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CONVERSION TABLE
This report uses inch-pound units for all numerical data; these units
can be converted to metric (International System) units with the following
multiplication factors:
Multiply inch-pound unit By To obtain metric unit
foot (ft) 0.3048 meter
foot squared per day (ft2?/d) 9.290x1075 meter squared per day
cubic foot per day (ft3/d) 2.8317x107° cubic meter per day
cubic foot per second 2.8317x107° cubic meter per second
gallon per minute (gal/min) 0.06309 liter per second
square mile (mi?) 2.590 square kilometer

Sea level: 1In this report "sea level" refers to the National Geodetic
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Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,
formerly called '""Mean Sea Level of 1929."
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Q = well discharge;
T = transmissivity;
S, = drawdown in well;
G(a) = mathematical function;
a = Tt/Srwz;
t = elapsed time since the discharge began;
S = coefficient of storage; and
r, = well radius.

Assume the following quantities:

T

240 ft2/d (transmissivity of layers 5 and 6 of the upper

aquifers--those layers most affected by the drawdown);

11 ft;

1,000 days (assumed);
0.05 (estimated); and
17 ft (service shaft).
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Figure 10.--Ground-water flow system near a single shaft.
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Then a = 16,660, and G(a) =
The flow from the upper aquifers to the lower aquifers is given by:
Q = 3,300 ft3/d = 17 gal/min.

The downward flow in shaft P would be similar. Downward flow in shaft VE would
be smaller because the hydraulic-head difference at this site is only about
20 ft (6,460 ft for upper aquifers and 6,440 ft for lower aquifers).

The flow to the upper tunnel also was analyzed. It seems that the upper
tunnel will decrease the hydraulic head above the tunnel to the level in the
shafts in the upper aquifers (fig. 11). The solution to this analysis, using
consistent units, is described by Rorabaugh (1964):

q = 2hoyST/t ; (3)
where
q = the flow to a sink, per unit length, L, on both sides;
ho = hydraulic-head differential, in feet;
T = transmissivity, in feet squared per day;
S = coefficient of storage, dimensionless; and
t = elapsed time, in days.
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Assume the following quantities:

ho = 11 ft (approximate);
T = 240 ft2?/d (layers 5 and 6);
S = 0.05 (estimated);
t = 1,000 days (assumed); and
L = 250 ft.
Then q = 1.3 (ft3/d)/ft x 250 ft = 340 ft3/d;
' = 1.7 gal/min.

Apparently drainage from tunnels will not be substantial.

OTHER FACTORS AFFECTING THE LOCAL HYDROLOGIC SYSTEM

Solutions of the analytical equations for shafts and tunnels indicate that
water from the upper aquifers will drain slowly into the lower aquifers. These
solutions were obtained using regional values of aquifer transmissivity and
storage. Because of known heterogeneity and anisotropy of these aquifers,
local values of aquifer parameters may be different from the regional values
used in the calculations. Different aquifer parameters would change the values
obtained in the solution of the analytical equations. Likewise, the final
hydraulic-head differences between the upper and lower aquifers are not known
with certainty.

Because of the natural temperature gradient with depth, the average
temperature of water in the lower aquifers is greater than the average
temperature of water in the upper aquifers. As a result, convection cells
could develop in the shafts because of temperature differences in the upper and
lower aquifers. In addition, proposed injection of superheated water into the
lower aquifers for solution mining at a location near Tract C-b could increase
the temperature and salinity differences between the upper and lower aquifers.
The resulting convection cells may allow the relatively saline water in the
lower aquifers to migrate into the upper aquifers through the shafts and
tunnels.

Finally, changes in the local hydrologic system could result in higher
water levels in the lower aquifers compared to the upper aquifers. The
associated upward hydraulic gradient could result in flow from the lower
aquifers into the upper aquifers. These changes might be caused by effects
from discharging wells, injection wells, or decreased natural recharge
resulting from climatic changes, such as a sustained drought. An upward
hydraulic gradient near the shafts would allow water from the lower aquifers to
migrate into the upper aquifers through the shafts and tunnels.

CONCLUSIONS
Flow from the upper aquifers to the lower aquifers through the shafts will

be small and will not degrade water quality, according to the analytical
analysis. However, because of uncertainties in the flow system and the
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presence of open shafts connecting the upper and lower aquifers, mixing of
water from the aquifers may occur because of other processes that are described
below:

1. The hydrologic system may not function exactly as expected because of the
anisotropy and heterogeneity of the hydrologic characteristics of the
aquifers and the confining layer. For example, local variations of
permeability and storage could result in flow in the shafts that would
differ from the predicted flow.

2. Water-tepperature differences in the shafts caused by the natural temper-
ature gradient may result in convection movement that allows saline water
from the lower aquifers to migrate upward and diffuse into the upper
aquifers. In addition, the proposed injection of superheated water into
the lower aquifers for solution mining at a location near Tract C-b may
increase the temperature gradient, salinity, and associated convection and
diffusion processes.

3. Human-induced or natural changes in the flow system may reverse the
downward gradient and induce water from the lower aquifers to flow upward
into the upper aquifers. These changes could include the pumping of
wells, injection through wells, a sustained drought, or any other process
that results in higher water levels in the lower aquifers compared to the
upper aquifers.
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