






























































rate resulted from the increased pressure at the wellhead
(26 psi in test 1 compared with 31.6 psi in test 3).

D. Site 2 Summary and Conclusions

Test 1 was conducted from June 17 through
September 14, 1965. A total of about 335 000 gal. of
water was injected into the tuff through a 10-ft injection
zone located between 55 and 65 ft below land surface.

The injection rate started at 5.8 gpm on June 17 and
gradually decreased to 1.4 gpm on June 25. In the
initial part of the test, the movement of moisture was
dominated by the capillary system and the injection rate
declined. After June 25, the rate began to gradually
increase because sufficient water had been injected to
saturate the tuff around the injection zone. As a result,
water moved into the open pore spaces and fractures to
create a saturated flow condition—primarily driven by
gravity, but supplemented by the capillary system.

The injection rate continued to increase 0 a maxi-
mum rate of 5.8 gpm on July 15. After July 15, the rate
gradually decreased to 0.4 gpm at the end of the test on
September 14.

The second decrease in injection rate was due to an
increase in flow resistance as the nephol expanded. The
unsaturated hydraulic conductivity at the nephol fringe,
as reflected by the ability of the capillary system and
voids to transmit water, began to increase slightly as
moisture contents increased; however, the surface area
of the nephol fringe continued to become larger. This
resulted in an increase in flow resistance, a decrease in
the injection rate, and an increase in pressure in the
injection zone.

Monitoring the movement of moisture in the nephol
indicated that the primary movement of the moisture
was downward beneath the injection well. On May 9,
1966, 327 days after the injection of water started (and
238 days after the injection of water ended), the nephol
had moved downward to a depth of about 220 ft below
land surface (according to the 5% moisture contour
line), and it had a diameter of about 80 ft. A small pod
of moisture, defined by the 30% moisture contour line,
was located at a depth of about 150 to 185 ft. The study
predicted that the nephol will continue to expand from
areas of high moisture to areas of lower moisture until a
new dynamic equilibrium between the driving hydraulic

gradient and resisting capillary forces has been reached.
Moisture movement will then cease.

During test 2, about 2900 gal. of water were in-
jected into the same injection well used in test 1. Test 2
indicated that intermittent releases of water into an
injection well may be desirable when the injection rate
declines. The high moisture content of the tuff at and
adjacent to the injection zone will be redistributed by
the capillary system and voids, thus allowing higher
injection rates for short periods. Hence, the usefulness
of the injection well may be enhanced.

During test 3, about 54 000 gal. of water were in-
jected into a well with a S0-ft injection zone. In com-
parison with tests 1 and 2 where a 10-ft injection zone
was used, the initial injection rates from test 3 were
increased by a factor of about 3.

V. CONCLUSIONS

The hydrologic characteristics of the unsaturated
tuff that forms the Pajarito Plateau can retain or arrest
the movement of water-soluble contaminants origi-
nating from liquid or solid wastes stored in the tuff. A
sufficient and nearly continuous water supply would
have to be available before water-soluble contaminants
could be rapidly mobilized to completely penetrate the
unsaturated tuff. A seasonally pulsating water supply
that recharges the unsaturated tuff might also be suffi-
cient to mobilize water-soluble contaminants, but its
migration rate would be slower than that from a con-
tinuous water source.

After the 89-day injection period at site 2 ceased,
the size of the nephol continued to expand for another
200 days. This moisture plume expansion reduced the
average moisture content in the nephol's interior,
thereby reducing the relative hydrdaulic conductivity of
the unsaturated tuff. Hence, the resistance to flow in
the capillary system surrounding the outer portions of
the nephol increased in response to this moisture redis-
tribution. As a result, the rate of any waterborne con-
taminant flux potential would initially increase in
response to injection and then gradually decline after
injection stopped. During the postinjection phase, all of
these parameter values would asymptotically approach
their preinjection values over time as a new dynamic
equilibrium was gradually reestablished in the tuff.
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