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INTRODUCTION

The Lake Meredith Salinity Control Project was initiated to locate brine
inflows into the Canadian River and develop a method of controlling these
flows to prevent additional degradation of the water quality in Lake Meredith.
The project covers an area along the Canadian River between Ute Dam near
Logan, New Mexico, and Sanford Dam near Borger, Texas, (figure 1). It is a
joint study that is funded by the U.S. Bureau of Reclamation (Reclamation),
the Canadian River Municipal Water Authority (CRMWA), and the State of Texas.

Ute Dam is an earthfill structure roughly 5,300 feet long with a crest
elevation of about 3812. The feature was constructed by the State of
New Mexico in 1962 and was modified in 1984. It forms the first impoundment

(Ute Lake) upstream of Lake Meredith on the Canadian River.

c Bime

Sanford Dam is a zoned earthfill structure that is 6,300 feet long and has a
structural height of 220 feet. It is located on the Canadian River about 37
miles northeast of Amarillo, Texas. The dam was constructed by Reclamation
and was completed in 1965 as part of the Canadian River Project. The dam
impounds a reservoir (Lake Meredith) that has a flood control capacity at
elevation 2965 of 1,407,572 acre-feet of water. The maximum reservoir storage
has never approached this elevation since the dam was constructed. Water
impounded by the lake is pumped through 322 miles of pipeline for use by 11
cities in Texas that are located south of the dam at higher elevations. Ute

and Sanford Dams are roughly 150 miles apart.



Since impoundment began in 1965, Lake Meredith has experienced a gradual
decline in water quality that is partly associated with reduced reservoir
levels. Concentration of sodium, chloride, sulfate and total dissolved solids
often exceed the recommended standards for municipal water supplies. A
gradual increase of these contaminants is expected to continue unless some

corrective action is undertaken.

In response to these concerns, CRMWA requested Federal assistance in seeking a
means to alleviate, or at least control, the salinity problem developing in
Lake Meredith. In March 1983, Reclamation initiated the Lake Meredith
Salinity Control Project to determine a course of action to solve the problem.
Since that time aynumber of studies have been conducted by Reclamation, CRMWA,
the State of Texas, and others to (a) identify the sources of saline
contamination in the Canadian River between Ute Lake in New Mexico and Lake
Meredith in Texas, (b) determine the magnitude and extent of saline water T
inflows into reaches of the Canadian River, (c) evaluate alternatives for
reducing or controlling the salinity inflow, and (d) evaluate the
effectiveness of implementing a plan for reducing or controlling the salinity
levels of Lake Meredith. Studies that have been completed since 1983 were
done intermittently and were controlled by the availability of funds and other

factors.

Hydrogeologic investigations have determined that a significant source of
sodium chloride brine of natural origin produced by the dissolution of Permian

halite beds flows into the Canadian River near Logan, New Mexico. This brine



producing area is restricted to a reach about 5.5 miles long extending from
Ute Dam to the point where Revuelto Creek enters the Canadian River. The

Logan area accounts for a large part of the chloride and some of the sulfate
reaching Lake Meredith. Another large brine producing area appears to be

concentrated in the "Dunes" area which is located between Revuelto Creek and
the Texas state line. Figure 2, located in the appendix, shows the chloride
loading that has been measured in the Canadian River between Ute Dam and the

Texas state line.

Based on the above finds and other studies that have been undertaken, the plan
that is most acceptable to CRMWA for improving the water quality of Lake
Meredith is to intercept the brine at the Logan source by well pumping.
Disposal of this brine would be accomplished by deep well injection into

underlying permeable geologic units.

PURPOSE OF REPORT : - e

The purpose of this report is to document the geologic investigations that
have been conducted in the Logan, New Mexico, area between December 1993 and
August 1994 and supplement this with information that was collected earlier.
Groundwater modeling and seismic (shallow and deep) investigations have been
or are being completed for the study at this time. Data from these

investigations will be presented in separate reports.



INVESTIGATIONS

Previous

Numerous studies have been undertaken and various documents have been prepared
for the Lake Meredith Salinity Control Project. These range from drilling
holes and preparing geologic logs to completing detailed geologic,
groundwater, and surface water reports. The most significant studies that are

related to the geologic conditions of the site are listed below.

1. During June and July 1975, drill holes DHl and 2 were completed by
Reclamation. These holes ranged from 356 to 556 feet in depth. A natural
gamma log was run in DH2 to a depth of 160 feet, and geologic logs of both

holes were prepared based on drill cutting data.

2. A limited geophysical investigations program was completed north and
south of the Canadian River near Logan by Reclamation. This is described in
the "Report on Electrical Resistivity and Seismic Refraction Surveys,

Canadian River, Lake Meredith Salinity Study," dated 1976.

3. Between September 1977 and March 1978, Test Well TW 1 was drilled to a
depth of 358 feet. Additional drilling was also completed on Observation
Wells POW1, OW2, OW3 and OW4. These holes were drilled to depths ranging from
318 to 382 feet and were used to gather information on the pump test that was

conducted in TW1 during March 1979. A1l of this work was completed by
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Reclamation. Natural gamma logs were also run in all of the wells (OW4 log
could not be located) and a geologic log for each well was prepared using

information obtained from drill cuttings.

4. During August and September 1983, Reclamation cored DH3 to a depth of
569.5 feet. A natural gamma log was also completed in this hole, and a

geologic log was prepared using data collected from drill core samples.

5. Under a Reclamation contract, Hydro Geo Chem, Incorporated, from
Tucson, Arizona, prepared a pictorial report that displayed geologic and
groundwater conditions in the salinity project area. This information is
documented in the January 9, 1984, report titled "Geologic Study Related to
Salt Pollution - Lake Meredith Salinity Study, Texas-New Mexico."

6. A report prepared by Reclamation titled, "Lake Meredith Salinity
Control Project - Hydrology/Hydrogeology Appendix, Canadian River -
New Mexico-Texas" was completed in December 1984. This report documents the
drilling (12 shallow holes from 14.5 to 59.3 feet) that was completed in
alluvial deposits at Water Quality and Flow Monitoring sites 1 through 4 and
6. It also covers, in detail, additional data on geo]ogy;surface and

subsurface water quality, seismic and miscellaneous studies.

7. Hydro Geo Chem, Incorporated, completed a report on December 19, 1984,

titled, "Analysis of Geophysical Data to Examine the Feasibility of Deep-Well

Injection of Brine Near Logan, New Mexico." This report presents the data

* Fimy



collected from two deep seismic lines (one near north-south and one near east-
west) that were completed south and east of the brine producing area near

Logan.

8. Another Hydro Geo Chem, Incorporated, report that was also prepared
under Reclamation contract was finalized on May 1, 1985. This report is
titled, "Study and Analysis of Regional and Site Geology Related to Subsurface
Salt Dissolution Source of Brine Contamination in Canadian River and
Lake Meredith, New Mexico - Texas and Feasibility of Alleviation or Control."
This document presents data on the geology, hydrology, geochemistry, and

feasibility of saline control for the project.

9. In June 1985, Reclamation published the "Technical Report or the
Lake Meredith Salinity Control Project, Canadian River, Texas-New Mexico."
This summarized much of the earlier investigations and developed preliminary

cost estimates and plans for constructing a salinity control -project.

10. In July 1992, the Bureau of Economic Geology in Austin, Texas,
prepared a report titled, "Canadian River Salinity Sources, Ute Reservoir,
New Mexico to Lake Meredith, Texas: Evaporite Dissolution Patterns and
Results of February 1992 Water Quality Survey." This document was prepared
under contract for CRMWA. It provides background information on geologic
conditions, evaporite dissolution patterns, water chemistry, river
conductivities, flows, and other miscellaneous items along the Canadian River

downstream from Ute Dam.
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11. The Texas Bureau of Economic Geology also conducted an electromagnetic
study along a section of the Canadian River for CRMWA. This is documented in
the April 1993 report titled, "Electromagnetic Delineation of Saline
Groundwater Plumes in Alluvium and Bedrock Along the Canadian River Between

Ute Reservoir and Rana Canyon, New Mexico."

12. Two documents with an executive summary were prepared in July 1992 and
revised in May 1993 by Parker, Smith and Cooper, Incorporated in association
with Lee Wilson and Associates for CRMWA. These are the "Surface Water
Notebook" and the "Groundwater Notebook" for the "Lake Meredith Salinity
Control Project." The two publications and executive summary reference a
significant portion of available geologic, groundwater, and surface water
information that exists in the area. The publications also expand on this

information and provide additional insight to the salinity control program.

1993 and 1994 . : AR

Recent geologic and groundwater investigations that were completed by
Reclamation or CRMWA include drilling and logging test and observation wells,
performing pump tests, mapping the area geology, conducting shallow and deep
seismic studies, and collecting information on previously drilled oil and

water wells near the city of Logan.

Two test wells, TW2 and 3, were drilled to depths of 348.4 and 369.7 feet,
respectively. Drilling was initiated in December of 1993 and was completed in

March of 1994. A total of four observation wells OW5A, 5B, 6A, and 6B were



also completed to depths ranging from 125 to 510 feet. These wells were
drilled in March 1994 to assist in monitoring groundwater conditions during
the pump tests that were conducted at TW2 and 3 in April. Observation

Well OW6C was added during June because of questions that developed regarding
the geology at OW6A and B. This hole was drilled to 440 feet. Selected
exploratory holes were geophysically logged using self potential 16-64 normal
resistivity, neutron, sonic, density, caliper, temperature, and natural gamma
log probes. A televiewer log was also completed in OW6C and natural gamma,
caliper, and temperature logs were run in TW1 which was drilled in 1978.
Geophysical logs for selected drill holes completed for the recent
investigations program (TW1 through 3, and OW5A and 6C) and natural gamma logs
for most of the drill holes completed prior to 1979 (DH2 and 3, POW1l, and OW2
and 3) are included in this report. Also, included are geologic logs for DH1
through 3, TW1 through 3, POW1, OW2 through 4, OWSA, 5B, 6A, 6B, and 6C and
completion records (figure 9 through 15) for the holes drilled in late 1993
and early 1994. Locations of the drill holes are shown on drawing 1253-600- * ~~
22. Selected information on ground surface and water level elevations,
formation thicknesses, well and observation well characteristics, and other

pertinent information are tabulated on table 1 (sheets 1 and 2 of 2).

One additional test well (TW4) and three observation wells (OW7, 8, and 9)
were drilled and a pump test performed in TW4 during November and December
1994. Data collected from these investigations will be included in reports

that will be prepared at a later date.

oy



Geologic mapping was completed in the area during mid-1994 and was g
concentrated along the Canadian River and Revuelto Creek. This information isf Ooﬂjﬂc{
shown on drawing 1253-600-22. A number of geologic drawings (1253-600-21

through -33) were also produced using information obtained from all previous

investigations.

Two seismic surveys were completed recently by Reclamation. One was
concentrated between Observation Well OW6C and Test Well TW3. Part of this
survey was conducted along the valley floor of the Canadian River and part was
directed at an area above the Canadian River trench. This survey collected
information on shallow lithologic units, the brine aquifer, fractures and
faults, and other data for the project. The seismic profile only penetrated

to a relatively shallow depth of about 800 feet.

A second much deeper seismic investigations program has also been completed. - -~~~
This study used older information that (a) was purchased from a geophysical
investigations company, and (b) was documented in the Hydro Geo Chem,

Incorporated, report dated December 19, 1994. These surveys were modified by
modern computer enhancement and correlated with deep oil test wells in the
surrounding area. The purpose of the deep seismic study was to gather

information on the deep brine injection zones near Logan.

Results of the shallow and deep seismic studies are documented in the October

1994 report titled, Geophysical Investigations-Lake Meredith Salinity Study,



New Mexico. Another study by Reclamation that examines existing oil well logs \

in the area is in progress and will be completed in the near future.

Reclamation is also presently finalizing a model that investigates the
characteristics of the groundwater regime in the study area. The modeling,
along with a groundwater report discussing the pump tests and other data, and
the shallow and deep seismic investigations will not be part of this geology

report.

Geologic, groundwater, chemical, and miscellaneous data were gathered from
various sources for Reclamation drill holes and other water wells in the area
of Logan. These data have been tabulated on tables 5 through 26, and they are
included in the appendix of this report. Location of all holes, except for

wells BYW and WPN, are shown on drawing 1258-600-22.
REGIONAL GEOLOGY 8 : T e

Physiography

The Logan area lies in the Canadian River Valley within the Great Plains
Physiographic Province. In this area the Canadian River is entrenched up to
several hundred feet below the general land surface and is flanked on both
sides by the Canadian River "breaks." The breaks consist of a strip of land

15 to 30 miles wide that has been dissected by the Canadian River and its
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tributaries. The resulting topography varies from gently rolling hills and
flat terraces to rough and broken topography that has a badland-type

appearance.

Stratigraphy and History

Sedimentary rocks that occur in this portion of New Mexico range from

Upper Pennsylvanian to Holocene in age. Only rocks younger than the Permian
crop out in the area. Further south in the Palo Duro Basin, pre-Pennsylvanian
sediments are known to exist as they have been penetrated by petroleum

exploration holes.

Precambrian rocks lie deeply buried beneath the area. These rocks were

extensively eroded, and the surface varies widely in topographic relief.

Either the area remained above sea level during the early part of the

Paleozoic or older sediments that existed were removed by erosion prior to -~ : -~ -«

upper Pennsylvanian deposition.

The upper Pennsylvanian unit that unconformably overlies the Precambrian has
been named the Sangre de Cristo Formation. This formation may also be Permian
age, in part, and it interfingers laterally or conformably underlies the
Permian Abo Formation. Both units contain red arkosic sandstones and brownish
red shales and siltstones that were largely derived from highlands northwest
of Quay County, New Mexico. The Sangre de Cristo arkosic sandstones are well
graded with angular to subangular particles. The Abo contains more fine-

grained clastic materials and less arkosic sandstones and the sandstones that

11



are present are more uniform in grain size. The Abo and Sangre de Cristo are
continental deposits that accumulated adjacent to the highlands that existed
in northeastern New Mexico, and both appear to grade into marine limestones,
dolomites, and shales to the south. Because of the interfingering, lenticular
nature, and similarities of these units, it is difficult to differentiate
between them. It is also difficult to determine the location of the Permian-
Pennsylvanian boundary within these strata. The combined thickness of both

formations ranges from 350 to over 2,000 feet in northeastern New Mexico.

The Yeso Formation of Permian age conformably overlies the Abo Formation. It
consists of a series of interbedded fine-grained yellowish sandstones, pale
red siltstones and shales, and a number of halite and anhydrite horizons.

Much of the unit was deposited in a marine environment and was laid down along
the flanks of the highlands that existed when the Abo and Sangre de Cristo
Formations were formed. Marine conditions were more restricted near the close
of Yeso deposition, and there is a collection- of sandstones in the upper T e
section. The Yeso has been divided, from oldest to youngest, into the

Red Cave, Lower Clear Fork, Tubb, Upper Clear Fork, and Glorieta Formations in
the Palo Duro Basin. Al1l of these formations will be referred to as the Yeso
in this report. Thickness of the Yeso in the vicinity of Logan appears to be
about 1,100 feet. It thins to the north and becomes much thicker to the south

and southeast.

The San Andres Formation conformably overlies the Yeso and was deposited in
expanded Permian seas. The unit contains interbedded sandstone, 1limestone,

dolomite, halite, gypsum, and anhydrite. Many sandstones that were deposited

12



northwest of Quay County change to carbonates to the east and south. After
deposition, the salt beds in this unit extended far into northeaétern

New Mexico. Because of the dissolutioning that has taken place, however, the
northern limits of these halite intervals now terminate near or south of the
Canadian River. Up to 250 feet of salt has been reported in the San Andres in
an oil well located several miles east of the city of Logan. The San Andres
is about 700 feet thick near Logan. The formation thins to the north and

thickens to the southeast into the Palo Duro Basin.

Overlying the San Andres is the Permian marine Bernal Formation of the Artesia
Group. The Artesia Group is separated into a number of formations in the Palo
Duro Basin. These include, from oldest to youngest, the QUeen/Grayburg, Seven
Rivers, and Solado/Tonsill Formations. Only the Bernal Formation or Artesia
Group names will be used in this report. The Bernal consists of red- to

salmon-colored shale, siltstone and fine-grained sandstone with interbedded

anhydrite, salt, dolomite, and 1imestone. Like the San Andrés and the Yeso, *

salt beds were deposited far north into east-central New Mexico in the
Bernal, but dissolution of these evaporites has removed them to points south
of the Canadian River. The Bernal thickens to the southeast and changes into
a more complex clastic, carbonate, and evaporite sequence. Overlying the
Bernal in parts of northern New Mexico are the Alibates Dolomite and Dewey
Lake (Quartermaster) Formation of Permian age. There is general disagreement
as to whether these formations are or are not present beneath the study area.
Recent seismic studies indicate that they may be present. For the purpose of

this report, all material below the Tecovas and above the San Andres will be
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considered as part of the Bernal Formation. The Bernal appears to be at least

350 feet thick and possibly up to‘1,000 feet thick beneath the Logan area.

The Permian Bernal and the overlying Triassic Dockum Group are separated by an
erosional unconformity. The unconformity also marks a change from marine to

continental deposition.

The Dockum Group has been divided into the upper Chinle Formation and a lower
Santa Rosa Sandstone. The Santa Rosa has also been separated into the upper
Trujillo and lower Tecovas Formations. In this report, the Chinle, Trujillo,

and Tecovas names will be used.

The Tecovas and Trujillo are clastic rocks that accumulated under flood-plain.

and deltaic conditions. Both formations are similar and consist of cross-

bedded and lenticular sandstone with discontinuous and lenticular shale units.

The Tecovas and Trujillo Formations range from 140 to 235 and 175 to 240 feet: -~ - -~
thick, respectively, in the area of Logan. Exposures of the Trujillo Formation

are common along the Canadian River downstream of Ute Dam. The Tecovas only

crops out sparingly along the river channel. West of Quay County, it is

evident that the Tecovas Sandstone was deposited on an irregular sinkhole or

karst topographic surface which developed because of the dissolution of

Permian salt and the collapse of overlying sediments.

The Chinle Formation conformably overlies the Trujillo. The Chinle is about
1,200 feet thick and is composed of brown to red and variegated shales and

siltstones with one or more thick sandstone beds near the center of the

14



deposit. Like the Tecovas and Trujillo, the Chinle was deposited in a
continental-type environment. The Triassic Dockum Group is about 1,600 feet

thick near Logan and thins to the north.

The Jurassic Wingate (?) Sandstone rests with local disconformity and local
unconformity on the Chinle sediments. This interruption in deposition was
caused by the gentle folding that occurred in the area at the close of the
Triassic period. The Wingate (?) appears to have been deposited by eolian and
subaqueous processes. Local deposits of thin-bedded 1imestones suggest that

lacustrine accumulation may have also periodically occurred.

The succeeding Morrison Formation, also of Jurassic age, is an accumulation of
clastic debris that was laid down on vast lowlands and flood plains. The |
stratigraphic sequence between the Wingate and the Morrison Formations is
incomplete and appears to have been interrupted either by nondeposition or

erosion. Jurassic sediments do not exist near Logan, as they have been eroded -~ -
away. These formations, however, appear to have been in excess of 300 feet

thick in the area, and they were likely much thicker to the north.

Lower Cretaceous sediments in northeastern New Mexico rest unconformably on
Jurassic and even Triassic rocks in places. These sediments include shale and
sandstone beds of the Purgatorie Formation. Lying directly above the
Purgatorie is the Dakota Sandstone which is considered to be of Upper
Cretaceous age. At least part of these units may have been deposited in a

marine environment, but they grade into continental deposits to the west and
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northwest. The Purgatorie and Dakota Formations that cap isolated buttes and

benches are about 200 feet thick near the city of Tucumcari, New Mexico.

The Colorado Group of Upper Cretaceous age includes, in ascending order, the
Graneros Shale, Greenhorn Limestone, Carlisle Shale and Niobrara Formation.
These marine deposits have been completely removed by erosion in the Logan
area. Outcrops in surrounding areas indicate that up to 800 feet of these

sediments had accumulated in east-central New Mexico.

During late Cretaceous and much of Cenozoic time (especially in areas west of
Quay County) there were periods of widespread and repeated uplifting,
although it appears that eastern New Mexico was not greatly effected by this.
There was, however, slight folding in localized areas, and the general area
was tilted so that the regional dip was changed to the southeast. After the

mountain building developed in the west and streams were rejuvenated, large

quantities of clastic debris were deposited throughout eastern New Mexico in * -~

Tertiary time. Remnants of this accumulation (Ogallala Formation) are now
exposed along higher benches north and south of the Canadian River. Because
the Ogallala was deposited on an unevenly eroded surface, it ranges in
thickness from tens of feet over preexisting highs to 550 feet thick in buried

valleys.

Recent history shows that erosion dominated the geologic process, and much of
the Ogallala and older sediments were removed to varying depths. Solutioning
of Permian salts, which may have been intermittently continuous since at least

the Triassic, continued in a more active environment with the development of
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an extensive sinkhole and karst topographic surface. Terrace deposits that
exist along the rivers and major tributaries indicate that there was
intermittent entrenchment through these channels during the Pleistocene
period. Following the excavation of the Canadian River trench, Holocene
silts, sands and gravels have partially filled these channels. Aeolian
deposits that include Toess silts and clays and dune sands partially mantle
Pleistocene terraces and older geologic units, especially in areas north of

the Canadian River.

Figure 3, located in the appendix, is a stratigraphic column showing the
relationships of the formations in the study area. The column is only

partially complete for the strata younger than Triassic in age.

A generalized geologic section that extends north-south through the Logan area
is shown on figure 4. This section also shows the geologic units that are

rich in salt deposits.
Structure

The major subsurface tectonic features in east-central New Mexico include the
Sierra Grand Uplift and the Palo Duro Basin (figure 5). The Sierra Grande
Uplift is a buried structure that is linear in shape and trends in a north-
northeastern direction. It is located northwest of Quay County. Associated
with this structure is the 01dham Nose (includes the Bravo Dome), which is
also a positive area that trends from the Sierra Grande Uplift towards the

southeast and may be an extension of the Amarillo Uplift in the panhandle of

17



Texas. All of these elevated structures appear to have been active during the
Mississippian, Pennsylvanian, and Permian times. There is also some evidence
that they may have developed over features that were present in the basement

complex in Precambrian time.

The Palo Duro Basin is a large west-northwest trending basin that formed in
conjunction with the adjacent structural highs. This basin 1ies to the south
of Logan. Two smaller and deeper sections of this depression are the Tucumari
and Cuervo Basins. The Tucumcari and Cuervo Basins appear to have been best
developed during late Pennsylvanian and early Permian times, as they have been

filled with a very thick accumulation of Abo and Sangre de Cristo deposits.

Limited information suggests that there are a series of block mountain-type
faults in the east-central section of New Mexico, and that these faults may be
the controlling features for the uplifts and basins described above. The
faults appear to have been activated in late Paleozoic time,hand fhey were
likely rounded off by erosion and covered by Permian and possibly upper
Pennsylvanian sediments. Major trends of this faulting appear to be oriented
in a northwest direction, and there is information supporting truncation of
these features by less extensive northeast trending faults. Evidence suggests
that at least one of the major faults lies near Tucumcari and that the south
side of the fault has dropped up to several thousand feet to form the
Tucumcari Basin. Recent seismic investigations also suggest that a similar-

type fault may exist directly north of Logan.
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Groundwater

The regional groundwater system has been divided into a deep brine aquifer, an
evaporite aquitard, and an upper aquifer that in places can contain saline or
fresh water. The deep brine aquifer consists of the Abo and Sangre de Cristo
Formations, which have a relatively high permeability value. Brines in this
deep aquifer are dominated by sodium and chloride and have typical TDS
contents of 150,000 to 170,000 mg/L. The hydraulic head in the brine aquifer
is generally lower than the ground surface and the hydraulic gradient is
generally downward in the area. Information gathered by others indicates that
the piezometric surface in the deep brine aquifer slopes eastward at a rate

exceeding 6 feet per mile.

The evaporite aquitard unit is composed of the Yeso, San Andres, and Bernal
(Artesia) Formations. These units, on average, have lower pérmeabi]ities andz :
porosities and act as a barrier over the deep brine aquifer. The aquitard is
dominated by siltstone, shale, fine-grained sandstone, carbonate, and

evaporite deposits, and it also contains brine solutions as the result of the
breakdown of salt by dissolutioning. Water levels in these units appear to be
above the Canadian River in New Mexico, but they slope eastward and lie
generally below the river in Texas. Thus, the water level gradient in the
aquitard is steeper than the ground surface (river floor) in eastern New

Mexico.

19



Although the aquitard has a rather low primary permeability, the upper part
has been extensively fractured in areas where salt dissolutioning and
resultant formation collapse have taken place. Because of the hydraulic head
in the aquitard, brines from this unit can move upward into the overlying
Tecovas and Trujillo Formations mainly along the discontinuities that now

cross these formations.

The upper aquifer includes the Tecovas, Trujillo, and Ogallala Formations.

The Ogallala is much younger and is separated stratigraphically from the
Trujillo. Both the Tecovas and the Trujillo are composed largely of permeable
sandstone, and they are generally under artesian conditions near Logan, with
heads being slightly higher in the Tecovas. Groundwater in these units moves

towards the Canadian River from both the north and south.

Immediately south of the river, the Tecovas and often the Trujillo contain
salt water. Deeper petroleum explorations farther south of the river indicate
that the Tecovas and Trujillo often have a sodium- and chloride-rich brine
that has moved upwards from the Permian. North of the Canadian river, the
Trujillo and possibly Tecovas Formations contain better water, as these units
are being flushed by fresh water working from the surface towards discharge

points in the river.

20

. e,



Baseline flows along the Canadian River and its major tributaries originate
from the Permian and Triassic rocks. Water from the Permian sediments is
typically highly mineralized and that from the Triassic units is of fair to

poor quality.

Salt Dissolution

Dissolution of bedded halite and anhydrite/gypsum from the Permian strata has
occurred in large areas of New Mexico and Texas (figure 6). Salt was
originally known to extend nearly to the Texas-Oklahoma border, but it has
been removed in much of the area north of the Canadian River. This removal
has taken place along the up-dip sections of the Permian strata where it butts
up on the South flank of the Oldham Nose and Amarillo uplifts. The salt has
been progressively removed from this area since Triassic time and the removal

appears to have been more active since deposition of the Ogallala Formation. : -~~~

Major streams that existed at the time of the Ogallala deposition are known to
have flowed in a southeasterly direction along the dip of the Ogallala
surface. As dissolutioning took place, subsidence along the northern margin
of the Palo Duro Basin developed, and a series of lakes and basins formed
along a front that extended in a general east-west direction. River systems
that predated the Canadian River were diverted into these collapse features,
and subsequent integration of this system eventually formed the present

easterly flowing Canadian River. Existing information shows that sediments,
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behind or up dip of the dissolution fronts have collapsed at least 250 feet
and may have locally settled up to depths of 500 feet.

Salt dissolutioning apparently takes place along joints and faults cutting
evaporite deposits and along the margins of the existing salt beds. Along the
front of the evaporite margin, groundwater removes the salt, and the overlying
and adjacent beds settle into the void that is formed. Fractures develop in
the collapsing rock, and this in turn provides easy access for groundwater to
continue the salt dissolutioning process. Although salt beds appear to be
thinned by dissolutioning, dissolutioning of a salt bed usually takes place
along a steeply dipping front that gradually advances towards the center of
structural lows. As the process takes place, the highest beds are removed
first, and each.older underlying halite bed is then taken out in a receding

step-like sequence.

As sections of the salt beds are eliminated and settlement occurs, several
types of structural features are formed. Collapsing rock is broken and cut by
new joints and faults, and preexisting fractures are opened. The dominant
fracture system that develops probably follows the direction of the salt
front. Collapse breccias form along bedding where salt beds have been
removed, and breccia-filled pipes often develop vertically at the intersection
of crossing fractures. The pipes are often circular in shape and can extend
from a salt bed to the ground surface. Similar features are common at Sanford
Dam in Texas. Large undrained depressions and folded, rolling terrain also

typically develop over dissolutioned areas. Folds that develop generally do
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not have consistent trends and, therefore, can easily be distinguished from

structures developed by mountain building processes.

The Permian sequence contains salt beds in the Bernal (Artesia),

San Andres, and Yeso Formations. Halite within the Bernal has been removed
along an east-northeasterly trending front that extends from about Tucumcari
to a point possibly 10+ miles south of the city of Logan. Interpretations on
the location of this front vary widely, and some investigators place the

northern limit of the salt only several miles south of the river.

Salt in the underlying San Andres Formation occurs in several beds. Like the
Bernal, the salt beds thicken in a southerly direction. The dissolution
fronts of all the salt units within the San Andres probably lie along or just

slightly south of and parallel to the Canadian River near the city of Logan.

The Yeso Formation salts appear to be thinner than those in the

San Andres, and they extend north of the Canadian River. Existing information
suggests that the Yeso salt fronts lie in an east-west direction near Logan.

A thick siliciclastic-halite bed in the Glorieta Unit (upper Yeso) may have
been partially affected by dissolutioning beneath the Canadian River.

However, this bed also appears to extend a considerable distance to the north.
The approximate locations of the salt beds and areas where they have been
removed are shown in sections (figures 7 and 8) that were produced by T.C.

Gustavson, et al. in 1992.
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SITE GEOLOGY

General

The Lake Meredith Salinity Control Project encompasses an area along the
Canadian River between Ute Dam in New Mexico and Lake Meredith in Texas.
Geologic investigations that were recently completed for this report are
located in the reach of the Canadian River between Ute Dam and the mouth of
Revuelto Creek, a distance of about 5.5 miles. This section appears to be the
most significant brine producing source on the project. Drawing 1258-600-22
shows the location of exploration holes, and drawing 1258-600-33 shows the
topography and general location of the study area. Photographs 1 through 16

show various features in the project area.

The topography between Ute Dam and Revuelto Creek is relatively flat except in -~
the Canadian River and Revuelto Creek trenches. In the trench areas, near
vertical cliffs are common with some walls exceeding 100 feet in height. The
maximum topographic relief in the study areas is about 200 feet, ranging

between elevations of 3650 to 3850.

Stratigraphy

Geologic units that are exposed or were penetrated by drill holes vary from
Holocene to Permian in age. A brief description of each unit, from oldest to

youngest, is listed below:
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Bernal Formation (Artesia Group) - Permian

This formation consists of orange-red to salmon colored marine deposits of
siltstone and shale with some fine-grained sandstone and thin beds of
limestone and dolomite. Zones of bedded anhydrite occur in areas, and
secondary deposits of gypsum fill in some fractures. Salt (halite) deposits
are interbedded in the Bernal farther south, but these units have been removed
by dissolutioning beneath the Canadian River. The top of this formation is an
unconformity, and there is considerable relief on this surface. West of

Quay County, sinkholes and a karst surface are reported to have developed on
the top of the Bernal as the result of dissolutioning of salt deposits in the
Permian. This formation does not crop out in the study area, but it was
penetratéd in many of the drill holes that were completed. As described
earlier under the stratigraphy and history section of this report, the
Alibates Dolomite and Dewey Lake (Quartermaster) Formations may be present
beneath the study area. If so, they have not been separated, and for the
purpose of this report, are included within the Bernal. These sediments
appear to be at least 350 feet thick and possibly up to 1,000 feet thick

beneath the Logan area.

Tecovas Formation (Dockum Group) - Triassic

The Tecovas Formation can be separated into three units, an upper and lower
shale and a middle sandstone section. The upper shale unit ranges from 28.0
to 65.0 feet thick in the study area. Drill Holes 1 and 3 penetrated 65 and

64 feet of this unit, respectively. In both holes, the entire sequence was
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red to gray shale and sandy shale. Progressing to the east, the unit thins

and contains more light gray, moderately cemented, fine-grained sandstone

partings. Test Well 3 penetrated 28 feet of the upper unit, and this drill '

hole contained six shale beds that had a combined thickness of 18.5 feet.
East of TW3, the unit appears to thicken, and in outcrops along the river

downstream of Revuelto Creek, it contains less sandstone.

Groundwater in the Tecovas and Trujillo formations usually have artesian heads

higher than the Canadian River, with the hydraulic head in the Tecovas being
slightly higher near the river. The upper shale horizon appears to be a
limited barrier for upward groundwater movement. The barrier is least
effective where the unit thins, contains more sandstone, or is fractured and

faulted.

The middle part of the Tecovas is made up mostly of 1ight gray, micaceous,
weakly to moderately cemented, fine-grained (100+ sieve), rather permeable
quartzitic sandstone. The sandstone contains clay and silt binder, locally.
The unit is cross bedded and lenticular and has moderately cemented thin
lentils of conglomerate in the upper part and discontinuous thin red, maroon
or gray clayshale, sandy shale, and shaley sandstone units throughout. Two

thin shaley units that are located about one-third and two-thirds of the way

through this middle section appear to be fairly continuous in the Logan area.

At least 90 percent of the middle unit is sandstone. Scattered thin
carbonaceous seams occur in the central part of the sandstone and large
petrified logs are known to exist locally. The Tecovas Sandstone is a good

aquifer, but it contains generally saline water, especially south of the
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Canadian River. The upper 50 to 60 feet of the upper and middle units crop
out downstream of the study area along the lower part of the Canadian River
trench in sec. 7, T. 13 N., R. 34 E. The sandstone is about 80 feet thick in
the.area of TW 1 and 2. It thickens upstream to about 145 feet at DH1 and

downstream to over 170 feet at TW3.

The Tower shale lies immediately above the Bernal Formation. It varies from
15 to 45 feet in thickness and consists of gray shale and sandy shale with
some thin beds of sandstone. Where it is thickest, the Tower shale unit

appears to contain large amounts of sandstone.

Thickness of the Tecovas Formation changes rapidly. It ranges from

163 feet in TW2 to 222 feet thick in DH3 and averages about 190 feet thick.

Trujillo Formation (Dockum Group) - Triassic

The Trujillo Formation conformably overlies the Tecovas Formation. Like the
Tecovas, it is composed of continental fluvial and deltaic deposits. The
upper half of the Trujillo is yellow-brown to light gray, micaceous, generally
fine-grained, silty, to clayey, weakly to moderately cemented, quartzitic
sandstone with red, maroon, and gray lenticular and discontinuous clayshale
and sandy shale beds. The lower part contains similar shales and sandy
shales, but the sandstones are coarser and conglomeritic with slightly more
cement. Conglomerates contain fragments of limestone, sandstone, chert, and
petrified wood. Sandstones and conglomerates range from thin bedded to

massive and are cross bedded and lenticular. On outcrop, the Trujillo forms
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extensive tan to brown, blocky cliffs that exceed 100 feet in height along the
walls of the Canadian River trench. The Trujillo Formation is also a good
aquifer, and it provides domestic water supplies for wells located north of
the river. Wells south of the trench within several miles of the river will
produce fair to poor (saline) quaiity water. It appears that the quality of
water in the Trujillo also improves east of Revuelto Creek . Deeper wells

south in the Tucumcari Basin often encounter saline brines in the Trujillo.

At the Highway 469 crossing of Revuelto Creek there is evidence that
dissolutioning of salt was taking place in the Permian sediments when the
Trujillo Formation was being deposited. At this location, the main sandstone
section has settled into a synclinal feature that is filled with red and
maroon. shales and sandy shales and capped by a flat lying upper sandstone that
forms the top of the Trujillo. The shale unit thins to the south and west,
and the upper sandstone éonverges with the lower sandstone unit in these

areas.

The complete section of the Trujillo was only penetrated in drill holes DH3
and OW5A. At DH3 the Trujillo is 174 feet thick, and it thickens to
230 feet in OWSA.

Chinle Formation (Dockum Group) - Triassic

The upper member of the Dockum Group is the Chinle Formation. This unit
conformably overlies the Trujillo, and it forms a less resistant slope above

the Trujillo cliff. It is composed of brown to red and variegated shales and
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siltstones with one or more thick sandstone beds in the center of the section
that have characteristics similar to the Trujillo sandstone. The Chinle also
contains some calcareous horizons that may represent lacustrine deposits.
Only two drill holes penetrated the lower part of the Chinle. They were DH3
which-encountered about 100 feet of the deposit and OW5A which penetrated the
bottom 5 feet of the formation. The Chinle often caps the topographic highs
in the area and is exposed extensively south of the Canadian River. Total
thickness of this deposit is about 1,200 feet where it has not been disturbed

by erosion.
Terrace Deposits - Pleistocene

Three terrace levels occur within the immediate vicinity of the Canadian River

near Logan. These deposits are gray to brown, generally unconsolidated, and
contain subrounded hard sand and gravel with some silt, clay, and cobbles.

Gravels are chiefly of igneous or metamorphic origin, but hard fragments of : =~~~
sedimentary rocks such as sandstones and carbonates are present. The upper

1 to 2 feet of all terraces contain caliche or caliche coated gravels.

Lenticular zones of highly cemented (CaC0d,) and generally highly oxidized
conglomerate occur throughout, and these appear to be most common in the lower

levels of the Qt, terrace. The terraces mark preexisting levels of the

Canadian River, and they are much more extensive north of the trench. This
may indicate that the river was being forced southward into depressions as
salt dissolutioning was taking place in the underlying Permian sediments. The

Qt, terrace is the oldest, and it lies about 160 to 180 feet above the

existing channel. The youngest is the Qt, terrace, and it is 60 to 80 feet
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above the river. Located between is the Qt, terrace which is about 100 to

120 feet higher than the floor of the Canadian River trench. A1l terraces are
mantled by a soil cover of silt, clay, sand, and scattered pebbles that varies
from 1 to 20 feet in thickness. This soil cover is partly wind (loess and
dune sand) and water (colluvium) deposited and was mapped with the terraces on
the geologic map (drawing 1253-600-22). Total thickness of the soil cap and

terrace gravel may exceed 60 feet.
Colluvium Deposits - Holocene

The colluvium consists of gray to tan unconsolidated clay, silt, sand, and
gravel that was deposited on upland slopes. Included and mapped with this
debris are deposits of low density loess and dune sand. Only the more

extensive soil covered areas are shown on the geologic map (drawing 1253-600-22).
Alluvium Deposits - Holocene

A]]uvihm consists of unconsolidated clay, silt, sand, and gravel with some
cobbles and was deposited beneath the flood plains of the Canadian River and
Revuelto Creek. Drilling investigations at Ute Dam and several drill holes
completed along the channel for this study show that the alluvium is up to
60 feet thick in the area. Shallow seismic studies that were recently
conducted along the trench floor, however, indicate that the deposits may be

up to 100 feet thick in the area of TW3.
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The Tateral extent of the geologic units in the area is shown on drawing 1253-
600-22. Geologic sections A-A through F-F (drawings 1253-600-23 through -26)
show the vertical relationships of these units along selected alignments.

Locations of the sections are shown on drawing 1253-600-22.

Structure

Folding
The principle structure in the immediate area is an anticline that is located
east of Revuelto Creek. The axis of this anticline lies near the center of
sec. 8, T. 13 N., R. 34 E. Early investigations indicated that it could be
traced for a distance of at least 40 miles, plunging to the southwest about
20 miles south of Tucumcari. Recent evidence suggests that this structure may
trend to the northwest. To simplify nomenclature in this report, the

anticline will be referred to as the Revuelto Creek Anticline.

Bedding at the surface along the west flank of the Revuelto Creek Anticline
has a very gentle dip of about 1 degree towards the west. 0il1 exploration
holes show that the structural relief on this fold at the top of the

San Andres Formation is at least 1,000 feet, and it may exceed 1,400 feet over

an east-west distance of about 30 miles.

Other folds occur in east-central New Mexico trending in a similar direction.
These structures and the Revuelto Creek Anticline may be the result of

compressive forces that developed during several stages of time over
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topographic features in the Precambrian. It is likely that the anticlines
were present at least since the Pennsylvanian period. Additional deformation
may have also developed in some of these structures after Chinle deposition

and in Late Cretaceous and at several times during the Cenozoic.

The structural basin lying west of the anticline is an irregular-shaped
depression. It is locally interrupted by several small anticlines that appear
to have east-west trends. The syncline opens southward into the

Tucumcari/Palo Duro Basins.

Salt dissolutioning that occurred after Permian time has created
irregularities in the anticlinal and synclinal structures described above. 1In
the area of Logan, a number of minor anticlines and synclines have developed
on the west flank of the Revuelto Creek Anticline as the result of collapse
over dissolutioned salt beds. Location of these features are shown on the
geologic map (drawing 1253-600-22) and the structure contour ‘maps (drawing
1253-600-27, through -29). Structural relief on these flexures exceed at
least 100 feet in places. Although none of these extend over great distances,
they appear to have significant control over the courses of the Canadian River

and Revuelto Creek.

At least four minor anticlines caused by salt dissolutioning were mapped
immediately south and east of Logan. Other smaller anticlines and domes
Tikely exist as the Triassic sediments are extensively deformed by settlement.
One anticlinal structure trends in an east northeasterly direction and

subparallels the Canadian River south of Observation Well OW6C. This
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structure plunges towards the river where it ends in a shallow depression.
Immediately east of this flexure, another anticline begins and it also follows
in a north-northeasterly direction but diverts to the north between Revuelto
Creek and the Canadian River. This struéture appears to fade out in the area
of TW3. Another small flexure trends and plunges northeastward in the river
bend south of the city of Logan. The fourth small structure mapped trends
east-west and lies about 2 1/2 miles south of where Revuelto Creek enters the

Canadian River.

For the purpose of simplification, only the two most important synclines that
are associated with the anticlines described above are plotted on the geologic
map (drawing 1253-600-22). These are also features caused by salt
dissolutionment. One of the synclines follows roughly the course of Revuelto
Creek along the west flank of the Revuelto Creek Anticline and plunges in a
southerly direction. Dips on both sides of this feature are very low and
seldom exceed.z degrees. The second syncline probably lies near the southern: -
limits of the city of Logan and likely subparallels the Canadian River. The
exact location of the axis on this feature is inferred on drawing 1253-600-22
as all bedrock outcrops are covered by Pleistocene or Holocene deposits, and
the flexure cannot be mapped. Triassic sediments are, however, known to be at
higher elevations north of the city. A third synclinal structure is located
off (south) of the geologic map on Revuelto Creek. It trends in an east-west
direction, and it is mentioned here because it also is a feature that causes a

major direction change in Revuelto Creek.
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The courses of the Canadian River and Revuelto Creek in the area of Logan
appear to be controlled mostly by structures (anticlines and synclines) that
developed as the result of underlying salt dissolutionment in Permian
sediments. The halite beds in the Bernal Formation have been removed north of
the Canadian River, and the salt fronts for these units now lie several miles
to the south. The underlying San Andres Formation contains_a number of thick
salt beds, and geologic information shows that the fronts for the lower salt
beds roughly underlie the Canadian River. Evidence suggests that the Canadian
River trench may have developed over these dissolution fronts in the San
Andres, and that the anticlines subparalleling the river on the south are
surface features that formed as the result of strata draping over one or more

San Andres salt fronts at depth.

The regional dip of sediments in thi; area of New Mexico is to the southeast.

Bedding in the area of Logan, however, only rarely follows this trend because’ "~

of the structural features that have developed. Surface mapping and drill
hole information show that Triassic sediments dip generally from 1 to

2 degrees, but locally dips can be up to 6 or 8 degrees. In most instances,
especially in the Trujillo Formation, it is impossible to obtain accurate
measurements at the surface because of cross bedding. Cross bedding locally

exceeds 45 degrees in places.
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Jointing

Three separate joint survey§ have been completed within the study area. The
initial survey was conducted by Hydro Geo Chem, Incorporated, before May 1985.
A second survey was completed by the Texas Bureau of Economic Geology (BEG) in
April 1993. The third and last joint study was conducted by Reclamation in

OW6C using geophysical (televiewer) equipment.

Hydro Geo Chem, Incorporated, mapped jointing at a number of locations along
the Canadian River. Four of these sites are located between Ute Dam and
Revuelto Creek. The location of the sites along with dominant joint trends
are shown on drawing 1253-600-22. Four major joint trends were recognized.
These had strikes ranging from N. 50°W., to N. 70°W., N. 10°W. to N. 30°W., N.
30°E. to N. 50 °E and N. 70°E. to N. 90°E. The N. 10°W. to N. 30°W. trend
appears to subparellel the Revuelto Creak Anticlinal axis. The N. 30°E. to

N. 50°E. and N. 70°E. to N. 90°E. trends lie roughly normal to the Revuelto
Creek Anticlinal axis, and it is theorized by the writer that they probably
developed with the N. 10°W. to N. 30°W. fractures when the anticline was
formed. The N. 70°E to N. 90°E. fracture trend also roughly follows the salt
disso]ution'fronts that are located deep in the Permian sediments.

Reclamation has found that jointing typically develops in two major systems on
anticlinal structures. The dominant set usually trends normal to the
anticlinal axis and the second most prominent fracture system(s) lies roughly
along the axis of the structure or at about right angles to the major joint

group.
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The joints that developed in conjunction with the formation of Revuelto Creek
Anticline were features that contributed to the destruction of the salt beds
north of the river. These fractures enabled groundwater to move into the
deposits and begin the dissolutioning process. As the salt receded and the
overlying strata collapsed, existing joints were opened and new ones formed to

accelerate the breakdown.

Hydro Geo Chem, Incorporated, reported that all of the fracture systems were
near vertical and were spaced from 6 to 36 inches apart. There was no
evidence of displacement on any of the features at ground surface. Many of
the joints were opened up to 1/4 inch and generally filled with calcium
carbonate. Occasional fractures contained fine sand filling. It was also
noted by Reclamation during the 1994 investigations that the calcium carbonate
filling in the joints was salty near the level of the Canadian River. This

was not apparent in joints located higher on the canyon walls.

Studies conducted by BEG found similar patterns in the discontinuities. The
BEG determined that the primary joint system varied from N. 50°E. to S. 50°E.
(averaged N. 82°W.) at nine sites between Ute Dam and Revuelto Creek and that
they are roughly parallel to and formed in a similar time frame as the Palo

Duro Basin. They concluded that the joints may have also been influenced by
later subsidence resulting from dissolution of underlying Permian salts. BEG

also recognized that the subsidence following salt dissolution may have been
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responsible for opening some of these fractures. At all nine locations, one
or more secondary or crossing joint sets formed at high angles to the primary

system.

BEG reported that most joints are near vertical and spaced less than 36 inches
apart. The dominant system often appeared in groups and had more continuity
than the secondary fractures. Secondary breaks often terminated along the

east-west fractures.

BEG studies indicated that the primary joints were often open up to
1 millimeter in width with calcite filling and/or manganese and iron staining.
In places, the joints were sealed with fine clastic sediments. Secondary

joints had little evidence of separation or mineralized filling.

As drilling progressed during 1993 and 1994, it was noted that almost all
exploratory holes encountered large water losses in selected locations. These -
loss areas were also the zones that appeared to produce most of the brine
inflows into the drill holes. Because of this, Reclamation ran a televiewer
log in OW6C to gather information on subsurface fracturing. This was analyzed

by the geophysics department at Stanford University in California.

Fracture characteristics were determined for the three most critical horizons
that were penetrated in OW6C. These included the Trujillo Formation (mostly
sandstone) from 1 to 229 feet, the upper shale unit in the Tecovas from 229 to
278 feet, and the remaining portion of the Tecovas Formation (mostly

sandstone) from 278 to 410 feet. Because the upper 87+ feet of the hole was
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dry, the televiewer could not be used in this interval. Caving conditions
below 378 feet also prevented the use of this instrument at the bottom of the

hole.

After reviewing the color televiewer display, fractures were separated into
natural joints and bedding plane breaks. These were grouped and tabulated for
the three geologic horizons in the drill hole. Stereo net plots and joint
rose diagrams were then produced for each of these units to determine typical
and dominant fracture trends. Fracture frequencies and apertures were also
plotted for the entire surveyed interval, and a pictorial display was
generated that shows the fracture dip, depth of break, and grouping of joints
that weigh the frequency and openness of these features. These data are shown
on figures 16 through 23 in the appendix of the report. ‘Tables 2 through 4
also list each fracture encountered in the drill hole and indicate the
direction, dip, aperture (openness), and classification of each break. The

actual televiewer plot is not included in this report.

Figures 17, 19, and 21 show joint rose and stereo net diagrams for bedding
plane fractures in the Trujillo, upper shale unit of the Tecovas, and the
sandstone unit of the Tecovas in OW6C, respectively. The dominant trends of
the bedding plane fractures strike to the south and southwest in the Trujillo
and upper shale unit of the Tecovas. Those in the Tecovas sandstone appear to
vary more with dominant orientations being towards the northwest, west, and
south (based on limited data points). Most of the fractures have dips less
than 45 degrees and slope towards the northwest; however, one major set in the

Trujillo dips to the southeast. The Trujillo and Tecovas sandstones are often
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cross bedded and orientations and dips of bedding vary considerably.
Therefore, bedding fractures fndicated on figures 17 and 21 can be very
misleading. Bedding in the upper shale unit of the Tecovas is likely not
cross bedded, and the orientations of bedding fractures indicated on figure 19
are probably more representative of the actual orientation of the strata at

depth.

The dominant natural fractures in the Trujillo Formation (figure 16) trend to
the southwest with the dip being mostly from 45 to 80 degrees to the northwest
in OW6C. Natural fractures in the upper shale unit of the Tecovas also
support this trend, but dips tend to be less than 50 degrees. The dominant
trend of natural fractures in the Tecovas sandstone unit appears to be in an
eastward direction, with dips being fairly steep (80 degrees) to the south

(Figure 21).

Fractures in OW6C occurred with less frequency below a depth of 300 feet.
They also appeared to be most concentrated and most open between depths of
140 and 220 feet. Fractures located in this interval generally dipped to the

north or northwest at between 50 and 70 degrees (figure 23).

Drilling information indicates that open fractures were being encountered in
most of the exploratory holes as they were being advanced. While drilling
OW6C below a depth of 350 feet, brine water (10 gal/mint) was blown out of
OW6A to heights of 8 feet above the casing. OW6C was advanced using air to
remove cuttings. OW6A was drilled to a depth of 230.6 feet with slotted

screen installed between 143.0 and 193.0 feet. Communications between both
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_ holes had to be along open fractures. The unusually high permeabilities
encountered in the TW1 pump test and the water level surge in TW2 during the
pump test can only be attributed to similar open water producing

discontinuities.

The three fracture studies conducted by Hydro Geo Chem, Incorporated, BEG, and
Reclamation all indicate that the dominant natural fracture system is oriented
roughly east-west or within 40+ degrees of this direction. The first two
studies show that fractures measured at the surface are more steeply dipping
than those measured by Reclamation in OW6C. Fracture dips recorded by the
televiewer log probably are not indicative of actual conditions as the
vertical drill hole probably penetrated very few high. angle (near 90 degrees)

joints as drilling paralleled these features.
Faulting

Faulting does not cut any of the Triassic sediments exposed along the walls of
the Canadian River between Ute Dam and Revuelto Creek. However, shallow
buried faults likely exist because of the collapse that has occurred along
fractures over dissolutioned salt beds in the Permian sediments. Deep faults
are known to occur along the north flank of the Tucumcari Basin in rocks as

young as Permian in age.

Investigations completed for Ute Dam by the State of New Mexico indicated that
there is a fault zone cutting the left abutment of the structure. The

location of this feature is shown on drawing 1253-600-22. The fault is
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covered by Pleistocene debris, but it apparently trends in an east-west
direction. It appears to be a normal fault with the north block being dropped
an estimated 190 feet. This feature may be related to the dissolutioning of

salt beds.

Drilling in the area of TW1 also shows unusually rapid changes in geologic
horizons (drawings 1253-600-24 and -25). This may be due to irregularities

caused by collapse or to small displacement faulting.

Shallow seismic studies recently completed between OW6C and TW3 indicate that
there are a series of small faults or very prominent fractures with
displacements of up to 50 feet along the survey alignments. The study shows
that these features terminate upwards in the Tecovas, but a few penetrate into
the Trujillo. It appears that these structures continue downward to depths in
excess of 800 feet (maximum seismic penetration) into the Bernal Formation and
possibly into the underlying San Andres. Trends of these faults could not be: -~ "
determined; however, they may strike east-west following the direction of the
most prominent joint system and parallel to the fault in the left abutment of
Ute Dam. Evidence suggests that they either originate where the salt has been
removed in the Bernal or in the salt fronts in the San Andres beneath the

Canadian River..

Petroleum investigations show that there are a number of major northwest
trending fault zones that cut through east-central New Mexico. One of these
faults lies near Tucumcari. Offset on this structure may be up to several

thousand feet with the south side being dropped. Evidence suggests that the
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primary movement on this fracture and the other similar ones may have occurred
in the Pennsylvanian or vefy early Permian time as sediments younger than the
Abo Formation do not appear to be offset. This structure may form the
northern boundary of the Tucumcari Basin. Recent deep seismic studies
completed by Reclamation also indicate that a similar trending fault, with the
south side being down, passes north of Logan. As of this time, displacement

has not been determined along this feature.

Seismic Hazard

The Logan area is located in Zone 1 on the Seismic Risk Map of the
Conterminous United States that was prepared by S.T. Algermissen of the

U.S. Coast and Geodedic Survey in 1969. Zone 1 is an area that has a

90 percent probability of not having ground shaking with a horizontal
acceleration exceeding 0.04 g (gravity) in a 50-year period. This probability
for maximum horizontal ground acceleration is equivalent to a source
earthquake having a return period of 475 years. Zone 1 is also an area where
distant earthquakes may cause minor damage to structures with fundamental
periods greater than 1.0 second and corresponds to intensities V or VI on the

Modified Mercalli Intensity Scale.

The largest earthquake ever recorded near Logan occurred in 1970 about
40 miles to the north-northeast and registered VI intensity on the Modified
Mercalli Intensity Scale. The intensity VI earthquake was noticeable to all

people in the area and caused slight damage to some structures.
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Data from other areas indicate that minor seismic events can be produced by
injecting fluids into deeply buried geologic units. Injecting fluids into
wells at the Rocky Mountain Arsenal near Denver, Colorado, produced
earthquakes;that had magnitudes greater than 4 on the Richfer scale. These

events could be felt at the ground surface by residents 1iving in the area.

Reclamation is now injecfing brine into the Mississippian Leadville Limestone
at Paradox Basin in western Colorado. This injection is taking place below a
depth of 15,000 feet under pressures of 5,000 1b/in? at ground surface.
Seismic monitoring of the area has shown that numerous small earthquakes are
occurring at'depth, but none have been felt at the ground surface. The /
largest event that has been recorded to date had a magnitude of about 2.7.
STightly stronger quakes are anticipated as additional fluids are.injected. @ ! J"j
Data gathered at Paradox shows that the seismic events are occurring along ‘

|

existing faults and at distances of up to several kilometers from the

injection well.

There are numerous injection wells scattered throughout New Mexico and Texas.
None, however, are located near the city of Logan and, therefore, there is no
information that can be gathered from local sources. Contractors that are
familiar with well injectibns in southern New Mexico and western Texas state
that little, if ahy, seismic monitoring is being done in conjunction with the
injections. It is also confirmed that earthquakes have not been felt at the

ground surface that could be attributed to these wells. -
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It is likely that brine injection will create seismic events, but these will |
probably be so small that they will never be felt by local residents. Seismic! 4&
stations that are selectively placed in the surrounding area would, however, }

be sensitive enough to record these events.
Groundwater
Investigations

Reclamation has completed a number of deep drill holes in the study area to
collect geologic and groundwater information. These include three pump test
wells (TW1, 2 and 3), three exploratory holes (DH1, 2, and 3), and eight
groundwater observation wells (POW1, OW2 through 4, 5A, 5B, 6A, 6B, and 6C).
Test Well 1, DH1 and 2, POW1, and szlthrough 4 were drilled between 1975 and
1978. Drill Hole 3 was completed in 1983. The remaining exploration holes
were finished during the first half of 1994. Locations of these holes are
shown on drawing 1253-600-22. Geologic logs for all of the holes, except TWl,
are included in the appendix of this report. Also, included in the appendix
are natural gamma logs for TW1, DH2, DH3, POW1, OW2, and OW3; gamma,
temperature, caliper; neutroﬁ, density, resistivity, self potential, and sonic
velocity logs for OW5A and OW6C; and results of the televiewer survey in OW6C
(figures 16 through 23).

Reclamation conducted three pump tests in the study area prior to May 1994.

One pump test was completed during March 1979 in TWl, and one pump test each
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was conducted in TW2 and TW3 during March and April 1994. Al1 of the wells
were screened in the Tecovas Formation, which has been identified as the
source of highly saline water that spreads upward into the'alluvium below the

Canadian River.

One additional test well (TW4) and three observation wells (OW7, 8, and 9)
were drilled and a pump test performed in TW4 during November and December of »/%j)cff
1994. Data collected from these investigations will be included in reports (

that will be prepared at a later date.

Drawdown characteristics were monitored in several nearby observation wells
(POW1, OW2 through 4, and DH1) when the pump test at TW1 was conducted. Pump
tests in TW2 and 3 were completed without closely spaced observation wells.
The object of the test in TWl was to determine the transmissivity and storage
coefficient of the Tecovas aquifer. In TW2 and 3, the objectives of the tests
were to obtain the transmissivity and possible storativity for the same
aquifer. Storativity data for TW2 and 3, however, were not obtained.

Critical data recovered from the 3 pump tests are listed below:

™1 W2 ™3
Rate of pumping (gal/min) 475 87-88 105
Pumping time (hrs) 97 74.75 74.75
Recovery time (hrs) 68 44.60 - 101.67
Drawdown (ft) - 36.5 7.0
Transmissivity (ft?/day) 2500 678 1308
Storage Coefficient 0.00015 - -
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Saturated thickness (ft) 69.4 119 138

Hydraulic Conductivity 36 5.69 9.47
(ft/day)

Information has also been gathered on water chemistry for samples collected at
nine Reclamation drill holes (TW1 through 3, DH1 through 3, POW1, OW3, and
OW4) and 13 other wells (CW1 through 6, LCW, LF, DTW, NMW, RCW, BYW, and BPW)
that penetrated Triassic or Permian sediments in the area of Logan. Locations
of these holes (except for BYW and BPW) are shown on drawing 1253-600-22.
Explanations of the symbols for non Reclamation drill holes are given on
drawing 1253-600-21.- Information sheets listing the water chemistry test
reéu]ts and other pertinent items for all welis are included on tables 5
through 26 in the appendix. Other similar water chemistry tests were
completed at other times for samples collected in the Reclamation drill holes,
but results of these tests are not included in this report. The data, C e e

however, éhown on tables 5 through 13 are indicative of the other tests.

During the early stages of the project investigations, a number of shallow
wells were drilled into the alluvium deposits beneath the Canadian River and
Revuelto Creek. These wells were screened for sampling and monitofing
pﬁrposes and they varied from 14.5 to 54.5 feet in depth. The wells were
placed at Water Quality and Flow Monitoring Sites 1 through 4 and 6.
Locations of these sites are shown on drawing 1253-600-22. Geologic

section G-G, drawing 1253-600-32, shows the depths and relationships of these
wells in the a]]uvial.section. Numerous water quality samples from these
sites were tested, and the results of these tests are listed in other
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publications. Selected data, however, on ranges in sodium, chloride, and
total dissolved solid concentrations and electrical conductivities from water
samples collected in the alluvium wells, the Canadian River and Revuelto Creek

are graphically shown on figures 24 through 27 in the appendix.

Detailed discussions on water quality and groundwater conditions in the area
will not be included in this report as these data have been documented in
other reports, and a new and separate report is in the process of being
prepared for the groundwater model. Data that is supplied in this groundwater
section only provides a brief summary of the general conditions in the study
area. Water quality data for wells drilled in the area have been gathered
from a number of sources. This information is listed on tables 5 through 26
for easy reference. Additional water quality data for the river and the
alluvial wells at Water Quality and Flow Monitoring Sites 1 through 4 and 6
are presented graphically on figures 24 through 27.

Triassic Brine Aquifer

Base flows on the main stem of the Canadian River originate from Triassic or
Permian sediments, water from several reservoirs, and irrigation return flows
from Revuelto Creek. Water from the Triassic is typically of fair to poor
quality. Permian water is generally highly mineralized. The Permian
groundwater flows to the east at a gradient between 15 and 20 feet per mile
from the Sangre de Cristo Mountains in New Mexico to Texas. Heads are usually
above the Canadian River in New Mexico, but because the hydraulic gradient is

much steeper than the river gradient, heads fall below the river in Texas.
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The permeability of the Permian rocks is generally low, but it can be high

1oca11y'due to fractures and dissolution.

Most of the Triassic groundwater flow is toward the Canadian River in
New Mexico. Like the Permian, the water level gradient in the Triassic rocks

decreases to the east.

Wells drilled by Reclamation into the Tecovas Formation encountered saline
water that was under artesian head in the vicinity of the Canadian River. The
Tecovas Formation has a shale cap that probably limits upward migration of the
saline water, except where it thins or is crossed by fractures. Recent
explorations at OW6C, located south of the river, also penetrated brine water
above the Tecovas high in the overlying Trujillo Formation. This condition
was also reported to have been encountered by a Tocal driller in a well
completed for a housing complex that is located about 2,500 feet southeast of
the right abutment of Ute Dam. Because of the poor water quality, the well

was abandoned.

Wells completed in the Trujillo Formation north of the Canadian River and east
of Revuelto Creek (within a few miles of the river) contain fair to good
guality water that is used for domestic and stock watering purposes. Very few
water supply wells appear to penetrate into the Tecovas Formation on the north
side of the river as adequate water supplies can be obtained from the
Trujillo. However, City Well 6 (CW6) Tocated about 4,000 feet northwest of
Logan probably bottoms in the Tecovas Formation. This well was low in

chloride concentrations (55+ mg/L) and had a low electrical conductivity of
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0.71 millisiemens/cm @ 25 °C (mS/cm). DH3 located about 4,000 feet southwest
of Logan and north of the river also penetrated the Tecovas, but it had much
higher chloride concentrations (15,920 mg/L). The chloride concentrations and
conductivities of water in this hole, however, are significantly less than
that encountered in wells near the river in the areas of TWl, TW2, OW5A, and
OW6C (figures 5 and 6 and drawings 1253-600-23 and -24). 0il explorations
point out that brine waters are common in deep wells that penetrate the
Trujillo and Tecovas Formations south of Tucumcari. Reclamation
investigations also show that brine concentrations in groundwater drop off
significantly north or downstream of OW5A in the vicinities of TW3 and DH2
(gravel pit area). Drawing 1253-600-31 is a contour plot for conductivities
measured in selected water samples that were collected from the Tecovas
Formation in Reclamation drill holes. As discussed above, these contours show
that conductivities decrease rapidly north of the river in the Tecovas
Formation in the area of Logan and that the highest conductivity
concentrations in the Tecovas are located in an area beginning from a point = -
upstream from TWl and extending to a point between TW3 and OW5A. Unless other
evidence is generated by the groundwater model that is presently being
produced, this is the reach of the Canadian River where the brine producing

wells should be located.

Available information suggests that brine water enters the Tecovas and
possibly Trujillo Formations at depth from salt dissolution fronts located in
the Bernal and possibly older formations south and southwest of fhe study
area. Because of hydraulic heads, this water moves upslope and discharges

into the Canadian River through the alluvium underlying the river. Much of
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the movement in the formational material appears to be through fractures.
Saline water may also be working vertically along faults and fractures that
penetrate to the salt fronts in the San Andres Formation that directly
underlie the Canadian River at depths exceeding 1,000 feet. Both the Bernal
and San Andres salt units are, therefore, considered to be the main

contributors of salt to the Canadian River in the area of Logan.

Relatively, fresh water from the Chinle and precipitation falling on the
Trujillo appear to move downward and mix with the Permian water in the brine
aquifer (Tecovas Formation). It was postulated by Hydro Geo Chemical,
Incorporated, that the Tecovas water (based on carbon content from several
locations) in the area is composed of 57 percent Permian water and 43 percent
Triassic water. They also calculated that the total brine flow from the
Tecovas to the river in the Logan area was 0.90 ft%/s and that 0.57 ft%/s of
this was derived from the Permian sediments. The Tecovas brine is diluted by
fresh water as it works through the Trujillo and alluvium on its path to the '~
river. The groundwater model that is presently being produced will Tikely

modify the estimated brine inflow quantity figures.
The river serves as a discharge point for the brine and fresh water working

from the south and the fresh water coming from the north. Because of this, it

forms a general boundary between the two water types in the Logan area.
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Alluvium Brine Aquifer

The Canadfan River below Ute Dam has cut.a channel up to several hundred feet
deep into Triassic sediments. This channel has been partly filled by about

60 feet of sand, gravel, silt, and clay near Logan. The buried channel is
deeper downstream, and at the Texas state line the alluvium deposits are up to
100 feet thick. The channel fill is 400 to 600 feet wide in New Mexico, but
it widens to as much as 2 miles in Texas. The stream gradient is fairly

uniform and averages about 5.3 feet per mile.

Water levels in piezometers at Water Quality and Flow Monitoring Sites 1
through 4 and 6 are generally within a foot or two of land surface, and they
range from slightly below to slightly above river levels. There are no
significant differences in water levels between piezometers at different

depths at the same site; however, water levels in the deeper“piezdmeters are o

generally slightly higher.

Brine concentrations in the alluvial aquifer are lower than those in the
Tecovas Formation. The salt water from the Tecovas is apparently diluted by
fresh water entering the system from the higher Triassic units, especially

those sources located on the north side of the river.

Sodium, chloride, and TDS concentrations and electrical conductivities for the
alluvial groundwater are similar for the shallow and deep piezometers at

Water Quality and Flow Monitoring Sites 1 and 2. Downstream from this reach
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of river at Site 3; these constituents and the conductivities are higher in
the water samples collected from deeper piezometers in the alluvium indicating
that there may be a density stratification of the brines. There is a drop in
values downstream at Site 6, but the water in the lower piezometer remains
higher in sodium, chloride, TDS, and electrical conductivity values than the
upper well. Concentrations of sodium, chloride, and TDS, and values of
electrical conductivities generally are lower in the river than the

groundwater in the underlying alluvial deposits (figures 24 through 27).

Observation Wells 7 and 8 (OW7 and 8) and Test Well 4 (TW4) were completed

during November 1994. These holes are located on the Canadian River

floodplain immediately north of TW2. TW4 and OW7 and 8 all penetrated clean g{JJAVZ
sand and gravel deposits overlying fine, uniform sand. Another lower sand and
gravellunit occurs beneath the fine sand and overlies bedrock in most of the
wells. Conductivities of the groundwater in the upper sand and gravel unit
were considerably lower than those in the fine sand horizon and the older S
units below. It appears that upward migration of the brine is hindered in the

less permeable fine sand unit and that Canadian River flows are readily

flushing out the brine in the more permeable upper sand and gravel unit. As

described earlier in this report, additional information on TW4 and OW7 and 8

will be provided in a supplement to this report. \
- Canadian River

The surface water quality has been measured periodically at a number of points

| along the Canadian River downstream from the Ute Dam. Salinity appears to
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increase fairly rapidly from Ute Dam to Revuelto Creek. From Revhe]to Creek
to the state line, there is a very gradual increase in brine inflows with a
significant increase occurring near the Dunes Dam s{te. Chloride
concentrations drop between the state line and Tascosa, Texas, because.of an
influx of fresh water to the system. Between Tascosa and Amarillo, the
chloride load again increases slightly along the river. The transport of salt
down the river is not constant, but it varies with flow rate. Figure 2 shows
the chloride loading in tons per year for the reach of river between Ute Dam

and the Texas state line.
Geophysics
Borehole

Borehole geophysical logging was performed in five wells. (TW1 through 3, OW5A,

and OW6C) that were completed in the study area in 1994. The purposes of the

survey were (a) to determine lithologies in each well, (b) correlate
stratigraphic units, and (c) aid in determining screen intervals for well
completions. The geophysical logging suite performed in wells TW2, TW3, OW5A,
and OW6C included natural gamma, neutron, density, caliper, 16-64 normal
resistivity, temperature, SP and sonic velocity. In addition, a borehole
televiewer log was run in OW6C. Natural gamma, temperature, and caliper logs
were also completed in TW1 which was drilled in 1978. The overall quality of
the geophysical lTogs was good with the exception of the electric logs which
provided no resolution of geologic boundaries. The reason for the lack of

sensitivity on the electric logs is unknown, but it may be the result of the
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extremely high salinity of the borehole fluid. Except for TWl, each well was
generally logged within hours of completion and immediately after the well had
been flushed. The wells were then allowed to recover to the static Tevel
prior to logging. This timeframe did not allow for stratification of water

temperatures.

The geophysical logs were analyzed using a commercially available log analysis
package. Shale volumes were calculated using the standard gamma ray index
method. This method estimates the shale volume by a ratio method comparing
measured gamma counts/second to the gamma ray counts/second for 100 percent
shale and 100 percent sand. Porosity estimates were calculated using a
standard density porosity method. This method estimates porosity by comparing
measured densities with formation matrix and pore fluid densities. The
average porosity values that were obtained for the three sandy zones that

-produce fhe brine in the Tecovas Formation (figure 28) are listed below:

Well Depth (ft.) Average Porosity (%)

TW2 175-222 10.9
TW2 224-264 17.7
TW2 271-290 3.1
TW3 125-195 17.9
TW3 200-261 19.6
TW3 268-299 21.3
OW5A 306-352 9.8
OW5A 358-402 8.9
OW5A 411-441 11.8
oweC 278-323 18.7
oWeC 334-362 19.2
oweC 382-395 9.5
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In general, the percentage of shale (clay) is the controlling factor in

variations of porosity, with higher shale contents reducing overall porosity.

Correlations of the geologic units, based on geophysical data, are shown on
figure 28 which is included in the appendix. These contacts vary slightly
from those shown on drawings 1253-600-23 and -24. The correlation of specific
units between each well was complicated by the interbedded and sometimes
lenticular nature of the Triassic sediments. As can be seen on figure 28, the
upper shale unit in the Tecovas Formation is much thicker and more consistent
to the west. This horizon thins and breaks into sandstone and shale units
eastward. The middle sandstone section in the Tecovas can also be divided
into three distinct sandstone horizons that are separatedrby two rather
continuous shale beds that divide. the unit into nearly equal sections. A
continuous but varying thickness of shale with sandstone forms a lower section
(Tower shale unit) in the Tecovas that immediately overlies the Permian

sediments.

TW1, which was drilled about 16 years earlier, was also logged with
geophysical equipment in 1994. The full suite of logs could not be run in
this hole because of the casing that is installed. Surveys did show that the

12-inch-diameter casing had separated between depths'of 242 and 248 feet.
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Data collected on fracturing in OW6C by the televiewer log were analyzed and
processed. This information was presented earlier in the jointing section of
this report. Basic data are portrayed on tables 2 through 4 and figures 16

through 21.

Geophysical logs for TW1 through 3 and OWSA and 6C that were completed in 1994
and the natural gamma logs for TWl, DH2, DH3, POWl, OW2, and OW3 are included

in the appendix of this report.
Shallow Seismic

Field work has been completed on a shallow seismic survey that was conducted
south of Logan in 1994. These data have been analyzed, and the results of
this study are included in a report titled, "Geophysical Investigations,

Lake Meredith Salinity Study, New Mexico."

Six short lines were completed. Lines 1 through 4 follow the Canadian River
valley floor from a location northwest of TW2 to a point near TW3. Line 5
extends from a point north of OW6C to the intersection of Highways 54 and 469.
Line 6 begins at the highway intersection and heads northeastward for about
3,000 feet. Lines 5 and 6 were completed on the bench overlooking the
Canadian River trench. The shallow seismic surveys were initiated to gather
(a) additional geologic data between selected drill holes, (b) information on

the brine aquifer, (c) fracture characteristics in thé Triassic and Permian
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sediments, and (d) other pertinent information that might be useable in

lTocating the brine production wells for the salinity control system.
Deep Seismic

A series of deep seismic profiles have been evaluated to determine where to
place the brine injection wells for the salinity project. Two lines were
completed prior to 1984 and were reported on by Hydro Geo Chemical,
Incorporated, in their December 19, 1984, report titled "Analyses of
Geophysical Data to Examine the Feasibility of Deep-Well Injection of Brine
Near Logan, New Mexico." One of these lines extends from near the west edge
of sec. 22, T. 13 N., R. 33 E., eastward for a distance of 6 miles. The
second line lies normal to this alignment and extends in a north-south
.direction for 4.5 miles. Both lines cross at a point 3.5 miles east of the

Highway 54 and 469 intersection.

Additional existing seismic profiles were purchased from a geophysical
exploration company during 1994. These lines form a U-shape and extend from a
point 4 miles north of Logan southward for 20 miles, then turn west for

6 miles before trending north an additional 9 miles. This line ties to at
least one existing oil well (Ute Anticline) that has been geophysically logged
in the past.

A1l of the seismic lines have been analyzed and some have been enhanced using
modern computer applications. Portions of these data are included in the

report titled, "Geophysical Investigations, Lake Meredith Salinity Study, New
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Mexico." Because of legal problems, not all of the purchased data can be
published. Most of this information, however, can be reviewed in the

Geophysics Section in Reclamation’s Denver Office.

Based on the deep seismic data and information from area oil wells, it appears
that the best injection zones will be in (a) dolomite beds in the upper part
of the San Andres Formation between depths of about 1,000 to 1,200 feet,

(b) Glorieta sandstone between depths of approximately 1,700 to 1,800 feet,
and (c) arkosic sandstones in the Tower part of the Abo and upper part of the
Sangre de Cristo Formations at depths of about 3,000 to 3,600 feet. These
depths are inferred from seismic data collected at a location where

Highways 54 and 469 join in sec. 22, T. 13 N., R. 33 E. Other potential
injection zones may be encountered in pilot well borings, and these should be
tested to determine their possible use for this project.

se——

Foundation Considerations

Various construction problems may be encountered in excavations that will be j J

] )0
required for engineering features (pipelines, buildings, etc.) built in the ﬁkj
area. These could include stability of trench excavations, difficulties in

excavating cemented materials, and high groundwater in some cuts.

Any excavation below a depth of several feet in the Canadian River floodplain
will encounter groundwater. The alluvial materials in the floodplain will
vary from fine, uniform sand to sand and gravel with cobbles. Both types of

materials are highly permeable and will be difficult to unwater.
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Excavations in the alluvial materials will be very unstable. Fine sands, if
submerged, will tend to flow in excavations. Walls of shallow trenches (less
than 10 feet deep) will likely have to be cut on slopes that range from 1:1 to
11/2:1.

Equipment can also become bogged down in areas along the Canadian River
floodplain. Dune sand deposits and soft saturated alluvial materials can

seriously retard vehicle traffic in selected areas.

Excavations above the Canadian River trench will be in unsaturated materials.
However, heavy precipitation can contribute to construction problems if runoff

is allowed to flow in open, undrained cuts.

Excavation slopes will vary depending on the type of material that is
encountered. Shallow temporary cuts in rock (competent sandstone and shale)
can be made with vertical walls. Excavations in cohesive soils such as clay,: -
silty clay, and sandy clay (loess and colluvial deposits) should be made on
3/4:1 slopes while cuts in dry granular sand and gravel (terrace deposits)

should be made on 1:1 slopes.

Excavations in all overburden deposits (alluvium, terrace, colluvium, loess,
dune sand, etc.) can be accomplished easily with a backhoe or dozer, except in
areas where terrace deposits may be cemented with calcium carbonate. The
cemented areas may be rippable if they are thin. More massive cemented gravel

units may have to be drilled and blasted.
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Cuts in the Trujillo sandstone can generally be ripped with difficulty to
depths of 5 feet using modern dozer (D-8) equipment. Deeper excavations and

highly cemented zones may have to be blasted.

The Chinle Formation consists of alternating sandstone and shale. Shallow
cuts (5 feet deep) can generally be made with a backhoe or dozer and ripper.

Occasional massive, cemented sandstones may have to be removed by blasting.

Care should be taken so that buildings, pumps, etc., are not founded on low
density soils such as loess. These materials will consolidate and settle upon

being wetted and loaded.

-~ -
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Photograph 1 — Lake Meredith Salinity Study — Logan, New Mexico Area — Panoramic view looking northwest (right) to west (left) towards the right (west) valley wall along the Canadian River. Highway 54 bridge crossing at right. Resistant ledge is
Trujillo Sandstone (near top of unit). Qt, Terrace caps the Trujillo Sandstone. Photo taken from area west of rodeo grounds in SW 1/4 sec. 14, T. 13 N., R. 33 E. Downstream is to left.

U.S. Bureau of Reclamation photo by G. Taucher 6-15-94

N

Photograph 2 — Lake Meredith Salinity Study — Logan, New Mexico Area — Panoramic view looking west (right) to southwest (left) towards the right (west) valley wall along the Canadion River. Photograph shows area slightly downstream of photograph 1.
Sandstone ledges on Canadian River trench wall are in the Trujillo Formation. Qt, Terrace caps sandstone at right and is shown in the foreground. Photo taken from area west of rodeo grounds in SW 1/4 sec. 14, T. 13 N., R. 33 E. Downstream is to left.

£

U.S. Bureau of Reclamation photo by 6. Taucher 6-15-94
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Photograph 3 — Lake Meredith Salinity Study — Logan, New Mexico Area — Panoramic view looking southwest (right) to southeast (left) towards the right (south) wall of the Canadian River trench. Photograph shows area downstream of photograph 2.
Roilrood bridge on left is in S 1/2 sec. 14, T. 13 N., R. 33 E. Sandstone ledges are part of the Trujillo Formation. A thin Chinle Formation section caps the high on the right side of the picture. Photo taken from area south of rodeo grounds.

U.S. Bureau of Reclamation photo by G. Toucher 6-15-94
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Photograph 4 — Lake Meredith Salinity Study — Logan, New Mexico Area — Panoramic view looking southwest (right) to southeast (left) at right (south) wall of the Canadian River trench. Photograph shows area slightly downstream of photograph J.
Railroad bridge on right Is in S 1/2 sec. 14, T. 13 N., R .33 E. Sandstone ledges are port of the Trujillo Formation. The Chinle Formation crops out along the skyline. TW 2 is /ocated near road at center of picture. Downstream is to left.

U.S. Bureau of Reclamation photo by G. Toucher 6-15-94
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Photograph 5 — Loke Meredith Salinity Study — Logan, New Mexico Area — Ponoramic view looking southwest (right) to east (left) at right (south and east) wall of the Canadian River trench. Photograph shows area slightly downstream of photograph 3.

Area shown is in SE 1/4 sec. 14 and SW 1/4 sec. 13, T. 13 N., R .33 E. OW5A is located on top of ridge. Cliff is Trujillo Sandstone. This is capped by a thin mantle of Chinle Formation that is overlain by a Qt sTerrace remnant. Downstream is
to the fleft.

U.S. Bureau of Reclamation photo by G. Taucher 6-15-94
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Photograph 3 — Lake Meredith Salinity Study — Logan, New Mexico Area — Panoramic view looking northeast along the right (east)
wall of the Canadian River trench. Rock exposed is the Trujillo Sandstone. The lowest bench at left is the Qt ,Terrace. The
right side of photograph 6 matches to the left side of photograph 5. Area shown is in the NW 1/4 sec. 13, T. 13N, R. 33 E.

U.S. Bureau of Reclamation photo by G. Taucher 6~15-94



Photograph 7 — Lake Meredith Salinity Study — Logan, New Mexico Area — Panoramic view looking west to southwest from Highway 54 bridge (NW 1/4 sec. 14,
T. 13N, R 33E) upstream into Candian River channel. Trujillo Sandstone ledge on right center of picture. Chinle Formation lies above. Qt; and
Qt; Terraces on left side of picture.

Photograph 8 — Lake Meredith Salinity Study — Logan, New Mexico Area — Panoramic view looking northwest at canyon wall along Canadian River (NIV 1/4

sec. 14, T. 13N, R. 33 E). Highway 54 bridge crossing on left. Resistant ledge is Trujillo Sandstone. Slope above is the Chinle Formation which is
capped by the Otz Terrace. @tz Terrace also in foreground.

U.S. Bureau of Reclamation photo by G. Taucher 4-26-94
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Photograph 9 — Lake Mered/th Salmlty Study - Logan, New Mexico Area Panoramlc view Jooking southeast towards the wll of the Canadian A iver trenc
Token from Highway 54 bridge in NW 1/4 sec. 14, T. 13 N, R. 33 E. Resistont ledge is Trujillo Sandstone. Thin section of Chinle Formation above
sandstone at lefl. Qt, Terrace caps bench.

U.S. Bureau of Reclamation photo by G. Taucher 6—15-94

Photograph 10 - Lake Meredith Salln/ty &udy LoEg

an, New Mex:co Ared — Panoramlc view Iookmg nst southwost st (upstream) towards the Canadian River
trench from OWSA (SW 1/4 sec. 13, T. 13N, R.

). Sandstone ledges on both sides of the river are in the Trujillo Formation. Qt jTerrace
caps bench on right.
U.S. Bureau of Reclamation photo by G. Taucher 4—26—94

Phatograph 11 — Lake Meredith Salinib' Study - Logan, New Mex:co Area Panoram:c view looking eost norfheast (downstmam) towards Lhe Canadtan River
(left). The Revuelto Creek trench is located on the right. Most of the sandstone is part of the Trujillo Formation. The Tecovas Formatlon crops out
along the river on the left side of the picture. Taken from gravel pit area (SE 1/4 sec. 12, 1. 13MN., R. 33 E.).



Photograph 12 — Lake Meredith Salinity Study — Logan, New Mexico Area —~ View looking
north northeast at Chinle Formation exposure in Highway 54 cut located about 1400 south
of the cily of Logan, New Mexico (NW 1/4 sec. 14, T. 13 N., R. 33 E.). The Chinle is capped

by the Qt Terrace in this area.

U.S. Bureau of Reclamation photo by G. Taucher 6-—15-94
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Photograph 13 — Lake Meredith Salinity Study — Logan, New Mexico Area ~ View looking
east (downstream) along the Canadian River trench. South abutment of railroad bridge

shown anchored to Trujillo Sandstone (SW 1/4 sec. 14, T. 13N, R. 33E.).
U.S. Bureau of Reclamation photo by G. Taucher 4-26—94
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Photograph 14 — Lake Meredith Salinity Study — Logan, New Mexico Area — View looking

north (downstream) along the Canadian River trench towards the gravel pit area. Photograph
shows trench in SW 1/4 sec. 12 and NW 1/4 sec. 13, T. 13 N., R. 33 W. Picture taken from OWSA
area. Trujillo Sandstone in foreground. Qt2Terrace shown on both sides of river. Qt; Terrace

is lowest bench right side of river.

U.S. Bureau of Reclomation photo by G. Taucher 4-26—-94
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Photograph 15 — Lake Meredith Salinily Study — Logan, New Mexico Area — View looking
southeast (upstream) towards the east wall of the Revuelto Creek canyon near the Highway
469 bridge crossing in the N 1/2 sec. 24, T. 13 N., R. 33 E. Note the two sandstone ledges

in the Trujillo Formation separated by a red shale unit that has characteristics of the

Chinle Formation. The shale thins, and the sandstone beds come together to the south and
west of this area. The upper ledge is at the top of the Trujillo. The sandstone is capped

by the Qt, Terrace.

U.S. Bureau of Reclamation photo by 6. Taucher 6—15-94



Photograph 16 — Lake Meredith Salinily Study — Logan, New Mexico Area — View looking
east southeast from a point just north of the center of sec. 13, T. 13 N., R. 33 E.

across the Raveulto Cresk canyon. The sandstone beds on both sides of the creek are

part of the Trujillo Formation. The Chinle Formation crops out in areas near the skyline.
Bedding dips from the skyline towards Reveulto Creek along the west flank of an anticline.
Dips of these units are under several degrees.

U.S. Bureau of Reclamation photo by G. Taucher 6-15-94
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LAKE MEREDITH FRACTURE ANALYSIS

Fracture Frequency / foot Aperture/ foot
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LAKE MEREDITH FRACTURE ANALY SIS

Fracture Dip, degrees
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LAKE MEREDITH SALINITY STUDY
OBSERVATION WELL OW6C

Fractures Measured in Trujillo Formation

Depth Dip Dip Aperture  Classification
Direction

226.68 16.700 298.30 0.550 Natural Fracture
215.31 51.000 153.00 0.590 Natural Fracture
212.77 54.900 320.10 2.60 Natural Fracture
211.53 51.200 324.60 1.56 Natural Fracture
211.32 52.100 312.90 0.450 Natural Fracture
211.17 55.400 301.10 0.940 Natural Fracture
210.75 70.000 327.40 0.650 Natural Fracture
209.55 56.900 160.40 0.850 Natural Fracture
208.36 38.600 154.50 1.13 Natural Fracture
206.17 43.700 137.50 0.910 Natural Fracture
206.07 49.500 168.10 0.800 Natural Fracture
201.94 71.300 328.60 1.38 Natural Fracture
197.98 66.500 337.50 1.07 Natural Fracture

197.66 70.600 323.40 1.08 Natural Fracture
196.29 64.300 143.40 0.970 Natural Fracture

193.25 65.200 321.60 1.67 Natural Fracture
192.18 49.600 326.30 2.05 Natural Fracture

192.01 53.300 348.10 1.00 Natural Fracture

191.71 60.100 331.60 1.87 Natural Fracture

191.14 57.900 359.20 2.12 Natural Fracture

186.91 60.000 125.70 1.14 Natural Fracture

185.74 65.000 148.60 1.05 Natural Fracture

182.90 54.100 15920 - 1.16 Natural Fracture

181.80 30.900 134.50 0.790 Natural Fracture

177.87 61.200 343.40 1.58 Natural Fracture

177.60 52.200 333.40 0.660 Natural Fracture

175.61 69.500 345.10 1.72 Natural Fracture

174.96 47.800 352.20 1.11 Natural Fracture

174.54 61.900 334.50 1.15 Natural Fracture

173.19 46.200 337.50 1.00 Bedding Plane Fracture
172.72 38.600 348.10 0.870 Bedding Plane Fracture
172.10 20.500 286.90 1.03 Bedding Plane Fracture
170.06 72.400 166.30 0.630 Natural Fracture

167.72 38.600 356.30 0.0800 Natural Fracture

161.80 59.500 125.70 0.510 Natural Fracture
160.48 59.400 328.60 0.400 Natural Fracture

159.83 66.900 358.10 0.690 Natural Fracture

150.85 47.500 282.20 0.990 Bedding Plane Fracture
148.31 19.600 39.800 0.550 Bedding Plane Fracture
148.26 12.600 82.200 0.590 Bedding Plane Fracture
147.91 40.500 205.70 0.640 Bedding Plane Fracture
146.76 37.000 345.10 0.780 Bedding Plane Fracture
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141.96
141.12
140.44
139.15
139.10
133.95
123.47
122.75
105.30
105.78
102.62
99.900
90.800

14.900
9.4000
40.700
12.800
17.700
33.800
38.600
21.800
22.700
9.2000
19.500
20.600
12.800

238.60
273.00
272.20
293.90
125.70
326.30
88.100
192.20
66.300
127.00
99.800
225.70
349.20

0.870
0.78

0.520
0.460
0.400
0.940
0.740
0.490
0.550
0.52

1.18

0.620
0.930

Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture

Table 2
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LAKE MEREDITY SALINITY STUDY
OBSERVATION WELL OW6C

Fractures Measured in Upper Shale Unit
of the Tecovas Formation

Depth Dip Dip Aperture  Classification
Direction

277.54 31.000 322.90 0.47 Natural Fracture
276.22 17.600 311.70 0.55 Natural Fracture
275.19 22.300 19.900 0.690 Natural Fracture

275.01 9.9000 34.500 0.480 Natural Fracture
274.67 27.300 329.10 0.390 Natural Fracture
264.88 18.400 189.30 0.920 Natural Fracture

262.60 39.400 164.70 0.590 Natural Fracture
262.73 32.500 354.80 0.760 Natural Fracture
261.12 33.700 208.30 1.31 Natural Fracture

260.48 33.700 221.70 0.830 Natural Fracture
258.33 29.500 262.00 0.600 Natural Fracture
257.63 35.200 320.10 0.930 Bedding Plane Fracture
256.20 ©29.100 74.700 1.34 Natural Fracture
255.94 32.100 246.30 0.830 Natural Fracture
245.87 41.000 37.300 0.480 Natural Fracture
237.27 31.000 334.70 0.620 Natural Fracture

235.61 32.300 310.10 0.580 Bedding Plane Fracture
234.58 34.500 283.80 1.31 Bedding Plane Fracture
231.60 20.400 60.200 0.570 Natural Fracture

Table 3



Depth

376.03
374.54
374.44
373.81
341.01
332.71
322.89
322.77
306.04
297.30
293.91
291.58
288.06
287.77
282.18
279.31
279.20
278.71
278.30

Dip

21.700
16.800
11.800
26.300
68.900
23.500
17.100
18.500
64.200
76.900
65.000
73.400
60.500
62.200
41.000
15.900
23.600
19.500
23.200

LAKE MEREDITY SALINITY STUDY

OBSERVATION WELL OW6C

Fractures Measured in Lower Units

of the Tecovas Formation

Dip
Direction

356.40
44.300
254.70
299.70
1.1000
58.900
178.10
153.00
173.50
169.40
301.10
170.90
132.90
147.40
225.70
281.00
243.00
324.60
343.60

Aperture

0.270
0.400
0.330
0.490
0.55
0.650
0.40
0.48
0.76
1.45
0.61
0.63
0.65
0.52
0.48
0.43
0.38
0.37
0.50

Classification

Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Bedding Plane Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture
Natural Fracture

Table 4



INFORMATION SHEET

TEST WELL 1 (TWi

Location: N. 1,585,252.5, E. 774,291.3
Ground Surface: 3674.01
Depth: 358.0-ft.
Bottom of Hole: Tecovas Formation (Triassic)
Screen in Tecovas
Water Level: 3676.5 (3-30-94) Artesian
Water Analyses
Sample Date 9-16-93
Sampled By: U.S. Bureau of Reclamation

Constituents Milligrams/Liter (mg/L)
Calcium 630.0
Magnesium 212.0
Sodium 12,500.0
Potassium 54.9
Carbonate 0.0
Bicarbonate 1,070.0
Sulfate 2,160.0
Chloride 18,600.0

Sum (Cations+ Anions) 35,300.0
Aluminum <0.150
Boron 2.070
Beryllium <0.0025
Cadmium <0.010
Chromium <0.010
Cobalt <0.030
Copper <0.020
Iron 12.85
Manganese 0.661
Nickel <0.020
Lead <0.150
Silver <0.010
Vanadium <0.010
Zinc <0.020

Electrical Conductivity
(mi1liSiemens/cm @ 25°C) 31.0

pH 6.26

Suspended Solids 46.8 mg/L

Total Dissolved Solids 35,100.0 mg/L

Note: Locations of all wells, except for wells BYW and WPW, are shown on
drawing 1253-600-23

Table 5



INFORMATION SHEET

TEST WELL 2 (TwW2

Location: N. 1,582,966, E. 776,706
Ground Surface: 3689.0
Depth: 348.0-ft.
Bottom of Hole: Bernal Formation (Permian)
Screen in Tecovas Formation (Triassic)
Water Level: 3676.5 (3-30-94)
Water Analyses
Sample Date: 3-31-94
Sampled By: U.S. Bureau of Reclamation

Constituents Milligrams/Liter (mg/L)
Calcium 1038.0
Magnesium 327.0
Sodium 68.9
Potassium 22,400.0
Alkalinity (as CaCo,) 524.7
Alkalinity (as HCO,3) 640.1
Chloride 35,470.0
Sulfate 3,170.0

Sum 63,114.0
Aluminum <0.150
Boron 1.799
Beryllium <0.0025
Cadmium <0.010
Chromium <0.010
Cobalt <0.010
Copper 0.054
Iron 5.40
Manganese 0.281
Nickel <0.010
Lead <0.050
Silver ' <0.010
Vanadium 0.034
Zinc 0.620
Arsenic <0.080
Selenium <0.050
Strontium 15.76
Mercury <0.20 (ug/L)

Electrical Conductivity
(milliSiemens/cm @ 25°C) 105.0

Total Dissolved Solids 62,789.0 mg/L

SAR 155.31

Hardness as mg CaC0,/L 3,939.5

Table 6



INFORMATION SHEET

TEST WELL 3 (TW3

Location: N. 1,588,153.59, E. 780,644.09
Ground Surface: 3689.3
Depth: 369.7-ft.
Bottom of Hole: Bernal Formation (Permian)
Screen in Tecovas Formation (Triassic)
Water Level: 3668.3 (3-30-94)
Water Analyses:
Sample Date: 4-05-94
Sampled By: U.S. Bureau of Reclamation
Constituents
Calcium
Magnesium
Sodium
Potassium
Alkalinity (as CaCo,)
Alkalinity (as HCO,)
Chloride
Sulfate
Sum
Aluminum
Boron
Beryllium
Cadmium
Chromium
Cobalt
Copper
Iron
Manganese
Nickel
Lead
Silver
Vanadium
Zinc
Arsenic
Selenium
Strontium
Mercury

Electrical Conductivity
(milliSiemens/cm @ 25°C)

Total Dissolved Solids

SAR

Hardness as mg CaC0,/L

Milligrams/Liter (mg/L)

397.
130.
6,744.
34.
813.
993.
10,470.
1,580.
20,349.
<0.

1.

<0.

<0.

<0.

<0

<0.
4.

0
<0

<0.
<0.
0.
0.

<0

<0.
7.
<0.

29
19,844

1,524

OCOO0OO0OWVWLWWOOO

770
0025
010
010
.010
010

J74
.010
050
010
022
498
.080
050
21

5

.0 mg/L
75.17

6
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INFORMATION SHEET

DRILL HOLE 1 (DH1)

Location: N. 1,585,226.9, E. 774,266.3
Ground Surface: 3674.5
Depth: 356.0-ft.
Bottom of Hole: Tecovas Formation (Triassic)
Water Level: Artesian
Water Analyses:

Sample Date: June 1975

Sampled By: U.S. Bureau of Reclamation

Constituents Milligrams/Liter (mg/L)
Chloride 16,100.0
Iron, Total 0.27
Sodium Chloride 26,565.0
Sulfate 1,900.0

Electrical Conductivity
(milliSiemens/cm @ 25°C) 51.0

Table 8



Location:
Ground Surface:
Depth: 556.0-ft.
Bottom of Hole:

INFORMATION SHEET

DRILL HOLE 2 (DH2

N. 1,591,010+, E. 785,440+

3655.72

Bernal Formation (Permian)

Open hole in Tecovas (Triassic) and Bernal Formations

Water Level:
Water Analyses:

Sample Date:

Sampled By:

3657.8 (3-30-94)

7-19-83
U.S. Bureau of Reclamation

Constituents

Calcium

Magnesium

Sodium

Potassium
Bicarbonate
Chloride

Sulfate

Fluoride
Iron, total
Total Dissolved Solids

pH (lab)

Electrical Conductivity
(field) (milliSiemens/cm
@ 25°C)

Temperature (field)

Milligrams/Liter (mg/L)
384.

[
o
~
N
O~UNIOOUIDOOO
[Ye) ~

7.62

Table 9



Location:
Ground Surface:
Depth: 569.5-ft.
Bottom of Hole:

INFORMATION SHEET

DRILL HOLE 3 (DH3)

N. 1,585,902, E. 770,028

3781.0

Bernal Formation (Permian)

Screen in Tecovas Formation (Triassic)

Water Level:
Water Analyses

Sample Date:

Sampled By:

3697.3 (3-30-94)

7/19/83
U.S. Bureau of Reclamation

Constituents

Calcium

Magnesium

Sodium

Potassium
Bicarbonate
Chloride

Sulfate

Total Dissolved Solids

pH (1ab)

Electrical Conductivity
(field) (milliSiemens/cm
@ 25°C)

Temperature (field)

Milligrams/Liter (mg/L)

235.
200.
9,335.
37.
784.
15,920.
2,175.
26,434.

7.90

OO0OO0OUHOON

36.0
18.
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INFORMATION SHEET

OBSERVATION WELL 1

Location: N. 1,585,178.6, E. 774,245.7
Ground Surface: 3674.73
Depth: 318.0-ft.
Bottom of Hole: Tecovas Formation (Triassic)
Screen in Tecovas
Water Level: Artesian flow
Water Analyses
Sample Date: 6-3-87
Sampled By: U.S. Bureau of Reclamation
Constituents
Calcium
Magnesium
Sodium
Potassium
Carbonate
Bicarbonate
Sulfate
Chloride
Sum (Cations + Anions)

Electrical Conductivity
(milliSiemens/cm @ 25°C)

pH
Total Dissolved Solids

POW1

Milligrams/Liter (mg/L)

696.
224.
12,500.
231.

0.
1,050.
2,180.
19,400.
36,300.

43.
7.
37,500.

0OO0OO0O0O0OO0O0OO

OoONMN

mg/L
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INFORMATION SHEET

OBSERVATION WELL 3 (OW3)

Location: N. 1,584,830.4, E. 773,931.6
Ground Surface: 3672.81
Depth: 362.0-ft.

Bottom of Hole: Bernal Formation (Permian)

Well screen in Tecovas (Triassic) and Bernal (Permian)

Water Level: 3673.7 (3-30-94)
Water Analyses
10-17-83

Sample Date:
Sampled By: Hydro Geo Chem, Inc.
Constituents
Calcium
Magnesium
Sodium
Potassium
Carbonate
Bicarbonate
Chloride
Sulfate
Nitrate
Total Dissolved Solids
Boron

Field Parameters
Temperature

pH

Alkalinity

Electrical Conductivity
(milliSiemens/cm @ 25°C)*

Milligrams/Liter (mg/L)

800.
220.
17,500.
75.

0.

159.
27,435.
2,880.
<0.
49,072.
3.

(by summation)

NOMOODOOOOOO

19.0°C
6.36
836 mg/L

78.4

* Other electrical conductivity measurements ranged from 50.0 to 69.0

milliSiemens at 25°C.
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INFORMATION SHEET
OBSERVATION WELL 4 (OW4)

Location: N. 1,585,300+, E. 773,470+
Ground Surface: 3676.5

Depth: 382.0-ft.

Bottom of Hole: Tecovas Formation (Triassic)
Well screen in Tecovas
Water Level: Near ground surface

Water Analyses
Sample Date:

Sampled By:

Constituents

Calcium

Magnesium

Sodium

Potassium

7-19-83
U.S. Bureau of Reclamation

Milligrams/Liter (mg/L)

Bicarbonate

Chloride
Sulfate

OCOoOWVWNOM~MO

Table 13



INFORMATION SHEET

CITY WELL 1 (CW1)

Location: N. 1,599,293, E. 770,971
Ground Surface: 3914.1
Depth: 340.0-ft.
Log of Hole: Interpreted from driller’s log
0 - 145 (3769.1) Chinle Formation (Triassic)
145 - 340 (3574.1) Trujillo Formation (Triassic)
Bottom of Hole: Trujillo Formation
Screen in Trujillo
Water Level: Unknown
Capacity: 145 gpm
Water Analyses
Sample Date: 2-22-78
Sampled By: City of Logan ?

Constituents Milligrams/Liter (mg/L)
Chloride 61.0
Nitrate 3.82
Arsenic <0.005
Barium <0.10
Cadmium <0.001
Chromium 0.010
Lead 0.019
Mercury 0.0015
Selenium 0.002
Silver <0.001

Electrical Conductivity
(milliSiemens/cm @ 25°C) 0.75

Electrical Conductivity (July 1994)

(mi1liSiemens/cm @ 25°C) 0.65

Table 14
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INFORMATION SHEET

CITY WELL 2 (CW?)

Location: N. 1,590,213, E. 774,708

Ground Surface: 3818.0

Depth: 254.0-ft.

Bottom of Hole: Probably in Trujillo Formation

(Triassic)

Water Level: 3714.0 (Date unknown); 3720.44 (July 1994)

Capacity: 80 gpm
Drawdown: 55-ft. after 1.5 hrs. pumping
Water Analyses
Sample Date: Unknown
Sampled By: City of Logan ?
Constituents
Chloride

Electrical Conductivity
(milliSiemens/cm @ 25°C)

Electrical Conductivity (July 1994)
(milliSiemens/cm @ 25°C)

Milligrams/Liter (mg/L)

54.0

0.88
0.85

Table 15



INFORMATION SHEET
CITY WELL 3 (CW3)

Location: N. 1,588,585, E. 761,737
Ground Surface: 3857.6
Depth: 255-ft. ?
Bottom of Hole: Probably in Trujillo Formation (Triassic)
Water Level: 3750.6 (Date unknown)
Capacity: 97 gpm
Drawdown: 18-ft. after 30 minutes pumping
Water Analyses
Sample Date: Unknown
Sampled By: City of Logan ?

Constituents Milligrams/Liter (mg/L)

Chloride 62.0
Electrical Conductivity

(milliSiemens/cm @ 25°C) 0.96
Electrical Conductivity (July 1994)

(milliSiemens/cm @ 25°C) 0.82

Table 16



INFORMATION SHEET
CITY WELL 4 (CW4)

Location: N. 1,588,083, E. 763,081
Ground Surface: 3834.6
Depth: 205-ft.
Bottom of Hole: Probably in Trujillo Formation (Triassic)
Water Level: 3758.6 (Date unknown) which is 24-ft. lower than in 1966;
3760.67 (July 1994)
Capacity: 349 gpm
Drawdown: Unknown
Water Analyses
Sample Date: 5-27-87
Sampled By: City of Logan ?

Constituents Milligrams/Liter (mg/L)
Calcium 108.0
Magnesium 117.0
Sodium 64.4
Potassium 4.29
Carbonate 0.0
Bicarbonate 378.0
Sulfate 347.2
Nitrate 0.86
Chloride 84.4
Fluoride <0.31
Arsenic <0.005
Barium <0.10
Cadmium <0.001
Chromium <0.005
Iron <0.05
Lead <0.01
Manganese <0.05
Mercury <0.005
Selenium <0.021
Silver <0.001

Total Hardness 750.0 mg/L

Alkalinity 309.0 mg/L

Total Dissolved Solids 1026.0 mg/L

pH 7.49

Electrical Conductivity
(milliSiemens/cm @ 25°C) 1.42

Table 17



INFORMATION SHEET
CITY WELL 5 (CW5)

Location: N. 1,587,458, E. 754,770
Ground Surface: 3852.5
Depth: 335-ft. (Caved back to 197-ft.)
Log of Hole: Interpreted from driller’s log.
0 - 30 (3822.2) Sand and gravel with Caliche
30 - 141 (3711.5) Chinle Formation (Triassic)
141 - 332 (3520.5) Trujillo Formation (Triassic)
332 - 335 (3517.5) Tecovas Formation (Triassic)
Bottom of Hole: Appears to be in Tecovas Formation (Triassic)
casing to 190-ft. which is probably in the Trujillo Formation (Triassic)
Water Level: 3782.5 ? (Also reported at 3722.5)
Capacity: 64 gpm
Drawdown: Unknown
Water Analyses
Sample Date: 2-13-87
Sampled By: City of Logan ?

Constituents Milligrams/Liter (mg/L)
Calcium 44.0
Magnesium 24.4
Sodium 112.7
Potassium 3.12
Carbonate 0.0
Bicarbonate 264.0
Sulfate 132.0
Chloride 46.9
Nitrate <0.04
Fluoride 0.43
Arsenic <0.005
Barium 0.11
Cadmium 0.002
Chromium : <0.005
Iron 0.16
Lead <0.01
Mercury <0.0005
Solenium <0.005
Silver <0.001

Total Hardness 210.0 mg/L

Alkalinity 216.0 mg/L

Total Dissolved Solids 482.0 mg/L

pH 7.89

Electrical Conductivity
(milliSiemens/cm @ 25°C) 0.80
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INFORMATION SHEET

LOGAN CEMETERY WELL (LCW)

Location: N. 1,593,150+, E. 781,800+
Ground Surface: 3816+
Depth: Unknown
Bottom of Hole: Unknown but probably in Trujillo Formation (Triassic)
Water Level: Unknown
Water Analyses
Sample Date: 9-22-83
Sampled By: Hydro Geo Chem, Inc.

Constituents Milligrams/Liter (mg/L)
Calcium 210.0
Magnesium 85.0
Sodium 49.0
Potassium 4.9
Carbonate 0.0
Bicarbonate 355.0
Chloride 42.5
Sulfate 600.0
Nitrate 1.3
Total Dissolved Solids 1,375.0
Boron 0.08
Silica : 27.0
Hardness as CaCO, 875.0

Electrical Conductivity
(milliSiemens/cm @ 25°C) 1.6

pH 7.3

Field Parameters

Temperature 18.0°C

pH 6.96

Alkalinity : 300.0 mg/L

Table 20



INFORMATION SHEET

LAND FILL WELL (LF)

Location: N. 1,583,855.59, E. 775,225.80
Top 6-in Casing: 3761.91
Depth: 160-ft+
Bottom of Hole: Probably in Trujillo Formation (Triassic)
Water Level: 3668.4 (3-31-94)
Water Analyses
No tests available
Used for groundwater quality monitoring

Table 21



INFORMATION SHEET

DAM TENDER WELL (DTW)

Location: N. 1,587,477, E. 765,523
Ground Surface: 3822.9
Depth: 199-ft
Bottom of Hole: Probably in Trujillo Formation (Triassic)
Water Level: 3739.9 (1992+); 3742.8 (July 1994)
Water Analyses
Used for domestic water supply

Electrical Conductivity (July 1994)
(mi1liSiemens/cm @ 25°C) 1.0

No other water tests available

Table 22



INFORMATION SHEET
NEW MEXICO INTERSTATE STREAM WELL (NMW)

Location: N. 1,585,127, E. 765,615
Ground Surface: 3795.8 :
Depth: Unknown
Bottom of Hole: Unknown but likely in Trujillo Formation (Triassic)
Water Level: 3748.96 (July 1994)
Water Analyses
No tests available
Used for potable water supply

Table 23



INFORMATION SHEET

REVUELTO CREEK WELL (RCW)

Location: N. 1,581,023, E. 783,165
Ground Surface: 3796.9
Depth: 160-ft
Bottom of Hole: Trujillo Formation
Water Level:
Water Analyses

Sample Date: 9-22-83

Sampled By: Hydro Geo Chem, Inc.

Constituents Milligrams/Liter (mg/L)
Calcium 140.0
Magnesium 190.0
Sodium 205.0
Potassium 7.1
Carbonate 0.0
Bicarbonate 761.0
Chloride 255.0
Sulfate 548.0
Nitrate < 0.4
Total Dissolved Solids : 2,122.0 (By summation)
Boron 0.10
Silica 16.0
Hardness as CaCO,4 1,132.0

Electrical Conductivity
(milliSiemens/cm @ 25°C) 2.8

pH 7.5

Field Parameters

Temperature 18.0°C

pH 6.93

Alkalinity 580.0 mg/L

Table 24



INFORMATION SHEET

BOB _YOUNG WELL (BYW

Location: Section 24,T.13N.,R.33E. (Not located on drawing 1253-600-23)
Ground Surface: Unknown
Depth: 160-ft
Bottom of Hole: Probably in Trujillo Formation (Triassic)
Water Level: Unknown
Water Analyses
Sample Date: 8-20-83 (?)
Sampled By: U.S. Bureau of Reclamation

Sodium 9.0+ Milliequivelents/Liter (meq/L)
Magnesium 3.0+

Calcium 6.0+

Chloride 3.0+

Bicarbonate 7.0+

Sulfate 3.0+

Total Dissolved Solids 2073.0 mg/L

pH 8.22

Table 25



INFORMATION SHEET

COX-WOODS PLACE WELL (WPW)

Location: Section 8, T.13N.,R.34E. (Not located on drawing 1253-600-23)
Ground Surface: Unknown
Depth: 250-ft.
Bottom of Hole: Probably in Trujillo Formation (Triassic)
Water Level: Unknown
Water Analyses
Sample Date: 7-20-84 (?)
Sampled By: U.S. Bureau of Reclamation

Sodium 17.0+ Milliequivelents/Liter (meg/L)

Magnesium 26.0+
Calcium 1.0+
Chloride 6.0+
Bicarbonate 7.0+
Sulfate 36.0+
Total Dissolved Solids 3260.0 mg/1
pH 8.72

Sample from stock tank

Table 26



Geologic Logs
1975 to 1983
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Contains some very fine gravel, some fine
to very fine sand, mostly medium to coarse.
Strong HCL reaction. Contains some quart-
zite, opal, mica, and chalcopyrite, all
less than 5% of total., Mottled reddish
colors .

10! --14¢ Gravelly Clay, coarse fragments
to greater than 5 mm indicate gravel
interbedded. Contains a few calcareous
oolites, some opal, mica, and chalcopyrite,
all less than 5% of total. Strong HCL
reaction. Mottled reddish color.

14' - 30' Gravel, poorly sorted; very
fine gravel and cobbles; coarse sand with
minor amount of fine to very fine sand.
Contains some calcareous oolites, mica
flakes, small concretions and chalcopyrite,
all less than 5% of total. Staining on
some fragments, mottled buff color.

307 - 196!
Triassic Santa Rosa Sandstone

301 - 56! Sandstone, medium to coarse
grained, small fraction of very coarse
sand and some clay and silt. Good HCL
reaction. Calcareous and argillaceous
cement. Fair induration. Contains some
opal, a few small concretions, and a few
Grades into
shale. Buff to gray color.

56! - 60! Sandstone, medium to coarse
grained, with shale layers interbedded.
Weak HCL reaction; argillaceous and cal-
careous cement; fair induration. Dark
buff to brown color.

60! - 72! Shale, silty with high argill-
aceous content. Contains a few coarser
sand grains. Weak HCL reaction; fairly
well indurated. Variegated dark buff to

.5 .vvr v DHeL L.




TAMT M e T RPN ‘::f:O’ OGIC L.GG OF DRILL BOLE e mEET. .2, or .‘5..'..._‘.
FEATURE .« oo vcvenocn so-nencenaanaonn e PROIECT. . et tesecsecaofucn e snre- sTATE. . New Mexico.........
HOLE No. . DHel. . ::g:;i'”" o o R 1T RROURD ELEY. ... o nir (ANGE 51.':_-,'4: HORIZY . ceeneneiaens
BEGUM «ovvenvnnns FINISHED. & .. oo o e e oemu 0= c-vnanunorn ........... . OEFTH.. ... ..  BEARIMG. « e i o ecernie o aeeecaneanen
oAb Y SR ... s e LOGGED Y. o s vens oneeenenn ee.. LOGREVIEFED RY. ..... vetenraenenadtan

; > PERCOLATION TESTS i i =
NOTES ON WATEP  rype] wi sdaiallioek: :: ] S2h AT Y

LOSSES AND LEVELS. | AND] %2 orrin X | FEn | onk ] Ye ) Ze CLASSIFICATION AND

CASING, CEMENTING, | s1ze| S8 REn 2 [z8 {att ] A= ) Ra PAYSIZAL COHDITION

CAVING, AND OTHCR of } "t fe— e e s I N et .

DRILLING conomous HOLE] & | raus e o ]

go |08y AL PCNTRY FUX A RN YA ,

« Packered hole [4-3/4" 720 - 76' Sand Shale some medium to

711 ~ 96! and blew - coarse sand, and silt with high argill-
ole; water rose to S acebus content., Fair HCL reaction; fairly
! below top casing, i well indurated. Mottled gray color.

lapproximately river k
level. 10-] 76! - 146! Sandstone, poorly sorted. Very

Chloride 2,400 b fine sand to coarse sand, mostly medium

Eaca 3,960 4 to fine sand. Some shale interbedded.
ulfate 200 N Poor HCL reaction; argillaceous and cal-

"iTotal Fe 0.13 . 1 careous cement, Contains.some quartzite

Conductance 6,100 K igneous rock fragments, mica, opal, and

29 chalcopyrite. Calcareous matter also =

5. Packered hole b noted. Fairly well indurated. Gray to

11=116t=interval E mottled buff color. .

de no water. ]
ackered hole 91-136; .:«F: 146' - 156' Sandstone, very coarse grained.
ater rose to 4! below o Some interbedded shale and conglomerate.
op of casing 20 No noticable HCL reaction, argillaceous
hloride 2,200 mg/l . cement; fairly well indurated. Chalco-
aCl. 3,663 " E pyrite deposits on some fragments.
ulfate 500 J Mottled buff to gray célor.
otal Fe 0.10 * T
onductance 6,750 1 156! - 196! Sandstone, medium to coarse.

Q- A little very coarse to fine gravel

. Same as 5, taken material. Quite a bit of shale inter-
0 minutes later. e bedded. Little or no HCL reaction.
hloride 2,100 mg/Ll | . Fairly well indurated; argillaceous cement.
aCl- 3,465 v h Contains quite a bit of quartzite and
ulfate 500 v b other siliceous material, other than

Total Fe 0,02 " 50-1 quartz. Mottled grayish white to buff

Conductance 6,750 ] color.

V. Packered hole N i 196! - 261!

1311-156', blew holel, ) Permian Bernal Formation

hole dry; hole took . i

bater 24 gal/min; 60-) 196' -~ 261! Gravelly Shale, contains many

hgain blew hole.and:¢. | coarse fragments to fine gravel size,
pampled. 1 ! some fine to very fine sands. Fair HCL

Chloride 3,200 mg/l - H _ ! reaction; fairly well indurated. Limon-
NaCl 5,280 , ! ite particles and some particles limonité
bul fate 700 ® 1 | stained. Grayish to whitish mottled col&fr.

fotal Fe 0.13 70~ |

Conductance 10,000 i ' 2611 - 356! |

. 1 | ! 4 Permian San Andres Formation H
« Same as 7, pumped 1 ! ] Glorieta Sandstone
n water, blew hole,! - | 1
nd took sample. - | : 261% - 316' Quartzose Sandstone. Sucrose-
hloride 3,300 mg/1 | =o- ! i textured fine to very fine sands. Very
aCl 5,445 " . ! ! I well sorted. No HCL reaction. Argill-
ulfate 200 " 1 ! ! : aceous cement; poorly indurated. Contairs

Total Fe 0.13 " - i : ! | some chalcopyrite and a few mica flakes.

fonductance 10,100 : i i ! Light grayish to white color.

. i 1 1 H ;

S0 ! | ] ; : 316' - 326! Quartzose Sandstone. Sucrose

[ . i ; ! ! textured fine to very fine, well sorted

H 1 ! ] : ' jsand. No HCL reaction. Seams of shale
H i l : ; '196.0 J tinterbedded. Contains some mica flakes.;
H ! : ! i i 5 . ;‘.'2‘,‘5'::; Grayish-white color, {
BIATLARA I i
i
CORE {
LOSS ;
Typeofbale . ... oo u D = Uicnand, B = Hoysiellite, § o Shot, € = Churn {
CORE E Cemu r:"fxl"t.s ﬂnﬂa:tgs?;.'u;ln'nﬁ 30 l
RECOVERY ; LU By e LSBT Na o200 {
nw", G w2140 Bxe T Meel L ;
¢, A 130000, Bw e 2237, Nee 3V !

FRATURE © v v vee s o i esrennee  oinnasencnonnnons CREIVBOT o0 i e i ieee e TYATE . ..o e IUEET 2. T TR



Tatean ot Fectamation oo e aa GEOLOGIC LOG OF DRUL HOLE wiger L3, 0n. 5. ...

FEATURE .o vvvunerarrnennens e e e PROJECT. ettt D e e STATE . ...
LOCATION. ... .... et . . ~ noinz L
HoLE vo. . DE=Y . . COORDS. Mo vnr Fternnn e GROUND ELEY. .. SOSICLERALES DI (ATGLE FRNVEHORIZY oo .
BEGUN......... CFINISHED. o NEPTH or ovznrnnoru ............. DEPTH.. ....... BEARING. v vvons oo onnonnonannnanss
CEEVESARe kﬂs%usmg BB e v e eecna e  LOGRED Bi. v eeenernasnnseenss LOG REVIGWED BY. . ovevaroonecrens e
‘ % PERCOLATION TESTS <o | EC b
SeEa e el 2 Fn kA AL
‘ HE - iFeE £ | eh g otd e e ind CLASIFICA TN AND
ASING, CEMENTING, o8 (Feem) : Sut ] Al Ay M b ]
g Av.’:‘%' R e SEEL og Loss 2 :-,;: L §3 i Pil15ICAL CONDITION
ORILLINIG CONPITIONS JHOLEf ¥ | FROM w 38 it
PRI G TS IR TUX 'Y FUXWRE [T TR 3
o AEY e . BB N et i+ e —
3; Sl::t:: {;v::xt gtié‘ 326! - 336! Quartzose Sandstone. Sucros
3 ;..S' in pipe; blew (Bit_ textured fine to very fine, well sorted
hole tooz !a,ample 7 sand. No HCL reaction. Seams of shale
’ .
hloride 3,350 mg/l with much mica. Grayish-white color.
"
s:(;:ate s.ggg " 0 336' - 346! Quartzose Sandstone. Sucros
Total Fe 0.06 " § textured fine towery fine, well sorted
onductanch.l.o 100 - sand. Thickly interbedded shale. No HCL
! '. reaction. Argillaceous cement; plorly
10. River water f indurated. Grayish-white codor.
6/28/75. Hard rain| 20-i .
346" - 356' Shale, with same sucorse sand
:‘;;;:8 previous 1 and silt. No HCL reaction. Foprly
hloride 1,150 mg/l R indurated. Grayish-white color.
ac1 1,898 " Graphic Log:
Sulfate 300 ® ] Explanation of Graphic Log
Total Fe 0.08 " 30 INDURATED ROCK
_{Conductance 4,000 g g Sondst
V. N ondstone
11, At 296! hole - |
flowed est. Q%30 3 i E Shaie
al/min, Sampled h i
hile flowing. 40~ i g Sandy Shale
hloride 11,800 mg/} 4
aCl 19,470 " 4 CONSTITUENT PARTICLES
Sulfate 1,650 " 7 -
Total Fe 0.80 " N . E Cloy
onductance 34,000 50-: w Pebblas, Gravel ,
] A . . Cobbles or Boulders
-J12. " At 296' after . " i - obbles or Bou
flowing more than ] sond
ne hour. B
hloride 11,800 mg/) 4 !
aCl 19,470 v ] { ; E st
ulfate 1,450 " | 607 ' \ MISCELLANEOUS SYMBOLS
Total Fe 0.24 " - i
Conductance 37,000 K | : Mica
E |
13. At 296' after {.+1.j. i : ; )
flowing all night. | i
Chloride 12,950 mg/l 7o- i i
aCl 21,368 ; | !
ulfate 2,150 * ] | { ! .
Total Fe 0.42 " : | | i
Conductance 36,000 ' i H
1 ! i i
1 ' i 1 H
14. At 296! after RO~ i H i i !
circulating to clear | ! ' : '
hole. : ; i s i
hloride 2,350 mg/l ; ! i i i
aCl 3,878 f : i ; § ) ‘
Sulfate 500 ™ ' i ; i b
Total Fe 0.08 " 50+ ! i | i i
Conductanca 8,600 l i { i ! ;
' : ! i | P i
15. At 316! flowing i} : i i ‘ ‘ i
32 gal/min. { i i ! E i
Chloride 16,450 mg/l, }' : i ! { ;
AR DUUSVUUSIN RV SIS SRPURL SOPSN et e iovieras et et b sms e s e smei emrsmm e i e ae s Swae]
l:_ x 3§
CORE
1.0SS i
" 'n of I'",}; G e e 0 i cilis B " . g
.C“RE iad relo .. . - . . LR s PRI " “ee . H
RECOVERY 23:121 e ::‘:,:° e : v !
: Outside din. of cesing ¢ : H
Inside dic. of enaing (X.zcrins e e e } 4.;

FEATURE & v s e e e oot e et e e PEOIRCT o e e e SIATY . oL ... LamErs 3 e 3 g



3137 (9-F9)
Murron 1! Reclemation

CR N%4 a0

GEOLOGIC 1.0G OF DRILL HOLE

SHEET, |

4

oF..5. ...

FEATURE
HOLE NO. ..+ - .

........

BEGUN. ..

DEPTH A
VEL A

LOCATION
° COORDS.
FINISHED. . .

~
2
D
9
m
S
-]
<
.

vesieaae-. STATE. ..

GROUND ELEY, . ccevcenecaenen PP (ANGLE FIOY HORIZ.) . « «
TOTAL

VEPTH.....

PRI

BEARNIG,

LOG REVIEWED BY,

HOTES ON WATER
LOSSES AND LEVELS,
CASING, CEMENT!NG.
CAVING, AND OTHER
ORILLING CONDIT!ONS

CORE
RECOVERY

2

FPERCOLATION TESTS

DEPTH
{FRET)

LOSS
FROM
(P, Cs
or Cm

70 He.pand

PPRESSLRE

-
k]
-~

DEPTH
(FEET)

SRAPHIC

LoG

NG

S3PLES FOR
TEST

CLASSIFICATION AND
FHYSICAL conoiTion

aCl 27,142 ¢
Eulfate 2,000 :¥
Total Fe 0.48 "
Conductance 45,000

16. At 336' circu-
lated 30 minutes, to
ample.
hloride 18,500 mg/l
aC1 30, 525 "
ulfate 1,950 "
otal Fe 0.80 "
onductance 52,000

7. At 356% after
lowing 15 minutes.
hloride 16,100 mg/l
aCl 26,565 "
ulfate 1,900 "
Total Fe 0.27 "
Conductance 51,000
18. At 356' after
flowing 30 minutes.
Chloride 15,950 mg/l
NaCl' 26,318 v
pul fate ° 500
fotal Fe 0.10
Conductance 50,000

19. At 356' after
¥lowing all night.!
Chloride 17,500
NaCl 28,875
bulfate missing
Total Fe 0.48
Conductance 49,000

20. Sample of
rinking water.
hloride 245 mg/l
aCl - 404
ultate 60 "
otal Fet 0,03
onductance 500-600

10
ater 50% and water
rom well 50%.
hloride 8,850 mg/l
aCl 14,602 "
ulfate 900
Total Fe 0.10 "
Conductance 26,000

P2, River water
p/30/75.

Chloride 2,900 mg/l
NaCl 4,785

Mix of drinkin%

30

4
are.

‘g .

it

SQ--

60+

70-

2

[core

Loss

a of hnle
'(cr sealed .

CORE
RECOVERY
Qutside dia. »f
fnside dio. oi

- -

c

Aporox, size of hole (X~
Approx. sue al eare (X- <) x = .
g (Mogeriag). £ = 113 ‘14",
viesd,

-

10-

0y)-

\'l"

LEe -

FEATURE

SHEET . 4

P LT

« OF 5

NOLE O

P e




7-1337 (9-69)
Bureau of Reclamation

GFO ARG -4AQT

GEOLOGIC LOG OF DRILL HOLE

SHEET. .5.... OF...5....

woLe No. PH=L... ..

M.,

LOCATION. et terertncrnsrcosscosnannne
COORDS.
BEGUN...cvoevo+0s FINISHED. ... ..cc0... DEPTH OF OVERBURDEN .. ...

DEE?N AND ELEV. OF WATER
VEL AND DATE MEASURED . < .. v voevecccsnnacnsonenns

FEATURE « v v v o vvveencnccnnceenconsscsaconsassssPROJECT. citenreriiesnnnonsannsicrocnsoanasasnss STATE civeennn
GROUND ELEY. . .veccevnnocsccs UIPANGLE FROMUORIZ.Y . o « ccvvencactnann

TOTAL
veeasese DEPTH...covee.. BEARING - 00 ccvvn o

..

LOGGED BY +« e e s nvvvaseesacneres LOGREVIEWED BY. o oovrnnnvnenacocaans

DRI AP

Approx. size of core (X-series) . (Ex =
Qutside dic. of casing (X.scriex). Ey o=
Inatde dia. of cusing (X-scrics). . Ex = 1.1.2",

7/8",
1.13/16", Ax = 2-1/74",

Ax = 1.29°32%,

By = 2.7/8"", Nv =3.1:2*
Br = 23/8° New 3"

b PERCOLATION TESTS e | &6 -
LSS IATER, T 28 e EEIE AL
. D g w 1 v | Xo 18 CLASSIFICATY
oo FEET) ] e | ax 01 AND
CASING, cEMENTING, | sizE| GF ¢ ws | 8|1 39 |34 PHYSICAL CONDITION
ORILLING CONDITIONS [HOLE| & [ erow [ " ] g |98 s |z
@ |0 T Toema | w sy i X
[suifate 500 mg/1| ]
Total Fe 0.03 1 1
{Conductance 11,000 5 R
23, At 356! after b o
flowing 24 hours. 10~ 104
Chloride 16,250 mg/EF ] 1.
Iu.cx 26,812 © 1 ;
Sulfate 1,750 v ~ -
Total Fe 0.29 * ] 3 .
[Conductance 49,000 ] '
' 20—_ 204
24, River water ] 3
1727 A TR b - .
Chloride 3,000 mg/1 T -
[:am- 4,950 " ] ]
ulfate 500 N b
[Total Fe i 0.10 " 30 30-
Conductance 11,900 3 i
ote: Codductance | ' 1 .
in micromhos :/cm ] ]
@ 25° C ] 1
40} - 40
1 ]
4 ]
] . . ]
50 50-]
] :
] s
60" 60+
| Z
704 70
]
] 3
20:1 - 90'7
701 o0
o ' t
EXPLAMNATION
3‘: > Typeofhole.............. D = Diumand, H = Haystcllite, 5 = Shot, € = Choern
B cBre Holesealed . .......0.0c..0 = l’uek‘m‘.“Cm - Le_m‘mﬂed_.'Cs " “9"9“‘375‘?“?!"“ 30
RECOVERY Agprox. size of hole (X.reries) . . Ex = 1172 2: £ ‘:{//'g": g: : g:S‘/U": ": ‘: 308

FEATURE . ...cvvvvennn

.

. FROJECT . ...

< STATE.....

ce.. SHEST . 3., OF ..5 . HOLE NO. .



.

GEQLOGIC LOG OF DRILL HOLE

oo 0 e tamutton Bens pzen seev. Y. Lor 6L
FEATURE . .Conadian River. Below Ute Dam .. ... prosecy.Canadian River Salinity, Study ... ... ...stare New Mexico . . .. ..
M « 34E - 7BCD1 , . .

HoLE Ho. . DleZ. . .. ::g:;:m;l?gsé 2’;' Ton T iGaS 341 35FROMND ELEV. . 361.505;!;:.)4..8..1 DIP (ANGLE FROMNIARZ ). 90 ool
nscuu‘?. 7/01/75. . FinisnEep. .7/06/75. .. DEPTI OF NYERBUROEN . 33,7 ... ... DEPTH. 55660 .. BEARING. ...c.ovvernn.vns eeeeia
D. Smith 2 .
°EE$'='L‘R‘3§% ¥t%e2?l}negn.3 .GPM .7+6+15 Artesian.... LOGGED 8Y..d..K. Morrison ...... L.OG REVIEWED AY. . S,.. E,. Kluender::«---- -
= PERCOLATION TESTS el 1. -3 ’
I.onsgg 3\33 :235& TIﬁo’ #g DEPTH ¥ [z E«zaﬁ E;ﬁ 1] 9-?
X : _ e | &8 ] o8 w | To |05 CLASSIFICATION AND
ORILLING CONDITIONS  [HOLE| o | FROW{ ’ £ |3 o |3+ )
' ’ ) | "mEn 6.0 m | P50 fouiny b

{DEiil Rig: 757 - N 01 - 33.7¢
Failing 1500! g:: Quarternary Alluvium
g":-:—i%:s, of 6" ] 0! - 33.7t Sand, fine to medium. Some
upon cmnpletion'of ] gravel and cobbles. Fair HCL reaction.

10 » Contains a few mica flakes., Many part-
g:ﬁ:«ii?s;e:‘z;?sof (799, ?ﬂa"cw icles limonite stained. Mottled reddish

4" casing, cemented| | || p-3Tfr’ scocmvs color. /
to ground level and - B3, 7- 208 Y J2/AS; 33.71 - S6V
welded 1 _ TV - :

‘:‘If g:; ::st;et- o] OBY DS LR Triassic Santa Rosa Sandstome
k. ]
coe ] 33.7' - 46! Sandy Shdle, some fine to

Drill Fluid Loss: /VOTé-' very fine and mediym sands. Many parti-
O - 466' 0% 7 - CONTHCHS 42 cles limonite stained. Poorly indurateds
466" - 554! artesiag | ' Yellowish-gray’ color.
no loss ’ OF |GALAAA £

M 30 ; 461 - 56' Sandstone, fine to very fine.
Sampling: Y Fair HCL reaction, calcareous and

[Sampled cuttings at ) - argillaceous cement. Seams of shale
approx. 10! inter- |4-3/4! interbedded; poorly indurated. Yellowish
vals from drilling |Dra gray colox,
fluid return ditch. (B ! :

che 124 ' ; 561 - 5361

Water samples ‘taken CS | Permian Bernal Formation
at irregular inter- ]

! jvals f::n casing. ] 56! - 66' Shale, fine to very fine sand
River water samples b layers interbedded. Foor HCL reaction.
lalso taken. 50.] Contains some limonite and chalcopyrite

- ! . poorly indurated. Grayish-yellow color.
later Samples: ] ;
River water i 166! - 105! Shale, some fine to very fing
.. ! sand. Seams of chalcopyrite encountered
hloride 6,100 mg/l ] H Contains small limonite particles and a

NaCl 10,065 * 60 ! i few mica flakes. Limonite staining evi-
ulfate 540 v i " dent. Fair RCL reaction. Fair to poor
otal Fe 0.06 1 ; induration. Whitish-gray color.
Conductance 11,400 . I .

B ! 106! - 1.6' Shale, some fine to very fi

‘12, River water ] ! i sands. Seams of clay interbedded. Clay
713175 70- ! H non~indurated. Fair HCL reaction, fair
hloride 4,550 mg/l 4 i induration, limonite staining evident.
aCl 7,508 4 | Contains some chalocopyrite. Whitish-grgy
ulfate 610 ] ! color. .- -
otal Fe 0.08 " ] : =
onductance 13,900 4 ‘ 126! - 136! Sandy Shale, a lot of fine tp

) a0 i very fine sand. Fair HCL reaction. Cong
. River water : tains some chalocopyrite and lots of
14/75. ; ! H mica flakes. Whitish-gray color.
hloride 5,050 mg/1}| - H .
aCl 8,332 " - i 136! - 156! Sandy Shale, some fine to
ulfate 710 v i very fine sand. Fair HCL reaction. Conf
otal Fe 0.12 " P ! tains some mica and chalcopyrite, also a
nductance 15,200 E i little smoky quartz. Light grahish-white
. ' color.
. River water 1 ]
15175, ] 156" - 176' Shale, seams of fine to very
hloride 5,700 mg/l |y - i fine sand interbedded. Fair HCL reactiop.
(8 9,045 : i | Fairly well indurated. Grayish-white color
Expranazion
leore
LOSS
Typaofhole .. ... 0. ..o 0 = Divnand, W = Haystellite, $ = Shot, € = Chuen N
co nvr: seu':d it e ‘e .’ . ’L:‘Prxp?ﬂ':ll?;" ‘(‘.-u 7. g s rsﬂ'nm 1.-13 f’;.f"“:::’q 5
RECOVERY | APPros Tt o o (rariasy (Ev  d £ 81087 BrwliO0 2
Outside dia. of zosing ( rice). Ex = .93 1A%, S = 21747, By - 2.7447, “ 3
Intide dio. of cosimg (Xorevins): (Ex v 1| A L3R e w38 M e

. epoaecrSalinity Study . s

i3 ko, DH=2



grayish-red color.

Trurtme OF Pectamation arn aneae GEOLOGIC LOG OF DRILL HOLE Sweev ..o
’ i
FEATURE .o vv v vvnnacnnscnns e PROICET. ... .. N R R RO R« TAIE e e e !
LOCATION. cee aaads e P, i

ceee VM ¥ e S MR LANGIP EPCMHORIG S e .
HOLE M. . : bi-2 COORDS. Rorrans [ ..... SmounoELT A _ H
aao\m Viaeeene. s FIMSHED. .. ... Leeo. . MEFTHOF OVERBURDFN ... ... . BEATIEG, v cmree e alemesaeeenaan ;

LEV. OF W, ’ rpn

D EvE MR bATR un?&‘v'm?o ....................... ves UNRGER WY, .. LOG PETHIER BV, L . . 2
. o PEGCOL ATION TESTS X i '
Lo’;‘;gg stgg :?32& r; '4’ s DEPIR T T e 5‘5:3 i
AHD f -3 < At [3AX] R
CASING, CEMENTING, | size| S8 reem 3 jea | a. AL G tron f
CAVING, ARD OTHER oF§ W leee Los$ w | i .
DRILme CONLITIONS fiaLE] & | engu | H NS . :
en § e (C.PMI| RS [N !
— e e e eemmem + < ereme 1 e s e e e wnwn §
Sulfate 790 mg/1 }4-3 /% 176' - 196 Shale, a little fine to ve ryi
Total Fe 0.06 " Dra, fine sand and some clay. Fair HCL i
|Conductance 17,600 |Bit - reaction; fair induration. White to ‘
i
i

5, From 516!, arteq
sian encountered at
466', 3gpm. ]
Chloride 4,800 mg/l
NaCa © 7,920 * -
Sulfate 1,015 " T
Total Fe 0.24 "
Conductance 16,300

6. From 534!, flow- . ot
ing from casing. -

Chloride 4,950 mg/1 ik
8,168 "

otal Fe 1.08 "

650 v N
otal Fe 0.10 * 1

Conductance 17,600 [0~
ote: Conductance ] k
n micromhos /cm 2 : )
25° C. 156.0 =
. ! =
0 H - #0-==
1
’o_
4
.
a0
[ i
'
L]
B 1
by il
EXELANAZION
“Jcore
LOSSs’
J 4 Typeathele ... ... = thet, € Chuin
CORE Hale zzcled . i Vo E ackes —ﬂ' u;m of m-\i{-m 3
Appeox, size of hole «.Ex = i v s 2.279", «3 .
RECOVERY Approx. size of car LExo= 2SN ' 9 A e 16787, Ny o 2L ’3"
Qutside din, of caning (X SEx = !-!.‘,'?b', An =207 Px —~ 27 ﬁ e o J-nl»'l
Inside dia. of £asing l‘ seerel. L'x =11 ';."" he = 3.28/327, Druw Pl ‘1" Hx = 1
FEATURE . . ittt it ne e e ceniaassssnonsoonns L PRCIECT

196! - 211! Sandy Shale, sand mostly very
fine to fine, increasing clay fraction |
near bentonite consistency. Grades to
ferruginous shale. Fair HCL reaction; !
fair induration. Reddish-gray color.

2111 - 216! Ferruginmous Shale, a little
fine to very fine sand. Argillaceous
content increasing as evidenced by
thickening of drill mud. Contains some
chalcopyrite and mica. Fair induration.
Light reddish-brown color.

296' - 326' Ferruginous Shale, some fine
to very fine sand, high argillaceous con.

tent., Fair HCL reaction; fairly good ‘
dnduration. A few mica-rich seams are ‘¢
interbedded. Light reddish-brown color.

326! - 356! Perruginous Shale, some very
fine sand to silt, fairly high argillaces-
ous content. Fair HCL reaction; fair

i{nduration. Contains a few chalcopyrite
crystals. Brownish-red color. !

356! - 396! Ferruginous Shale, a few med-:
ium to coarse sand grains, fairly high

argillaceous content. Seams of non-indu-
rated clay interbedded, bentonitic con- !
sistency. Poor induration; slight HCL l
reaction. Brownish-red color. {

396! - 436' Ferry, 1nous Shale, a little !
medium to coarse sand. Contains a few ;
chalcopyrite crystals. Fairly well indu.
rated. Slight HCL reactionmn. Brownish-re'
color. .

436' - 456' Ferruginous Shale, some ﬂnex
to very fine sand interbedded. Contains,
some mica and chalcopyrite. Argillaceous
content high, Slight HCL reaction; fair!
induration, Brownish-red color.

SRR
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FEATURE & o v e e evvosvoannannseosnesoaneeanseeas s PROJECT. couuvrnninaaraenns e eaieeaeaeie. STATE......
OH- LOCATIOM. .« e venneta e v o LRV, ... et DB ANGLE TROY BOIIZ ) =
HOLE MO, DHE2. o s Mo Be e TOTAL - §
BEGUN . ..oviennnn lesueo........4....ospmorovsammorn eeeiieeieges DEPTH.....0ov. DEARING. . ... ..
T A R bR Ye WeAdURED. ... e LOBGED BY. e nnueeronnnnnnseass LOGREVIEWER Y. .0t vvnnunennnnnans
2 PERCOLATION TESTS <. = | FF b3
o L - =
NOTES ON WATER a L - RZw u Ju {RY
LOSSES AND LEVELS, "AND %5 PAAT S T = wy Fo o CLASSIFICATION AHD
gasm% iﬁlasg;.l. z?z' SE’ZFE oG s & "z": W §3 i FHYSICAL CONDITION
DRILLING CONDITIONS fHoLE] ™ I . - * 3 5 |3
! LN R {e.p w0 | (2500 Joano =
g'af 456! -~ 516' Ferruginous Sandy Shale.
B:.‘ Some very fine sand to silt size parti-
t’_‘ cles. argillaceous content high. Good
. HCL reaction; fairly good induration.
b Contains chalcopyrite ctyst:als. Brownis|
- 10-] red color.
] 5167 - 536! Ferruginous Siltstone,’fairly
i sandy, fine to very fine sand. Argill-
. acous content lessening. Fair HCL
i reaction. Contains some chalcopyrite
20 and mica flakes. Reddish-browm color.
] EXPLANATION OF GRAPHIC LOG:
101
4 -
y .
k INDURATED ROCK
40 -
.] . - -
] g ‘Sandy shale -
1 =
50 | Sandstone and shale
k |
3 CONSTITUENT PARTICLES
4
: (] cter
1604 .
| { Pebbles, gravel, cobbles, or
] i . boulders
- i G Sand
] ; ,
1 EI siit
70 -
]
4 MISCELLANEOUS SYMBOLS
: i
3 ; @ Pyrite
- t
] i |
o0 ; ! [v] riea
K i
.= | ' B o
- '
|
Jw« . i |
; | !
i ; 296.0
t 1
1
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RECOVERY Approv. site of hols (7 B ow 22308 He w37
Apgroz. size of core (X Tr = §-5/0°7, M. 20407
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GEOLOGIC LOG OF DRILLMSE CWFET.. 5. OF. 6 ...

HoLE No. DH=2. . ... COORDS.

DEPTH AND ELEV. OF WATER

BEGUMN........... FINISHED. . .

FEATURE . ccovvevcvencsnrcannonons
LOCATION. . ocvvenvveenne

L R

PRI I

B 1 ¥, 3 7 -2 o 1S ) ] R R ..

e e UMD RLEY. o ueeeeen. aes DIPCANGLE TTCN TGN Y e e e aa s
Foveee cnnnn TOTAL :

et e DEPTH O OVERBYRDEN . oov . vvve. oo DEPTH. .. ...0.0 "‘.ARI:JT».....::..............‘....

NOTES ON WATER TYPE|
LOSSES AND LEVELS, AND
CASING, CEMENTING, SIZE
CAVING, AND OTIER OF
ORILLING CONDITIONS [HOLE

43/4
Drag
Bit.

1n-]

OIS BRI ER)

00~

4

LTI o

70

CORE
LOSS

OUI‘sldv dlq of ca

ro of IlmLs ..............

CORE sealed ... L L.
Appmx. size of hole (X-serles) .

RECOVERY Approx. cite of ore (v s«-nes)

FRATURE . ... v eeieiiie i ineenn

LEVEL AND DATE MEASURED . + v 0evveevce aoceesoes.o. LOGGRDBY. . .0v.un... e LOGREVIEWEQBY. .o vevvnnnenncnnnooons
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1
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1
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GEOLOGIC LOG OF HOLE NO .0H-3

SHEET..}.... 0F ..§...

COORDS.

PROJECT, LAKE, VEREDITH SALIN

1Y .8 "'P!ATUREGQ“E. AREA, . LOOAN AREA, ., . ... .iiiiennee. ... STATE , NEWNEXICO, .,
N 1983902, ..., . E.. 779028 . ... ......ic000re0seceses.. GROUND ELEV.......3781:0, ANOLE FROM HORIZ....90. Dowad

0.0, 0O, ...

BEGUN . .8/17/83, . . FINISHED. .8/)%/83, ... DEPTH TO BEDROCK .11.9,,,..,TOTAL DEPTH..,.....%89 B BEARING .. .vvvenrenrvenaraenassncannes
| QEPTH TO MATER, 8¢.8.FT. $/9/83 ... .LOGGED BY... SHIRLEY SHADIX ....0........ REV

IEWED BY. . JOE JACKSON

P e s caleeasseaseeseasroases

SET (4.0 FT, OF & INCH SURFACE CASING 8/17/83. SET 18.0
N CASING YO 18.5 FT. ON ©8/18/83. SET AODITIONAL 343.8
FT. N CASING TO 362.0 FT, ON 8/31/83. 8711 THROUGH
9/13/@3: OROUTED HOLE FROM T.D. 1O 4i8.5 FT. PLACED
1 FY, SAND FROM 417.5-418.5 FT. SET 49.5 FT. OF t-1/2
INCH DIAMETER PVC SCREEN AND 371.0 FT SCHEDULE 80 I~
172 INCH DIAMETER BLANK PVC TO 417.8 FT. PLACED
SAND PACK IN HOLE FROM 417.5 TO 361.5 FT. PLACED 3.0 FT.
*t  BENTONITE 358.5-381.5 FT. AND NEAT CEMENT GROUT FROM
361.% FT. 7O OROUND LEVEL. PLACED 3 FT. OF 2 INCH STEEL
PROTECTIVE CASING HITH 2-FT, STICKUP.

g | INTERVALS
O g . g 52
k- eal 8 ot CLASSIFICATION AND
NOTES =5 | 2| =5 & PHYSICAL CONOITION
3 o [s| ZE |g¢
¢ 8|8 g%
DRILLED USING SoH - 1 37904 0.0-11.0 FT.: QUATERNARY ALLUVIUN.
%gﬂ’m'mlm I o 0.0-0.8 FT.1  TOPSOIL.
DRILL OPERATOR - : 0.6-1.8 FT.1 ORAVELLY SAND,
FAGH BRANTLEY - NUMEROUS CALICHE FRAGMENTS AND PEBBLES.
Hexico. - ¢ wmemeaTinoit 1.6-4.0 FT.: SANDY ORAVEL WITH COBBLES.
yse0 3-7/8 INCH ROCK /TPY CLBLOG 7ERIRETATIONT. |, ] 70,0 %.0-11.0 FT.1  SILTY SAND.
USEQ NG OIAHOND '8! T ‘-7 A EASTOCENE TERCRACE - 1 : 11.0-51%.0 FT.1 TRIASSIC DOCKUM GROLP.
O B (1118 TRIASS/AC CHINLE <A1 - 3767.0 G UTeT RicAcEa0s. MeDTOM GRAINED. BROWN
ORILLED 350.0-370.2 - . : ¢ : :
sie SIS S e e, rcomrc | IR et SRS oy

8 FT, - . 4 Intengeos or
Ga"ROcR Deriuou A : ’gfc :f .aél;:’/{'fdfﬂf: 20 - I wnmgmn?(':‘igz'“cgg 1A Shrostone
ON DRILL ACTION pos-$69.5 Fu 74 = (16.2-18.7 FT.} MO (17.7-17.9 FT.).  STRON
AND CUTTING. - REACTION WITH HCL,

WATER LOSS OURING - 18.3-30.5 FT.: SANDSTONE.
oAl ! MNOTE. CONTHCTS ALTUSTEL [ 7 866, LToiIcy Yo &ﬁﬂl%tso ONE
INTERVAL (FT.) PERCENT - 3784.2 HAMMER BLOW CRUSHES SMALL PIECE. LONGEST
48.0- 50.0° 50 BECHNSE OFF GAHAM/TA £O0G [ ] CORE STICK 1.7 FT. 'STAONG REACTIoN WITH WL .
jeeio-160.0 ':go E 0 ] AN TO BROWN. EXCEPT YELLOW FROM 29.0-30.5 FT.
£73.5-308.0 w0 e 3730.5 26.8-28.85 FT.1 CLAYSTONE.
(BEFORE_CASING TO - 4 oRAT.
;gg 3-370 e w0 '_ 1 27-3‘8;&'6 FT.1 CLAYSTONE.
430.0~450.0 80 - s0.
o b 5-47.0 FT.:
DRILLED HITH CLEAR - ST RICACEOUS- "SLIGHTLY FISSILE To BLocky.
HATER EXCEPT IN o 9 STi REAC‘!W WITH HCL DOMINANTLY RED
INTERVALS AS FOLLOWS: - 40 - WITH GREENISH GRAY LAYERS AT 41.7-42.6 FT.
E<Z MO DEPTHIFT.) e 43.0-45.0. FT. WITH S

2 OAL. 61.0 - - YELL MOTILING AND BANDING. CONSIDER-

Souw:  3isie - ABLY LESS SAND IN GRAY COLORED INTERVALS.

8 OAL. __ 370.0 - 47.0-53.8 FT.1  SANDSTONE
80 LBS REVERT 370.2 FT. L FINE 7O MEDIUM ORAINED. MICACEOUS. CROSSSED-

SOAL.,  529.4 - 3734.0 DED. MODERATE TO STRONO REACTION WITH HCL.

8 oAL.  oea.2 [ ] RO FANGANESS STAINING. FEN THIN BEDS BLOW
HOLE BEGAN CAVING - 50 50.6 T CORTAII ROUNGED TO OB ONO FRAGHENTS
AT 338.0 FT. IN . OF 'BROWN ANO GRAY CLAYSTONE (=1 INCHI. TAN
OREEN SHALE FRON E ] Y0 BRON.
297.0-350.0 FT, - R 3727.4 53.6-65.4 FT.:

AT 419.3 FT,, MOLE - - CLAYEY, SLIOHTLY FiSSILE TO BLOCKY, MODERATE-
CAVED BACK_TO APPROX. C . LY WELL-CONSOL IDATED. SLIGHT REACTION WITH
366.0 FT. EACH TIME - -HeL. CoRe STicks Lp 1o T.1'FT. IN LENOTH
RODS WERE PULLED. - BRI TO_REGOISH BROWN WITH THIN GREENISH
AFTER CASING SET' o ORAY LAYERS AND MOTILING.

DEVIATED FROM PRE- s : 85.4 SANDSTONE .

VIOUSLY DRILLED - . sn.rv 310 G AYEY M CACEQUS. FINE 19 HEDIM

E 10~ - 9 ORAINED, THIN SANDY SILTSTONE LAYE!

R K [ ] On BEDO NG PLANES. 286270 &35?%‘%”‘2‘%&“
ROM SI0E OF HOLE - 3718.6 T 2TT 8 T SLIGHTLY CEMENTED. WEAK TO
RECOVERED L STRONG HITH HCL. ORAY 70 BROWN HITH
FROW 382.0 10 — CIHONITE STAINING AND SPoTS
N_ROCK - 70 - 83.2:84.0 F1.
CORED FROM 409.3 L - CCATEY, | 'FISSILE, HELL CONSOLIDATED.
0 569.5 FT. o CORE STICK 0.8 FT. LONG. ORAY.
— 86.9-80.1 FT.1 SANDSIONE.
- HEDIUM GRAINED, - THIN' TO MEDIUY
- O0ED.  NEAR VERTICAL FRACTURES
. T. BUT STRONGLY FRACTURED
- 8782080 1o T GEIOHTLY CEMENTED.
- - h YELLOW.
‘ - o 4 92.3-118.% FT,1 SHALE. S
- CLAYEY. FISSILE. THIN LAYERS (0.7 FT.
- 3697.8 ICK) "OF GREENISH GRAY SHALE AT-92.3 FT.,
- 9.0 FT. AND 118.0 FT. AND 118.0 FT.
- THIN LAYERS OF FINE-ORAINED, WELL CEMENTED
- 3695.0 TONE AT 93.4 FT. AND 97.% FT
- TROND REACTION 10 WL BECONING MODERATE
] BELON 116.0 FT. 'RED. BROWN.
- s0 3690.9 184-148.7 FT1_ SMOSTONE
T SILTY. " MicCicEQUS.  CARBONIZED HOOO LAYERS
- 2688.% AND LAMINATIONS OF MICA AND CARBONACEOUS
L - MATERIAL WITH ASSOCIATED PYRITE AND CHALCO-
. PYRITE ON BEDDING PLANES. FINE GRAINED,
- o HODERATELY 10 SLIGHTLY CEMENTED. SLIGHT 10
. NO REACTION WITH HCL. NEAR VERTICAL FRAC-
L TURES AT 120.5-125.0 FT,, 132.5-133.0 FT.
. L - AND 145.0-148.0 FT. 45 DEOREE FRACTURES
COMENTS: EXPLANATIONS:

FEATURE. . DEEP.CORE HOLE . . . ... ................... AREA,.. LQOAN AREA . .. . ..., .......... SHEET..}.. . 0F .6, . HOLE NO. . PHIE. . ... ...,



GEOLOGIC LOG OF HOLE NO .DH-3.......

SHEET. . R. ... OF . .§,.. '

PROJECT, LAKE WEREDITH SALINITY STWOEATURE. [OREP,
COORDS.

BEGUN , . §/L%/

| DEPTH TO WATER. @4-9.F1.. /983 ... ...LOGGED BY

..,FINISHED..Q’.'!‘.'”....DEPTH TO BEDROCK .11-9......
SHIRLEY, SHADIX |

IRt i i i B8 e )

ceiiocaa...... . REVIEWED
CLASSIFICATION |

NoTES

§

PERCENT CORE

E

SAMPLES FOR

DEPTH SCALE
(FEET)
TESTING

i

ELEVATIONS
(FEETY

AREA, LOOAN AREA ... ........ceeenn... . STATE, NEM HEXICO .
GROUND ELEV,......378!:0, ANGLE FROM HORIZ....9Q.0,, 00N . .

TOTAL DEPTH........ 8808, , BEARING ...icivetnrennrennsnsoncrnnnss

CLASSIFICATION AND
PHYSICAL CONDITION

"o

130

140

[TEPTIPE N IE WS NS I SN S ISl A A S

3631.3
u 3620.8

S NN NN NN

3613.9
3612.8

170

3605.4

i a st a e st aaaa b de s bl

1lll|ll|1|llll|||xu.ltlu|llll|ll|||llll[llll|ltvv||u-||l|l||lll|||lll|l||||r'l||-lll||l||||lll|llnl

148,7-151.1 ff.l
sLocKy.

181,1-298.0 FT.1
Ml

296.0-297.0 FT.3
CL.
297.0-341.0 FT.:
CLAYEY.
3%1,0-350.0 F1.:
CLAY!

350.0-'!98.7 FT.3
CLAYE

402.2-404.4 FT.:
SANDY.

434.C-435.3 FT.:
SANDY.

450.5-450.9 FT.1
SANDY.

472.9-475.0 FT.1
SANDY.

496.7-514.0 FT.3

S$14.,0-569.9 FT.3
$14,0-518.0 FT.
HELL

AT 147,7 FT. AND 148.2 FT, FRAOMENTS OF GRAY

TIC
ANO WARI’ZITIC GRAVEL (~1/2 INCH) AT 119.7 FT.
AND 132.5 FT. ORAY.

CI.AYS TONE .
SH ORAY.

SANDSTONE
CACEOUS . NE_TO COARSE-ORAINED.
CONGLOMERATIC LAYERS WITH SUBANGULAR
SUBROUNDED F INE ORA AND ANGULAR
HENTS NITH ASSOCIATI

CHALCOPYRITE AND
RITE (158 &, 171.0, 176.0, 219.0, a34.1
aoa.n FT.) GRADING ~CEMENTED

eLut

NTED _CONGLOMERAT IC_SANDS
w‘.} FT. AND 248.9-258.7 FT., ORAY TO LIGHT

167.1-168.2 FT.: SHALE.
CLAYEY. GRAY,

175.6-176.9
CLAYEY.

200.6-200.8 FT.:
CLAYEY. GRAY.

203.3-203.5
CLAYEY.

FT.: SHALE.
ORAY.

SHALE.

SHALE.

SHALE.

FT.:
ORA

205.9-206.1 FT.:
CLAYEY. GRAY
223, 8-2$‘0 .9 FT,

3 SHALE.
AYEY. BLM:K LAMINATIONNS ON BED-
OING PLANES. GORAY.

SHALE,
OREENISH-0RAY.

HUOSTONE .
SANDY. BLOCKY. AIR SLAKES RAPID-
STRONG REAC"N HITH HCL. PURPLISH RED.

SHALE,
GREENISH-GRAY .

AYEY,

LY.
€Y.

SANDSTONE .

Y. MICACEQUS. CARBINACEOUS MATERIAL AND
£ FRAGMENTS (-1 INCH) OCCUR IN CONGLO-

MERATIC LAYERS, FINE GRAINED SUBROUNDED TO
SUBANGULAR GRAINS. MICA MO CLAY COATED BEO-

DINO PLANES DIP 10 DEGREE! CROSSBEDOE|

8 FT. PIN POINT VWS W49,3-450.3 FT.
0 FT. AND 'Ols.&ﬂ'

o of

TION
UP 10 2.0 FT. GRAYISH WHITE TO BLUISH

GRAY.

CLAYSTONE .
GREENISH TO BLUISH

CLAYSTONE .
GREENISH GRAY.

CLAYSTONE
GREENISH GRAY.

CLAYSTONE .
GREENISH GRAY.

(NOTE1} EACH CLAYSTONE BED IS OVERLAIN BY
CWBLOSERANC SANDSTONE WHICH BECOMES FINER

SHALE,
CLAYEY. FRAGMENTS OF GREENISH LIMESTONE AND
WHITE DOLOMITE. INTERBEDS OF HARD HWELL CE~

MENTED LIGHT TONE. HARD. WELL
CONSOL SLIGHT REACTION WITH HCL.

1DATED, REOD.
PERMIAN ARTESIA OROUP,

WSG.IDATED. WERATE REACTION HITH
MON REOD.

.

COMHMENTS:

SET 14.0 FT. OF 4 mcu SURFACE CASING 8/17/83.
NW CASING YO 18.5 FT. ON 8/18/83.
FT. N{ CASINO TO 362.0 FT., ON 8/31/63,
9/13/831  OROUTED HOLE FROM T.D.
1 FT. SANO FROM 417,5-418.5 FT.
INCH DIAMETER PVC SCREEN AND 371,0 FT SCHEDULE 80 (-
172 INCH DIAMETER BLANK PVC TO 417.5 FT, PLACED

SAND PACK IN HOLE FROM %17.5 T0 361.5 FT. PLACED 3.0
BENTONITE 358.5-361.5 FT. AND NEAT CEMENT GROUT FROM
361.5 FT, TO OROUND LEVEL.
PROJECTIVE -CASING HITH 2-FT. STICKUP.

9711 THROUGH
70 418.5 FT, PLACED

SET 18.0
SET ADDITIONAL 3u3.

SEY 49.5 FT. OF 1-1/2

FT.

PLACED S FT. OF 2 INCH STEEL

EXPLANATIONS:

FEATURE, . DEEP QQRE HOLE . .. ... iieinnnannnns

AREA . .. .LQGAN AREA

A e e B R R R R R I IR I

SHEET, .2, ..0F. .6, HOLE NO. . PHZ3 .. ...,



GEOLOGIC LOG OF HOLE NO  DH-3

e e e SHEET.. 3.... OF . .§,

PROJECT, LAKE MEREDITH SALINITY STUDKATURE, OEEP, CORE MOLE. .. ......... AREA. LOOAN AREA .. .. .. .iiviieienai... STATE, NEW MEXICO ..
COORDS. N..!?QW?.........E...’?W‘?Q............................. GROUND ELEV,......3781:9, ANGLE FROM HORIZ....99.0,, OuN ..
BEOW..".'.".P?... FINISHED, ,2/1%/83,,,, DEPTH TO BEDROCK .11.9,...,.TOTAL DEPTH........369:5,. BEARINO ceseisentrsesesacscestetesenas
DEPTH_TO WATER, 8.9.FT.. . 9/9/83.., .. LOGOED BY,. SHIRLEY SHADIX .. ... ..........REVIEWED BY, JOE JAGKSON . . ... . .. e,
o o CLASSIT ICATION |
] _mmz—.
§ 1 g |8
- B o 8 = CLASSIFICATION ANO
notes g EE gg .;g g PHYSICAL CONDITION
£ 38| &
& g |8 2° |3
- 3580.4 818,0-535.5 F1.: SILTSIONE,
- Saroy.  OREENISH REDUCTION sPOTS. 3-INcH -
F 3577.7 LAYER AT 535.0 F1. CONSIST INo OF 'veRY THIN
- KNDCSHALE . HARD. | STRONG REAETION oI
- 3575.1 SALMON-RED. : " e
B 533,5-5u1.1 FT.1 sANOSTONE
- GREENISH REOUCTI IoN SPOTS: | FINE-GRAINED.
- 210 HOSTLY ROUNOED GRA MARD. STRONO REAC-
e TION NITH L. SALMOR-RED.
- 1 S41.1-544.4 FT, SHALE.
F saor. | FEN FRAGHENTS LIMESTONE (-3/4*).
- CONSOLIDATED. GREENISH TO SALMUN-RED.
N 1 Sy, 4-569.1 FT.! SILIS
- SANDY . SH_REDUCT ION_SPOTS, INTERCAL~
- ALATED WITH Cionr 9E0 SULE AN GREEN-
- 220 - NISH ORAY SHALE.  FEW CACITE-FILLED FRAC-
e TRES . HOGERATE & REACTION WITH HCL, | TARD.
- MELL CONSOLIDATED. ONE HAMMER BLOW FRAG-
- MENTS SMALL PIECE. LIGHT-RED.
- 3557.2
- 3556.1
230
C
E ]
= 240 -
200
"~ h R
- [~ 280 -
= -
- 200 -
- 3485.0
- 34g4.0
- - - ) -
COMMENTS: ~ . EXPLANATIONS:
SET 14,0 FT. OF 4 INCH SURFACE CASING 8/17/83. SET 18.0
NW{ CASING TO 18.8 FT. ON 8/18/83. SET ADDITIONAL 343.5
FT. N CASING TO 362.0 FT. ON 8/31/83. ©/11 THROUOH
9/13/83: OROUTED HOLE FROM T.D. TO 4i8.5 FT. PLACED
1 FT. SAND FROW 417.5-418.5 FT. SET 48.5 FT. OF 1-1/2
INCH DIAMETER PVC SCREEN AND 371.0 FT SCHEDULE 80 1=
1/2_INCH DIAMETER BLANK PVC TO 4i7.5 FT. PLACED
SAND PACK IN HOLE FROH 417.5 T0 361.5 FT. FLACED 3.0 FT.
BENTONITE 358.8-361.8 FT. AND NEAT CEMENT GROUT FROM
351.5 FT. TO GROUND LEVEL. PLACED 5 FT. OF 2 INGH STEEL
PROTECTIVE CASING HITH 2-FT. STICKUP.

FEATURE. , OEEP,GORE HOLE . .. . .................. AREA.. . LQGAN AREA . . ' . . . . . . . ........ SHEET..3...OF..B...MOLE NO..DH:3...........



GEOLOGIC LOG OF HOLE NO .DH-3......

SHEET, . %....0f . .§...

PROJECT, LAKE, M

DITH SALINITY STMPEATURE., OEEP, CORE HOLE, .. .. ....... AREA FOOAN AREA, . . ... . .ivetivinras.. STATE
COORDS. N..198%902, .. ......E.. 779028, . ... ......cccveeevenenes.. GROUND ELEV.......3781:Q. ANGLE FROM HORIZ

BEGUN , .8/17/83, ., FINISHED, .9/1%/83,, .. DEPTH TO BEDROCK .11.9......TOTAL DEPTH........!Q’.‘?..éEARING..............................

Nl MEXICO, L ...

s s

90.9,, , Doty

DRITIR & A0 PPN o e O PR

OEPTH TO mrgn..%? Fl,  9/9/83 ... . .LOGGED BY.,  SHIGLEY SHADIX , ., .. ..... ......REVIEWED BY. .MOE JACKSON . . ... ... ........
CLASSIFICATION | 2
w ._I.HLEBYA\.S_.
: 3 g |8 -
NoTES & = |ee| & |aE CLASSIFICATION AND
z | &5 juB PHYSICAL CONDITION
g2 §§ sul ¥ |E°
¥ [~ ]
= :w-
s m -
[~ 330 -
u 3440.0
[ ]
-~ 350 3431.0
N ]
R .
350 ]
-~ 390
L ]
- 4
n 4
COMMENTS ¢ EXPLANAT IONS
SET 4.0 FT, OF 4 INCH SURFACE CASING 8/17/83. SET 18.0
N{ CASING TO 18.5 FT. ON 8/18/83. SET ADDITIONAL 343.5
FT. N4 CASING TO 362.0 FT. ON 8/31/83. 9/11 THROUGH
©9/13/83: OROUTED HOLE FROM T.D. TO 418.5 FT. PLACED
1 FT. SAND FROM 417,5-418.5 FT. SET 48.5 FT, OF 1-1/2
INCH DIAMETER PVC SCREEN AND 371.0 FT SCHEDULE 80 1+
172 INCH DIAMETER BLANK PVC TO 417.5 FT. PLACED
SAND PACK IN HOLE FROM 417.5 T0 361.5 FT. PLACED 3.0 FT.
BENTONITE 358.5-361.5 FT, AND NEAT CEMENT OROUT FROM -
361.5 FT. TO GROUND LEVEL. PLACZD 5 FT, OF 2 INCH STEEL
PROTECTIVE CASING HITH 2-FT. STICKUP,
FEATURE. . DEEP QORE HOLE . ... .. .. veveeecenns AREA ... LQOAN AREA | .. ... .....00..... SHEET. Y., OF. 6., HOLE NO.. DS, . ........



GEOLOGIC LOG OF HOLE NO .DH-3....... SHEET..B.... OF . 8...

PROJECT, LAKE HEREDITH SALINITY STUOKATURE, OEEP, CORE HOLE, .., ...... AREA, LOOANAREA, | .. .. .. .. iiieuee... . STATE,  NEW MEXICO . . ..
COORDS. N. 1383892, . ... . E..770028 . ... .....ccovvvevevuseess. GROUND ELEV......,37P1:Q, ANGLE FROM HORIZ..,.90.0,,, DOWN

o,
"ess et et 00

BEGUN , . 8417/83, ., FINISHED, 219783, ... DEPTH TO BEDROCK .1L-0,.....TOTAL DEPTH....... 3895, BEARING .. .ouuureiseiinnennerennnennns
OEPTH _TO WATER, 8%.9.F1.  9$/9/83......LCGOED BY,. SHIRLEY SHADIX . ............. REVIEWED BY.. JOE JACKSON ... . ... .\ iieeeeenee.

;

SAMPLES FOR

CLASSIFICATION AND
PHYSICAL CONDOITION

TESTING

(FEET)

DEPTH
(FEE

GRAPHIC
DEPTHS

; i
NOTES gg . -

ELEVATIONS

] 3378.8

h 3376.6
410 -
420 ~
%30

3347.0

3345,7

“o

480

b——x 3330.5

460

PSP ST I ITIT ST S IN ST AT ST SN ST AT U T SL AU AT AT N BT ST S AW S S |

LR B I A 0 I N B B L I B B L L L LN O S ML LN LN I LB LA NLELRL L AR BLELN BN BB UL

470
3308.1
3306.0
480
490 -
] 3284.3
COMMENTS: EXPLANATIONS:

SET 14.0 FT. OF % INCH SURFACE CASING 8/17/83. SET 18.0
N{ CASING TO 18.5 FT, ON 8/18/83, SET AODITIONAL 343.5
FT. NW{ CASING TO 362.0 FT. ON 8/31/83. 9/11 THROUGH
9/13/83: OROUTED HOLE FROM 7.0. TO 4%18.5 FT. PLACED

1 FT. SAND FROM %17.5-418.5 FT, SET 48.5 FT. OF I-1/2
INCH DIAMETER PVC SCREEN AND 371.0 FT_ SCHEDULE 80 i~
172 INCH DIAMETER BLANK PVC TO 417.5 FT. PLACED

SAND PACK IN HOLE FROM %17.5 TO 361.5 FT. PLACED 3.0 FT.
BENTONITE 358.5-361.5 FT. AND NEAT CEMENT CROUT FROM
361.5 FT. TO GROUND LEVEL. PLACED S FT. OF 2 INCH STEEL
PROTECTIVE CASINO HITH 2-FT, STICKUP.

FEATURE ., . OFEP CORE HOLE . .. ..... eeeeas veeesee.. AREA,, . LQGAN AREA . . ..., Ceee aaes veo.. SHEET, .%...0OF. 6., HOLE NO. . PH:3...........




GEOLOGIC LOG OF HOLE NO .DH-3 SHEET..B.... OF ..6...

PROJECT, LAKE MCREDITH SALINITY STUPEATURE, DEEP. CORE HOLE, ... ....... AREA, FOOAN AREA . . . ... ............STATE. NEWMEXICO, .. ...
COORDS. N..1983892....,....€,.779988 .., ........cc0oovevneeens... GROUND ELEV.......3781:Q. ANGLE FROM HORIZ....90.0,  DOWN . .
BEOW..”.'.".’”... FINISHED. .9/14/83,  ,, DEPTH TO BEDROCK .11.9,.....TOTAL DEPTH........%89:8, . BEARING ....iivviiuninnnnnnnnnnnnnnnnss
DEPTH TO WATER . &4.8.FT...9/9/63 . ... .LOGGED BY... SHIRLEY SHAQIX............... REVIEWED BY, . JOE JACKSON .. .......................
CA
g ) Y | INTERVALS | M '
ot 3~ | o _g_ “g CLASSIFICATION AND
NoTES -] =& | 5= |85 PHYSICAL CONDITION
g “ |8 @- |a
.
- 510 4
S S R
3263.0
. 530 -
C ] 3245.5
. o ]
N ] 3239.98
- 3236.6
 5s0.]
L] '
- 3211.9
[~ 570
- E
L ]
-]
- b
~ 580 ~]
- 590
- e -
COMMENTS s EXPLANAT IONS s
SET 14,0 FT, OF 4 INCH SURFACE CASINO 8/17/83. SET 18.0
N4 CASING 70 18,5 FT. ON 8/10/83. SET ADDITIONAL 3.8
FT. N4 CASING TO 362.0 FT. ON 8/31/83. 0/11 THROUGH
9/13/83: GROUTED HOLE FROH T.D. TO 4i8.5 FT. PLACED -
1 FT. SAND FROM 417.8-418.5 FT. SET 49.5 FT. OF I-1/2
INCH DIAHETER PVC SCREEN AND 371.0 FT  SCHEDULE 80 1-
172 INCH DIAMETER BLANK PVC T0 417.5 FT. PLACED
SAND PACK IN HOLE FROM %417.5 TO 361.5 FT. PLACED 3.0 FT.
BENTONITE 358.5-361.5 FT, AND NEAT CEMENT GROUT FROM
361.5 FT. TO OROUND LEVEL. PLACED 5 FT. OF 2 INCH STEEL
PROTECTIVE CASING KITH 2-FT. STICKW,

FEATURE, . OFEP CORE HOLE . ... .. ............... AREA,.. LQOAN AREA _ .. .. ., Ceeen. weeevse. SHEET..B...0F, 6., HOLE NO..PH:3...........



L Datmaien GEOLOGIC LOG OF DRILL HOLE  pov-1 SHEET...L... OR..2....

FEATURE. Capadian River. .. ... ................pRoJECT.LaKe Meredith Salinity Study _ grave New Mexico .

HoLE uo..Per...'égc‘oa‘;;?";"a“w‘"“'nm"E"'"‘:“" GROUND ELEV. 31674.73%...... olp(mmmouuowz., 90:9% . iiiiiians
TOTAL

BEGUN . 9.33.-77...nmsusn...w-u-’l? DEPTH OF OVERBURDEN ... 2845 ..... osnn.&lﬁo veee BEARING. .oveeertieehuiunainanans

O T E AR b A e XUk To. . . . Artesdon.............. LOGGED BY. .Shixley .Shedix...... LOG REVIEVED BY.. Jr. Lo, JACKSOR. .. ... ..

] o PERCOLATION TESTS £.F | E& &
e, e o8 o =528 | B |y, |2
EASING, c:uswnuc: size| S8 Feen "3 |eB |aFe | 8% | &8 |¥E PHYSICAL CONDITION
CAVING, AND OTHER OF [ LOSS ] . §-‘ .
ORILLING CONDITIONS HOLE| & [ FROM| o H R $ |3
w | €& P | P00 |y S
- -
Stapp-Hamilton Inc.| ] 0.0' = '26.5't QUATERNARY ALLUVIUM.
‘Austin, Texas J ]
1 11.0] 0.0' - 11.0': Sand.
Solicitation No. %‘- 15.0] Approximately 80% medi.mym to coarse
17-07-50-80970 J h sand, approximately fine gravel,
) ] Y 77F FEOLPC/C M 7ERPLETA 770N ”j hard, subrounded to subangular rock
I‘).::::o 1250 Drilling ] 0-26.-5'/5‘101,0@’4-‘ AAeorAonr :g,% and mineral fragments, buff. SP
. 7 . DL, 5-F5/ TRASSAC 72YTL0 A1 3200 11.0' - 15.0': Clayey Gravel.
Drill Fluid ] S/ AR TRIASSAC 7SOV A A#1. ] Approximately 70% fine, hard, sub-
|Adaitives and Dril1| 497 201 rounded to subangular rock and mineral
Water Return. 1 . L fragments, maximum sige l.2", epproxi-
: ] Vo7 CONTACKS AXTUSTED ] mately 30% medium plasticity fines of
RFe) - (%) J BEGAVS £ | CfrrrA KOG J medium dry strength, medium toughness,
L ] 7 no dilatancy, weak to moderate reaction
0.0-' 6.0 0.0 E J with HCl, reddi.-h—gruy. GC
(600.0 ‘1bs. revert)| S 58,0 ’

i 3 90.0| 1 63.5] 15.0" - 26.5's Sand. )
1‘0._0-120..0 . 100.0|" ] ST [ Approximately 75% medium to coarse,
120.0-240.0°  -70.0| ] 68.01 " gome clay, approximately 25% fine,
140,0-142,0 -*  35.0| 1 73.0] hard, subrounded to subangular rock
142.0 - 0.0 ; ) and mineral fragments, reddish-gray. SP
(600.0: 1bs: .revert)| 821 ;gé. ’
142,0-210,0..- 100.0{ ° ] o5’ =-318,0¢: - TRIASSICCSANTAARGSAA
210.0+220.0 ° 80.0 ‘oo 86.073 SANDSTONE. (TRUJILLO AND TECOVAS
220.,0-230,0 ° 30.0 2 90.(\‘ FORMATIONS OF TEXAS)
230,0-240.0  60.0 1 1 )

(400.0 .1bs. revert) 1001 : 26.5' - 90.0': Sandstone.
240.0-258.0  50.0| 1o 5o Medium to coarse-grained, silty,
(700.0°1bs. ‘salt mufi) . 1 micaceous, moderately indurated, cal-
258,0 0.0 4 careous cement, layers and stingers of
(800 0:1bs. salt mufl) _ interbedded shale, buff to grayish-tan.
(zoo.o ‘lbs. revert ] ] ’
and 50.0 lbs. salt) : 28.7' - 32.0', 58.0' - 63.5', 68.0' -
258.0-266.0  0.0| 2] 0] 73.0', and 86.0 - 90.0': Shale
(1,500.0 1bs. k 1 Argillaceous, sandy, small amount of
bentonite) . ] gravel, sticky when wet, calcareous,
266.0-318.0 0.0 ] ] red-brown and gray layers.
Artesian flow below] , ] 78.4' ~ 78.7': Soft Coal.
294.0' between - |13 7o : :
periods of drill:lngL h b 90.0' -~ 251.0': Sandstone.
operations. j | Medium to very coarse-grained, silty,

: ~ 2 poorly sorted, calcareous, moderately
Sampled cuttings at ] N indura%ed, conglomeritic from 203.5' -
approximately 10.0' - 1 208.0' and from 220.0' - 230.0',
intervals from dril ngg 861 blue-graye. ’ '
fluid return ditch ] ]
from 0.0' - 261.0'. ] ] 251.0' - 271.0': Shale.
Logged 'using J J Argillaceous, sticky when wet, some
binocular micro~ © ] calcareous cement, with interbedded
scope. 180] 1 sandstone, blue-graye.

90 s '
Geophysical logging k b 256.0' ~ 258.0' and 263.0' - 264.0':
on 10-7-77. . ; Sandstone. '
3 ] Medium to coarse-grained, silty,

Coxe samples b ] some calcareous cement, well
2 taimd igmo' 200] m.oj indurated, very hard, blue-gray.

EXPLANATION

Used 6" rock bit to 261.0'; NX cure and standard split-tube penetration resistance to 318.0'; set 25' of 6"
Eg?ss | surface casing, with top 1.5' below ground surface; pulled surface casing 10-13-77, installed 79.0' PVC
'1.25" well screen attached at bottom of 234.0' of 2" steel casing to 1.0' above surface, gravel packed to

. Tyro of llnlc cesessesssees .g = glec:ond,cu - goysul.l:uts - glm, c -’Clw'm top of screen, sand packed 1.0* over gravel
RN - - t = Bottom of casin
REC%OV%EY ‘Plu:.”sl.u of hole X-lnlc'; «eExm f-‘l/'z"' " Ax o.m‘.:;/s" ¢ Bx = 2.3/8", -, Nx = 3" and neat cement grout to surface. Water-
! Approx. size of core {X-series) . . Ex = x = 1-178"" Bx - 1.5/8", Nx -2-1/8" tight steel cover placed over atick—up of
Outside dia. of casin, )!X-uvln) Ex = 1-13/16" Ax =2.1/4" x = 2.7/8", - 3'1/2 steel casing
Inside dia. of culng? .serles). . Ex  1.1/2%,  Ax = \-29/32" Bx - 2.3/ ", Nx -3’ °

PEATUREGanedian River . .. .......prosectleke Meredith . svtaveNev.Mexice, sHEeT. A .oF..2.HoLE NO. . PO¥-L........
8 GPO 778-404



TS msien GEOLOGIC LOG OF DRILL HOLE rou-1 SMEET... 2. OF. 2.

FEATURE . Canadian RAVEX. .......coeuvueesososs. PROJECT. Loke Moredith.Salinity .Study.......... STATE . Nex Mexica ........

HOLE No. . POM=2, ,, LOCATION. - Peler. Ute. Dea. W ITIITIITN GROUND ELEV. (316744730, .. DIP (ANGLE FROMHORIZ). .. Q8% ........
e NeeierereeeneerBooninaenes TOTAL

BEGUN . . 9~23~77. . FINISHED. . . 2072377, DEPTH OF OVERBURDEN . 26¢5!....... DEPTH...3384Q%, BEARING. c¢ceeiivaoeecrennaccnnnens

R AR R Y WSS, . . Artesian.............. LOGGED sy.Shirley.Shadix....... LOG REVIEWED BY. . X« L. Jackson .......

| Z PERCOLATION TESTS <. F E;: &
gemaE, [oed of ey F e | 5 | R |5 |5 -
LOSIES AND LEVEL Awo} &3 AL | = 8| aFt | 8e | Eo |uE CLASSIFICATION AND
AVhe Shoorner 16| o8 wss | 8 |2 ¥ =38 |28 PHYSICAL CONDITION
DRILLING CONDITIONS [HOLE] © ;IISM T0 o & p=11 o i’-
Ao | Céy (G.paia | (P30 [ouin E
200 200, U]
- e
] ] 271.0' - 318.0': Sandstone.
7 ] Fine-grained, well sorted, very
1 4 lightly indurated to well indurated,
'2%; b very slightly cemented to highly
. o .cemented, mica, thin intermittent shale
] - seams with pyrite erystals and limonite
] ] staining, blue-gray.
40 ] = ]
ks 2]
1 251.0]
] 256.0
6o .4 o
3 [BEEE
1= 271.0]
12 ]
P81 |10 40
il o ;
1 I2; ]
. 3% -
4 |60 507
]}]20 ]
‘: {0 -1
] |20 ]
340] ]
7o -
360]] ]
86+ 80
380] ]
90 se-]
400 ] 400.0 ]
EXPLANATION
CORE
LOSS

Typeof holeecevveeseess.s D mDiamond, H = Haystellite, S = Shot, C = Churn

CORE n.l'. sealed s eiessP = Pc:kn., Cm = Cemented, Cs = Bottom of casing

RECOVERY Approx. size of hole (X-ser .Ex =1.1/2",  Ax = 1.7/8"", Bx=2.3/8", Nx=3" -
Approx. size of core (X-series) . . Ex = 7/8', Ax = 1-1/8",  Bx w 1.5/8", Nx - 2-1/ 3

Outside dia. of casin; ;X-udos)- Ex = 1-13/16", Ax = 2-1/4", Bx=2.7/8", Nx = 3-!/2 .

Inside dia. of eulng? .series). . Ex = 1.1/2%, ' Ax = 1.29/32", Bx =2.3/8", Nx =3’

FEATURE . fanadian. River.................... PROJECT Lake Meredith . stave Nem Mexico. sHEET..2.OF.2..HOLE No.. PQH=L.......
¥ GPO 778-404



Bereta S outamason GEOLOGIC LOG OF DRILL HOLE ov-2_ sueer. . L... or..L...

ruwnz.....cnwmﬁwr....................pao:zct..uko Meredith, Sainity.Study......... sun.:{maum.........

-2 LOCATION. ., Below Ute Dam . ... . ... v 3§7§ 68 DIP (ANGLE FROM
HOLBNO....-.....COORD B o i Erraeneneas GROUNDELE.. ? L4 R R RRRE ( HORIZ.) ¢ o o + 240, ........,
IEGUN.....Z.?.?--. FlNlSHED-‘---?s-....DEPTNOFOVERBURDEN ...29!9.---.-. DEPTI‘I 3‘#8'0.... BEARING: e ¢ cocqgscevcscassscovnscsss
PEEVEARR D‘Il55¥k%' NIREy. . Artesian.......uvveee... LOGGED BY. . Fhirley.Shadix...... LOG REVIEVED BY. . Jo L Jackacn.......
x PERCOLATION TESTS <. £ | EF &

g, |y of F e | B | |

e, Ceuenro, | ave| 88.]- ee) g |88 |dFe |-o% |23 ae FHYSICAL CONDITION

CAVING, AND O oF | “w Loss | & | & s law

DRILLING CONDITIONS OLE « Flgﬂ & <o o i"

\ @ [CE] T [ermrfwsio [om S
Stapp-Hamilton Inc.| . ) 0.0' - 20.0': QUATERNARY ALLUVIUM.
Austin, Texas 2 w e : 20.0 -] ’
: ] T 0.0' - $0.0': Silty Sand.
Solicitation No. - /P74 oz GIC A 7ERARE TH 770V 1 Approximately 80% fine to coarse,
e I b D e B 2 A i B | B ety b gy
Damco 1250 Drilling ] E2-Z32 TRAASS/Q TRAY7LLY ~HT- r plasticity fines, low toughness, low
rig ‘initially drill} BB2-ZHE’ TRYASS/E 72Cpr S| £ 3 dry strength, quick dilatency, strong
ed to total depthj ] b to moderate reaction with HCl, buff. SM
Failing Drilling - NOTHE 4 .
rig reansd-to total -801 i | 20- 20.0' - 348.0': SANTA ROSA SANDSTONE.
depthe ] CONVTAYS APTNTEL ] (TRUJILLO AND TECOVA§ FCRMATIONS OF
] & S o Gt koe |94+0 ] TEXAS) .

] SuQ‘hd -cuttings at J _' . .
wprvxiutoly 10t - 7 - ] 20.0' = 91.0': Sandstone... ”
inurvall Lrom - 1204 J Medium to coarse-grained,.gilty, poorly
¢rill fluid return | 5o .36 sorted, calcareous cement, with layers
ditch frow 0,0' - | < 1 of shale at 38.0‘ = 30.0' and 78.0' -

|300.0'. 1logged . - T o 91,0', and small amount of coal within
using Uinooulqr - 3 J 80.0* ‘= 90.0' interval, tan. -
uicrosgope. . - ] '

L e r 4 91.0' - 230,0':  Sandstone.
Geopliysical logging 1%_' 0] Medium to coarse-grained, silty, poorly
on 13-16-77. Co ] b sorted, calcareous cement, with gray

) " r shale layer 145.0' = 153.0' and very
Core samples P 2 thin gray shale layers interbedded in
obtdnod"-{m 1 9 200.0' = 220.0' interval, -blm-gray.
300.0'2\- ~3I¢8.0' " 4 ]

2031 0 230.0° - 261.0': -Shale. .~

Hole eonpletion © ] b Sandy, blocky, sticky when wet,
included gravel J 4 cuttings are Lean to Fat Clay, medium
pack around6.0" ] R to high plasticity, medium toughness,

Jcasing’ grom bottom ] B s b with thin interbedded gray sandstone,
of hole to unknown - - 32.0 gray.
depth (242.0"» 240 1 wl . : )
according to .as- 9 ] 261 O' - 333.0': Sandstone. .
bu:llﬁ diagram in - 4 Fine-grained, well-sorted, sliightly
file).  Added 88 - 261.0] cemented to highly cemented, with gray
cubic feet grout h ] shale layer 288.0'~ 291.0!', light grays
to G.L. in three 80 ] 4 ) - '
stages, -last two  |230.] 7] 33320' - 348.0': Shale.
sacks 3-1-78. ] b Sticky when wet, gray.

Special watertight E 1 .
cap placed .on.6" ] 2
steel casing. 1155 ! ’ --
’ 3203 | 18 | ]
80~ 6
1|5 ]
] 333.0;
. 95 -
110 348.0.
360 ] \ i B
|400 b 400,0°
EXPLANATION
Used 4-1/2%rock bit 0.0' - 300.0'; NX core barrel with diamond bit from 300.0' - 348.0'. Set 2.0' of 12"
CORE |gurface casing 10-31-77. Set surface casing to 24.0' with 1.0' above G.L. on 11—2-77. Grouted 12% casing
555 in2holpion 29-78.L~Placéd .beldw. G. L.¥260,06%: ;btf;G“:.casing withv6.0!%.abové QiL. and"with 80.QYZof 2" PVC
of ;l,,;. eeseaeneaene ,2 - 3‘“1‘“‘" He gqymll:'n,cs - g)m, [+ -'cmlm screen attached to bottom. Driller. dig not
CORE u. s eeessasacsesssP =Pac Qr' - :m-_MO , Cs = Bottom of sas RSP measure casing or hole before placing 6"
RECOVERY [ 4Prox. 21ze of bole (X ceries) . - Ex = 7/ "Vj :: -;.323 o E: -igﬁ o N '%:}53" casing ‘and subsequent measurements show
. ’, A o’ - 2.7/8" -

e o et sertas. - Ex = T et 1.29’32" Bx = 2.3/8"", N: =32 bottom of 6" casing 272.7' below G.L.

FEATURE. . Canadian River . ppojpcy Lake Meredith  grave New Mexico suger.l..or.l.HoLEno..®=2.........

¥ GPO 778-404



FL S emasn __GEOLOGIC LOG OF DRILL HOLE o= sueer. L. oon b

ru‘rune.c‘n“i....‘.‘.“.'..4........50.1....ﬁ..ﬁ.......rao:zcr........‘:‘.‘!“h Salinity Study ... ... stave..NewMexico
: ow Ute
HoLe no. . 7. ... ::g:;;m".e GROUND ELEV. 31672-81", ..., olr(moumuomz.)..??.?.'..........
ucuu.....5 78.. Fnusiteo. . . . 128778 - DEPTH OF OVERBURDEN LA8a. ... nzna.)ﬁ'«’.-..... BEARING: « « e eeeennnenenconnnnnnnen
OEEVE fﬁo‘ Y We XS o"‘“"*“‘ Loccenav..sunhy.smdu...... LOG REVIEWED BY. . . o. Le. Jack»n.......
. : % PERCOLATION TESTS <. F 2|
= o
NOTES ON unn TYPe| wi & >Zh t v |2
LOSSES AND LEVELS, | AND| &> DEPT! €, |E5 | uRw | wR |Zo |nf ,
g ] FEE , e | ok a cussmcanou AND
catime, ﬁgﬂﬁgg&gﬁo size) 53 | ¢ ws | B |E|FT 38 ue PHYSICAL CONDITION
DRILLING CONDITIONS T«ol.z « # gu T g | S §t-
(%) ¢ (G.P.M | (P51 iy
|stapp-Hamiliton. Inc. ] 1 0.0'~ 48.,1's QUATERNARY ALLUVIUM.
Austin, Texas. J . ,
{ Lo . h : 0.0' - 48.1's Silty Sand. .
Isolicitation No. 40 ] . 3 Approximately 80% fine to coarse,
7'07'50'30970 10 - EALDC/C MW TEOPREFALT7ON 101 angul,r to subrounded sand, approxi-
] P T — | 48,11 mately 20% none to low plasticity
AFdl*na 1500 Drills 1 D-A8.Y ‘HOLPCENE AXLUH/VAT | ] fines, low toughness, quick“dilatancy,
inwiaige. E 18/ 19 TRYASSAC TP TrLL0 Frfy 001 | ::;:etsr:vol. strong reactton vith HCl,
E N - . ] 0 tan. -
!.d ‘7.7/8‘11 tricone ] S9-3P6 ASSAC VA A4 | 92.0] )
'rock Jbit to 362-0' 8&_’ B2-zz 2 /Zuad Ab‘m‘ 20 &8.1' - 352.@t, TRIASSIC.SANTA ROSA
% 49.6' Jof 6v ] B SANDSTENE. ' (TRUJILLO AND: TECOVAS, FORMA-
urzece gasing ] WNord: ] TION OF TEXAS)
’“33"78‘ Set-270.01 = 2 colyracrs ibrvsteo 3
2 steel- "casingstiti 4 ) A . ] 48.1' - 60.0's Smdstone. :
with{80.0' oL 2" . 120 ] BELAUSEE OA | GA TA1A £O0c , - .Fine to coarse-grained, .autungular to
-wn belowito . [T3. 80 " subrounded grains, -trong reaction.’
3500 Aravel; pack ] o] ‘with- Hc1. tan,
[o.,7 cuucky.rd.) . ] . e
frow'battomiof -hole| J- J 60.0' - 72.0'% Gravelly Shale,
to: 3‘°°°'f’4°?rfh" . : ] Sticky when ‘wet,: medium’to .coarse sand
epent. grout: - ' - - 1601 J and gravel up to 5/8" mux:l.mn -1ze.
emplacedtto within ] 62 0_‘ gray.
/‘"“‘of.'-‘eo;u : N N h .O b :

Lertight steel ] 7004 | 72.0" = 162.0't Sandstone, - .
cap_plaged. on ] N Medium“to. doarse-graimd, ‘sidty,
l“‘,}ﬂlﬂm» ] 1 . .|| poorlyisorted, mica, calcarequs cemant,

12007 Lol. —1 | contains apatite, thin' gray-'shale” !
} ﬁysiecl"'lowino 8- 56-] layers :lntorboddod, bluo-gr.y. .
on’ 1-20@7 o v ¢ 1. 1
; 1 B12.0 162.0' - 170.0': -Shale.

ampled: cuttings at q ,: Sticky when wet, argillaceous. cuttings

approximately . 10' ] ] are Lean to Fat Clay with medium to
intervals from 240 ] 1. high plasticity and ‘high teughneu,
drill tluid"retum “—' “_. 1 b}_ug-gr.y.
ditch from 0s0' ~ T E . ) - .
362.0'.  Logged j 170.0' - 191.0': Sandstone. = -
using bingsular _ J Fine~-grained, well-gsorted, light gray.
microscope. N ] a o

A . c h E 191.0' - 212,0': Shale.

rilled with:olear 2%%— 96~ Sticky when wet, argillaceous, cuttings
lwater. ] ] are Lean to Fat Clay, medium to high

. 1 : plasticity, medium toughnus. blue-

. 302.0 graye
R i - .

320 i . 212.0' - 302.0': Sandstone. . .
86~ i v Fine-grained, well-sorted, rounded to
] 326.0 ] subrounded grains, mica, some 1.0 to

b ] 3.0' interbedded shale layers 258.0',
" m 269.0', and 286.0', light gray.
6o P00 31— 302.0' - 326.0': Shale.
50~ F62 i Sandy, argillaceous, sticky when wet,
© ] 1 gray. !
-: ] 326.0' - 350.0': Sandstone.
] 1 Fine-grained, silty, bed-brown.
£00 7 ] 350.0' ~ 362.0': No Sample.
EXPLANATION '

CORE .

LOSS

g ¥ ‘Typsofhole..vscesesessns D = Diamond, H = Haystellite, S = Shot, C = Churn

CORE ~Hole secled o . cco. vessP = Pcckor_,'Cm C-momod',. Cs - Bottom of euin -

=OVER fA”nx. size of hole (X-series) . « Ex = 1.1/2", Ax =1.7/8", Bxw2.3/8, Nxw3" . .

- %[ "Avprox. size of core (K.sories) . . Ex = 7/8" x 1178 Bx=18/87 Ne - 218
Outside dia. of casin ){X—utln) Ex = 1-13/16" Ax =2.1/4" x & 2-7/8", Nx =3.1/2"
. lnlldn dle, of enlng? series). . Ex = 1.1/2"",  Ax = 1-29/32“ Bx - 2-3/8" Nx w 3"

“jenRiver . . . ................proJecT Lake Meredith cr,reNew Mexico sueer.l.or.l..moLeno..3.........
¥ GPO 778-404
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GEOLOGIC LOG OF DRILL HOLE ov-4

SHEET. . L....0oF..L....

ruwazﬁmudilm.k#wr..............,.........no:sc‘r..uke Moredith.Salinity StudX......... STATE New Mexico..........
HoLe uo. Wb ... :g“;?“;‘:pﬂ” Ve, sz GROUND ELEY. .3.6’25&1...... nw(mcz.xmouuomz.)...w'ﬂ.........
BEGUN., , }. 38-7&. . FINISHED. . . 1533778, . 0EPTH OF OVERBURDEN . . HeQ1 ...\ SEPTH. .383.Q"... BEARING. + - e vt qqessstasuennaneens
°EET VEL ‘”ﬁ f‘l‘!‘i&!&‘ Ee0. ... Artesien.............. LOGGEDBY... .§hirley.Shadix.... LOG REVIEVED BY... Ja, .t... Jgaluon ceenen
. : R PERCOLATION TESTS e EE |, -1 ‘
LOSIES AND LEVELS, -|'ANo| &= | perH T e | sk | &% |8, |52 ‘
. = = Ve
CASING, ceuen-rmcf size| 89 ?“T’ Z |é&8 @t | et &g uh AL CONDITION
CAVING, AND OTHER oF | " w Loss | | e = |aw
DRILLING CONOITIONS fHoL o« FIO“ 10 - & <40 o 5’- ) . .
o | &y (6P | (P50 | MING X -
Stapp-Hamilton Inc.| 11.0] 0.0' - 11.0's mm‘mmr’fmvmu"
Austin, Texas J ] .
: 1 E 0.0' = 11.0'3 Saml. S
Solicitation No. J ] Predom}nmtly fineito medium, maximum
7-07-5Q—80970 1] ] ‘size, 1/8", round to’ submpqlnr, hard.\
101¢ 1 994G E0406 /C\INTERPEETA TV ”E 1 rapid reaction with’ H:l, trage of fines
Fdl’;:;;:soo 9:-111- i - \wocokene| 4ccbwrohr i{. 'bu:‘tt color. SP Dol
e, 3 y/-204° TRIJSS/C 75€(/«E/449 ~#1.| 62.0] 11.0% - 382.0's 'mnss:c SANTAROSA SANT)
-7-7(8".-‘&10090 . POt ~J2° 7R/4SSHC VA4S A7 25.0° STQNE. (TRUJILLO AND ucwa; FORMATIONS
rodj it 0.0-15.0"% boged. - 70 OF TEXAS)
Seti}5.0: 0t 6-5/8"[ 1 1 : ‘
u:gpo ming, o J 11.0' - 62,0': Sandstone.
\dtl\ 1e0% : - 100. 04 Fine to medium-grained, subangular to
G L FrUned .l.-d/a"' 5 9 subrounded grains, moderatély indurated
trioom{mekvbit -,'- - 9 slightly to highly- cemented,’ ealcareous
15,08 405 eRe . Sati |429] sl cement,‘hard, tan.
393.0' {of! z'l“-taelJ T 1 .
cuing.s. 10495t 3 ‘ ] [ 62.0', - 75.0': 'Sundltono.'.
shove: S.L.ound -84.0 a 3 Fine to medium-grained,:subangular to
oigz‘l,llottpd‘ltod I - subrounded grains, siliy, clayey. -hard,
cutnqaattaebnd to 1601 ] blue-gx‘.y.
packed” tron bottom ] L 75.0 - 10_0.0': Shale. - .
of.holeto 287.0', | -~ 3 _Very sticky when wet, well cuttings
mand: 237.0'-285.0' b ] . _could ‘be described as Lean to Fat Clay
quvwg xggm ;,to', ] i “with“high-toughness, calcareous cement, |
Gq.. L urg o 4 with"fine to medium’gray" umdst?one
cn;ng\e:lnf-ho e. 298_‘ '53“ layers ‘interbedded,. mostly: -gRaYs “but
Untvorti,gh,t 1o ] 204301, ‘some rod-brovn.
cop: plg,ced*onslteel 4 ] L. _ .
ming. . + ] 100.0! - 204.0': !Sandstene. .

& b ] Fine' to coarse~grained, angular to
Gaophyliqal* logging 3 ] subangular grains, argillaceous, .rock
gn 13-.1}1-73- e 2’38: 60-] and mineral fragments, well indurated,

. . -7 approx:lnately 1.0" seam of soft coal
mlod(cutting- at] . 4 in upper 10.0' and thin bed of gray .
gpproximately 19 2 2 shale within interval 162.0' ‘- 172.0!,
intervals from " h b graye
drill fluid return 1 4 S .
ditch from 0.0'-  |2801 70 204.0'" = 290.0':" Shale.

382.0%. - Logged ] 290.0 h Thin lenses of gray shale, predouu.h’m
using bi.noculu' 1 900 nantly red-brown, stioky when wet,
wmicroscope. ] J Well cuttings are Lean to Fat Clay,
] ] high toughness and medium to high
Drilled with clear 1 4. plasticity. Thinly interbedded gray
water. 3231 86 sandstone. Fine to coarse-grained,
] ] some calcareous cement.
3 ] 290.0' - 355.0': Sandstone.
] ] Fine-grained, rounded to subrounded
'3' 5] 355:0 1. grains, well-gorted, mica, tan to gray.
] T 355.0' - 382.0': Shale. - -~
b ] Sandy, sticky when wet, blue-gray.
3 382.0
hoet ]
EXPLANATION
CORE.
!‘.055
. ro 0fholeseeoseceesssssD =Diamond, H = Haysteliite, S = Shot, C & Churn
‘B coRrRe Holesealed ¢ cccvcvvccacecPm Pukcr. - c.mtn'.d','Cl = Bottom o"caﬂ LI
ECOVERY |- -Approx. size of hole X-urlu; «.Ex= |-1/2 Ax = 1.7/8'°, Bx=2.3/8', Nx=3 "
pe Apmx. size cf core (X-serles) . . Ex = 7/8" =1.1/8", Bx = 1-5/8", Nx -2-1/8
M W side dia. of casin éx-uvln) Ex= |~13/'l"' Ax = 2~|/4" Bx = 2-7/0", Nx = 3-1/2" &
‘Inside dic. of culng? .serles). . Ex m 1.1/2%, * Ax = 1.29/32", Bx = 2.3/8", Nx = 3"’ i

!u‘ruu:-'.gggtdim RANGE.......eeveunees... PROJECT Lake Meredith.. STATE . New. Mexico SHEET L ..OF .}.. HOLE NO..

.koo-.-...

¥ GPO 77847
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PROJECT:  LAKE MEREDITH STATE MM MEXICO

COORDINATER: N 4582088 € 776706 GROUND ELEVATION 3689.0

TOTAL DEPTH:  348.4 ANOLE FROM HORIZONTAL: 90.0 AZIMUTH:
€ 9870.00) m‘mm 2.0 mun?ﬁm SHIRLEY J. SHADIX

NOTES

CLASSIFICATION AND
PHYSICAL CONDITION

e

All messurements sre from
ground surface and in feet
unless noted otherwise.

Legging was done by Shirley
Shadix from samole bags 0.0 to
208.2 feet and mud logging on
site from 208.2 to total depth
with exception of core runs.
Logs were adjusted by G.
Taucher and Gerald Wright
based on geophysical
interpretations.

PURPOSE OF HOLE:

For use as pump test hole to
determine aquifer
characteristics.

OAILL:
SIMCO 5000.

DRILLER:

Bureau of Reclamation crew
from Loveland, Colorsdo (Mike
Kocian)

ORILLING METHOO:

Drilled with 10.75-inch
rockbit to 208.2 ft. Orilled
with 8.75 inch rockbit
208.2-348.4 ft., except cored
with HWD4 face discharge
carbide bit from 208.2-213.2
ft. and from 225.0-230.0 ft.

DRILLING FLUIO:

EZ-Mud 0.0-348.4 ft. Mud pump
is Gardner-Oenver 5 X 8-inch
powered by Cat Diesel engine.

CASINS RECORD:

on 12-6-93. Set 163.0 ft
6 5/8-inch 0D steel casing
12-20-93.

CAVING RECORD:
(Amount of caved material
above bottom depth.)

Bottom of Amount
Hole of Cave
65.0° 1.0
125.0° 6.4°
338.4° 3.0
WATER LOSSER:

Geologist noted 100X water
loss ot 25.0 ft. 12/6/93.

HOLE COMPLETION:
(From Driller's Report)
Placed hole plug 346.4 to 342+

174.0 ft. Placed bentonite
balls as seal from 171.0 to
166.6 ft. Grouted 163.0 ft
of 6 5/8-inch 0D steel casing
in place by pumping into steel
casing. 6rout moved upward in
annulus from 166.6 feet to
joround surface. Orilled out
cement, bentonite and sand
from 163.0 to 298.5 ft. Placed
3 ft long 4-inch steel sump at

Set 19.5 ft. of 10 inch casing -

£111 IFin1

-
nnlllnTnnln 1
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0.0-2.0 ft: BACKFILL FOR DRILL PAD
2.0-308.0 ft: TRIASSIC DOCKUM GROUP

2.0-141.0 ft: TRIASSIC TRUJILLO FORMATION .
Sandstone, Shaley Sandstone, Sandy Shale and Shale.
Sendstones are fine to coarse grained, gray to tan with few
yellowish horizons: conglomeritic in places: contsins varying
amounts of clay or silt.
Shales are gray to tan with some red; varying amounts of sand.
2.0 - 15.0 Sandstone
15.0 -~ 18.5 Shale
18.5 - 33.5 Sandstone
33.5 - 45.0 Shale
45.0 - 66.0 Ssndstone
66.0 - 71.0 Shale
71.0 - 73.5 Sandstone
73.5 - 77.5 Shale
77.5 -~ 79.0 Sendstone
79.0 - 81.0 Shaley Sandstone
81.0 - 87.0 Sendstone
87.0 - 90.5 Shaley Sandstone
90.5 - 99.0 Sandstone
99.0 ~ 105.5 Shaley Sandstone
105.5 - 111.0 Sendstone
411.0 - 114.0 Shaley Sandstaone
114.0 - 141.0 Sendstone

141.0 -~ 306.0 ft: TRIASSIC TECOVAS FORMATION
Sand . Shaley S . Sandy Shele and Shale.
Sandstones are predominantly fine to very fine grained with

ft. Placed sand from 342+ to,

Trujillor occasional medium grained zones; scattered silty and clayey
C layers: white: occasional carbonaceous meterisls.
ss o Sholes are red to gray with varying amounts of fine sand.
5 141.0 - 150.0 Sandy Shale
- 150.0 - 152.0 Sandstone
o 152.0 ~ 160.5 Sandy Shale
7 5 160.5 - 165.5 Sandstone
3 L 165.5 -~ 175.0 Shale
s s 175.0 - 180.5 Sandstone
6230 ] - 160.5 - 185.0 Sandy Shale
s - 185.0 - 197.5 Sandstone
. - 197.5 ~ 200.0 Shale
74 38180 | - 200.0 - 222.5 Sandstone
T - 222.5 - 225.0 Sandy Shale
= o 225.0 - 266.0 Sandstone
~sh L 266.0 - 274.0 Sandy Shale
:;gﬁﬂ-ﬁ—‘ r 271.0 - 280.0 Sandstone
—_—— o 280.0 - 282.0 Shaley Sandstone
80shss - 282.0 - 292.0 Sandstone
] F 292.0 - 302.5 Sendy Shale
~iss - 302.5 - 306.0 Sandstone
- L
| am0z.0 | F 306.0 - 340.4 ft: PERMIAN BERNAL FORMATION
Jshss [
90— - 306.0 - 308.0 Dolomite. Hard, white
= o 308.0 - 348.4 Siltstone with Sandstone and Shale/Claystone.
—188 -~ Siltstones are red, sandy and contain claystone layers.
- C Shales/claystones vary from red, salmon, gray and greenish gray
shss o
COMMENTS:
88 = Sandstone
shss = Shaley Sandstone
sysh = Sandy Shale
sh = Shale
clst = Claystone
slst = Siltstone
dol = Dolomite

[ seer 1 oF 4 | oRILL HoLE Tw-2
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GEOLOGIC LOG OF DRILL HOLE NO. TW-2 SHEET 2 oF

PROJECT:  LAKE MEREDITH SALINITY STATE MW MEXICO

COORDINATER: M 4832068 E 778708 GAOUND ELEVATION 3889,

TOTAL DEPTIE  348.4 ANGLE FROM HORIZONTAL:  90.0 AZTMUTIE
¢ 5670.80) m‘mm 2.0 lﬂ.!l-“;él'l‘. SHIRLEY J. SHADIX

NOTES

DEPTH

;
:

CLASSIFICATION AND
PHYSICAL CONDITION

bot to 298.5 ft. Placed 120
ft. 4-inch Schedule 80 PVC
screen (0.050 inch slots, 17
square inches openings per
foot of acreen) and 20 ft
taped screen at top to 295.5
ft. Steel casing has 1.54 ft,
stickup. Neoprene packer set
bet steel casing and PVC
pipe.

River Woter 12/2/93 ot 7.5
degrees Centigrade 11.4
millisiemens/cms

River Water 12/7/93 was 9.11,
City of Lagan water supply
tested 0.793 millisiemens/cmu
12/7/93.

CONDUCTIVITIES MEASURED FROM
RAETURN WATER SAMPLES:

Depth Millisiemens/camx
(ft)

70.0° 1.95
100.0° 3.02
125.0° 3.93
150.0° 4.19
176.0° 4.49
200.0° 5.28
208.2° 10.9¢
243.2° 10.86
2168.2° 9.29
223.2° 14.03
230.0° 11,44
248.4° 8.92
268.4° 9.49
288.4° 20.00+
308.4° 12.73
328.4° 14.95
348.4° 14.94

Note - Millisiemens/cmn
readings not accurste as
weight of drill mud prevented
formation water from entering
hole.

ICONDUCTIVITY MEASURED BY
GEOPHYSICAL TEAM

(After blowing out hole with
air)

Depth Millisiemens/cmx
(ft)
348.4° 66.4nx

%%68.4 x 640 = 43, 776 mg/L
(approximate total dissolved
solids)

CONDUCTIVITIES OF WATER TAKEN
DURING PUMP TEST:

Date Time Millisiemens/cmw
3-30-94 12PM 768.5
3-30-84 3PM 101.6

3-30-94 SPM 105.6

3-31-94 10AM 107.7
3-31-94 3PM 105.0

4-1-94 g9aM 103.5

4-2-94  1PM 107.9

#Temperature corrected to 25C.
[WATER LEVEL ELEVATIONS DURING
OATLLING:

(Recorded at the beginning
each shift)

Oepth of Elevation of
hole water

jshss

lllllllllE$lLlllllll

ss

T (e

sysh

sysh

;

sh

35140

Illl.‘llll?

sysh

Illllllll?lllllllll?

5&830

Trujillo

Tecovas

xu-.{v--;-p|:||rr.||-'[.|;-F||v:..-vu.rrca]cxr.'rrur|r||'i1|:||--

in color; silty to sandy zones.
308.0 - 311.0 Ssndstone
311.0 - 318.0 Sandy Shale
318.0 - 340.0 Siltstone
340.0 -~ 348.4 Claystone

NOTE:
Above information obtained from logging drill cuttings,
geophysical data and limited core samples.

[ seer 20F 4 | omrL woe ez
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- GEOLOGIC LOG OF DRILL HOLE NO. TW-2 SHEET 3 OF 4

FEATURE:  TEST WELL PROJECT:  LAKE MEREDITH SALINITY STATE:  NEM MEXICO
LOCATION: @OUTH BANK CANADIAN RIVER COOROINATER: N 1682088 £ 776708 GROUND ELEVATION 3880.0
BEBUN 12-03-99  FINISHED: 01-15-94 TOTAL DEPTH: 348.4 ANGLE

FROM HORIZONTAL: 0.0 AZDMTIE
unna"w. SHIALEY J. SHADIX

:
?
:
|
EF.

NOTES 5 CLASSIFICATION AND
g % PHYSICAL CONDITION
il
55.0° 3667.0 3
125.0° 3667.5 3
208.1° 3673.3 -
225.1° 3673.2 n
278.4° 3674.3 -
338.4° 3677.4 240
348.4"  3671.7 Jss 48
348.4° 3671.5 -
348.4° 3671.3 3
Turm LEVEL ELEVATIONS AFTER 3
COMPLETION: -
Date Elevation 220: .
12-20-93  3671.5 —}.3466.5 |
12-21-93  3671.3 1180 o
02-09-84  3670.8 =
03-11-84  3671.2 = 90
03-27-84 3671.5 -
03-26-94  3671.4 2%
SURVEY DATA: 3
Elevation Feature pu
3689.0 Ground surface -
3689.05 Top of Surface -
Casing 240—
3690.54 Top of 6-inch 3
cesing i
3691.04 Top i1-inch ss
temporary PVC pipe -
3661.4 Flowline of river 3

S0 degrees to uell:' Tecovas

F

sysh

w
®

E

shss

F

E

-u;lvvv"vnl'|vrnu|-1-||rvvlr'-[lr-lv--.;vv-[|.|-|nv-'|--|||'|vlrl-lrrvull--||'-v|ruu-|u-u

sysh

praaletey

A389.0

| SHEET 3 0F 4 | OAILL HOLE Tw-2




FEATURE:  TEST VELL

- GEOLOGIC LOG OF DRILL HOLE NO. TW-2

PROJECT: LAXE MEREDITH SALINITY

LOCATION SOUTH BANK CANADIAN RIVER
BEQUN 42-03-83  FINISHED: 01-15-94

TR R BTkt 10,2

COORDINATES: N 4682068
TOTAL DEPTIt  348.4

( 9870.00) 1§!E=!}I$'° BEDROCK: 2.0

NOTES

/

2
§

CLASSIFICATION AND
PHYSICAL CONDITION

dol

Tecovas

sysh

33710

! ......E. AT

B AANARRRERERE RSN LEEE

slts

Bernal

L]

TTY T TTT

TTTTT T yres

AT INNINI SRR IRRNRARINNARNRARENENERARARRRNARANE)

TTTT Ty rror Yy

Lt B BN L A LI AL B A
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SHEET 4 OF 4 DRILL HOLE TW-2




PEATURE:  TEST WELL

PRl %8 Bl T 220

LOCATION: GOUTH BANK CANADIAN RIVER
BEGUN: 01-16-84 FINISHEDX 03-02-84

GEOLOGIC LOG OF DRILL HOLE Nb.

TOTAL DEPTH:  300.7
( 9067.00) o Hg(0 penROGR: 0.0

SALINITY
COORDINATES: N 4508159.80 € 700644.09

TH-3

STATE:  NEM MEXICO

GROUND ELEVATION: 3889.3

ANGLE FROM HORIZONTAL:  $0.0 AZIMUSTIE

HOLE LOGGED BY: 8.SHADIX, 6.TAUCHER, G.WRIGHT
REVIENED BY: :

SHEET 4 OF 4

NOTES §| : CLASSIFICATION AND
PHYSICAL CONDITION
- 5
NOTE: - - 0.0-312.0 ft: TRIASSIC DOCKUM GROUP
All measurements are from b= L
ground surface and in fest b " 0.0 - 96.0 ft: TAIASSIC TRUJILLO FORMATION:
unless noted otherwise. - o e, Shaley , Sandy Shale and Shale.
4 L Sandstones are fine to coerse grained; groy to ten with some
This log was prepared from 10— o yellowish brown horizans; conglomeritic in places. Contasns
data gathered in mud and core pu » verying emounts of clay or ailt.
(240.0-245.0 ft.) logging by ] o
Jos Jackson and Shirley b= - Shales are blue gray and contain varying amounts of sand.
'Shadix, end interpretation of 3 ss N 0.0 - 32.0 Sandstone
geophysical logs by Glenn - .. 32.0 - 34.0 Shale
Taucher and Gerald Wright. 20— - 34.0 - 49.0 Sandstone
- " 49.0 - 62.0 Shale
PURPOSE OF HOLE: - - 62.0 - 84.0 Sandstone
For use as pump test hole to = o 84.0 - 66.0 Sandy Shale
determine aquifer -~ = 86.0 - 98.0 Sandstons
cheracteristics. o o
20— - 88.0 -~ 912.0 ft: TRIASSIC TECOVAS FORMATION
DRILL: < awsza b Shaley Sandy Shale and Shale/Claystone.
SIMCO 5000. 7 sh N are pf tly fine to very fine grained with
3 L occasional medium grained zones; scattered silty to clayey
DATLL ER: pu C layers: white to grey and blue gray: micaceous: minus 1/4-inch
Bureau of Reclamation crew b r vugs noted in core samples: fragments of carbon and wood 160
from Loveland, Colorado (Mike u 5 to 170 ft.
Kecian) ”: C Shales/claystones vary from yellow-brawn, gray, blue, red to
= ss - bleck; and tain varying of fine send.
DRILLING METHOD: m s 98.0 ~ 100.0 Sandy Shale
Orilled with 8.75-inch rockbit bs o 100.0 - 403.0 Sandstone
0.0-240.0 ft. Cored with HWO4 . . - L 403.0 - 104.0 Sandy Shale
face discharge carbide bit rrusi11o-26d0at 104.0 - 105.0 Sandstone
240.0-245.0 ft. Orilled with 50~ = 105.0 - 110.0 Shale
5.875-inch rock bit 245.0- m L 110.0 - 112.0 Sandstone
369.7 ft. = N 1§2.0 - 120.0 Shale
- sh - 120.0 - 123.5 Sandstone
DATLLING FLUTC: pu [ 123.5 - 126.0 Shale
EZ-Mud 0.0-240.0 ft. and - F 126.0 - 172.0 Sandstone
bentonite mud 240.0-258.0 ft. 60— - 172.0 - 174.5 Shaley Sandstone
Used verafoem and air 258.0- - asz.a [ 174.5 - 182.0 Sandstone
263.0 ft. Used air and - - 162.0 - 183.0 Shaley Sandstone
formation water only 263.0- A o 183.0 - 495.0 Sandstone
369.7 ft. Mud pump is ~ - 195.0 - 201.0 Shale
Gardner—Oenver S X 87 powered | = [ 201.0 - 206.0 Sandstone
by Cat diesel engine. 20 - 206.0 - 206.5 Sandy Shale
-1 - 206.5 - 227.0 Sandstone
CASING RECORD: ] as [ 227.0 - 231.0 Shaley Sandstone
6 5/8-inch steel casing - o 231.0 - 261.5 Sandstone
Jcementes to 130.0 ft. - o 261.5 - 267.5 Shale
- L 267.5 - 271.0 Sandstone
CAVING RECORD: -] 3 271.0 ~ 274.0 Sandy Shale
(Amount of caved material 80— - 274.0 - 299.5 Sandstone
above bottom depth.) - ' 299.5 - 304.0 Sandy Shele
u C 304.5 - 307.5 Sandstone
Bottom of Amount - sysh o 307.5 - 312.0 Shoale
Hole of Cave 3 L
Interval = [ 312.0 - 369.7 ft: PERMIAN BERNAL FORMATION
220.0° 19.0° 90— ~
330.0° 10.0° 3 as 5 312.0 - 314.0 Colomite. Hard. white
370.0° 5.0 . -
J . . - = 314.0 - 369.7 Sandstone, Sandy Shale and Siltstone.
NATER LOSSES: hu [ Sandstones are fine to coarse grajned, silty end contain grains
Depth % Loss an81.3 1
214.0° 20 —{Tecovas |sysh o
245.0° 100 COMMENTS:
HOLE COMPLETION: 8s = Sandstone
(From Driller‘s Report) shss = Shaley Sandstone
Placed 10 pails of sand in sysh = Sandy Shale
bottom of hole, followed by 3 sh = Shale
pails bentonite pellets. clst = Claystone
Filled hole with sand up to slst « Siltstone
133.0 feet and added bentonite dol = Dolomite
pellets to 131.7 feet. 1
Grouted 6 5/8th 0.0. steel W
casing to 130.0 ft. by forcing
grout through center of casing
to ground surface. After
grout set for 72+ hours, sand
SHEET 41 OF 4 DRILL HOLE TW-3




FEATURE  TEST WELL

GEOLOGIC LOG OF DRILL HOLE NO. TW-3 SHEET 2 OF 4

LOCATION:  SOUTH BANK CANADTAN RIVER
BEOUN: 04-26-94  FINISHED: 03-02-84

e 22.9

NOTES

was washed out of hole to &
depth of 286.2 ft. Set 4-in
diemeter steel sump 284.2 to
286.2, 4-in dismeter PVC sch.
180 blenk 274.2 to 284.2, 4-in
dismeter sch. 80 screen {0.50
slot. 17 sguare inches of
opgenings per foot of screen)
274.2 to 135.4 and 4-in PVC
blank (sch. 80) 135.4 to 125.4
feet. Neophrene packer set
between steel casing and PVC
pipe.

Depth Millisiemens/con
(ft)

245.0° 21.0

249.7° 21.5

369.7° 24.8

(After jetting)
Depth Temp Millisjiemens/cms
(ft) (deg F)

150.0 60.0 21.0
190.0 60.5 20.5
250.0 61.5 20.8
295.0 63.0 23.7
337.0 64.0 33.3u»

#%33.3 x 640 = 21, 120 mg/L
(approximate total dissolved
solids in mg/L)

WATER LEVEL ELEVATIONS OURING
DRILLING:

{Recorded at the beginning
each shift)

Oepth of Elevation of

hole water
20.0° 3667.8°
120.0° 3682.8°
220.0° 3664.2°
240.0° 3669.3°
258.0° 3665.2°

330.0° 3665.2°
369.7° 3655.3°

WATER LEVEL ELEVATIONS AFTER
COMPLETION:

Date Elevation
03-11-94  3667.0

SURVEY DATA:

Elevation Feature

3689.3 Ground surface

3690.66 Top of 6-inch
casing

3690.90 Top 2-inch
temporary PVC pipe

3655.3 Flowline of river
S0 degrees to well

#Temperature corrected to 25C

PROJECT:  LAKE MEREDITH SALINITY STATE:  NEW MEXICO
COORDINATES: ¥ 4588183.80 E 780844.09 GROUND ELEVATION 3889.3
TOTAL DEPTI:  300.7 mmtm«u: ooioAmum
o HOLE S K B/ 6.
{ 2087.00) m BEDROCK 0.0 mm SHADIX, €. TAUCHER, 6. WRIGHT
CLASSIFICATION AND
5 PHYSICAL CONDITION
= 3
b 8 o of various colors, grayish-red. Sandy Shalss are sandy and red
< L to gray. Siltstones are selmon to red.
b - 314.0 - 318.6 Sandstons
s sh r 315.5 -~ 322.5 Sandy Shale
- o 322.6 - 324.0 Sendstone
110 poem—— 324.0 - 330.0 Sandy Shale
3 as__ 330.0 - 332.0 Sandstone
] o 332.0 - 336.5 Sandy Shale
- o 336.5 - 339.0 Sandstone
3 sh . 339.0 - 369.7 Siltstone
‘a_: —ma_:.
- S8 3
3 —3565.8_¢
—— SEEE : =3
130 -
o -
180 Tecovas [*° -
160—] -
3 o
170 -
J 35173 |
3 sass o |
= ss E
1602 -
190;: ss :_
3 | 34943 [
J sh N
- 3489.3 1
COMMENTS:

SHEET 2 OF 4 DRILL HOLE TW-3




GEOLOGIC LOG OF DRILL HOLE NO. TW-3 SHEET 3 OF 4

FEATURE  TEST WELL PROJECT: LAKE MEREDITH SALINITY STATE  NEM NEXICO
LOCATION: SOUTH BANK CANADIAN RIVER COCRDINATER: § 41588483.00 £ 700844.00 GROUND RREVATION: 9880.8
BEBUN: 04-16-94 FINISIED: 03-02-04 TOTAL OEPTH:  963.7 ANGLE FROM MORIZONTAL: 90.0 AZIMUTH:
w&m 2.3 ' ( 9687.00) m‘_‘z‘m 0.0 mun?ﬁm 8. SHADIX, 6. TAUCHER, 6. WMRIGHT
NOTES - CLASSIFICATION AND
EI E PHYSICAL CONDITION
E S8 E
210 -
N A
220 -
3 | sa23 |
mE shss :_
2w :
::. 88 -:-
@E Tecovas :—
3 3
260 C
- ._MZLB_:
1 ok
3 | 24218 F
270;‘_- S8 F
E syehoo F
oo -
R A
2007 -
3 aapa g F
COMMENTS:
SHEET 3 OF 4 | DRILL HOLE TW-3
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GEOLOGIC LOG OF ORILL HOLE NO. TW-3 SHEET 4 OF 4

FEATURE:  TEST WELL PROJECT: LAKE MEREDITH SALINITY STATE:  NEM MEXTCO

LOCATION SOUTH BANK CANADIAN RIVER OOORDINATER: M 4608463.80 € 700644.08 ° GROUND ELEVATION: 3080.3

BEQUN: 01-16-84  FINISHER: TOTAL DEPTH: ”-7. ° ~ ANGLE FRON HORIZONTAL: $0.0 AZIMUTH:
wﬁm 2.3 ( 2667.00) .w BEDROCK: 0. I“ 8. SHADIX, 6. TAUCHER, §.MRIGHT

NOTES

:

CLASSIFICATION AND
5 PHYSICAL CONDITION

= 3

b sysh a

= Tecovas |88 t

b _'m.s.a_:
310 sh E
I dol .

- ss o

- A
m: sysh =
- |.2366.8 1

] 1ss I

— =

= -

= sysh "
m—.— 33503 I
b ss -

= sysh o

] | 528

pm i T
-iBernal E

u s

3 x
3807 g
- o

2 slts o
960—] -
- asag F

¥ oOF HOLE o
[

[
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75 - 100 gpm 310.0 to 320.0°
150 - 160 gpm at 380°
175 gom at 430°

owea:
No estimate made.

GEOLOGIC LOG OF DRILL HOLE NO. OW-SA & 5B SHEET 1 OF 6
OBSERV, WELLS PAOJECT: LAKE MEREDITH SALINITY SVATE:  NEW MEXICO
m w&ummmmm COORDINATES: N E Sss Notes GROUND ELEVATION: 3816.40
BEOUN: 03-12-04 FINISHED: TOTAL DEPTHt 610.0 . ANGLE FROM HORIZONTAL: 90.0 AZINUTIH:
DEFTH TO BEDROCK: 6.5 HOLE LOGGED BY:  SHADIX, JACKSON, TAUCHER, WA
TS see Motes REVIEWED BY:
NOTES ; CLASSIFICATION AND
| Z PHYSICAL CONDITION
NOTE: - o 0.0-5.6 PLEISTOCENE TERRACE:
All measurements are from Terrace |sg C Sand and Gravel with some silt.
ground surface and in feet s 3810.9 -
unless noted otherwise. This m L 5.5-462.0 TRIASSIC DOCKUM GROUP:
log wes grepared using aud —Chinle |[sh o
logging data (J. Jackson and 10— = 6.6-9.5 TRIASSIC CHINLE FORMATION:
S. Shadix) and geophysical log 3 C Shale, red. contains some fine sand.
interpretations {(Gerald Wright — -
and 6. Taucherl . - ss - 9.5-241.8 ft: TAIASSIC TRUJILLO FORMATION:
3 o Sandstone, Shaley Sandstone, Sandy Shale and Shale.
DEPTH & ELEVATION OF WATER s 7.9 Sandstones are tine to coarse grained; gray to tan with
LEVELS & DATA MEASURED: 20— Sysh [ reddish-brown horizons: conglomeritic in places; contains
OWSA-152.73" (3665.13) 3-28-94 - o varying amounts of clay and silt.
OW58-160.0° (3659.55) 3-20-94 - - Shales are gray, blue-gray and red and contain varying amounts
3 [ of sand.
COORDINATES: - ss - 9.5 - 18.5 Sandstone
OWSA - N. 1,584, 263.34 3 C 18.5 - 19.5 Sandy Shale
E. 780,641.34 30—] o 19.5 - 33.5 Sandstone
OWS8 ~ 21.0° S.2S5E. of OWSA - L 33.5 - 35,0 Sandy Shale
N. 1,584, 254.82; E. 780, 660.35 = azep 9k 35.0 - 40.5 Sandstone
= sysh " 40.5 - 58.0 Shale
TOTAL DEPTH = [ 58.0 ~ 60.0 Sandstone
OWSA - 510.0 ft. - ss r 60.0 -~ 64.0 Shale
OWS8 - 172.6 ft. = - 64.0 ~ 105.0 Sandstone
40— 5.3 1~ 105.0 - 112.0 Shale
GRAOUND ELEVATION - - 112.0 - 113.5 Sandstane
OWSA - 3816.40 u C 113.5 - 119.0 Shale
OWSB - 3817.20 b - 119.0 - 121.0 Sendstone
- = 121.0 - 147.5 Shaley Sandstone
ELEVATION TOP 4-IN. PIPE: u o 147.5 - 152.5 Sandstone
ON5A - 3817.72 50 sh - 152.5 - 155.0 Shale
0S8 - 3819.70 3 C 155.0 - 166.5 Sandstone
3 C 166.5 ~ 168.0 Sandy Shale
:‘:“‘Wﬁtf “:’f- . —Trujilig - 166.0 - 172.0 Sandstone
servation holes for 7 C 172.0 - 177.0 Shale
groundwater measur . - DO 177.0 - 179.0 Sandstone
60— Sise b 179.0 - 164.5 Shale
ORTLL: . [ 184.5 - 190.0 Sandstone
SIMCO 5000. - st . F 190.0 - 196.5 Shale
3 [ 196.5 - 205.0 Sandstone
ORILLER: - - 205.0 - 207.0 Sandy Shale
Bureau of Reclamation crews = [ 207.0 - 210.0 Shaley Sandstone
from Loveland, Colorado (Mike = o 210.0 - 224.5 Sandstone
Kacian) and Billings, Montana 70 o 224.5 - 228.5 Shale
(James McLaughlin) 3 5 228.5 - 237.0 Sandstone
s - 237.0 - 237.5 Sandy Shale
DRILLING METHOO: u 5 237.5 - 241.5 Sandstone
oW A 3 [
10-inch rockbit 0 to 3.0 ft.; | 80— C 241.6 - 462.0 ft: TRIASSIC TECOVAS FORMATION
S 7/8-inch rockbit 3.0 to ] 1] N Sandstone, Shaley Sandstone. Saondy Shale and Shale. Sandstones
510.0 ft. = L are predominantly fine to very fine grained with occasional
N = N @medium grained zones: scattered silty ond clayey layers; white
ON 68 1 - to light gray and brown; micaceous. Shales vary from green to
S 7/8-inch rockbit 0 to 172.6 3 [ gray and black: contains varying amounts of fine sand.
ft. 90— —
3 L 241.5 - 246.5 Shale
ORILLING FLUID: 3 o 246.5 - 260.0 Sandstone
Used air to blow out cuttings - - 260.0 - 263.5 Shale
in both holes. 3 C 263.5 - 272.0 Sandstone
CASING RECORC: = az16.4 [
Set 10-inch casing 0 to 3.0 COMMENTS:
ft. in OW 5A (casing pulled).
No casing set in OW SB. ss = Sendstone
shss = Shaley Sandstone
ESTIMATED WATER FLOWS IN sysh = Sandy Shale
HOLES: sh = Shale
slst = Siltstone
OWSA: dol = Oolomite
10 - 25 gpm 213.0 to 290.0° 89 = Sand and Gravel

SHEET 1 OF 6
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GEOLOGIC LOG OF DRILL HOLE NO. OW-5A & 5B
PROJECT: LAKE MEREDITH SALINITY

COORDINATES: N

E See Nates

TOTAL DEPTH:  610.0
DEFTH TO BEDROCK: 6.6

STATE:  NEW MEXICO

GROUND ELEVATION: $816.40
ANGLE FROM HORIZONTAL: $0.0 AZIMUTH:
"HOLE LOGGED BY: SHADIX, JACKSON, TAUCHER, MRIGH]

SHEET 2 OF 6

CONDUCTIVITIES OF WATER
COLLECTED IN BAILER 4/26/84

Hole Millisiemens/cms
OW 5A $8.00
OW 58 7.64

##92.2 x 640 = 59, 008 mg/L
(approximate total dissolved
5011ds}

*Temperature corrected to 25C.

WATER LEVEL ELEVATIONS DURING
ORILLING:

Seu Notes REVIENED BY:
NOTES 2 N CLASSIFICATION AND
B 3 - PHYSICAL CONDITION
g >
3 as o 272.0 - 274.0 Sandy Shale
- L 274.0 - 275.0 Sandstone
b= 2114 N 275.0 - 277.0 Sandy Shale
- o 277.0 - 278.5 Sandstone
3 sh C 278.5 - 281.0 Shaley Sandstone
HOLE COMPLETION: 140— - 281.0 - 282.0 Sandstone
J a704.4 [ 282.0 - 285.0 Sandy Shale
M sx - ss .- 285.0 - 287.0 Sandstone
Set hole plug 470.0 to 510.0 - - 287.0 - 288.5 Sandy Shale
ft. Installed 2-inch dia. PVC : sh N 288.5 ~ 290.0 Sandstone
from point 1.32 ft. above =] o 230.0 - 292.5 Shale
ground surface to 470 ft. 120—] ;25814_'_ 292.5 - 303.0 Sandstone
{screen 200.0 to 300.0, 320.0 - 303.0 - 305.5 Shale
to 400.0 and 420.0 to 440.0 3 C 305.5 - 343.0 Sandstone
ft.: Blenk 1.32 sbove G6.S. to 3 - 343.0 - 344.0 Sandy Shale
200.0. 300.0 to 320.0, 400.0 - - 344.0 - 351.5 Sandstone
to 420.0 and 440.0 to 470.0 hn o 351.5 - 358.0 Shale
ft.; PVC plug on bottom of ha u 358.0 - 403.0 Sandstone
pipes) . Sand packed (bagged 10— L 403.0 - 412.0 Shale
sand) hole 470.0 to 198.0 ft. 7 o 412.0 -~ 441.5 Sandstone
Hale plug 198.0 to 194.0. 1 shss - 441.5 - 444.5 Sandy Shale
Tremied in 0.8 to 1 (water- = n 444.5 - 449.5 Sandstone
cement) grout from 194.0 to 7 - 449.5 - 457.0 Sandy Shale
ground surface. Hole accepted - L 457.0 - 458.5 Sandstone
8 cu. yd. of grout. Set 10- 140— N 458.5 - 462.0 Sandy Shale
ft. of 4-inch steel protective - L
pipe at surface with locking 3 ‘ 462.0 - 610.0 ft: PERMIAN BERNAL FORMATION
cap. = n 462.0 - 477.0 Siltstone - Salmon to red
- | 3668.9 _+ 477.0 - 479.0 Dolomite - White, hard
Od BB: b r 479.0 - 510.0 Siltstone - Selmon to red
Set 2-inch dia. PVC pipe from 160~ Trujillolss [~
foint 2.25 ft. above ground 3 36639 o
surface to 172.0 ft. (screen - o
162.0 to 172.0 ft.: blank 2.25 3 a1 4
ft. from point above ground = -
surface to 152.0 ft. PVC plug 3 C
at bottom of pipe). Sand . .
packed (bagged sand) hole 150—_ ss o
172.6 to 148.5 ft. Hole plug - L
148.5 to 143.0 ft. Tremied in ] o
0.8 to 1 (water-cement) grout - | 36499 |
from 143.0 to ground surface. - Isysh [
Set 10-ft. of 4-inch steel - o
protective pipe at surface 170 5—:544 4 C
with locking cap. . [
CONDUCTIVITIES NEASURED FRON - sh -
OWSA DRILL WATER SAMPLES: - | 3a39.4 [
Hole Depth Millisiemens/can J Ss [
213° Greater than 20 180—] n
290° 42.7 3 sh L
330° 64.8 - o
510° 92. 2% 3 i
CONDUCTIVITIES MEASURED IN - ss -
WATER SAMPLES: 190—] |.3626.4_ 1"
(Collected in OWSA) ~ sh E
(After hole drilled) pu L
Hole Depth Millisiemens/cmx = 3619.9 -
160° 68.2 = -
300° 77.4 . b7 L
COMMENTS:

SHEET 2 OF 6
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FEATURE:  OBSERVATION WELLS

LOCATION  TOP SOUTH MALL CANADIAN RIVER
BEOUN: 03-12-04  FINISHED: 03-25-94

1T iR See Notes

GEOLOGIC LOG OF DRILL HOLE NO. OW-5A & SB

PROJECT; LAKE MEREDITH SALINITY
COORDINATES: N E Sse Notes
TOTAL DEPTH:  510.0
OEPTH TO BEDROCK: 6.8

SHEET 3 OF 6

STATE  NEM MEXICO

NOTES

DEPTH
BEOL UNIT SYMBL|

CLASSIFICATION AND
PHYSICAL CONDITION

(Recorded at the beginning
each shift)

oW BA:

Hole Depth  Elevation of
Water

70.0° dry at 3746.3

280.0° (noon) 3663.90

410.0° 3664.40

510.0° 3663.90

0 68:

water levels obtained.

WATER LEVEL ELEVATIONS AFTER
COMPLETION:

oW BA:

Date Elevation
03-27-94  3663.81
03-26-94  3663.67

oW &8:

Date Elevation
03-27-94  3654.99
03-28-94  3656.09

Hole completed in one day. No

ss

;.

sysh

sS

lllllllll%lllllllll

Trujillo

3591.9

sh

b

sSs

LR LR B BL AN B0 BN B BN B LN B B B 00 o o

35794

SS
3524.9

sh

n
lllllllllflllllllll

ss

ARSI NLRL L L S A A O

39564

ot

sh
3552.9

TTT T T T TorTY

Tecovas 3544 4

sysh o

sysh o

8
||1!I|11|T||1|J||||

L B O B 20 8 au §

[

| steeT 3 oF 6
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GEOLOGIC LOG OF DRILL HOLE NO. OW-5A & 58 SHEET 4 OF 6
FEATURE: OBSERVATION WELLS PROJECT: LAKE MEREDITH SALINITY STATE  NEW MEXICO
LOCATION: TOP SOUTH WALL CANADIAN RIVER COORDINATES: N € See Notes GROUND ELEVATION $8146.40
BEGUN: 03-12-84 FINISHED: 09-20-94 TOTAL DEPTH: 810.0 ANGLE FRON HORIZONTAL: 90.0 AZIMUTH:
wﬁ% Sue Notes OEPTH TO BEDROCK: 8.8 mwag:m mmdmrma\.mm
NOTES ; S CLASSIFICATION AND
Si z PHYSICAL CONDITION
;
E g 585434
-_: ki q ;
103 -
207 -
3 ss
07 -
] E—
- 473.4 |
- ysh
= e
350? Tecovas ;—
E -
ha | 3458.4 |
3607 -
o f—
aao—: ss a4
3 :
290 2
3 3416 .4 F
COMMENTS:
SHEET 4 OF 6 | DAILL HOLE OW-5A & 5§




FEATURE  OBSERVATION WELLS

GEOLOGIC LOG OF DRILL HOLE NO. OW-5A & 5B SHEET 5 OF 6

PROJECT:  LAKE MEREDITH SALINITY
COORDINATES: N

TOTAL DEPTIt 8610.0
DEPTH TO BEDROCK: 6.8

E Sse Notes GROUND ELEVATION: 3818.40

STATE:  NEW MEXICO

NOTES

GEOL UNIT 8YMBL|

CLASSIFICATION AND
PHYSICAL CONDITION

a
lllllllllTlllllllll

Tecovas

?lllI|IIll?lllllllll%lllllllll?llll]llll?

s§411 4

™ T

3404 4

SS

3374.9

LR WL A LA B LN NN L B B B

¥ a

TTTT

o
~
I ENEN |||1T|| Latiggt

Bernal

lllllllll?lllllllll%

slst

T I T T T Y [T T Ty e

Dol

slst

LELJLAN BLEL B0 B2 B 2 2 N N B B o

TYTTTT

3346 .4

§
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GEOLOGIC LOG OF DRILL HOLE NO. OW-5A & 58 SHEET 6 OF 6

FEATURE: OBSERVATION WELLS PROJECT: LAKE MEREDITH SALINITY STATE:  NEW MEXICO
LOCATION TOP SOUTH WALL CANADIAN RIVER COORDINATES: N € Soo Notes GROUND ELEVATION 3816.40
BEOUN: 03-12-84  FINIBHED: 03-25-04 TOTAL DEPTHt 640.0 LANGLE FROM HORIZONTAL: ©0.0 AZIMUTH:
MA . H
ﬁ% Sue OEPTH TO BEDROCK: 8.8 m.smes:ezw SHADIX, JACKSON, TAUCHER, ¥RIGH]

CLASSIFICATION AND
PHYSICAL CONDITION

NOTES

OEPTH
GEOL UNIT SYMBL
ELEVATION

Bernal jslst

£46- 33064

[
o
<

||1|111|§
K
R

LI L 2 ML B L LB B AL B LA N B S N O N L M O N

LALIS S 00 I L M L L M 0 B A

§ llllllllllllllllllllllllJlllllllllIllll]llLllllIllIlllllllIllllll]ll]llllllllll?
T
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GEOLOGIC LOG OF DRILL HOLE NO. OW-6A & 68 SHEET 1 OF 3
FEATURE:  OBSERVATION WELLS PROJECT: LAKE MEREDITH SALINITY STATEE  NEM MEXICO
LOCATION: SOUTH WALL CANADIAN RIVER COORDINATES: N € See Notes GROUND ELEVATION 8773.2
BEsUN: FINISHED: 03-208-94 TOTAL DEPTHE £230.8 ANGLE FRON HORTZONTAL: 90.0 AZIMUTI:
e T4 see totes DEPTH TO BEDROCK: O w.m WACKSON, TAUCHER, MRIOHT
NOTES g CLASSIFICATION AND
EI S PHYSICAL CONDITION
NOTE:

All measurements are from
ground surface and in feet
unless noted otherwise. This
log was prepared using mud
logping data (J. Jackson € S.
Shadix) and geophysical log
interpretations (Gerald Wright
& G. Taucher).

DEPTH & ELEVATION OF WATER
LEVEL & DATE MEASURED:

OWEA-90.99 (3663.81) 3-28-94
OW6B-84.56 (3683.64) 3-28-94

COORDINATES:

OW6A - N. 1,582, 328.64

E. 772 ,291.07

OW6B - 15.6° S. BW.' of OWEA
N. 1,582 312.84 €. 772 269.73

TOTAL. DEPTH:

OW6A - 230.6
OWEB - 125.0

GROUND ELEVATION:

OWEA - 3773.2
OW6B - 3773.8

wamnm TOP 4-IN. PIPE

OW6A - 3775.11%
OWEB - 3775.86

PURPOSE OF HOLES:
Observation holes for
groundwater measurements.

DRILL:
SIMCO 5000.

ORILLER:

Bureau of Reclamation crews
from Loveland, Colorado (Mike
Kocian} and Billings, Montana
(James McLaughlin) .

loAnLING METHOD:
o 8

6 7/8-inch rockbit O to 230.6
ft.

Hml 3
6 7/8-inch rockbit O to 125.0
ft.

|ornLL NG FLUTD:
Used air to blow out cuttings
in both holes.

CASINS RECORC:
No casing used in either hole.

ATED WATER FLOWS IN HOLE:
Encountered water flows (no
estimated volume) in soft zone
(or void) 110.6 to 114.7 ft.
in OW 6A.

No large flows reported in OW

Tlllllllll

0.0-190.0 ft: TRIASSIC DOCKUM GROUP

0.0-230.8 ft: TRIASSIC TRUUTLLO FORMATION
S Shaley S

. Sandy Shale and Shale.

L
h L Sandstones are fine to coarse grained, gray to tan with
1 ] shss - reddish-brown horizons: conglomeritic in pleces; contains
- - varying smounts of clay or silt.
3 N Shales are gray to blue-gray and red and contain varying
bn o amounts of sand.
- L 0.0 - 19.0 Shaley Sandstone
= | 37542 [ 19.0 - 29.0 Sandstone
20— - 29.0 -~ 31.0 Shaley Sandstone
= [ 31.0 - 237.0 Sandstone
b= u 37.0 - 39.5 Sandy Shale
- ss L 39.5 - 42.0 Sandstone
- o 42.0 - 43.0 Sandy Shale
- 2z > I 43.0 - 43.5 Sandstone
30— shss L 43.5 - 47.5 Sendy Shale
b - 47.5 - 50.0 Sandstone
-4 L 50.0 - 54.0 Shaley Sandstone
3 ss o 54.0 - 56.0 Sandy Shale
- azass2 I §6.0 - 60.0 Shaley Sandstone
] o 60.0 - 68.0 Sandstone
0 - %J_'_ 68.0 ~ 77.0 Shaley Sandstone
= 8 L 77.0 - 83.5 Sandstone
- t: €3.5 - 97.5 Shale
- - 97.5 -~ 99.0 Sendstone
- sysh o 99.0 ~ 101.0 Shaley Sendstone
b _aza.z_; 101.0 - 102.0 Sandstone
p s L 102.0 - 108.5 Sandy Shale
80: Trujillo-&a‘?—-: 108.5 - 114.5 Sandstone
< shss 3 144.5 - 117.0 Sendy Sheale
b L 374192 I 117.0 - 123.5 Sandstone
= sysh | 123.5 - 126.0 Sandy Shele
= L 126.0 - 132.5 Sandstone
3 shss [ 132.5 - 136.0 Shale
80—} 32132 136.0 - 140.5 Sandstone
= o 140.5 ~ 149.5 Shale
-1 " 149.5 ~ 230.6 Sandstone
J ss L
3 -’i.ZﬂS.LE
70— = .
u shss L
3 36962 I
80 ss C
b= La6a9.7 |
80 sh -
J L
- 38515 z t
- S [
- [shss— 1

|

8s = Sandstone i
shss = Shaley Sandstone

‘| sysh = Sandy Shale

sh = Shale
s1lst = Siltstone

[ seer 1 or .3

DRILL HOLE OW-6A &




- GEOLOGIC LOG OF DRILL HOLE NO. OW-G6A & 6B SHEET 2 0F 3

FEATURE  OBSERVATION WELLS PROJECT: LAKE MEREDITH SALINITY - STATES  NEM MEXICO
LOCATION: SOUTH WALL CANADIAN RIVER COORDINATES: N € See Notes GROUND ELEVATION 8773.2
BEGUNE 03-24-94  FINIOGHED: 03-28-04 TOTAL DEPTIE 230.6 ANGLE FROM HORIZONTAL: 90.0 AZIMUTI:
T0 (] LOBEGED BY:
1T doe totos OSFTH o penroc: ey
NOTES ~ CLASSIFICATION AND
| § PHYSICAL CONDITION
68. 3 cT C
HOLE COMPLETION: - sysh o
OM BA: = 366471
Set hole plug 230.6 to 193.5 110~ -
ft. Instslled 2-inch dia. PVC n 8s ;
from point 1.50 ft. asbove - -
Joround surface to 193.0 ft. hn 36887}
(screen 143.0 to 193.0 ft. - Sm 2. I
blenk from point 1.50 ft, 3 :
above ground surface to 143.0 120 hn -
ft. PVC cap on bottom of g 38 n
pipe) . Sand packed (bagged 3 aseaz |
sand) hole 193.5 to 141.0. b s o
Hole plug 141.0 to 136.5, - Syl >
433.5 to 128.5 and 126.5 to 3 o
111.0 ft. Sand pack 136.5 to -1 ss -
133.5, end 128.5 to 126.5 ft. |30~ -
Tremied in 0.8 to 1 (water- - 36407 |-
jcement) grout from $11.0 to - sh s
|sround surtace. Set 10 ft. of b | as7 0 |
4-inch steel protective pipe -~ -
at surface with locking cap. = ss [
140— 36327 -
oM 68: - L
Installed 2-inch dia. PVC from 3 sh =
point 1.19 ft. above ground pu L
|surface to 123.0 ft, (screen b o
[83.0 to 123.0 ft: blank from  |smo—Tryys110— T
point 1.19 ft. above ground b [
{surface to 83.0 ft; PVC cap on - o
of pipe) . Sand packed pm L
(bagged sand) hole 125.0 to 3 r
B81.0 ft. Hole plug 81.0 ft. - L -
to 61.0 ft. Tremied in 0.8 to 80 ] .
1 (water-cement) grout from s - -
61.0 ft. to ground surface. u r
Set 10 ft. of 4-inch steel s o
protective pipe at surface - S
with locking cap. = N
CONDUCTIVITIES MEASURED IN 170 s o
WATER SAMPLES COLLECTED: = -
|owea: - -
Hole Millisiemens/cmu 3 [
Depth aoo—__ ~
100.0 §3.7 - L
160.0 72.8 3 "
180.0 74.8 - -
215.0 77.4 - [
CONDUCTIVITIES OF WATER 190—] I
COLLECTED IN BAILER: - o
(04/26/94) - -
Hole Millisiemens/cmu pu sist o
oW 6A - 74.24nn 3 C
oW 68 1.29 = asza2 I
COMMENTS:

*%74.24 x 640 = 47,514 mg/L
(approximate total dissolved
salids)

(Oriller reported encountering
salty water at 130.6 ft. and
indicated that salt content
was increasing in hole with
depth.)

*Temperature corrected to 25C.

WATER LEVEL ELEVATIONS DURING
DRILLING

SHEET 2 OF 3 DRILLHOLEOW-SAG_GQ




GEOLOGIC LOG OF DRILL HOLE NO. OW-6A & 68 SHEET 3 OF 3

PROJECT: LAKE MEREDITH SALINITY
COORDINATER: N

TOTAL OEPTIE  2%0.8
OEPTH TO BEDROCK: O

STATE  NEM MEXICO

E Seos Notes GROUND ELEVATION 8773.2

ANGLE FRON HORIZONTAL: ©0.0 AZIMUTH:
HOLE LOGGED BY: JACKSON, TAUCHER, WRIOHT
REVIEMED BY:

NOTES

DEFTH
GEOL UNIT SYMBL

CLASSIFICATION AND
PHYSICAL CONDITION

(Recorded at the beginning of
each shift)

jow sa:

Hole Depth Elevation of water
230.6° 3602.7

jom 88:

Hole Depth Elevation of water
125.0° 3661.71

{WATER LEVEL ELEVATIONS AFTER
[COMPLETION:

{OM BA:

Date Elevation of water
03-27-84  3682.29

03-28-94  3682.21

06-17-94  3683.2

06-19-94 3683.6

oW 68:

Date Elevation of water
03-26-94 3661.64

06-17-84 3664.4

06-19-94 3682.5

06-17 and 06-19 water levels
Iprobably effected by drilling =
at QWEC.

Trujillg
slst
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GEOLOGIC LOG OF DRILL HOLE NO. OWSC

NOTE:

All msasurements are from
ground surface and in feet
unless noted otherwise. This
log was prepared using data
obtained from drill cuttings
and geophysical lags.

8 ELEVATION OF WATER
LEVEL & DATE MEASURED:

69.3 (3683.8)
87.1 (3666.0)

06/17/94
06/19/94

06/17 and 06/19/94 water
levels may not have stabilized
after drilling (hole at 440
ft.)

LOCATION:
OWGC - 13.4° S 40 E of OW6A

TOTAL DEPTH:
440.0°

GROUND ELEVATION
3772.9

ELEVATION TOP 4-IN. PIPE
3775.89

ELEVATION TOP 2-IN. PVC:
3775.61

PURPOSE OF HOLE:

To gather information on
geology and to monitor
groundwater.

ORTLL:
SIMCO 5000,

ORILLER
Rick Allison (Or3ill Foreman -
Loveland. Colorado)

ORILLING METHOO:
6-inch rockbit O to 440.0 ft.

DAILLING FLUTD:
Used air to blow out cuttings
and water.

CASING RECORD:

E~inch I.0. temporary cesing
set to 9.0 ft on 06/14/94.
Casing pulled after grouting
on 06/319/94.

ESTIMATED WATER FLON IN HOLE:
Encountered some free water at
about 110 feet and significant
water flow at about 135 feet.
Estimated 50-75 gpm water flow
from hole at 161.4 feet.
Estimated 80-100 gpm water
flow from hole at 227 feet.
Estimated 100 gpm water flow
from hole at 440 feet (water
forced out by air).

At about 350 feet, water {up
to 10 gpm) began flowing from
OW6A (depth of OWSA is 230.6
feet) . At times, air pressure
in OW6C would shoat water in
OWEA to heights of 6-8 feet

Zones of Siltstone,
and Sandstone

Shale

PROJECT:  LAKE MEREDITH SALINITY STATE:  NEM MEXICQ
COOFDINATES: N 1882817.67 E 772300.26 GROUND ELEVATION 8773.4
08-19-84 TOTAL DEPTIE  440.0 ANGLE FROM HORIZONTAL: $0.0 AZIMUTH:
OEPTH TO BEDROCK: @ HOLE LOGGED BY: GLENN TAUCHER
REVIENED BY:
E CLASSIFICATION AND
PHYSICAL CONDITION

= o 0.0-410.0 f&: TRIAGSIC DOCKUM GROUP

= C 0.0-220.0 ft:- TRIASSIC TRUJILLO FORMATION

-~ - Alternating S Shaley S Sandy Shale and

= a8 C Shale.

10— I~ Sandstones and Shaley Sandstones from 0.0 to 103.0 feet are

- t fine groined, yellow-brown, compact, weakly to moderstely

3 o cenented and contain varying amounts of silt and clay binder.

b arzg I Sendstones and Shaley Sandstones from 103.0 to 229.0 feet are

p= N light brown neer top but soon change to light to medium gray,

e < range from fine and uniform (100 sieve) grained to
20—~ = conglomeritic (100 sieve to plus 1/4 inch petbles), compact.

- [ weakly to soderately cemented and contain varying emounts of

- shss - 8ilt and clay binder. Cuttings range from SP to SC and SM

- - (unified soi] classification system) .

hu . Shales and Sandy Shales from 0.0 to 229.0 feet are yellow-

- [ brown above 80.0 feet and medium gray to red below 80.0 feet,

] - slightly brittle. varying of fine sand (200
”: Lz [ sieve) . Breaks down to CH (unified soil classification

3 L system) when worked.

= s o 0.0 - 16.0 Sandstone

p= 2237 .4 16.0 - 31.0 Shaley Sandstone

= o 31.0 - 36.0 Sandstone

-1 o 356.0 - 48.0 Shaley Sandstone
407 o 45.0 - 54.0 Sandstone

3 shss [ 54.0 - 61.0 Shaley Sandstone

- o 61.0 - 68.0 Sandstone

- - €68.0 - 80.0 Shaley Sandstone

- - 80.0 ~ 87.0 Shale

3 I 3 67.0 - 94.0 Shaley Sendstone
80—{Trujillo - 94.0 - 95.5 Sandstone

3 8s - 95.5 - 98.0 Shaley Sandstone

= . 37219 4 [ 98.0 - 103.0 Sandstone

b L— 103.0 ~ 109.0 Shaley Sandstone

- L 109.0 -~ 116.0 Sandstone

- shes I 116.0 - 113.0 Shaley Sandstone
80— o4 119.0 - 124.% Sandstone

7] s 124.5 - 127.0 Sendy Shale

-] o 127.0 - 132.5 Sendstone

J ss [ 132.5 - 435.5 Sandy Shale

. o 135.5 - 138.0 Sandstone

- 3705 .4 138.0 ~ 140.5 Sandy Shale
70— o 140.5 - 145.0 Sendstone

-1 - 145.0 - 148.5 Sandy Shale

3 [ 148.5 - 229.0 Ssndstone

b shss o

- 3 229.0 - 410.0 ft: TRIASSIC TECOVAS FORMATION

3 - Alternating Sandstone. Sandy Shale, and Shale.

-4 3re3q | Sandstones are mostly light gray but are tan in zones, mostly
”: o fine and uniform grained (100 sievel but contain coarser units

= o higher in the formation, mi with car streaks

- sh b between 325 and 345 feet, compact, weakly ta moderately

pu o cemented and contein some silt and clay binder in places.

- acas.s [ Shales and Sandy Shales are red to gray, slightly brittle,

3 o contain varying amounts of fine sand (200 sieve) and break
90— shss - down to CH (unified soil classification system) when worked.
- o 229.0 - 234.0 Sandy Shale

- | 36729 4 I 234.0 - 239.0 Sandstone

- EX N 239.0 - 241.5 Sandy Shale

3 shsa C 241.5 - 243.0 Sandstone

- ss L
COMMENTS:

83 = Sandstone

shss = Shaley Sandstone
sysh = Sandy Shale

sh = Shale

SHEET 1 0OF 3§
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~ GEOLOGIC LOG OF DRILL HOLE NO. OWSC SHEET 2 OF 5

PEATURE:  QUSERVATION WELL PROVECT:  LAKE MEMEDITH STATE  NEM MEXTCO

LOCATION: SOUTH WALL CANADIAN RIVER COOADINATES: N 10682947.67 E 772300.28 GROUND ELEVATION 3773.4

SEOUNE 00-14-04  FINIBHEXX m&gﬂt «o.o° ANGLE FROM HORIZONTAL: 90.0 AZDMUMIE
Wﬁ% See Notes mmm v

CLASSIFICATION AND
PHYSICAL CONDITION

3

w

DEPTH
GEOL UNIT SYMEL

sbove ground surface. This = °3 [ 243.0 - 278.0 Shale
continued to bottom of hole b= o 278.0 - 323.0 Sandstone
(440 fest) except when OWEA - - 323.0 - 326.5 Shale
wes temporarily capped. OWGA 3 shss L 326.5 - 328.0 Sandy Shale
18 13.4 feet from OWSC. 3 | 3s6q.4 [ 328.0 - 335.0 Shale

110— ~ 335.0 - 362.0 Sandstone
GEOPHYSICAL LDOS: 3 L 362.0 - 383.0 Shele
‘GW:N!:‘::l 1°9:' '“:“’:‘;- ) 3 ss " 383.0 - 395.0 Sandstane
resistivity, self potentisl, agsz.4 I 395.0 - 397.0 Sandy Shale
{eam=ma. neutron, sonic, 3 o 387.0 - 410.0 Sandstone
deneity, temperature and - tgﬁg N
televiewer) were completed in “’5 - 410.0 ~ 440.0 ft: PERMIAN BERNAL FORMATION
hole on 06/47/94. b ss N Alternating zones of Siltstone. Shale, and Sandstone. Most of

1 - cuttings were carried away as silt and clsy. Some fine sand
lmmsnimh s N s ~38da.s b was recovered. Material is red to reddish-brown, firm but
ve G-inch temparary cesing s s - softer than the overlying material.
to 9.0 feet on 06/14/94. : Jﬂk..t_: yine
Lodged tools in casing hammer. - -
[spent remainder of day taking |930- 88 C
apart casing hammer. b~ ..assn..s..;
o N L
Six~inch rockbit 9.0 to 201.4 3 _&ﬁ_;
feet on 06/15/94. - 8&35 ' o
Six-inch rockbit 201.4 to 140 o%b e [
440.0 feet on 06/16/94. Water -
level start of shift on b ss
06/16/94 was at 68.6 feet -~ 36284,
(3704.3) . Hole caving at 380 3 sysh
feet. b= .&?A—E—
1480 Truiillo

Hole caved back to about 440 ba
feet on 06/17/94 and to 380.6 -~
feot on 06/18/94. 3
{oriller reported herd drilling 3

160 to 180, and 204 to 232.4
feet tn Trujillo Formetion.
Tecovas sandstone is
moderately hard drilling but
not as hard as lower part of
Trujillo Formation. Very hard
zone at 386 to 392 feet.

HOLE COMPLETION:

Installed 2-inch dia. PVC from
point 2.9 feet above ground
|surface ta 280.6 feet. 2-inch
dia. screen (0.020 slot} set
280.6 to 380.6 feet. PVC cap
on bottom of screen. Sand
packed (bagged sand) hole
360.6 to 259.7 feet.

Bentonite pellets 259.7 to
229.7 feet. Tremied in 0.8 to
1 (water-cement) grout from
229.7 to ground surface. Set
10 feet of 4-inch steel
protective pipe st surface
with locking cap (top of 4-
inch pipe is 3.0 feet abave
ground surfacel. PVC pipe, 35731

lllllllll?lllllllll?
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sandpack and bentonite pellets
installed on 06/18/94. Hale
grouted and protsctive pipe
set on 06/19/94.

!

CONDUCTIVITIES MEASURED IN
WATER SAMPLES COLLECTED:

Hole Millisiemens/cm
Depth Temp. corrected to
25C.
121.4 1.84 taken in
thin mud
141.4 12.5
161.4 65.2

SHEET 2 0F & DRILL HOLE OW6C




LOCATION SOUTH WALL CANADIAN RIVER COORDINATER: M 4582317.67 € 772300.28 GROUND ELEVATION: 3773.%
BEDUN 08-14-94 FINISHED: 08-~18-84 TOTAL DEFTIt 440, ANGLE FRON HORIZONTAL: 0.0 AZINUTIC
Wﬁ%mn OEPTH TO BEDROCK: - O HOLE LOGOED BY: GUENN TAUCHER
REVIENED BY:
@
NOTES r CLASSIFICATION AND
[ 3 PHYSICAL CONDITION
181.4 68.8 3 L
201.4 71.7 = F
221.4 72.2 - -
243.4 73.7 - [
262.4 74.0 ] -
276.0 73.3 210 -
292.4 73.0 b o
312.4 74.3 - [
326.0 71.0 drrujillolss [
342.4 74.6 = 9
362.4 72.6 - 5
382.4 72.6 2201 -
402.4 72.0 B L
422.4 74.0 = L
432.4 73.3 = 2
Note - Conductivity - s
measurements made in water m X
blown from drill hole using -
air to advance hole. 20— C
- sysh L
3 36394 [
] ss C
3 l.3534.¢ [
2“5 %ﬁﬂ o
3 ss I
3 s
280—) -
2007 sh -
Jrecovas [
u | 34954
2”: -
200 I
= C
hn 34734 [

§

ESERE | or1LL HoLe owsc




™

GEOLOGIC LOG OF DRILL HOLE NO. OW6C

FEATURE: OBSERVATION WELL PROJECT:  LAKE MERENITH SALINITY STATEE  NEM MEXICO
LOCATION: SOUTH MALL CANADIAN RIVER COOFDINATER: N 4582317.87 € 772300.28 GROUND ELEVATION 3773.1
BEOUN 00-14-84 FINDSHED: TOTAL OEPTIE  440.0 ANGLE FROM HORIZONTAL: ©0.0 AZIMUTH:
'!%..‘” OEPTH Y0 SEDROCK: © mua::m GLENN TAUCHER
NOTES El CLASSIFICATION AND

BEOL UNIT SYMBL

PHYSICAL CONDITION

310 =
3 ss L

.5 [
320 -
3 | 24504 T

: sh :

= 44656 F

3 sysh___ [

= L
330 o
= sh C

3 | 34381 [
30 -
- 3 ss C
aeo: Tecovas -
p o
360— -
7 411 .4 [
g -
- sh L
sao: o
u |- 339014 [

: -

3 Ss :

3 3781 [

-4 sysh -~
S3i73 1. [

§

SHEET 4 OF 5 | DRILL HOLE OWGC




GEOLOGIC LOG OF DRILL HOLE NO. OW6C SHEET S OF §

FEATURE:  OBSERVATION WELL PROJECT: LAKE MEREDITH SALINITY STATE  NEM MEXICO
LOCATION SOUTH MALL CANADIAN COORDINATER: N 4582317.67 € 772300.28 GROUND ELEVATION 3773.4
BESUN: 00-14-84  FINISHED: g‘::ﬂe 440.00 m‘mmr“'om
DT RE DX e TeNeT: see Motes pepRock: R e s MCHER
NOTES g CLASSIFICATION AND
Er & PHYSICAL CONDITION
Tecovas {ss E
440 3353-4_5.

TTTrrTreT

Bernal |ssss

*lllllllll?lllllllllg
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Geophysical logs
1975 to 1983



" TW NO.of &

STAPP-HAMILTON ASSOC.
- Qucy County, Naw Mexico
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LAKE MEREDITH SALINITY STUDY-TEXAS, N. MEXICO
NATURAL GAMMA LOG FOR TWl
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LAKE MEREDITH SALINITY STUDY-TEXAS, N. MEXICO
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LAKE MEREDITH SALINITY STUDY-TEXAS, NEW MEXICO
NATURAL GAMMA LOG FOR POW1
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STAPP-HAMILTON ASSC:.
Quay County, New Meéx:co

5 Gamma Rey
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LAKE MEREDITY SALINITY STUDY-TEXAS, N. MEXICO
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oW NO. 3 -

STAPP-HAMILTON ASSOC.
Guay County, New Mexico

Gommo Ray -
Qate N 1-20-78
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LAKE MEREDITH SALINITY CONTROL STUDY-TEXAS, N. MEXICO
NATURAL GAMMA LOG FOR OW3
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