE with support of Sandia National Laboratory.
For further information contact Shosei Serata at serata@serata.com or (510) 659-8630 / (510) 797-4228.
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