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Fig. 4. (a) Surveyed shape of the East wall of the
cavity after excavation. (b) Assumed shape of
of the geomembrane after installation.

Maximum Vertical Displacement. The first step of the
analysis consisted of evaluating the maximum vertical
displacement of the top of the liner during the first
filling. Assuming that the 1liner would be pushed
against the cavity wall by the water pressure, the
predicted vertical displacement was the difference bet-
ween wall Tlength (RB1B2B3CCLD, in Fig. 4b) and liner
length (BCD, in Fig. 4b). Values between 0.3 and 0.5 m
(12 to 20 in.) were obtained. As a result, it was
decided to hang the liner from adjustable chains instead
of the traditional rigid clamping considered initially.

The predicted values of the vertical displacement
mentioned above were believed to be upper boundaries
because part of the movement of the liner towards the
wall results from liner elongation rather than vertical
displacement. However, vertical displacements observed
after the first filling were slightly larger than
predicted (max. observed value ~0.6 m). Possibly, this
could be due to the curved shape of the liner near the
floor (CD' instead of CD in Fig. 4b). Also, depressions
against which the liner exhibits elongation without
vertical displacement are small depressions not shown in
Fig. 4b., These small depressions were not considered
in the evaluation of the wall profile length.

Pressure-Deflection Relationship. A preliminary study
was conducted using the chart presented in (6). This
chart had been established assuming that the 1iner would
not move outside the depression area. This worst case
situation gives the maximum 1liner elongation. The
pressure-deflection analysis showed that the pressure
exerted by 0 to 3 m (10 ft) of water would be sufficient
to place the 1liner in contact with typical 1large
depressions of the wall, but, in several cases, would
cause yield of the liner. This analysis confirmed that
it was important to attach the top of the liner in such
a way that it could move as freely as possible.
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To better model the behavior of the 1liner, an
analysis was made, assuming friction between the liner
and the wall (Fig. 5). The lengthy analysis cannot be
reproduced here. However, it led to the chart presented
in Fig. 5¢c. Using this chart for typical depressions of
the wall showed that the water pressure necessary to
push the liner in contact with the wall did not depend

e L —
Q

i

ot D
b NN
(3) 3 E

s ¥, =
4

Fig. 5. Theoretical analysis of a geomembrane sliding
with friction when pushed into a depression by
water pressure: (a) Initial position of the
geomembrane; (b) Final position of the geomem-
brane after sliding (beyond a certain length L,
tensile stresses cannot overcome friction); (¢)
Chart. Knowing the geomembrane tensiie stiff-
ness (i.e., modulus x thickness), the water
pressure p, and the width b of the depression,
the chart gives the deflection y and the length
L defined above (Note: for ¢=90°, L=0).
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significantly on the friction angle between the Tliner
and the wall. Therefore, this analysis confirmed that a
pressure of 0-3 m (10 ft.) of water would be sufficient
to place the liner in contact with large depressions
(typically 2 m wide) of the wall. Other findings of the
analysis were as follows:

e A length of typically 2 to 4 m (6 to 13 ft) of liner
could move towards a typical large depression (2-3 m),
depending on the friction angle. Comparing this length
to the above mentioned height of water shows that, in
most cases, the portion of the liner located above a
large depression would move toward the depression before
there is enough water pressure to mobilize friction and
block downward movements.

e The situation appeared more critical for the por-
tions of liner located against vertical corners between
two walls because horizontal movements of the Tliner are
not as free as vertical movements and because water
pressure is higher at the 1level of a depression than
above, Stresses in the liner appeared to be close to
yield stress if the liner was placed at distances from
the wall of the order of 0.6 m (2 ft) or more. It was
therefore judged extremely important to place the liner
as close as possible to the wall in the corners.

® The same analysis applied to smaller depressions
(typically 0.5 m wide) showed that a fraction of the
movement of the liner towards the depression would
result from elongation of the liner. This occurs because
the height of water necessary to push the Tiner into the
depression is of order 10 m (33 ft) which causes
friction to block vertical movements of the liner.

3.3 Liner/Support Interaction

Openings of the chain link mesh were 55 mm x 55 mm.
A theoretical analysis was conducted to study the
behavior of the liner. Preliminary calculations were
made to determine in what stress condition the liner
would be. It appeared that the deflection was too large
to consider pure bending and too small to consider pure
tension. A combined bending-tension analysis was con-
ducted and led to the conclusion that deflection of the
liner over a chain 1ink mesh opening would be about 3 mm
and stresses would be about 10 MPa (1450 psi), which is
approximately one-half the yield stress. This margin of
safety was judged insufficient because of the potential
additional stresses likely to result from elongation of
the liner to reach the chain Tlink mesh and because of
the decrease of yield stress with time due to creep.
Therefore, it was decided to cover the Tlower 3 m ( 10
ft) of the walls with polyethlyene or other protective

Fig. 6. Photograph of the testing apparatus.
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plates placed on the chain link mesh. Also, polyethy-
lene plates were placed on all rockbolts to prevent
direct contact between the liner and the rock bolts,

Laboratory tests were conducted at The University
of Michigan to evaluate the effect due to water pressure
pressing the HDPE geomembrane against the chainlink mesh
and rockbolts on the cavity walls. The actual testing
apparatus is shown in Fig. 6. These tests verified that
the HDPE liner would not be damaged.

CONCLUSION

When the Proton Decay Experiment reservoir was
designed, some of the analyses conducted were considered
very sophisticated, even excessively sophisticated. In
fact, the very careful monitoring (2,3) of this reser-
voir shows that the actual mechanical behavior of the
Tiner is even more complex than considered at the design
stage. With the better knowledge gained today it would
be possible to include in the design: (i) superposition
of stresses resulting from a small depression 1into a
large depression; (ii) combined effects of creep and
yield; and perhaps, (iii) failure mechanisms linked to
molecular reorientation of the high density polyethy-
lene. On the other hand, the conceptual and detailed
design of the leakage collection system would probably
he done today identically. The use of plastic nets
which was then a premiere for leakage collection and
detection is now becoming a widely accepted practice.
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