STATE OF NEW MEXICO
BEFORE THE WATER QUALITY CONTROL COMMISSION

In the Matter of:

PROPOSED AMENDMENT
TO 20.6.2 NMAC (Copper Rule)

No. WQCC 12-01(R)
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932 HYDRAULIC FILL STRUCTURES

Investigations that we have performed using piezometer cone pene-
tration testing methods indicate that similar less than hydrostatic
pore pressure conditions exist in other tailing dams. We found
that the piezocone works quite well as an investigation tool for
tailing dams; static pore water pressures can be measured by per-
forming pore pressure dissipation tests that are relatively short
in duration. Campanella, Robertson and Gillespie (1984) describe a
piezometer cone investigation of tailing dams in British Columbia
where equilibrium water pressures indicated a downward gradient of
pore water pressures.

Data shown on Figs. 4, 5 and 6 correspond to one set of piezo-
meter readings and thus represent the "static" pore water pressure
conditions within the dam. The range 1in typical piezometer
readings for each of the piezometers at this study section is shown
on Fig. 4 using brackets. The ranges in water level readings are
greater for piezometers upstream of and near the dam crest compared
to those further down the slope. Increases 1in the piezometer
readings generally occur in response to tailing deposition on the
dam, while decreases 1in piezometer readings occur during rest
periods.

Tailing deposition on the dam during the first six months of
1986 is illustrated graphically on Fig. 7. The only significant
deposition during this time occurred over about a month long period
in late January and early February. No significant deposition had

occurred on the dam for about four months prior to this period. =

Examination of the staff gauge readings indicates that the average
increase in the tailing slimes surface in the storage area as a
result of this deposition was about 1.8 feet (0.5 m). Assuming an
even distribution of tailing across the storage area and a total

unit weight for deposited tailing of 90 pounds per cubic foot -

(14 kN/m*), the total tonnage of tailing deposited during this
period amounts to about 2.2 feet (0.7-m) thickness of tailing, a
good agreement with staff gauge readings.

Examination of piezometer water level history plots indicates
that the response of the piezometers to this period of deposition
depends on location and type of piezometer. The response of two
isolated pneumatic tip piezometers located beneath the first raise
bench and two isolated pneumatic tip piezometers located beneath a
point just upstream of the dam crest are shown on Fig. 8. It is
clear that the piezometers located near the crest of the dam show
an almost instantaneous and marked response to deposition on the
dam. The total increase in water level is about 10 feet (3.0 m)
with the highest water level occurring about one to three weeks
after tailing deposition has ceased. Water levels for these two
piezometers return to near the pre-deposition levels about two
months after the peak reading. For the two piezometers located on

TAILING DAMS
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Fig. 7. Tailing Deposition on Dam
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936 HYDRAULIC FILL STRUCTURES

varying duration. This understanding can only be gained by inst-

rumentation of the dams and analysis of piezometer data by person-

nel who are experienced in operation of these complex structures.- ::

SLOPE STABILITY CONSIDERATIONS

Given the understanding of pore water pressure conditions

described above, stability analyses were performed to assess the.
importance of these conditions with respect to slope stability.:®
The slope stability analyses performed were 1imit equilibrium. !
analyses using effective stress strength parameters with pore water.

pressures defined as described below.

Tailing materials were modeled using two material types, one ta

represent the tailing sands (predominantly cyclone underflow mater-

ials), and the other to represent the tailing slimes (predominantly

cyclone overflow materials). The width of the tailing sand (sand

beach) was based on drill hole and surface sampling information and.

was generally about 200 feet (61 m).

Two definitions of pore water pressures were used for these :
analyses. For the first, the phreatic surface was located based on -
water levels measured in the open well piezometers, and the pore -
water pressures were calculated in the usual manner as depth below °

the phreatic surface times the unit weight of water. Pore water

pressures defined in this manner are referred to as hydrostatic. -
For the second definition of pore water pressures, the contours ~

shown on Fig. 6 were used. As discussed above, pore water pres-

sures defined by these contours are less than hydrostatic. The .

same phreatic surface was used as a contour line along which the
pore water pressure is zero, and pore water pressure data were

input to define the other contours. Pore water pressures were.

assumed to be zero above the phreatic surface for both cases
analyzed. ¢

Results for the slope stability calculations assuming hydro-

static conditions, presented on Fig. 10a, indicate a factor of ..
safety of 1.8. The critical circular shear surface passes through -
the entire slope height with a maximum depth of about 75 feet .
(23 m). Results for the slope stability calculations using pore °
water pressure contours, presented on Fig. 10b, indicate a factor

of safety of 2.2. The critical circular shear surface again passes

through the entire slope height with a slightly deeper maximum :
depth of about 90 feet (27 m). The difference in the two calcu- °
lated factors of safety is about 20 percent in this instance..
Similar analyses that we have performed for other dams where pore .
water pressures are less than hydrostatic indicate that the dif- -

ference in factors of safety can range up to 50 percent.
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Fig. 10. Results of Slope Stability Analyses

Slope stability calculations described above indicate that the
factor of safety calculated based on observed pore water conditions
in this instance 1s about 20 percent higher that that calculated
assuming hydrostatic conditions. It is important to point out,
however, that the pore water pressure contours used for these cal-
culations (shown on Fig. 6) represent conditfons within this dam
during "resting. The pore water pressures within the dam were
observed to increase as a result of tailing deposition, and in the

- upper reaches of tailing material upstream of the crest, to reach

hydrostatic conditions. Measured pore water pressure increases in

ta' the lower portion of the dam slope were less.
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