DESCRIPTION OF PIEZOMETER NESTS AND WATER LEVELS
IN THE R10 GRANDE VALLEY NEAR ALBUQUERQUE,
BERNALILLO COUNTY, NEW MEXICO

By Scott K. Anderholm and Thomas F. Bullard

U.S. GEOLOGICAL SURVEY
Open-File Report 87-122

Prepared in cooperation with the
NEW MEXICO ENVIRONMENTAL IMPROVEMENT DIVISION

Albuquerque, New Mexico
1987




DEPARTMENT OF THE INTERIOR
DONALD PAUL HODEL, Secretary
U.S. GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information Copies of this report can
write to: be purchased from:

District Chief

U.S. Geological Survey U.S. Geological Survey
Water Resources Division Books and Open-File Reports Section
Pinetree Office Park Federal Center

4501 Indian School Rd. NE, Suite 200 Box 25425
Albuquerque, New Mexico 87110 Denver, Colorado 80225



CONTENTS

Page

Abstract 0 0 09 00000 0000000008000 N00NEsEE000E0NEE00000N0sSECRESSLLESSLESSIENEOSS J.

INtTOdUCLEION . seaseaoscacacosasssesscsesassoassssosassosasaseasosassaasssas 2

PUurpose and SCOPE .seeeceoecnscascascannssscsnscssccsancanscncasnsna
Acknowledgments ..eesesesescscsosesssssesescscsnssasescsesssnsssssss
Drilling method and well CONSLTUCLION seveeassaassncssnassscnnsans
Well development ..cscececccesescaccscasescsnancassccoacscacsnsss

S s

(o)

Description Of piezometer NESES .seeseecsossocsscasssssssssassssssnsane

RiO Bravo ] cececesoscsasscessssscscassesosasssasasssesasnasasnscss 6
RIO BraGvo 2 ceeeocesscesassnsossssssssnsasnossnsossnsassscnssossssasss 12
RiIO Bravo 3 cesecesesssacssesssssescascsasesassssosasssssccnasasasnas 16
R1O Bravo 4 .eeeeseesscacsosscsasasoasasssscsacsssacssassacsnsaasasosass 21
MONELATIO 1| woeeseeeaconcecsoassosssoancanascssasasssacssascssacsassnsss 25
MOREATIO 2 covascanenancsssoresesnsssnassasssssasasssssassascsssssass 31
MONEATIO 3 eeueosscoececansososssosasscsossacsassssssansssssssncases 35
MONEATIO & eeeseecocecscasscsarvsassanssosacssasssscnnsasssnnssnaess 40
Water-level data ceeeecsacssccasancsaassacsenscceancasssosnsosasansacsoans 44
T = o= ¢ Y - 51

FIGURES

Figure 1, Map showing the location of the piezometer nests in
the Rio Grande valley near AlbuquUerque .eveescsacesscnss 3

2. Schematic of piezometer CONSELrUCEiON.cseesosesssccnsconsos 5

3. Diagram of configuration of piezometers in the Rio
Bravo 1 and Rio Bravo 2 piezometer NeStS ..seeescsssessce 9

4, Driller's log of the deepest borehole in the Rio Bravo
1 piezometer NESL L.eueeessccnosasscesacansansonnsnssonas 10

5. Geophysical logs of the deepest borehole in the
Rio Bravo 1 pilezometer NeSL .eeveeessssssnsnncsscsnnsnns 11

6. Driller's log of the deepest borehole in the Rio Bravo
zpiezomEter neSt LI IR I NI B L B O B B I I I I L I I I B I ]-4

7. Geophysical logs of the deepest borehole in the Rio
Bravoz pi-ezometer neSt L I I I I B B I B B B B B B B R B I N B B I B RN B AN N 15

iii



Figure 8.

10.

11,

12.

13.

14.

15.

16'

17.

18.

19.

20.

21.

22.

FIGURES - Continued
Page
Diagram of configuration of piezometers in the

Rio Bravo 3 and Rio Bravo 4 piezometer nests ..eeeeseses 18

Driller's log of the deepest borehole in the Rio
Bravo 3 piezometer NeSL ..eseveossosssorsssssoscrssssesss 19

Geophysical logs of the deepest borehole in the
Rio Bravo 3 piezometer NESL sesvevvsevcsnsvsccvnovennnosoae 20

Driller's log of the deepest borehole in the Rio
Bravo 4 piezometer NESL .sececsncnnssacncsnncncncnannnnne 23

Geophysical logs of the deepest borehole in the
Rio Bravo 4 piezomeLer NeSt seeeeeesssssccaccsnsncnnnnans 24

Diagram of configuration of piezometers in the
Montafio 1 and Montaflo 2 piezometer NeSES seeeecesscssecea 28

Driller's log of the deepest borehole in the
Montaﬁb 1 piezometer NESL Leseesvcvecvocncscansosncenncnne 29

Geophysical logs of the deepest borehole in the
Montaflo 1 piezometer NeSt ssesessesssevsssessssssssassass 30

Driller's log of the deepest borehole in the
MontafNo 2 piezometer NESL s.eeeevesessevscnssssssaconsssas 33

Geophysical logs of the deepest borehole in the
Montafo 2 pPiezomMelLer NESE ceeesssssscvccnscncacanssssacs 3k

Diagram of configuration of piezometers in the
Montafo 3 and Montaho & piezometer NEsStS .eeseessseveass 37

Driller's log of the deepest borehole in the
Montaflo 3 piezometer NESL seessvcscscssnsasncsssnncssoss 38

Geophysical logs of the intermediate-depth borehole
in the Montafo 3 piezometer NESt seeeeseesssossncsassnes 39

Driller's log of the deepest borehole in the
Montafio 4 piezomeler NESL seesssesesssesssesrsnsessseses 42

Geophysical logs of the deepest borehole in the
Montaflo 4 piezomMeLer NeSL seveeessssscecasssssssncosanss 43

iv



Figures 23-

Tables 1-8.

26.

27.

28.

FIGURES - Concluded

Water-level hydrographs of the:

23.

24.

25.

26'

Rio Bravo 1 and Rio Bravo 2 piezometer

NESLS seesssssssssssssssssssscsssssssssnsssssssssss

Rio Bravo 3 and Rio Bravo 4 piezometer

nests ® 09 560600005500 500 000050500000 050000000008000s0000

Montafio 1 and Montano 2 piezometer NESLS seeeseeses

Montaho 3 and Montanho 4 piezometer NEStS ceesveosss

Hydrologic sections of the Rio Bravo piezometers,
January 15’ 1985 ® & 9 9 9 690 PSS SRS e PO PSS

Hydrologic sections of the Montano plezometers,
January 20, 1985 LU L I I B D B I I L B L B I O D N

TABLES

Lithologic description of well cuttings from the deepest
borehole in the:

1.
2.
3.
b
5.
6.
7.
8.

Rio
Rio
Rio
Rio

Bravo 1 piezometer NESL .eseesssesssssscossssasnssens
Bravo 2 piezometer NEeSL .esesessssessssssssnssssnnes
Bravo 3 pilezometer NESE suseeasesssssssnssssnssnnns
Bravo 4 piezometer NEeSL sssesesossessssnossssssansns
Montaho 1 piezometer
Montano 2 piezometer
Montano 3 piezometer
Montalo 4 piezometer

nest # S 00 s 000G EOLLOOGLEOEOENDLPOEOIEBSEEOETSTDPOS
nest ® 00000 eI OIEOEI NPT OEIRIREOLEOLETL OO
nest Pe e e P e O s LENOEIE PSP CEEPROEOOLEEOLES S TDES

NESE seessosssssssessssscssssssssce

Page

45

46

L7

48

49

50

12
16
21
25
31
35
40



CONVERSION FACTORS

For the convenience of readers who prefer to use the International System
of units (SI), conversion factors for terms used in this report are listed
below:

Multiply inch-pound unit By To obtain SI unit
inch 25.40 millimeter
foot 0.3048 meter
mile 1.609 kilometer

Use of brand names in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.

Sea level: In this report, "sea level” refers to the National Geodetic
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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DESCRIPTION OF PIEZOMETER NESTS AND WATER LEVELS
IN THE RIO GRANDE VALLEY NEAR ALBUQUERQUE,
BERNALILLO COUNTY, NEW MEXICO

By Scott K. Anderholm and Thomas F. Bullard

ABSTRACT

Ground-water contamination in the Rio Grande valley near Albuquerque has
been recognized by several authors, but prediction of the movement and fate of
contamination has not been evaluated because of the poor understanding of the
shallow ground-water flow system. Twenty—-four piezometers were installed from
mid-October 1984 to mid—-January 1985 in two sections of the Rio Grande valley
near Albuquerque. Each section is comprised of four piezometer nests and each
nest is comprised of three piezometers completed at different depths. This
report describes the piezometer nests and presents water—level data collected
from the piezometers.

The piezometers were drilled wusing the hydraulic rotary method.
Driller's logs, geophysical logs, and descriptions of well cuttings were made
of a borehole at each piezometer nest. The piezometers were completed with 5
feet of 60-slot wire-wound stainless-steel well screen and flush-joint
polyvinyl chloride well casing. Description of each piezometer nest consists
of location; a figure showing the location, depth, altitude, and station-
identification numbers of piezometers in each nest; and a driller's log,
geophysical logs, and description of the well cuttings from a borehole in each
plezometer nest.

Water levels were measured in each piezometer weekly from February
through June 1985, During that period, water levels generally rose in the
piezometers in the Rio Bravo Boulevard section but not in the Montaho Road
section. Water-level altitudes in piezometers completed at different depths
in a particular nest are about the same in all of the Rio Bravo Boulevard
nests and in the Montafio 1 nest. In several of the piezometer nests, water-
level altitudes decrease with depth, especially in the Montaho nests.



INTRODUCTION

Purpose and Scope

Ground-water contamination in the Rio Grande valley near Albuquerque has
been described by several authors (Hines, 1981l; McQuillan, 1982), but
prediction of the movement and fate of contamination has not been evaluated
because of the poor understanding of the shallow ground-water flow system.
Two sections comprised of four piezometer mnests per section and three
piezometers per nest were installed in the Rio Grande valley near Albuquerque
to collect water—level data. These data may be used to investigate the
interaction of the surface-water system with the shallow ground-water flow
system.

The purpose of this report is to describe the piezometer nests and
present water—level data that were collected from the piezometers. This
includes a description of the location and depth of each piezometer; driller's
logs, geophysical logs, and descriptions of well cuttings from a borehole at
each piezometer nest; and water levels measured in each piezometer.

The two sections are along Montallo Road and Rio Bravo Boulevard
(fig. 1). The sections are approximately perpendicular to the Rio Grande.
The piezometer nests are on right~of-way land of the New Mexico State Highway
Department; Bernalillo County; City of Albuquerque; or the Middle Rio Grande
Conservancy District.

Acknowledgments

Paul Meyers of the New Mexico State Highway Department; Becky Sandoval,
Thomas Shafer, and Russell Givler of the City of Albuquerque; Manuel Chavez of
the Middle Rio Grande Conservancy District; and David Ridgley of Bernalillo
County were helpful in obtaining permission to drill piezometers on right-—of-
way land.
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Drilling Method and Well Construction

The boreholes were drilled from mid-October 1984 to mid-January 1985
using the hydraulic rotary method. A 12,75-inch-diameter borehole was drilled
for each piezometer. Samples of the material drilled were collected at 5-foot
intervals during drilling of a borehole (generally the first borehole drilled)
at each nest. The driller kept a log of his description of the materials
drilled and the drilling rate. Geophysical logs were run on this borehole
prior to installation of well casing. Geophysical logs and the driller's log
were used to select permeable zones for the screened interval of the other
piezometers in each nest. Red Devil drilling mud was used in the drilling of
the boreholes; however, in several boreholes, drilling through clay beds
resulted in thickened drilling fluids, so drilling mud was not needed after
penetrating these clay beds. After reaching the total depth of each borehole,
drilling fluids were circulated in the borehole and the viscosity of the
drilling fluids was adjusted (generally the mud was thinned with water) to
facilitate placement of the gravel pack. After the viscosity was adjusted and
the borehole was logged, if necessary, the well casing and screens were

installed. The well casing was 5-inch-diameter, schedule-80 flush-joint
(threaded) PVC pipe. Glues or solvents were not used during installation of
the casing and screens. Five feet of blank casing capped at the bottom

(flush-tube extension) was installed below 5 feet of 60-slot, opening width
0.060 inch, wire-wound stainless-steel screen (fig. 2). This 5 feet of blank
well casing was installed to trap sediment that passes through the gravel pack
and well screen and into the well bore, thus preventing or delaying the
plugging of the well screens by this material. After the casing and screens
were set, the gravel pack, consisting of 1/2-inch-diameter washed rock, was
emplaced in the annulus between the borehole and the casing using a tremie
pipe to a level approximately 1 foot above the top of the well screen (fig.
2). Approximately 3 feet of silica sand or washed masonry sand was placed on
top of the gravel pack using a tremie pipe. To prevent leakage of water along
the annulus, at least 5 feet of cement grout was emplaced above the sand also
using a tremie pipe. The rest of the annulus was backfilled to within 3 feet
of land surface using heavy mud and fine-grained drill cuttings. A cement
seal was placed at land surface to anchor the casing and seal the annulus from
surface water (fig. 2). Centering devices were not used on the well casing to
ensure an even gravel pack around the well screen.

Well Development

The piezometers were developed to remove drilling mud and fine-grained
material in the aquifer adjacent to the screened interval. After the cement
grout seals had cured, each piezometer was developed using an air compressor
on the drill rig. Drill-stem or l-inch-diameter PVC pipe was lowered to the
bottom of the borehole and air was pumped down the drill stem or pipe.
Specific conductance and amount of sediment in the produced water were
monitored during development. Development was assumed to be completed when
the specific conductance and amount of sediment in the water did not change.
In several cases, water from the wells contained fine sand that possibly
entered the well screen because of the lack of centering devices.
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DESCRIPTION OF PIEZOMETER NESTS

The description of each piezometer nest consists of its location; a
figure showing the 1location, depth, altitude, and station—identification
number of piezometers in each nest; and a driller's log, geophysical logs, and
description of the well cuttings from a borehole in each piezometer nest. The
measuring-point altitude is the reference altitude from which depth to water
is measured; the measuring point is the high point of the well casing and is
within 1 foot of land surface. Altitudes were determined by surveying from
bench marks to the measuring points. The station-identification number of
each piezometer consists of the six—-digit latitude, seven—-digit longitude, and
a two-digit sequence number. The deepest piezometer in each nest has been
assigned a sequence number of Ol, the mid-depth piezometer 02, and the
shallowest piezometer 03.

Lithologic logs were prepared from well-cutting samples collected at 5-
foot intervals of a borehole in each piezometer nest. Descriptions of well
cuttings were made in the office using a 14 X magnification binocular
microscope. The following properties were determined and evaluated for each
borehole: (1) Dry and moist colors, (2) grain size, (3) roundness and sorting
of grains, (4) distinction of rock fragment types, (5) presence of clay film
and colloidal stains, and (6) reaction to 10 percent hydrochloric acid. Dry
and moist colors were determined with a standard rock color chart (National
Research Council, 1948), Grain~size estimates were made using grain-size
images and scales. Roundness and sorting of samples were evaluated visually,
using roundness and sorting images (Krumbein and Sloss, 1956; Folk, 1974).
Distinction of rock fragment types was based on textural characteristics and
mineralogical constituents for individual rock fragments as viewed under 14 X
magnification. Reaction of 10 percent hydrochloric acid 1indicates the
presence or absence of calcium carbonate. The degree of effervescence is
based on a relative scale as described by Birkeland (1974).

Rio Bravo 1

The Rio Bravo 1 piezometer nest (fig. 1) is on the east side of the
Pajarito Lateral south of Rio Bravo Boulevard (latitude 35°01'37", longitude
106°41'05")., The piezometers are oriented approximately north-south and the
deepest piezometer (148.5 feet) is the southern piezometer in the nest (fig.
3). The distance between the southern and middle piezometers is 14.3 feet and
the distance between the middle and northern piezometers is 21.0 feet. The
driller's log is shown in figure 4 and the geophysical logs are shown in
figure 5. The description of well cuttings is in table 1.



Table 1. Lithologic description of well cuttings from the deepest borehole
in the Rio Bravo 1 piezometer nest

[d, dry; m, moist; mm, millimeters; CaCO,, calcite; HCI,
10 percent hydrochloric acid]

RIO BRAVO 1
Depth interval
: below land surface
Lithology (feet)
Silty sand; pale-yellowish-brown (10YR 6/2 d), fine- 0 - 15

to very coarse grained sand; subangular to rounded,
poorly to moderately sorted; composed dominantly of
rose, milky, and yellow quartz and black quartzite
with lesser amounts of feldspar, volcaniclastic,
sandstone, basalt, and gneissic and granitic
crystalline rock fragments; very thin, discontinuous
iron-oxide stains and clay films on some grains;
very weak effervescence to HCI,

Gravelly sand; pale-yellowish-brown (10YR 6/2 d, 15 - 55
10YR 2/2 m), fine- to coarse-grained sand; angular
to well rounded, poorly to moderately sorted;
composed dominantly of rose and milky quartz and
black quartzite with lesser amounts of scoria,
mica, and gneissic rock fragments; granules and
pebbles from 2 to 8 mm composed dominantly of black
quartzite and rose and milky quartzite and rose and
milky quartz with lesser amounts of gneissic and
granitic crystalline rock fragments, scoria, pumice,
sandstone, and micaj very thin clay films on some
grains; very weak effervescence to HCI,

Gravelly sand; light-brown (5YR 6/4 d, S5YR 4/4 m), 55 - 65
very fine to coarse-grained sand; angular to rounded,
poorly to moderately sorted; composed dominantly of
clear and smokey quartz with lesser amounts of pumice,
mica, and gneissic and granitic grains; granules 2 to
3 mm composed dominantly of black quartzite and quartz
with lesser amounts of mica, pyroclastic, and granitic
clasts; very few thin, discontinuous clay films and
some iron-oxide stains on some grains; weak to mod-
erate effervescence to HCl.



Table 1. Lithologic description of well cuttings from the deepest borehole
in the Rio Bravo 1 piezometer nest - Concluded

RI0 BRAVO 1
Depth interval
below land surface
Lithology (feet)
Clayey, silty, gravelly sand; light-brown (S5YR 6/4 d, 65 - 95

5YR 4/4 m) clay to coarse-grained sand; angular to
subrounded, poorly to moderately sorted; composed
dominantly of clear, rose, and smokey quartz and
black quartzite with lesser amounts of mica, pumice,
basalt, and granitic and metamorphic grains; pebbles
up to 20 mm composed dominantly of black quartzite
and quartz with lesser amounts of mica, pumice, and
metamorphic and granitic clasts; increasing abundance
of metamorphic clasts with depth around 80 feet; very
few thick, discontinuaus grain coatings with clay
films and iron-oxide stains; moderate to strong
effervescence to HCl; weak cementing with CaCOq and
clay is apparent,

Clayey, silty, gravelly sand; light-brown (5YR 6/4 d, 95 - 120
5YR 4/4 m) clay to coarse-grained sand; angular to
subrounded, poorly to moderately sorted; composed
dominantly of clear, smokey, and rose quartz with
lesser amounts of metamorphic and granitic clasts
and pyroclastic grains; pebbles to 8 mm composed
dominantly of quartz and black quartzite; few thin,
discontinuous clay and iron-oxide films on grains;
moderate to strong effervescence to HCl, some CaCO4
coatings on grains, CaC04 nodules ] to 2 mm,

Clayey, silty, gravelly sand; light-brown (5YR 6/4 d, 120 - 148.5
5YR 4/4 m) clay to very coarse grained sand; angular
to rounded, poorly to moderately sorted; composed
dominantly of clear and milky quartz and black
quartzite with lesser amounts of mica, volcanic,
metamorphic, and granitic grains; pebbles up to
15 mm composed dominantly of black quartzite and
quartz; very thin, discontinuous clay films and
iron-oxide stains, minor cementation of grains
by iron oxide; moderate to strong effervescence to
HCl increasing with depth,
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RIO BRAVO 1
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Figure 4.--Driller's log of the deepest borehole in the Rio Bravo 1

piezometer nest.
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Rio Bravo 2

The Rio Bravo 2 piezometer nest is on the south side of Rio Bravo
Boulevard (fig. 1), approximately 1,200 feet east of the east riverside drain
(the Albuquerque Drain) along the Rio Grande (latitude 35°01'38", longitude
106°39'55"), The piezometers are oriented approximately east-west and the
deepest piezometer (153.53 feet) is the western piezometer (fig. 3). The
distance between the western and middle piezometers is 17.4 feet and the
distance between the middle and eastern piezometers is 15.3 feet. The
driller's log 1is shown in figure 6 and the geophysical logs are shown in
figure 7. The description of well cuttings is in table 2,

Table 2. Lithologic description of well cuttings from the deepest borehole
in the Rio Bravo 2 piezometer nest

[dy dry; m, moist; mm, millimeters; HCl, 10 percent hydrochloric acid]

RIO BRAVO 2
Depth interval
below land surface
Lithology (feet)
Clayey, silty sand; pale~brown (5YR 5/2 d, 5YR 3/4 m) 0 - 35

clay to medium- to coarse-grained sand; angular to
rounded, poorly to moderately sorted; composed
dominantly of clear and milky quartz and black quartz-
ite with lesser amounts of mica, pumice, and basalt;
pebbles to 12 mm composed of black quartzite and
quartz; few thin, discontinuous clay films, locally
thick; strong effervescence to HCI.

Silty, gravelly sand; pale-yellowish-brown (10YR 6/2 d, 35 - 80
SYR 3/4 m) silt to coarse-grained sand; angular to
subrounded, poorly to moderately sorted; composed dom-
inantly of rose and smokey quartz and black quartzite
with lesser amounts of mica and metamorphic grainsj; pebbles
to 20 mm composed dominantly of black quartzite and
quartz with lesser amounts of mica, basalt, and granitic
and metamorphic clasts; few thin, discontinuous clay
films and iron-oxide stains; some grain cementation
by oxides; strong to violent effervescence to HCIL.
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Table 2. Lithologic description of well cuttings from the deepest borehole
in the Rio Bravo 2 piezometer nest - Concluded

RIO BRAVO 2
Depth interval
below land surface
Lithology (feet)
Silty, gravelly sand; grayish-orange-pink (5YR 7/2 d, 80 - 115

5YR 5/6 m) silt to very coarse grained sand; angular
to subrounded, poorly to moderately sorted; composed
dominantly of smokey and clear quartz and brown and
black quartzite with lesser amounts of mica and meta-
morphic grains; pebbles to 18 mm composed of black and
brown quartzite, quartz, and granitic clasts; thin,
discontinuous clay films and iron-oxide stains; strong
effervescence to HCl.

Gravelly sand; pale-yellowish-brown (10YR 6/2 d, 5YR 115 - 130
5/2 m), fine- to very coarse grained sand; angular to
subrounded, poorly to moderately sorted; composed
dominantly of rose, milky, and smokey quartz and black
quartzite with lesser amounts of mica and metamorphic
grains; granules and pebbles to 5 mm composed dom-
inantly of black quartzite and quartz; thin, discon-~
tinuous clay films and some thin iron-oxide stains;
moderate to strong effervescence to HCl.

Silty, gravelly sand; grayish-orange-pink (5YR 7/2 d, 130 - 153.5
5YR 6/4 m) silt to very coarse grained sand; angular
to rounded, poorly to moderately sorted; composed
dominantly of rose and smokey quartz and black
quartzite; pebbles to 8 mm composed dominantly of
black quartzite and quartz with lesser amounts of
mica and metamorphic and igneous clasts; thin,
discontinuous clay films, some minor iron-oxide
stains; moderate to strong effervescence to HCL.
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RIO BRAVO 2

DEPTH, DRILLING DEPTH, DRILLING
IN SOIL DESCRIPTION RATE, IN IN SOIL DESCRIPTION RATE, IN
FEET FEET PER FEET FEET PER
MINUTE MINUTE
0 75
7] SILTY CLAY WITH SOME SAND — GRAVELLY SAND WITH SOME COBBLES 2.6
- 1.0 --{ :
] —
54 80
| wITH sAND -
] 2.0 - 1.0
10 852
7 3.2 . 0.6
15 90 - 0.5 Y
. 2.0 —| CLAYEY SAND WITH SOME GRAVEL 1.0
—| CLAYEY SILT WITH SAND 1.0 ~| GRAVELLY SAND WITH SOME CLAY AND :
90 T] SILTY CLAY WITH SOHE SAND Gz T} CCCASIONAL CopLE
- Z 7] SANDY CLAY WITH SOME GRAVEL
CLAYEY SILT
. 1.6 =
25 1] | 0 ] -CLAYEY SAND WITH SOME GRAVEL AND COBBLES
oy —] CLAYEY SAND WITH SOME GRAVEL AND 1.5
- 6.2 —\\_OCCASIONAL COBBLE °
_ : —] SILTY CLAY WITH SOME SAND AND GRAVEL
30—  WITH MEDIUM TO COARSE SAND 105 —
] CLAYEY SAND —  NO GRAVEL 10.0
_ 1.4 .
35 110 A 14.0
] SANDY GRAVEL WITH FREQUENT -
] COBBLES AND BOULDERS 3.0 7
_ —| SANDY CLAY WiTH SOME GRAVEL 2.5
Lo 3 115
- — GRAVELLY SAND WITH SOME CLAY 2.0
— L.o 2] wiTH OCCASIONAL COBBLE OR BOULDER
4g 120
. 0.8 _
50— 1252 SILTY CLAY WITH SOME SAND 1.0
—{ SANDY GRAVEL WITH COBBLES - .
—  AND BOULDERS —
- 1.2 —
55~ 130 — 0.5
CTOARSE SAND WITH GRAVEL AND COBBLES —
~ SANDY GRAVEL WITH FREQUENT 2.0 _
60 ]  COBBLES AND SOULDERS —~ GRAVELLY SAND WITH SOME CLAY 1.0
— 135 ooy ciay wime some GRAvEL
] 1.0 .
65 140
—] GRAVELLY SAND WITH SOME COBBLES 1.8 - 1.3
70 7 145
— 2.6 —{ CLAYEY SAND WITH SOME GRAVEL
— —|  WITH CoBBLES
75 150

Figure 6.--Driller's log of the deepest borehole in the Rio Bravo 2

piezometer nest.
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Rio Bravo 3

The Rio Bravo 3 piezometer nest (fig. 1) is on the south side of Rio
Bravo Boulevard west of the intersection of Rio Bravo Boulevard and 2nd Street
(latitude 35°01'38", longitude 106°39'32"),. The piezometers are oriented
approximately east-west and the deepest piezometer (148.0 feet) is the eastern
piezometer (fig., 8). The distance between the eastern and middle piezometers
is 15.9 feet and the distance between the middle and western piezometers 1is
16.0 feet., The driller's log is shown in figure 9 and the geophysical logs
are shown in figure 10. The description of well cuttings is in table 3.

Table 3. Lithologic description of well cuttings from the deepest borehole
in the Rio Bravo 3 piezometer nest

[dy dry; m, moist; mm, millimeters; HCl, 10 percent hydrochloric acid]

RIO BRAVO 3
Depth interval
below land surface
Lithology (feet)
Clayey, silty sand; medium-light-gray (N6 d, N4 m) silt 0 - 10

and clay to medium-grained sand; angular to subrounded,
poorly sorted; composed dominantly of quartzj; strong
effervescence to HCI.

Gravelly sand; light-brownish-gray (5YR 6/2 d, 5YR 4/1 m), 10 - 20
fine- to very coarse grained sand; angular to well rounded,
poorly to moderately sorted; composed dominantly of rose
and milky quartz and black quartzite with lesser amounts of
pumice, mica/biotite, and metamorphic grainsj; granules to
4 mm composed dominantly of black quartzite with lesser
amounts of pumice, mica, and metamorphic clasts; very few
thin, discontinuous clay films and iron-oxide stains; weak
to moderate effervescence to HCI.

Clayey, silty, gravelly sand; pale-yellowish-brown 20 - 30
(10YR 6/2 d, 5YR 5/6 m) clay, fine silt, and medium-
to coarse-grained sand; subangular to subrounded,
poorly to moderately sorted; composed dominantly of
rose and milky quartz with lesser amounts of pumice,
mica, and volcanic glass; granules to 3 mm composed of
black quartzite with some pumice; clay films and oxide
stains not apparent; moderate to strong effervescence
to HC1.
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Table 3. Lithologic description of well cuttings from the deepest borehole
in the Rio Bravo 3 piezometer nest - Concluded

RIO BRAVO 3
Depth interval
below land surface
Lithology (feet)
Gravelly sand; pale-yellowish-brown (10YR 6/2 d, 30 - 90

10YR 4/2 m), very fine to very coarse grained

sand; angular to well rounded, poorly to moderately
sorted; composed dominantly of rose and smokey
quartz and black quartzite with lesser amounts of
pumice, mica, and metamorphic grains; pebbles to

12 mm composed dominantly of black quartzite and
quartz with lesser amounts of sandstone, pumice,
gneissic and igneous crytalline clasts; very few
discontinuous clay films and iron-oxide stains;
moderate to strong effervescence to HCI.

Gravelly sand; light-brown (5YR 6/4 d, 5YR 4/4 m), 90 - 125
very fine to very coarse grained sand; angular
to rounded, poorly to moderately sorted; composed
dominantly of rose and smokey quartz and black
quartzite with lesser amounts of pumice, mica, and
granitic clasts; pebbles to !8 mm composed dom-
inantly of black quartzite with lesser amounts of
mica, pumice, and granitic clasts; few thin, dis-
continuous clay films and iron-oxide stains;
moderate to strong effervescence to HCL.

Clayey, silty, gravelly sand; yellowish-gray (5YR 8/1 d, 125 - 148
10YR 4/2 m) clay and silt to very coarse grained
sand; angular to rounded, poorly to mdderately sorted;
composed dominantly of quartz and black quartzite with
lesser amounts of mica and granitic clasts; pebbles to
12 mm composed dominantly of black quartzite and quartz
with lesser amounts of mica, pumice, and metamorphic
and granitic clasts; moderate effervescence to HCl.
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R10 BRAVO 3

WEST EAST
4950 -,_1 ID 350138106393203 ID 350138106393202 ID 350138106393201 —4950"
MP 4927 .48 MP 4927 .40 MP 4927 .14
4900 *— —4900"
wl
o]
=) - -
o TD 49.33
; 4850 - 4850°
-
< 1
TD 101.0
4800 ' L L 4800°
1 TD !—48.0 —
4750" 4750
R1O BRAVO 4
WEST EAST
ID 350135106390601 ID 350135106390602 ID 350135106390603 4950"
4950 T MP 4932 .65 MP 4932 .75 MP 4932 .81
4900 " L-4900'
03]
a] 1 TD 49.33 =
D
: 4850 °*— - 4850"
=
o _ -
L
4800 TD 124.23 - 4800°
-1 TD;;9.4 -
4750 4750°
0 10 FEET
F 1 .l lI 1 ﬁl
0 1 2 3 METERS

VERTICAL EXAGGERATION Xx 10
DATUM 1S SEA LEVEL

EXPLANAT ION

1D STATION- IDENTIFICATION NUMBER
MP MEASURING-POINT ALTITUDE (TOP OF CASING)
TD TOTAL DEPTH, IN FEET

Figure 8.--Configuration of piezometers in the Rio Bravo 3 and Rio Bravo &

piezometer nests.

18



RIO BRAVO 3

DEPTH, DRILLING
IN SOIL DESCRIPTION RATE, IN
FEET FEET PER
MINUTE
0
] SILTY CLAY WITH SOME SAND
. 1.6
5
1 FINE TO MEDIUM SAND WITH OCCASIONAL 0.5
| FINE GRAVEL LAYER
10
.
15
20
] 3.3
] S(LTY CLAY WITH SOME SAND
25
30—
35
—| GRAVELLY SAND WITH COBBLES AND BOULDERS 1.0
L0 S
. 2.0
45
- 0.6
50
—| GRAVELLY SAND WITH COBBLES AND BOULDERS 1.7
55—  OCCASIONAL BDULDER OR COBBLE
—
60—
. 1.0
65
— FREQUENT COBBLE OR BOULDER
70
_ 1.3
75

DEPTH, DRILLING
IN SOIL DESCRIPTION RATE, IN
FEET FEET PER
MINUTE
75
] GRAVELLY SAND WITH OCCASIONAL 1.3
- COBBLE OR BOULDER °
80
n 1.5
90 5 SILTY CLAY wiTH SOME SAND
] SMALL CEMENTED LAYER
95 — WITH SOME GRAVEL
100 CLAYEY SAND WITH SOME GRAVEL 2.5
] SILTY cLAY
105 4
] WITH SAND
110 .
—~{  GRAVELLY SAND
- 1.2
115+
—| CLAYEY SAND 1.8
] WITH SDME GRAVEL
120 —] GRAVELLY SAND WITH SOME CLAY
— GRAVELLY SAND WiTH OCCASIONAL SMALL 4.0
=]  CLAY LAYER
125
2.3
= SILTY CLAY WITH SAND
] 2.0
130 —
— WITH GRAVEL
. 5.4
1357 1.5
={ GRAVELLY SAND WITH SOME CLAY 1.7
140~ CLAYEY SAND WITH SOME GRAVEL
—| MEDIUM TO COARSE SAND WITH SOME
- GRAVEL
145 ] GRAVELLY SAND WITH COBBLES
= MEDIUM TO COARSE SAND WiTH GRAVEL
—  AND CLAY
150

Figure 9.--Driller's log of the deepest borehole in the Rio Bravo 3

piezometer nest.
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Rio Bravo 4

The Rio Bravo 4 piezometer nest (fig. 1) is on the south side of Rio
Bravo Boulevard west of the intersection of Rio Bravo Boulevard and Prince
Street (latitude 35°01'35", longitude 106°39'06"). The piezometers are
oriented approximately east-west and the deepest piezometer (149.4 feet) is
the western piezometer (fig. 8). The distance between the western and middle
piezometers 1is 13,7 feet and the distance between the middle and eastern
piezometers is 14.4 feet. The driller's log is shown in figure 11 and the
geophysical logs are shown in figure 12, The description of well cuttings is
in table 4,

Table 4. Lithologic description of well cuttings from the deepest borehole
in the Rio Bravo 4 piezometer nest

[dy dry; m, moist; mm, millimeters; HCl, 10 percent hydrochloric acid]

RIO BRAVO 4
Depth interval
below land surface
Lithology (feet)
Clayey, silty, gravelly sand; grayish-orange-pink (5YR 0 -15

7/2 d, 5YR 5/2 m) clay, silt, and fine- to coarse-
grained sand; angular to subrounded, poorly to mod-
erately sorted; composed dominantly of quartz and
black quartzite; pebbles to 5 mm composed dominantly
of black quartzite; very thin, discontinuous clay
films; moderate to strong effervescence to HCl.

Gravelly sand; pale-yellowish-brown (10YR 6/2 d, 10YR 15 - 40
4/2 m), fine- to very coarse grained sand; angular to
well rounded, poorly to moderately sorted; composed
dominantly of quartz and black quartzite with minor
amount of mica; pebbles to 8 mm composed dominantly
of black quartzite and quartz with lesser amounts of
mica, sandstone, and volcanic clasts; few thin, dis-
continuous clay films; moderate to strong effervescence
to HCl.
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Table 4. Lithologic description of well cuttings from the deepest borehole
in the Rio Bravo 4 piezometer nest — Concluded

RIO BRAVO 4
Depth interval
below land surface
Lithology (feet)
Gravelly sand; pale-yellowish-brown (10YR 6/2 d, 5YR 40 - 70

5/2 m), fine- to very coarse grained sand; angular to
rounded, poorly to moderately sorted; composed dom-
inantly of quartz and black quartzite with lesser
amounts of biotite and metamorphic clasts; pebbles to
23 mm composed dominantly of black quartzite and quartz
with lesser amounts of mica and gneissic and granitic
clasts; few very thin, discontinuous clay films and
iron-oxide stains; moderate to strong effervescence

to HCI.

Gravelly sand; pale-yellowish~brown (10YR 6/2 d, 10YR 70 - 130
4/2 m), fine- to very coarse grained sand; angular
to rounded, poorly to moderately sorted; composed
dominantly of quartz and black quartzite with lesser
amounts of biotite, pumice, and volcanic, metamorphic,
and granitic clasts; pebbles to 10 mm composed dom-—
inantly of black quartzite and quartz with lesser
amounts of mica and metamorphic, plutonic, and
volcanic clasts; some mollusk shells from 105 to 110
feet; very few thin, discontinuous clay films and
iron-oxide stains; moderate to strong effervescence
to HCI.

Silty, gravelly sand; pale-yellowish-brown (lOYR 6/2 d, 130 - 149.4
10YR 4/2 m) silt and fine- to very coarse grained sand;
angular to rounded, poorly to moderately sorted; com-
posed dominantly of quartz and black quartzite with
lesser amounts of metamorphic grains; pebbles to 8 mm
composed dominantly of black quartzite and quartz;
shell material at 135 feet; very few thin, discontinuous
clay films, some minor grain cementation by iron oxides;
strong effervescence to HCl.
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RIO BRAVO 4

DEPTH, DRILLING DEPTH, DRILLING
IN SOIL DESCRIPTION RATE, IN IN SOIL DESCRIPTION RATE, IN
FEET FEET PER FEET FEET PER
MINUTE MINUTE
0 75
~! SILTY CLAY WITH SOME SAND — GRAVELLY SAND WITH FREQUENT COBBLES
7 1  AND OCCASIONAL BOULDER 0.7
- 0.6 807
5: ___
] Z 1.0
1 MEDIUM TO COARSE SAND a
10 T SILTY CLAY WITH SOME SAND 85:
] 0.7 ~ 0.6
- —{ STLTY CLAY WITH SOME SAND .
15: 90 7 saNDY GRAVEL WITH FREQUENT COBBLES AND
. : OCCAS IONAL BOULDER
;_ GRAVELLY SAND .
20: SILTY SAND WITH SOME CLAY 1.0 95— 0.4
_ 1 CLAYEY SAND WITH SOME GRAVEL
25 1 siry cLay 100 -
— —| GRAVELLY SAND WITH FREQUENT COBBLES
. ] OCCASTONAL SMALL CLAY LAYER 1.0
30 0.5 105 -
_ -
: =
35 110+ souLoer
— 1.0 —
403 1153 0.6
] GRAVELLY SAND WITH SOME COBBLES -
] 1.6 1 sttty sanp wITH CLAY
- WITH BOULDERS
}"5: ‘20: GRAVELLY SAND WITH FREQUENT COBBLES
] 1.2 -
-
—| MEDIUM TO COARSE SAND WITH SOME SILT
50 125
=1 GRAVELLY SAND WITH FREQUENT COBBLES 1 SILTY SAND WITH SOME CLAY
] AND BOULDERS 1.2 . 1.2
— —] SANDY SILT WITH SOME CLAY
55 — 130 —{ CLAY SILT WITH SOME SAND
_ OCCASIONAL SMALL SAND LAYER
n 2.0 . 0.6
60 n 135 ] SILTY SAND WITH SOME CLAY
—| FREQUENT COBBLES AND OCCASIONAL BOULDER T SHALL GRAVELLY LAYER
] 1.0 . 1.2
65 140
5] 4o —1  0CCASIONAL GRAVEL
N n 2.4
=1 SILTY FINE SAND -
70 0.7 145 =
7] GRAVELLY SAND WITH FREQUENT COBBLES —
—  AND OCCASIONAL BOULDER I MEDIUM TO COARSE SAND WITH SOME GRAVEL,| 1.6
- —  TRACE SILT AND CLAY
75 150

Figure 11.--Driller's log of the deepest borehole in the Rio Bravo &

piezometer nest.
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Montafio 1

The Montaho 1 piezometer nest (fig. 1) is on the north side of Montafio
Road east of the intersection of Montafio Road and Taylor Ranch Road (latitude
35°08'54", longitude 106°40'37"). The piezometers are oriented approximately
east-west and the deepest piezometer (152,0 feet) is the eastern piezometer
(fig. 13). The distance between the eastern and middle piezometers is 15.3
feet and the distance between the middle and western piezometers is 15.6
feet, The driller's log is shown in figure 14 and the geophysical logs are
shown in figure 15. The description of well cuttings is in table 5.

Table 5. Lithologic description of well cuttings from the deepest borehole
in the Montano 1 piezometer nest

(d, dry; m, moist; mm, millimeters; CaCO,, calcite; HCI,
10 percent hydrochloric acid]

MONTANO 1
Depth interval
below land surface
Lithology (feet)
Silty sand; light-brown (5YR 6/4 d, 5YR 5/2 m) silt 0 - 10

and fine- to coarse-grained sand; subangular to
well rounded, poorly to moderately sorted; composed
dominantly of clear, rose, and smokey quartz with
lesser amounts of micaj thin, colloidal stains on
some grains; moderate effervescence to HCI.

Sandy gravel; light-brown (5YR 6/4 d, 5YR 4/4 m), fine- 10 - 15
to very coarse grained sand; angular to rounded,
poorly to moderately sorted; composed dominantly of
wilky, clear, and smokey quartz, black quartzite,
and basalt with lesser amounts of mica and granitic
grains; pebbles to 5 mm composed dominantly of
black quartzite and pumice with lesser amounts of
metamorphic and igneous clasts; very thin, dis-
continuous clay films and colloidal stains; mod-
erate effervescence to HCL.

Clayey, sandy gravel; light-brown (5YR 6/4 d, 15 - 25
SYR 4/4-5/2 m) clay and fine- to very coarse
grained sand; angular to rounded, poorly to
moderately sorted; composed dominantly of
quartz and black quartzite with lesser amounts
of pumice, volcanic glass, and basalt; very
thin, discontinuous clay films and colloidal
iron-oxide stains; moderate to strong
effervescence to HCl; some weak cementation
of grains by CaCOq5, CaCO4 nodules 2 to 4 wm,
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Table 5. Lithologic description of well cuttings from the deepest borehole
in the Montano 1 piezometer nest - Continued

MONTANO 1
Depth interval
below land surface
Lithology (feet)
Sandy gravel; light-brown (5YR 6/4 d, 5YR 5/2 m), 25 - 50

fine- to coarse-grained sand; angular to well
rounded, poorly to moderately sorted; composed
dominantly of smokey, rose, and milky quartz

and black quartzite with lesser amounts of mica

and basalt; pebbles to 15 mm composed dominantly

of black quartzite and volcanic clasts (basalt,
andesite) with lesser amounts of quartz,
metamorphic clasts, pumice, volcanic glass, and
volcanics; moderate to strong effervescence to HCl.

Sandy gravel; light-brown to pale-yellowish-brown 50 - 55

(5YR 6/4 to 10YR 6/2 d, 5YR 5/2 m), fine- to very

coarse grained sand; angular to rounded, poorly

to moderately sorted; composed dominantly of

quartz and black quartzite with lesser amounts of

basalt, pumice, perlite, mica, feldspar, and

metamorphic clasts; granules to 4 mm composed of

basalt, andesite, and quartzite; very few thin,

discontinuous clay films and colloidal oxide

stains; weak to moderate effervescence to HCI,

Sandy gravel; pale-yellowish-brown (10YR 6/2 d, 55 - 80
10YR 4/2 m), fine- to very coarse grained sand;
angular to rounded, poorly to moderately sorted;
composed dominantly of quartz -and black quartzite
with lesser amounts of mica, feldspar, pumice,
basalt, and metamorphic grains; pebbles to 7 mm
composed dominantly of black quartzite and quartz
with lesser amounts of basalt, sandstone, granite,
and metamorphic clasts; few very thin, discontinuous
clay films; moderate to strong effervescence to HCI.
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Table 5. Lithologic description of well cuttings from the deepest borehole
in the Montano 1 piezometer nest - Concluded

MONTANO 1
Depth interval
below land surface
Lithology (feet)
Silty, clayey, gravelly sand; grayish-orange-pink 80 - 95

(5YR 7/2 d, 5YR 4/4 m), clayey silt to very coarse
grained sand; angular to subrounded, poorly to
moderately sorted; composed dominantly of quartz
and black quartzite with lesser amounts of mica
and feldspar; pebbles to 8 mm composed dominantly
of black quartzite and quartz; few thin, dis-
continuous clay films and minor iron-oxide stains
and minor cementation of grains; strong effer-
vescence to HCI, CaCOq nodules to 3 mm.

Gravelly sand; grayish-orange-pink (5YR 7/2 d, 95 - 120
5YR 6/5-4/2 m), fine- to coarse-grained sand;
subangular to subrounded, poorly to mod-
erately sorted; composed dominantly of clear,
smokey, rose, and milky quartz with lesser
amounts of black quartzite, pumice, mica,
basalt, and andesite clasts; pebbles to
15 mm composed dominantly of black quartzite
and quartz with lesser amounts of basalt and
metamorphic clasts; few thin, discontinuous
clay films and iron-oxide coatings; strong
effervescence to HCIL.

Gravelly sand; grayish-orange-pink (5YR 7/2 d, 120 - 152
5YR 5/2 m), fine- to very coarse grained sand;
angular to rounded, poorly to moderately
sorted; composed dominantly of yellow, rose,
and milky quartz and black quartzite with
lesser amounts of mica, feldspar, felsic
volcanics; pebbles to 5 mm composed of black
quartzite and quartz; few very thin, dis-
continuous clay films and iron-oxide stains;
moderate to strong effervescence to HCI.
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ALTITUDE

ALTITUDE

MONTANO 1

WEST EAST
5000"' 1D 350854106403703 1D 350854106403702 ID 35085410640370% FSOOO'
MP 4975.08 MP 4975.58 MP 4975.52
4950° o - 4950
1 TD as.a: B
4900°' - 4900°
-~ - -

TD 93.40
4850° H - 4850°*
..1 4 -
TD 152.0
4800° 4800
MONTANO 2
WEST EAST
5000 T r 5000°
ID 350836106395601 1D350836106395602 1D350836106395603
i MP 4970.17 MP 4970.07 MP 4969.84
4950 "' I 4950°
- TD 39.7 -
4900 I 4900°
TD 99.0
4850 ° - 4850°
TD 147.4
4800° 4800°
? 10 FEET
1 ] | 1 ]
f T T -1
0 1 2 3 METERS
VERTICAL EXAGGERATION X 10
DATUM IS SEA LEVEL
EXPLANATION
ID STATION-IDENTIFICATION NUMBER
MP MEASURING-POINT ALTITUDE (TOP OF CASING)
TD TOTAL DEPTH, IN FEET

Figure 13.--Configuration of piezometers in the MontaRo

and Montafo 2 piezometer nests.
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MONTANO 1

DEPTH DRILLING  pgpr DRILLING
’ RATE, IN ! RATE, IN
IN 'l IN 3
Ferr SOIL DESCRIPTION FEET PER FEET SOIL DESCRIPTION FEET PER
MINUTE MINUTE
0 FINE TO MEDIUM SAND, BROWN 0.5 754 MEDIUM SAND WITH FINE TO COARSE GRAVEL
CLAY . 2.4
- = WITH THIN CLAY LAYERS
5 A 9 .0 80
— —| CLAYEY SAND 5.5
—  MEDIUM TO COARSE SAND WITH SOME GRAVEL — :
10 85+
J 3.0 -
15 901 WITH SOME GRAVEL
= SANDY CLAY 1.0
—| CLAYEY MEDIUM TO COARSE SAND 4.0 —
20 CLAY WITH SOME SAND . 95~
—  FINE TO MEDIUM SAND WITH SOME CLAY ~| CLAYEY SAND
] _
25 100
- 1.0 | MEDIUM TO COARSE SAND WITH GRAVEL
n 5 AND CLAY
30— FINE TO MEDIUM SAND WITH SOME GRAVEL 105 S
— —
357 110 4
— —1 GRAVELLY SAND WITH TRACE OF CLAY
Lo = WITH COARSE GRAVEL 1153
- 2.0 -
45: WITH COBBLES AND BOULDERS 2.5 120 a
—| FINE TO COARSE GRAVEL WITH COBBLES AND 14.0 .
— BOULDERS . =
50 1254
7 GRAVELLY SAND WITH SOME CLAY 1.4
55 n 130 "] GRAVELLY SAND
n ]
. - MEDIUM TO COARSE SAND WITH SOME 2.6
n 7 GRAVEL
60 135 OCCASIONAL CLAY LAYER
1.0
—~1 MEDIUM SAND WITH FINE GRAVEL — CLAY WITH SAND AND GRAVEL
65 n 140
] 2.4 .
- - 1.6
70 . 145 -
n T witH st
75 150

Figure 14.--Driller's log of the deepest borehole in the Montafio 1
piezometer nest.
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Montano 2

The Montafio 2 piezometer nest (fig. 1) is on the north side of Montano
Road east of the intersection of Montafio Road and Rio Grande Boulevard
(latitude 35°08'36", 1longitude 106°39'56"). The piezometers are oriented
approximately east-west and the deepest piezometer (147.4 feet) is the western
piezometer (fig. 13). The distance between the western and middle piezometers
is 16.8 feet and the distance between the middle and eastern pilezometers 1S
16.1 feet. The driller's log is shown in figure 16 and the geophysical logs
are shown in figure 17. The description of well cuttings is in table 6,

Table 6. Lithologic description of well cuttings from the deepest borehole
in the Montaho 2 piezometer nest

[d, dry; m, moist; mm, millimeters; CacCos, calcite; HCI,
10 percent hydrochloric acid]

MONTANO 2
Depth interval
below land surface
Lithology (feet)
Clayey, silty, gravelly sandj grayish-orange-pink 0 - 10

to pale-brown (5YR 7/2 to 5YR 5/2 d, 5YR 3/2 m) clay
and silt to fine-grained sandj; angular to rounded,
moderately sorted; composed dominantly of quartz

and black quartzite with some mica present; pebbles
to 5 mm composed of quartzite and volcanic and
plutonic clasts; strong effervescence to HCI,

CaCO3 nodules to 2 mm.,

Gravelly sand; pale-brown (5YR 5/2 d, 5YR 2/2 m), fine- 10 - 40
to coarse-grained sand; angular to rounded, poorly
to moderately sorted; composed dominantly of smokey,
rose, and milky quartz and black quartzite with
lesser amounts of basalt, obsidian, pumice, mica,
and granitic and metamorphic graians; granules to
4 mm composed of black quartzite, basalt, and
quartz; few very thin, discontinuous clay films;
weak to moderate effervescence to HCl.

Sandy gravel; pale-brown (5YR 5/2 d, SYR 3/2 m), very 40 - 80
fine to very coarse grained sand; angular to rounded,
poorly to moderately sorted; composed dominantly of
clear, rose, milky, and smokey quartz and black
quartzite with lesser amounts of mica, feldspar,
pumice, and granitic and metamorphic graims; pebbles
to 6 mm composed dominantly of black and brown
quartzite and rose quartz with lesser amounts of
sandstone, basalt, metamorphic, and granitic clasts}
minor iron-oxide stains on grains; weak effervescence

to HCl.
31



Table 6. Lithologic description of well cuttings from the deepest borehole
in the Montafio 2 piezometer nest - Concluded

MONTANO 2
Depth interval
below land surface
Lithology (feet)
Gravelly sandj light-brown (5YR 6/4 d, 10YR 4/2 m), 80 - 95

fine- to very coarse grained sand; angular to rounded,
poorly to moderately sorted; composed dominantly of
quartz and black quartzite with lesser amounts of
feldspar, basalt, metamorphic, and plutonic fragments;
granules to 4 mm composed dominantly of black quartz-
ite, basalt, and quartz with lesser amounts of
granitic and metamorphic fragments; few thin, dis-
continuous clay films and minor iron-oxide stains

on grains; moderate to strong effervescence to HCL.

Sandy gravel; brownish-gray (5YR 4/1 d, 5YR 3/2 m), 95 - 120
fine- to very coarse grained sand; angular to rounded,
poorly to moderately sorted; composed dominantly of
quartz and black quartzite with lesser amounts of
feldspar, mica, metamorphic, and volcanic fragments;
pebbles to 12 mm composed dominantly of black and
brown quartzite, quartz, and basalt with lesser amounts
of sandstone, metamorphic, granitic, and andesitic
clasts; few very thin, discontinuous clay films and
minor iron-oxide stains; moderate to strong
effervescence to HCL.

Gravelly sand; pale-yellowish-brown (10YR 6/2 d, 120 - 147.4
10YR 4/2 m), very fine to very coarse grained
sand; angular to rounded, poorly to moderately
sorted; composed dominantly of clear, rose,
yellow, and milky quartz and black quartzite
with lesser amounts of feldspar, mica, granitic,
and metamorphic grains; pebbles to 10 mm composed
dominantly of black quartzite and quartz with lesser
amounts of metamorphic, granitic, andesitic, and
sandstone clasts; minor iron-oxide stains;
moderate to strong effervescence to HCL,
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MONTANO 2

e
IN SOIL DESCRIPTION >
FEET PER
FEET
MINUTE
0
~—K_SANDY CLAY WITH SILT
3 1.0
T3 SILTY FINE SAND WITH GRAVEL
5
— SILTY CLAY 3 0
10
—| FINE TO MEDIUM SAND WITH OCCASIONAL 1.0
7] coBBLE :
155 coBBLE AND BOULDER LAYER
_ 2.0
20 ] WITH SOME GRAVEL
25 1.0
—  WITH BOULDERS
30—
—1 SANDY GRAVEL WITH COBBLES AND BOULDERS
35 -
L'O: FREQUENT BOULDERS
~ 4.0
45
3 1.4
50
—| SANDY GRAVEL WITH COBBLES
- 1.0
~| GRAVELLY SAND WiTH COBBLES
55 5
— SANDY GRAVEL WITH COBBLES AND OCCASIONAL
| CLAY LAYER
60
— COBBLE AND BOULDER LAYER
T CLAYEY SAND WITH SOME FINE GRAVEL 0.2
65 -
_ 0.8
70 —
] 1.0
75

Figure 16.--Driller's log of the deepest borehole in the Montaho 2

piezometer nest.
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S
IN SOIL DESCRIPTION FEET PER
FEET
MINUTE
75
CLAYEY SAND WIiTH SOME FINE GRAVEL
- 0.4
80— siLty cLay
GRAVELLY SAND
] WITH COBBLES AND BOULDERS 0.8
85
] 1.0
90 —| sSANDY GRAVEL WiTH FREQUENT COBBLES
7]  AND BOULDERS
_ 2.0
95+
100 1.0
105 i BOULDER LAYER
: 1.6
110
115 GraveLLY sanp
3 1.0
120 < FINE TO MEDIUM SAND WITH GRAVEL
—  AND OCCASIONAL COBBLE
1253
130 — SANDY GRAVEL WITH COBBLES AND BOULDERS
— MEDIUM TO COARSE SAND WITH GRAVEL
135 1 witH coesLEs
—| CLAYEY FINE TO MEDIUM SAND WITH GRAVEL
—  AND OCCASIONAL COBBLE
140
] 2.0
145 .
— 1.0
150
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Montano 3

The Montaho 3 piezometer nest (fig. 1) is on the south side of Montafo
Road approximately 900 feet west of the intersection of Montafio Road and
Guadalupe Trail (latitude 35°08'27", longitude 106°39'13"). The piezometers
are oriented approximately east-west and the deepest pilezometer (149.8 feet)
is the middle piezometer (fig. 18). The distance between the western and
middle piezometers is 17.3 feet and the distance between the middle
eastern piezometers is 21.1 feet, The driller's log is shown in figure 19 and
the geophysical logs are shown in figure 20. The description of well cuttings
is in table 7.

Table 7.

and

Lithologic description of well cuttings from the deepest borehole

in the Montafio 3 piezometer nest

[dy dry; m, moist; mm, millimeters; CaCo,, calcitej HCI,
10 percent hydrochloric acid]

MONTANO 3
Depth interval
below land surface
Lithology (feet)
Clayey, silty sand; grayish-orange-pink (5YR 7/2 d, 0 - 15

5YR 5/2 m) silt and clay to medium-grained sand;
angular to rounded, poorly to moderately sorted;
composed dominantly of quartz and quartzite; strong
effervescence to HCI, CaCO4 nodules to 2 mm,

Gravelly sand; pale-yellowish-brown (10YR 6/2 d, 15 - 45
5YR 5/2) silt to very coarse grained sandj; angular
to rounded, poorly to moderately sorted; composed dom-
inantly of rose and milky quartz and black quartzite
with lesser amounts of mica, feldspar, pumice, basalt,
and metamorphic grains; pebbles to 5 mm composed dom-
inantly of black quartzite and quartz with lesser
amounts of metamorphic, sandstone, and basalt clasts;
strong effervescence to HCl, CaCO, coats some clasts,
cements some grains, and as nodules to 2 mm.
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Table 7. Lithologic description of well cuttings from the deepest borehole
in the Montano 3 piezometer nest - Concluded

MONTANO 3
Depth interval
below land surface
Lithology (feet)
Gravelly sand; pale-yellowish-brown (10YR 6/2 d, 10YR 45 - 85

4/2 m), fine- to very coarse grained sand; angular to
rounded, poorly to moderately sorted; composed domi-
nantly of rose and milky quartz and black quartzite with
lesser amounts of mica, pumice, metamorphic, and plutonic
grains; pebbles to 8 mm composed dominantly of black and
brown quartzite and quartz with lesser amounts of sand-
stone, granitic, and metamorphic clasts; few thin, dis-
continuous clay films and colloidal iron-oxide stains;
moderate to strong effervescence to HCL.

Silty, clayey, gravelly sand; pale-yellowish-brown 85 - 135
(10YR 7/2 d, 10YR 5/2 m) silt and clay to very
coarse grained sandj; angular to rounded, poorly
to moderately sorted; composed dominantly of rose
and milky quartz and black quartzite with lesser
amounts of mica, feldspar, metamorphic, and
volcanic fragments; pebbles to 15 mm composed
dominantly of black and brown quartzite and quartz
with lesser amounts of sandstone, metamorphic, and
granitic clasts; few colloidal iron-oxide stains;
strong effervescence to HCl, CaCo4q nodules 1 to 2 mm,

Gravelly sand; light-yellowish-brown (10YR 6/2 d, 135 - 149.8
10YR 4/2 m), fine- to very coarse grained sand;
angular to subrounded, poorly to moderately
sorted; composed dominantly of rose and milky
quartz and black quartzite with lesser amounts
of metamorphic and granitic grains; pebbles to
12 mm composed dominantly of black quartzite with
lesser amounts of quartz and granitic clasts; very
few thin, discontinuous clay films and iron-oxide
stains; strong to violent effervescence to HCI.
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ALTITUDE

ALTITUDE

MONTANO 3

WEST EAST
5000°7  ,p 350827106391303 ID 350827106391301 1D 350827106391302 [ 2090
i MP 4972.32 MP 4972.33 MP 4972.49
] 1
4950 -1 — 4950
TD 49.8
4900° — 4900°
- -t
TD 99.0
4850 "' I~ 4850"
TD 149.8
4800 4800
SOUTH MONTANO 4 NORTH
5000" 7] 1D 350821106383701 ID 350821106383702 ID 350821106383703 - 5000°
MP 4975.01 MP 4974.00 MP 4974.68
4950' — - 4950
" -
TD 50.2
4900 — —4900°
n TD93.5 B
4850 — I~ 4850"
- 71D 131.3 -
4800 4800
0 10 FEET
L 1 1 1 1 j
L T T I
0 1 2 3 METERS
VERTICAL EXAGGERATION X 10
DATUM IS SEA LEVEL
EXPLANATION
1D STATION-IDENTIFICATION NUMBER

MP MEASURING-POINT ALTITUDE (TOP OF CASING])

TD TOTAL DEPTH,

IN FEET

Figure 18.--Configuration of piezometers in the Montafio 3 and Montaho 4

piezometer nests.
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MONTANO 3

DEPTH, DRILLING
RATE, IN
IN )
i SOIL DESCRIPTION SR
MINUTE
0
TINSILTY CLAY
) CLAYEY SILT WITH SOME SAND
5 0.8
7] SILTY CLAY WITH SOME SAND
10 4
7] 0.2
15
20 | sAND WITH SOME SILT PLUS CLAY 0.4
] SAND WITH GRAVEL
25
30
~  GRAVELLY SAND 0.6
35 ] WITH COBBLES
4O WITH BOULDERS 0.8
45: FREQUENT BOULDERS
] 1.0
50
— SAND WITH GRAVEL, FREQUENT COBBLES
. AND BOULDERS 0.4
55
—  CLAYEY SAND 2.0
60— GRAVELLY SAND WITH COBBLES AND CLAY
~ 0.6
65
70 5
75

DEPTH, RATE, IN-
IN SOIL DESCRIPTION !
FEET PER
FEET
MINUTE
75 5 TG
T] SILTY SAND WITH SOME CLAY N0 A
ZI7STLTY CLAY WITH SOME SAND 0.4
80—
—  SILTY SAND WITH SOME CLAY
. 0.6
85
] INTERBEDDED CLAY LENSES
90
] GRAVELLY SAND WITH COBBLES AND CLAY
N 0.8
— SOME CLAY
95
— SILTY SAND WITH SOME CLAY AND GRAVEL 0.6
100
] SILTY SAND WITH SOME GRAVEL AND CLAY 1.0
105 A
|10 ] SAND WITH SOME CLAY AND GRAVEL
WITH COBBLES
1.2
115 ] CLAYEY SAND WITH GRAVEL AND COBBLES
- 1.6
120 -
—| SAND WITH SOME CLAY AND GRAVEL
]25: DECREASING CLAY CONTENT
] 0.8
130 -
Tl INCREASING CLAY CONTENT
135 GRAvELLY SAND WITH SILT AND CLAY
] 1.2
140 ] GRAVELLY SAND WITH SOME COBBLES
=] WITH BOULDERS
] 1.6
145
Z 1.0
150

Figure 19.--Driller's log of the deepest borehole in the Montano 3

piezometer nest.



SPONTANEOUS
POTENTIAL (SP)

100 MILLIVOLTS
PER DIVISION

SN ER——|
GAMMA (G) SINGLE~POINT
COUNTS PER RESISTIVITY (R)
SECOND 20 OHMS PER
20 40 60 DIVESI?N
4 L

f—

ffﬁohT“'

IN FEET

b

T

i
1.

cien

i

L

DEPTH BELOW LAND SURFACE,

CALIPER

INCHES (DIAMETER)
11 12 13 14 15

G

t“

IN FEET

DEPTH BELOW LAND SURFACE,

Figure 20.--Geophysical logs of the intermediate-depth borehole in the

Montafio 3 piezometer nest.
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Montaho 4

The Montalo 4 piezometer nest (fig. 1) is on the south side of Montaho
Road and on the west side of the Harwood Lateral (latitude 35°08'21",
longitude 106°38'37"). The piezometers are oriented approximately north-south
and the deepest piezometer (131.5 feet) 1is the southern piezometer
(fig. 18). The distance between the southern and middle piezometers is 17.5
feet and the distance between the middle and northern piezometers is 16.4
feet. The driller's log is shown in figure 21 and the geophysical logs are
shown in figure 22. The description of well cuttings is in table 8.

Table 8. Lithologic description of well cuttings from the deepest borehole
in the Montado 4 piezometer nest

[d, dry; m, moist; mm, millimeters; CaC03, calcite; HC1,
10 percent hydrochloric acid]

MONTANO 4
Depth interval
below land surface
Lithology (feet)
Clayey, silty sand; pale-yellowish-brown (10YR 6/2 d, 0 - 10

10YR 4/2 m) silt and clay to very fine grained sand;
angular to subrounded, poorly to moderately sorted;
composed dominantly of quartz with lesser amounts of
mica and quartzite; strong effervescence to HC1, CaC03
nodules to 2 mm.

Gravelly sand; dark-yellowish-brown (10YR 6/2 d, 5YR 10 - 25
3/4 m), fine- to very coarse grained sand; angular to
rounded, poorly to moderately sorted; composed dom-
inantly of rose and milky quartz and black quartzite
with lesser amounts of mica, feldspar, pumice, granitic,
and metamorphic grains; granules to 4 mm composed dom-
inantly of black quartzite and quartz with lesser
amounts of metamorphic and granitic clasts; few very
thin, discontinuous clay films; moderate to strong
effervescence to HCl.

Gravelly sand; pale-yellowish-brown (10YR 6/2 d, 10YR 25 - 55
4/2 m), fine-— to very coarse grained sand; angular to
rounded, poorly to well sorted; composed dominantly of
rose and milky quartz and black quartzite with lesser
amounts of mica, feldspar, basalt, and metamorphic
grains; pebbles to 5 mm composed dominantly of black
quartzite and quartz with lesser amounts of metamorphic,
granitic, basalt, and volcanic clasts; minor iron-oxide
stains and cementation; weak to moderate effervescence
to HCl.
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Table 8. Lithologic description of well cuttings from the deepest borehole
in the Montafio 4 piezometer nest - Concluded

MONTANO 4
Depth interval
below land surface
Lithology (feet)
Gravelly sand; pale-yellowish-brown (10YR 6/2 d, 10YR 55 = 131.5

4/2 m), fine- to very coarse grained sand; angular to
well rounded, poorly to moderately sorted; composed
dominantly of rose, milky, and smokey quartz and

black quartzite with lesser amounts of mica, feldspar,
basalt, granitic, metamorphic, and sandstone grains;
pebbles to 10 mm composed dominantly of black quartzite
and quartz with lesser amounts of basalt, sandstone,
granitic, metamorphic, and volcanic clasts; few very
thin, discontinuous clay films and some iron-oxide
stains; moderate to strong effervescence to HCl,

41



MONTANO 4

DEPTH, DRILLING  DEPTH, DRILLING
IN SOIL DESCRIPTION RATE, IN IN SOIL DESCRIPTION RATE, IN
FEET FEET PER  FEET FEET PER

MINUTE MINUTE

0 75
=1 SILTY CLAY WITH SAND —] GRAVELLY SAND WITH COBBLES
Z 1.0 . 0.5
— CLAYEY SILT —
5 — 80 —
i 0.6 ]
10 =} GRAVELLY FINE TO MEDIUM SAND 85: 0.6
] ~  NO COBBLES OR BOULDERS
—|  MEDIUM TO COARSE SAND -
— 0.4 -
15: 90j
. 0.6 - 1.8
20 —1 wiTH cosBLES 95:
- =] WITH COBBLES
_ 0.2 ] 0.6
. 1 SILTY SAND
25 1 100 —
—| SANDY GRAVEL WITH COBBLES —|  WITH GRAVEL
0.6 N 0.4
SAND -
-
302 105 ]
] <ANDY GRAVEL WITH COBBLES AND BOULDERS n
2 rrequent BouloERs 1.8 ] FINE TO MEDIUM SAND 0.8
35 110~ WITH GRAVEL AND COBBLES
] 2.0 m 0.6
4o OCCASIONAL COBBLE OR BOULDER 115 A 10
. | MEDIUM TO COARSE SAND WITH GRAVEL -
= 0.8 1 BOULDER LAYER 5
Lg 120 — FINE TO MEDIUM SAND WITH SOME CLAY
_ ] GRAVELLY sAND 0.8
- —] GRAVELLY SAND WITH CLAY
50 1.3 1254
] ] FINE TO MEDIUM SAND WITH CLAY 0.4
55 1300 WITH SOME GRAVEL
1.2 —~
~| MEDIUM TO COARSE SAND WITH SOME GRAVEL — WITH SOME CLAY 1.0
60 ] ANO SILT —
— ——
Jq  wimH clay 1357
7] 0.8 7] 1.4
57] GRAVELLY SAND WITH COBBLES ]40:
. 0.6 —| FINE TO MEDIUM SAND WITH SOME GRAVEL 1.6
70 145 Wit cosBLES
— 0.5 — SILTY CLAY 0.8
] —| GRAVELLY SAND WITH SOME CLAY
75 150

Figure 21.--Driller's log of the deepest borehole in the Montafio &4

piezometer nest.
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WATER-LEVEL DATA

Water levels were measured in the piezometers at approximately 1-week
intervals from February through June 1985. Water-level hydrographs of the
data collected from each piezometer are shown in figures 23 through 26. Water
levels generally rose in piezometers in the Rio Bravo section. This general
rise 1in water levels did not occur 1in pilezometers in the Montafo Road
section, Water-level altitudes in piezometers completed at different depths
in a particular nest are about the same in the Rio Bravo piezometer nests and
Montano 1 nest., In several of the piezometer nests, water levels generally
decrease with depth, especially in the Montailo nests (figs. 25 and 26).

Hydrologic sections of the Rio Bravo and Montafio piezometer nests are
shown in figures 27 and 28. Water levels in piezometers screened at
approximately the same altitude are at approximately the same altitude in the
Rio Bravo section (fig. 27). - In the Montafio section, water levels in wells
screened at approximately the same altitude generally are lower in the eastern
piezometers (Montafo 3 and 4) than in the western piezometers (Montafio 1 and
2) (fig. 28).
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IN FEET ABOVE SEA LEVEL

WATER-LEVEL ALTITUDE,

RIO BRAVO 1
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4920 _\N//"—‘ M&m
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4919 |- .
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FEBRUARY MARCH APRIL MAY JUNE
1985
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4920 |
4919 |-

1

4"7—0/&\0/5}\0/5/0‘0”%

4916 i1 1 | N N | | S U T | I O | I W T |
FEBRUARY MARCH APRIL MAY JUNE

1985

EXPLANAT I1ON

® SHALLOW COMPLETION
A INTERMEDIATE COMPLETION

{0 DEEP COMPLETION

Figure 23.--Water-level hydrographs of the Rio Bravo 1 and Rio Bravo 2

piezometer nests.
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IN FEET ABOVE SEA LEVEL

WATER-LEVEL ALTITUDE,

RIO BRAVO 3
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4918} _
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FEBRUARY MARCH APRIL MAY JUNE
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EXPLANATION

L[] SHALLOW COMPLETION
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Figure 24.--Water-level hydrographs of the Rio Bravo 3 and Rio Bravo 4

piezometer nests.
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MONTANO 1
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Figure 25.--Water-level hydrographs of the Montafio 1 and Montafio 2

piezometer nests.



IN FEET ABOVE SEA LEVEL

WATER-LEVEL ALTITUDE,

MONTANO 3
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Figure 26.--Water-level hydrographs of the Montafo 3 and Montaho 4

piezometer nests.
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Figure 27.--Hydrologic sections of the Rio Bravo piezometers, January 15, 1985.
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Figure 28.--Hydrologic sections of the Montafio piezometers, January 20, 1985,
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