






































Objectives of Drilling the Test Wells

The objectives of drilling the three test wells were to: (1) Define more
accurately the ground-water flow system in the northwestern part of the
Albuquerque-Belen Basin west of the Rio Grande, (2) determine hydraulic
conductivity (K) and transmissivity (T) of the aquifer west of the Rio Grande
and investigate changes in hydraulic conductivity with depth, (3) determine
the quality of water in the aquifer west of the river and changes in water
quality with depth, (4) determine the lithology of the basin-fill deposits
including size distribution and composition, and (5) provide for long-term
monitoring of aquifer water levels and water quality at different locations
and vertical levels.

Generalized Geology of the Albuquerque-Belen Basin

The Albuquerque-Belen Basin is bordered by uplifted rock on the east and
west (fig. 2). The Sandia Mountains to the east of Albuquerque are of
Precambrian and Paleozoic age. Large masses of Mesozoic rock are found west
of Albuquerque, as are the Albuquerque volcanos and associated lava flows.

The Quaternary basin-fill deposits and Miocene, Pliocene, and Pleistocene
deposits together comprise the aquifer. Differentiation between sediments of
Quaternary age and older (Santa Fe Group) sediments was not attempted.

The Miocene, Pliocene, and Pleistocene sediments within the basin are
called the Santa Fe Group in this report. Kelley (1977) referred to the
sediments as the Santa Fe Formation and described them in detail. Some
previous descriptions of the Santa Fe Group have used differences in color to
identify individual units. The predominant colors were described by Kelley
(1977). 1In this report, color of sediments is described in the geologist's
log for each test well; however, no attempt was made to distinguish individual
units. Kelley's lower Zia Sandstone Member of his Santa Fe Formation is light
gray, medium gray, light buff, or light pink (Kelley, 1977, p. 12). TE
generally 1is poorly cemented and friable but locally may contain mud and
gravel. The texture is medium to coarse with some upper beds of fine sand.
Grains usually are subrounded and consist of clear quartz and red, black, and
gray chert. The middle red member is above the Zia and according to Kelley
(1977, p. 14), "The middle red member epitomizes the Santa Fe Formation
[Group] of the Albuquerque Basin."” It is pinkish, reddish, and purplish in
color with fanglomerate and axial gravel, sand, and mud facies. Lithologic
descriptions of the middle red member wusually are mudstone, sandstone, or
fanglomerate. The upper part of Kelley's Santa Fe Formation 1is the Ceja
Member (Kelley, 1977, p. 18). Kelley reported, "The lithology of the Ceja
Member is more variable than the middle red and the gravel is the principal
characterizing aspect.” Kelley (1977, p. 18-19) mapped the base of this unit
at gravel deposits and included descriptions from earlier studies that
described the gravels as angular or slightly rounded fragments of andesite and
other volcanic rocks, but with more abundant quartzite, chert, and agate. The
upper part of the unit has been described as yellowish to grayish, sandy-
pebble gravel and pebbly sand with some interbedded clay, mud, and sand.
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Sediments younger than the Santa Fe Formation have been divided by Kelley
(1977, p. 20) into an Ortiz surface, terrace deposits, and eolian sand. The
Ortiz is a pediment of sand, gravel, and caliche deposits that range in
thickness from 0 to 150 feet. Composition of the Ortiz is variable and
reflects that of nearby source rocks. The terrace deposits may be as thick as
50 feet and consist of veneers of gravel on river-eroded surfaces. The gravel
is subrounded to rounded and, especially in the lower parts, consists of
clasts foreign to the surrounding gravels. Eolian sand is widespread in the
basin and accumulates in thin deposits and dunes or combinations of both. The
largest area of sand is on the east side of the Rio Grande from just south of
Albuquerque to near Belen.

Generalized Hydrology of the Albuquerque-Belen Basin

The most pronounced hydrologic feature in the Albuquerque-Belen Basin is
the Rio Grande. It flows through the basin and supplies water to the flood-
plain alluvial sediments along part of the reach., Reeder, Bjorklund, and
Dinwiddie (1967, p. 24) reported a loss in streamflow of about 17 cubic feet
per second from near the center of Albuquerque to 5.9 miles downstream.
Northwest of Albuquerque, the Jemez River supplies water to the flood-plain
sediments., This conclusion was based on the presence of a ground-water mound
under the Jemez River for about 12 miles upstream of the junction of the Jemez
River and the Rio Grande (Bjorklund and Maxwell, 1961, p. 39). Kernodle,
Miller, and Scott (1987) estimated 885,000 acre-feet per year flowed into the
basin from the Rio Grande and 80,000 acre-feet per year from Rio Grande
tributaries from 1976 through 1979.

Recharge to the Albuquerque-Belen Basin aquifer system also is from the
upland areas east and west of the river. Estimated average recharge from the
Sandia and Manzano Mountains 1is 86,000 acre-feet per year, and average
recharge from the upland areas to the west 1is about 26,000 acre-feet per
year. Estimated average underflow into the basin from the Santo Domingo Basin
to the north is about 56,000 acre-feet per year (Kernodle and Scott, 1986),
including 7,000 acre-feet per year induced inflow from that basin caused by
increased hydraulic-head gradient due to pumpage from 1976 to 1979 (Kernodle
and others, 1987). In the eastern part of the basin, the gradient of the
water table slopes from the east to the southwest at about 5 to 20 feet per
mile to a reported ground-water trough about 8 miles west of the Rio Grande.
In the western part of the basin, the gradient is east and southeast toward
the trough (Bjorklund and Maxwell, 1961, p. 36-39). Bjorklund and Maxwell
(1961, p. 38) postulated that the trough could be caused by: (1) thick Santa
Fe sediments in this area, (2) greater hydraulic conductivity in this area, or
(3) a greater volume of recharge from the east side of the basin than from the
west side.






Location of Test Wells

Location of the three test wells is shown in figure 1. Test wells 1 and
2 were located because of nearness to the reported ground-water trough
(Bjorklund and Maxwell, 1961) and because of lack of knowledge of the flow
system near this reported feature. Aquifer characteristics, including water
levels, were not available between the area of volcanic rocks west of
Albuquerque and the Rio Puerco (fig. 3). Test well 3 was located near the
flood plain of the Rio Grande to provide aquifer and vertical-flow information
at depth in this area.

The location of each test well is identified according to the system of
numbering wells used in New Mexico (fig. 4). This system of numbering wells
is based on the common subdivision of public lands into sections. The well
number, in addition to designating the well, locates its position to the
nearest l10-acre tract in the land network. The well number is divided by
periods into four segments. The first segment denotes the township north or
south of the New Mexico Base Line, the second denotes the range east or west
of the New Mexico Principal Meridian, and the third denotes the section.
The fourth segment of the number, which consists of three digits, denotes the
160-, 40-, and 10-acre tracts in which the well is located in the section.
For this purpose, the section is divided into four quarters, numbered 1, 2, 3,
and 4, for the northwest, northeast, southwest, and southeast quarters,
respectively. The first digit of the fourth segment gives the quarter
section, which is a tract of 160 acres. Similarly, the quarter section 1is
divided into four 40-acre tracts numbered in the same manner, and the second
digit denotes the 40-acre tract. Finally, the 40-acre tract is divided into
four 10-acre tracts, and the third digit denotes the l0-acre tract,

Well 11N.2E.18.313

Figure 4.--System of numbering wells in New Mexico.



GENERAL TEST-WELL CONSTRUCTION AND METHODS OF DATA COLLECTION

The test wells were drilled by hydraulic rotary method to a depth of
1,000 feet below the potentiometric surface or until drilling could not be
continued. Drilling mud was used to extract cuttings from the borehole.
Cuttings were ejected from the mud discharge pipe through a hole drilled in
the bottom of the pipe and caught in a strainer. Samples of cuttings were
collected and described by the driller. They were bagged, labeled, and given
to a geologist for detailed description. Although the samples were washed by
the driller, they contained some drilling mud when percentages of different
material were estimated and listed by the geologist.

Driller's logs, geologist's logs, borehole-geophysical logs, and results
of drill-cutting analyses are presented to partially fulfill objectives 2 and
4, presented previously in the report. Lithology of the aquifer sediments
(objective 2) can be used to identify aquifer units and to estimate specific
yield (Johnson, 1967, p. 1), porosity, and hydraulic conductivity (Wenzel,
1942, p. 13) (objective 4). Interpretation of the borehole-geophysical logs
or comparison of methods used to determine lithology of sediments in the
boreholes is beyond the scope of this report; however, the data are presented
for information purposes.

Driller's logs presented in tables at the back of the report can be used
to determine the general character of the sediments in the recent alluvium and
Santa Fe sediments near the three test wells drilled in the Albuquerque-Belen
Basin.

Geologist's logs are examined in detail using a more or less standard set
of guidelines and terminology. The description of the sediments and the
percentage of each size category are estimated from a sample of the cuttings
from each sample-depth interval.

. Sediment size of the samples was analyzed by the U.S. Geological Survey's
sediment laboratory in Albuquerque, New Mexico. The analyses consisted of
wet- and dry-color descriptions, particle size, acid reaction, and mineral
constituents. The laboratory-analysis process is reported by Matlok, Morin,
and Posedly (1976) and by W.B. Garrett (U.S. Geological Survey, written
commun., 1982). Results from this type of cuttings analysis probably are the
most appropriate in estimating aquifer properties using sediment-size data.
Using sediment-size data and tables 1 and 2, estimates of specific yield
(table 1), porosity, and hydraulic conductivity (table 2) at selected depths
below land surface or for the total saturated interval can be made. Porosity
and hydraulic-conductivity estimates using sediment-size data, modified from
Wenzel (1942, p. 13), are presented in table 2. Well numbers have been
eliminated from the table and percentages of sediments in selected size
categories have been summed up to correspond to the size categories used in
the sediment-size analysis of this study. These estimates will be approximate
and should be used only as a general guide to the range of aquifer-property
values that may be expected near the borehole from where the samples were
collected.































































discharge rate. The nearest production well is about 2.5 miles southwest of
test well 1. The production well is 1,385 feet deep and the reported water
level is 935 feet below land surface (Bjorklund and Maxwell, 1961, p. 76).
The production well probably is too far away to affect drawdown in test well
1. Pump discharge was checked periodically during the aquifer test without
any variation in the measured rate.

The change from slope 2 to slope 3 indicates an intersection of the cone
of depression with a boundary. Volcanic aquifer material that transmits water
after a pumping time of 400 minutes apparently has a 1lower value of
transmissivity than material encountered by the cone of depression prior to
400 minutes. The boundary may be a near-surface geologic structural
feature. Jiracek (1982, p. 46, 52, and 55) located an electrical resistive
ridge about 2 miles west of the well site using surface resistivity surveys.
He reported a horstlike structure resulting from the uplift of underlying
Cretaceous rocks that may be a barrier to ground-water flow. Volcanic sills
occur north of the well site (Jiracek, 1982, p. 59). If the cone of
depression reached a sill, the transmissivity of sediments supplying water to
the well would be decreased and the slope could change as shown in figure
11. Which barrier was encountered by the cone of depression, if either, could
not be determined because no observation well was available to define the
expanding cone of depression.

Hydraulic head in the alluvial zone was monitored during pumping in the
volcanic zone (fig. 9). Initially, there was an increase in hydraulic head of
about 1 foot with the start of pumping. When the pump was turned off 2,900
minutes later, there was a decrease in hydraulic head of the same magnitude as
the initial increase. The increasing hydraulic head probably resulted from
compression of the aquifer around the well casing as a result of filling the
pipe column with about 1,200 pounds of water. The decrease in hydraulic head
from about 2,900 to 3,025 minutes probably was from water draining from the
pipe column. The draining took about 70 minutes, whereas the filling was
completed in about 36 minutes. The draining resulted from a leaky foot valve
at the bottom of the pump column.

From 1,140 minutes to the time the pump was turned off, hydraulic head in
the alluvial zone was higher than the drawdown trend (fig. 9) projected from
the earlier data. From 1,140 minutes, there are three periods of time when
drawdown in the volcanic zone was zero (for about 1,140 to 1,450; 1,875 to
2,025; and 2,390 to 2,720 minutes after the pump was started). The hydraulic-
head increases in the alluvial 2zone do not appear to be related to
atmospheric-pressure changes. Assuming a barometric efficiency of 0.75, the
maximum change in hydraulic head caused by an atmospheric-pressure change from
the time the pump started was a 0.33-foot increase at about 3,000 minutes into
the test. Hydraulic-head adjustments of about +0.3 foot apply for most of the
aquifer test (fig. 9).
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Hydraulic-head increases 1in the alluvial zone appear to be associated
with drawdown plateaus in the pumped (volcanic) zone. The cause of the
plateaus in the volcanic zone drawdown may be a result of aquifer development
within this zone; the cessation of pumping of a production well, or wells,
completed in this same depth; a change in the discharge rate; or a pressure
increase applied to the packers.

The discharge rate was checked periodically using a bucket of known
volume and a stop watchj; variations in the pumping rate were insignificant.
The drawdown plateaus correspond closely to operator visits to the site.
During these inspections, pressure that may have bled off from the packers
could have been replaced. If this were the case, the packer would expand,
displacing water in the casing, causing the plateaus in the pumped zone and
increases in hydraulic head in the overlying alluvial zone.

Semiconfining Layer between Volcanic and Alluvial Zones

Neuman and Witherspoon (1972) described a ratio method of determining
vertical hydraulic conductivity (K'a) of a confining layer above or below a
leaky aquifer. When the packers were set as described previously, test well 1
was in a configuration that met the requirements to compute a K'a value for
the confining layer between the volcanic and alluvial zones. The method is
dependent on the ratio of drawdown in the confining layer (S') to the drawdown

in the aquifer (8). Drawdown in the alluvial zone was considered to be
starting when hydraulic heads began declining after the initial rise of 1.2
feet (fig. 9). Continuous drawdown became evident 195 minutes 1into the

test. The Neuman and Witherspoon (1972) method results in a value of K'a
divided by specific storage (Ss). Because Ss cannot be obtained from a
single-well aquifer test, it was assumed that Ss was within the range of 10~

to 10°°. Thickness of the confining layer (z), 18 feet, is the distance from
the top of the perforated interval in the volcanic zone to the bottom of the
perforated interval in the alluvial zone (fig. 6). Dimensionless time (tD)
(tD = Tvt/Ssr’ where t is time since pumping started, in minutes, and r is the
radius of the well, in feet) for the aquifer was used to determine the value
of K'a/Ss. Neuman and Witherspoon (1972, p. 1289) reported that when tD is
greater than 100 "...even a crude estimate of tD will be sufficient for the
ratio method to yield satisfactory results.,” After 195 minutes into the
aquifer test, tD was about 10°. In summarizing the ratio method, Neuman and
Witherspoon (1972, p. 1290) concluded the method relies on only early drawdown

data. For computation of K'a, the earliest drawdown data used were 195
minutes into the test. The ratio of drawdowns at 195 minutes is 0.04. Based
on the equation K'a/Ss = (z2/t) t'D, where t'D is dimensionless time for the

confining zone, the value of which (0.13) is taken from curves given in Neuman
and Witherspoon (1972), K'a is 3.1 x 107 ' and 3.1 x 1073 foot per day for Ss
estimates of 10™° per foot and 1072 per foot, respectively.
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CHARACTERISTICS AND PROPERTIES OF THE AQUIFER
AT THE SITE OF TEST WELL 2

Test well 2 (11N.2E.18.313) is about 10 miles northeast of test well 1
(fig. 1). Test well 2 is located near volcanic outcrops east of the site. At
the time of drilling the test well, no other wells were in the area. Since
then an o0il or gas well and a water production well used for the oil or gas
drilling have been drilled. The o0il or gas well has been capped. Also since
the drilling of test well 2, a small airport has been constructed west of the
well site. Water levels measured in piezometers, set within the test-well
casing, will be useful in evaluating changes in ground-water levels as the
area develops.

Drilling History, Well Construction, and Geophysical Logs

Drilling began June 26, 1981, and was completed July 10, 1981, at a depth
of 1,828 feet. Geophysical logs (pl. 2) were run and 1,805 feet of casing set
in the borehole. The selected perforated intervals are shown in figure 14.
Mill-slot casing with 0.040-inch openings was set adjacent to sections of the
aquifer that were interpreted to be more permeable. During development, very
fine sand filled the well to a depth of 1,670 feet below land surface.
Attempts were made to bail the sand from the well but the sand continued to
enter the well, filling the casing to a depth of 1,500 feet below land
surface.

In order to save the well for observation purposes, 2-inch PVC pipe was
placed in the well as previously described for test well 1. The final
configuration of test well 2 is shown in figure 14. The deep piezometer, set
at 1,500 feet below land surface, monitors hydraulic head from intervals 1,525
to 1,545 feet, 1,630 to 1,695 feet, and 1,735 to 1,795 feet below 1land

surface. The piezometer set at 1,330 feet below land surface monitors
hydraulic head from intervals 1,275 to 1,345 feet and 1,390 to 1,410 feet
below land surface. The annular space, between the piezometers and the

casing, monitors the piezometric surface for perforated intervals from 800 to
830 feet and 925 to 955 feet below land surface.

Characteristics of Deposits Penetrated

The results of sieve analyses of the cuttings are shown in figure 15.
Driller's and geologist's descriptions of the cuttings are listed in tables 7
and 8, respectively. The aquifer material is progressively more fine grained
from land surface to about 800 feet below land surface. From about 800 to
1,300 feet, clay and silt (less than 0.062 millimeter) make up about 50
percent of the cutting material. Below 1,300 feet from land surface, clay and
silt comprise about 40 percent of the material and sand (between 0.062 and 2.0
millimeters) makes up about 60 percent. Estimates of specific yield,
hydraulic conductivity, and porosity may be made using figure 15 and tables 1
and 2.
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Aquifer Tests and Related Estimates of Aquifer Properties

Preliminary aquifer testing and well-development checks (Birsoy and
Summers, 1980) were made using step-drawdown aquifer tests with all perforated
intervals open to the pump. It is likely that during well development only
the upper two perforated intervals (350 to 390 and 490 to 590 feet below land
surface) were developed with most development in the interval from 350 to
390 feet below land surface. The pump was set 100 feet below land surface and
maximum discharge was 192 gallons per minute. Three aquifer zones were tested
using inflatable packers: from 490 to 590 feet below land surface, 710 to
790 feet below land surface, and 870 to 1,050 feet below land surface.

The packers were first set to isolate and pump the perforated interval
from 870 to 1,050 feet below land surface. The perforated interval from 710
to 790 feet below land surface also was isolated and hydraulic head monitored
during pumping in the lower perforated interval. Drawdown in the pumped
interval (870 to 1,050 feet below land surface) and also in the interval from
710 to 790 feet below land surface is shown in figure 20. With a discharge
rate of about 14 gallons per minute, it took less than 30 seconds for a
drawdown of 153 feet to occur in the pumped interval. The hydraulic head then
gradually increased during 24 hours of pumping. Superimposed on this trend
are effects of what may be discharge from a well at an unknown location. When
the pump was turned off, the water level in the test well recovered almost
instantaneously to within about 2 feet of the original water level. The very
fast drawdown and recovery in the pumped interval made data analysis
impossible. The sudden hydraulic-head changes probably are a result of large
well entrance losses in the pumped interval. The rising hydraulic head during
pumping indicates well development throughout the aquifer test.

To test the perforated interval between 710 and 790 feet below land
surface, the top packer was set at 697 feet below land surface and the bottom
packer at 815 feet. The time-drawdown relation in the pumped interval and for
perforated intervals above and below is shown in figure 21. The hydraulic
head in the pumped interval declined rapidly with 205 feet of drawdown and
then recovered for the 48 hours of continued pumping with a constant discharge
rate of about 14 gallons per minute. This perforated interval probably was
developing during pumping. When the pump was turned off, the hydraulic head
recovered to within 4 feet of static hydraulic head almost instantaneously.
Superimposed on the drawdown are fluctuations in hydraulic head that might be
the result of a pumping well located some distance from test well 3. The
perforated interval 870 to 1,050 feet below land surface showed a general
downward trend, probably caused from pumping in test well 3, and fluctuations
as great as 3 feet that may be the result of some external stress. Changes in
hydraulic head in the perforated intervals above the pumped interval (above
590 feet below land surface) again showed the general downward trend. Effects
of a possible external stress above 590 feet below land surface are subdued
compared to those in the deeper monitored perforated interval. The smaller
amplitude of fluctuations in the upper perforated intervals compared to those
in the interval below that pumped may be the result of a large coefficient of
storage in the upper zone of the aquifer.
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